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PREFACE 

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

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

T h i s  i s  o f  particular i m p o r t a n c e  i n  u r b a n  a r e a s .  B e s i d e s  h i g h w a y  

u s e  d u r i n g  h e a v y  r a i n f a l l ,  p r o p e r t y  a d j a c e n t  t o  h i g h w a y  r i g h t - o f -  

way is  s u b j e c t  a l s o  t o  f l o o d  d a m a g e  d u e  t o  h e a v y  r u n o f f .  

P r e c i p i t a t i o n - f r e q u e n c y  A t l a s e s  i n  c u r r e n t  u s e  i n  A r i z o n a  

we re  p r e p a r e d  u s i n g  d a t a  p r i o r  t o  1 9 7 0 .  C o n s i d e r a b l e  d a t a  a r e  

a v a i l a b l e  t o  u p d a t e  t h e s e  r e p o r t s .  N e w  s t u d i e s  a r e  n e e d e d  

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

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

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

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

s t u d i e s .  

T h e  p r e - o v e r h e a d  e s t i m a t e  f o r  p r e p a r i n g  t h e  r e c o m m e n d e d  

s t u d y  t o t a l s  $ 2 4 2 , 5 0 0 ,  w h i c h  i n c l u d e s :  ( 1 )  S t o r m  R a i n f a l l  

P r o b a b i l i t y  A t l a s ,  a n d  ( 2 )  I n - S t o r m  T e m p o r a l  a n d  A r e a l  

D i s t r i b u t i o n  M a n u a l .  T h i s  e s t i m a t e  d o e s  n o t  i n c l u d e  o v e r h e a d s  

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

$ 2 4 , 0 0 0  t o  p r o d u c e  a  d e s i g n e r - o r i e n t e d  m a n u a l  o n  ~ e m p o r a l / A r e a l  

w i t h i n - s t o r m  c r i t e r i a .  T h e  o v e r a l l  s t u d y  c o u l d  b e  c o m p l e t e d  i n  2 

y e a r s .  T h e  T e m p o r a l / A r e a l  c o m p o n e n t  may b e  c o m p l e t e d  a s  m u c h  a s  

6 m o n t h s  s o o n e r .  



TABLE OF CONTENTS 

Item: P a ~ e  

ABSTRACT . . . . . . . . . . . . . . . . . . . . .  i i 

L I S T  OF FIGURES . . . . . . . . . . . . . . . . . .  i v  

L I S T O F T A B L E S  . . . . . . . . . . . . . . . . . .  v  

L I S T  OF ACKONYMS . . . . . . . . . . . . . . . . .  v i  

I EXECUTIVE SUMMARY ON NEEDS & J U S T I F I C A T I O N  . . 1 

1.1 L o c a l  a n d  A r i d - W e s t  I n t e r e s t  I n  R e s t u d y  . . . .  1 
1 . 2  N e e d  T o  A u g m e n t  NWS D a t a b a s e  . . . . . . . . .  2 
1 . 3  A d v a n t a g e s  A n t i c i p a t e d  F r o m  New R a i n f a l l  

I n t e n s i t y  S t u d y  . . . . . . . . . . . . . . .  4  
1 . 4  E x p e c t e d  C o s t  a n d  T i m e  R e q u i r e m e n t  F o r  New 

S t u d y  . . . . . . . . . . . . . . . . . . . .  7 

. . . . . . . . . . .  I1 PRESENT & POTENTIAL DATABASES 1 1  

11.1 D a t a b a s e s  . . . . . . . . . . . . . . . . . . .  11 . . . . .  I I . 1 . a  N a t i o n a l  W e a t h e r  S e r v i c e  N e t w o r k  1 2  
1 I . l . b  O t h e r  N e t w o r k s  A v a i l a b l e  . . . . . . . . .  1 9  
1 I . l . c  N e w  S i t e s  w i t h  P r e s e n t l y  S h o r t  P e r i o d s  o f  

R e c o r d  . . . . . . . . . . . . . . . . . .  2 2  

. . . . . . .  1 1 . 2  N a t u r e  Of T h e  P r e c i p i t a t i o n  D a t a  2 4  
I I . 2 . a  N a t i o n a l  W e a t h e r  S e r v i c e  N e t w o r k  . . . . .  2 4  . . . . . . . . . . .  I I . 2 . b  Non-NWS N e t w o r k  D a t a  26 
I I . 3 . c  P r e c i p i t a t i o n  D a t a  C o l l e c t i o n  A c t i v i t y  i n  

t h e F u t u r e  . . . . . . . . . . . . . . . .  3 0  

I11 REVIEW OF LITERATURE . . . . . . . . . . . . . . .  3 4  

. . . . . . .  111.1 T P 4 0 .  An E a r l y  N a t i o n a l  I D F  A t l a s  3 6  
1 1 1 . 2  NOAA2: An A t t e m p t  T o  E x t r o p o l a t e  B e t w e e n  t h e  

S a m e  G a g e s  . . . . . . . . . . . . . . . . . .  3 9  
111.3 E x t r e m e  V a l u e  D i s t r i b u t i o n  U s e d  By NWS t o  b e  

T e s t e d  f o r  A r i z o n a  . . . . . . . . . . . . . .  4 2  

. . . . .  I V  TIME/AREAL DISTRIBUTION REDUCTION MANUAL 4 3  

V KECOMMENDED ANALYSES FOR PROPOSED I D F  ATLAS . . . .  4 4  

V I  L I S T  OF REFERENCES . . . . . . . . . . . . . . . .  4 6  

. . . .  APPENDIX A :  BIBLIOGRAPHY ON STORM RAINFALL 4 8  
APPENDIX B :  L I S T  OF PRECIPITATION GAGES AVAILABLE . . . . . . . . . . . . . .  JULY 1987 69 

iii 



L I S T  OF FIGURES 

No. T i t l e  --  P a g e  

F l o w c h a r t  o f  R e s e a r c h  T a s k s  . . . . . . . . . . . . 9 

NOAA2 A t l a s  R e c o r d i n g  G a g e s  . . . . . . . . . . . . 1 3  

NOAA2 At l a s  N o n r e c o r d i n g  G a g e s  . . . . . . . . . . . 14  

NWS R e c o r d i n g  G a g e s  W i t h  Long  R e c o r d s .  . . . . . . . 15 

NWS N o n r e c o r d i n g  G a g e s  W i t h  L o n g  R e c o r d s  . . . . . . 1 6  

Non-NWS R e c o r d i n g  G a g e s  W i t h  L o n g  K e c o r d s  . . . . . 20 

NWS a n d  Non-NWS R e c o r d i n g  G a g e s  W i t h  Lohg  R e c o r d s .  . 2 1  

P i m a  C o u n t y  C o o p e r a t i v e  S t o r m  R a i n f a l l  N e t w o r k  
R e p o r t . .  . . . . . . . . . . . . . . . . . . . . 3 2  

T P 4 0  Map f o r  1 0 0 - Y e a r  1 -Hour  R a i n f a l l  ( P 1 0 0 y l h ) .  . . 38 

NOAA2 Map f o r  1 0 0 - Y e a r ,  6 - H o u r  R a i n f a i l  ( P 1 0 0 y 6 h ) .  . 4 0  



L I S T  OF TABLES 

No . T i t l e  P a g e  

1 . H y p o t h e t i c a l  B u d g e t  f o r  2 Year P r o j e c t  . . . . . .  10 

. . . . .  . 2 N u m b e r  o f  P r e c i p i t a t i o n  G a g e s  i n  A r i z o n a  18 

3 . P r e c i p i t a t i o n  Gages.. S h o r t  T e r m  R e c o r d s  O n l y  . . .  2 3  

4 . A g e n c y  Names a n d  A d d r e s s e s  . . . . . . . . . . . .  27  

5 . K e y - w o r d s  A s s i g n e d  t o  R e v i e w e d  P u b l i c a t i o n s  . . .  3 5  



L I S T  OF ACKONYMS 

AIIDCO = A r i z o n a  H y d r o m e t e o r o l o g i c a l  D a t a  C o o r d i n a t i n g  
O r g a n i z a t i o n  

ARS = A g r i c u l t u r a l  R e s e a r c h  S e r v i c e ,  U.S. D e p a r t m e n t  o f  
A g r i c u l t u r e  

ASU = A r i z o n a  S t a t e  U n i v e r s i t y  

ATRC = A r i z o n a  T r a n s p o r t a t i o n  K e s e a r c h  C e n t e r ,  ASU 

BIA = B u r e a u  o f  I n d i a n  A f f a i r s ,  U.S. D e p a r t m e n t  o f  I n t e r i o r  

BLM = B u r e a u  o f  L a n d  M a n a g e m e n t ,  U . S .  D e p a r t m e n t  o f  I n t e r i o r  

CAHDMA = C e n t r a l  A r i z o n a  H y d r o m e t e o r o l o g i c a l  Data M a n a g e m e n t  
A s s o c i a t i o n  

C o - o p  = C o o p e r a t i v e  w e a t h e r  s t a t i o n  o f  NOAA 

EV = E x t r e m e  V a l u e ,  p r o b a b i l i t y  d i s t r i b u t i o n  

H M R  = H y d r o m e t e o r o l o g i c a l  R e p o r t  ( o f  t h e  U.S. D e p a r t m e n t  o f  
C o m m e r c e )  

I D F  = I n t e n s i t y  d u r a t i o n  f r e q u e n c y  

L F 3  = L o g  P e a r s o n  T y p e  111 m e t h o d  o f  f i t t i n g  a n n u a l  e x t r e m e s  

MCFCD = M a r i c o p a  C o u n t y  F l o o d  C o n t r o l  D i s t r i c t  

NCDC = N a t i o n a l  C l i m a t i c  D a t a  C e n t e r  

N O A A  = N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  A d : , ~ i n i s t r a t i o n ,  U.S. 
D e p a r t m e n t  o f  C o m m e r c e  

NOAA2 = N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n  A t l a s  
No. 2 ,  M i l l e r  e t  a l . ,  1 9 7 3 .  

NWS = N a t i o n a l  W e a t h e r  S e r v i c e ,  NOAA 

NWS-CPM = N a t i o n a l  W e a t h e r  S e r v i c e ,  C o m m u n i t y  P r e p a r e d n e s s  
M e t e o r o l o g i s t  

PC = P e r s o n a l  C o m p u t e r  

PENDOT = P e n n s y l v a n i a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  

PSU = T h e  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  

P 2 y 2 4 h  = ? - y e a r  2 4 - h o u r  r a i n f a l l  



REPHLEX = R e t r i e v a b l e  P r o c e d u r e s  f o r  H y d r o l o g i c  D a t a  f  r on l  ARS 
E x p e r i m e n t a l  W a t e r s h e d s  i n  t h e  U n i t e d  S t a t e s  

SCS = S o i l  C o n s e r v a t i o n  S e r v i c e ,  U.S .  D e p a r t m e n t  o f  A g r i c u l t u r e  

SNOTEL = Snow T e l e m e t r y ,  g a g e s  o p e r a t e d  by  t h e  SCS u s i n g  
m e t e o r b u r s t  t e l e m e t r y  

SRP = S a l t  R i v e r  P r o j e c t ,  P h o e n i x ,  A r i z o n a  

TB = T i p p i n g  B u c k e t  r e c o r d i n g  r a i n g a g e  

TD x x x x  = T a p e  D a t a  x x x x ,  c o d e  u s e d  by NCDC f o r  m a g n e t i c  t a p e  
d a t a  i d e n t i f i e r  f o r  a p a r t i c u l a r  d a t a  t y p e  a n d  
e l e m e n t  

T P 4 0  = W e a t h e r  B u r e a u  T e c h n i c a l  P a p e r  4 0 ,  " R a i n f a l l  F r e q u e n c y  
A t l a s , "  H e r s h f i e l d ,  1961 

UA = U n i v e r s i t y  o f  A r i z o n a  

U A  AZMET = U n i v e r s i t y  of  A r i z o n a  C o o p e r a t i v e  E x t e n s i o n  S e r v i c e  
A g r i c u l t u r a l  M e t e o r o l o g i c a l  N e t w o r k  

USCOE = U.S.  Army C o r p s  o f  E n g i n e e r s  

USFS = U . S .  F o r e s t  S e r v i c e ,  U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e  

USGS = U . S .  G e o l o g i c a l  S u r v e y ,  U . S .  D e p a r t m e n t  o f  I n t e r i o r  

WB = W e i g h i n g  b u c k e t  r e c o r d i n g  r a i n g a g e  

WSFO = W e a t h e r  S e r v i c e  F o r e c a s t  O f f i c e  

WSO = W e a t h e r  S e r v i c e  O f f i c e  



STOM PAIHFALL PROBABILITY ATLAS FOB ARIZOlA - 
B. M .  R e i c h ,  A .  J .  B r a z e l ,  a n d  R .  A .  C l a r k  

I EXECUTIVE SUHPfARY OW WEED AND JUSTIFICATIOW 

E s t i m a t e s  o f  s h o r t  d u r a t i o n  (10  t o  6 0  m i n u t e )  r a i n f a l l  

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

h i g h w a y  d r a i n a g e .  T h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  i n  u r b a n i z i n g  

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

a r e  t a k i n g  p l a c e .  B e s i d e s  h e a v y  h i g h w a y  u s e  d u r i n g  i n t e n s e  

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

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

w a y  c a n  l e a d  t o  many c o m p l a i n t s ,  a n d  p o s s i b l e  l a w s u i t s .  P a v e m e n t  

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

P r o t e c t i o n ,  o r  b r i d g i n g  o f  l a r g e r  s t reams a r e  i n v o l v e d .  M e t h o d s  

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

r a i n f a l l  i n t e n s i t y  o f  a  c h o s e n  f r e q u e n c y  ( r e t u r n  p e r i o d ) .  

1.1 Local And Arid-West I n t e r e s t  In R e s t u d y  

P i l o t  s u r v e y s  h a v e  r e c e n t l y  b e e n  u n d e r t a k e n  b y  s e v e r a l  

A r i z o n a  c o m m u n i t i e s  t o  e x p l o r e  w h a t  m a y  b e  d o n e  t o  i m p r o v e  t h e i r  

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

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

O t h e r  c o u n t i e s  c o n t a i n  m o r e  r a i n g a g e s ;  p o s s i b l y ,  m o r e  t h a n  t h e y  

a r e  i n t e r e s t e d  i n  a n a l y z i n g .  A n a l y s e s  o f  d a t a  f r o m  a f e w  g a g e s ,  

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

w i l l  n o t  s e r v e  a d e q u a t e l y  t h e  l a r g e  a r e a s  o f  o t h e r  A r i z o n a  

c o u n t i e s .  R e g i o n a l  h  yd r o m e  t e o r o l o g i c a l  c o n s i d e r a t i o n s  m u s t  b e  



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

f i e l d  o f  i n d i v i d u a l  e s t i . m a t e s  o f  r a i n f a l l  i n t e n s i t  y - d u r a t i o n -  

f r e q u e n c y  ( I D F ) *  a t  e a c h  r a i n g a g e .  I n  a d d i t i o n  t o  p r o v i d i n g  

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

t h e  i m p o r t a n t  p o s s i b i l i t y  o f  c o o r d i n a t i n g  t h e  n e w  r a i n f a l l  I D F  

m a p s  w i t h  t h e  N a t i o n a l  W e a t h e r  S e r v i c e  (NWS) a n d  o t h e r  i n t e r e s t e d  

F e d e r a l  a n d  S t a t e  a g e n c i e s .  A r i z o n a  a p p e a r s  t o  b e  b e t t e r  o f f  

t h a n  o u r  n e i g h b o r s  i n  t h e  a r i d - w e s t  w i t h  r e g a r d s  t o  t h e  

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

d a t a .  N e v e r t h e l e s s ,  i n  a l l  a r i d  w e s t e r n  s t a t e s  t h e r e  r e m a i n s  

n e e d  f o r  u p d a t e d  I D F  m a p p i n g .  F e d e r a l  f u n d s  a r e ,  u n f o r t u n a t e l y ,  

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

i n t e n s i t i e s .  

T o d a y ' s  s t o r m  r u n o f f  a n a l y s e s  r e q u i r e  a d d i t i o n a l  r a i n f a l l  

i n f o r m a t i o n  b e s i d e s  I D F .  To  i n s g r e  t h a t  f l o o d s  d o w n s t r e a m  o f  

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

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

m u s t  b e  b a s e d  o n  t h e  t i m e - d i s t r i b u t i o n  o f  r a i n  w i t h i n  a  s t o r m .  

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

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

t h e  t i m e  s e q u e n c i n g  o f  d i f f e r e n t  i n t e n s i t i e s .  

1.2 Need To Augment I U S  Database 

M o s t  i n t e n s e  s u m m e r  r a i n s t o r m s  i n  A r i z o n a  c o v e r  v e r y  s m a l l  

a r e a s .  F o r t u n a t e l y ,  l o n g s t a n d i n g  e x p e r i m e n t a l  r a n g e l a n d  a n d  

f o r e s t  w a t e r s h e d  r e s e a r c h  h a s  b e e n  p u r s u e d  f o r  m a n y  d e c a d e s  

t h r o u g h o u t  A r i z o n a  b y  t h e  A g r i c u l t u r a l  R e s e a r c h  S e r v i c e  ( A R S )  

" A c r o n y m s  u s e d  i n  t h i s  d o c u m e n t  s t a r t  o n  p a g e  v i .  



a n d  t h e  U.S. F o r e s t  S e r v i c e  ( U S F S )  o f  t h e  U.S. D e p a r t m e n t  o f  

A g r i c u l t u r e  a n d  t h e  U n i v e r s i t y  o f  A r i z o n a  (UA). T h e s e  s c i e n t i f i c  

e n d e a v o r s  r e q u i r e d  t h e  o p e r a t i o n  o f  d e n s e  n e t w o r k s  c o n t a i n i n g  

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

t h e s e  s i x  d e n s e  n e t w o r k s  a r e  l o c a t e d  a t  h i g h e r  e l e v a t i o n s  t h a n  

t h e  r a i n g a g e s  i n  t h e  NWS n e t w o r k .  T h e y  c o n t a i n  i n f o r m a t i o n  o n  

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

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

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

T h e s e  n o n - N W S  d a t a  a l s o  m o r e  t h a n  q u a d r u p l e  t h e  n u m b e r  o f  

A r i z o n a  s t a t i o n s  w h e r e  r a i n f a l l  I D F  c a n  b e  c o m p u t e d .  T h e  NWS 

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

N e v a d a ,  a n d  U t a h .  T h e  a d d i t i o n  o f  t h e  ARS,  U S F S ,  a n d  U A  d e n s e  

n e t w o r k  d a t a  p l a c e s  A r i z o n a  i n  a  s u p e r i o r  p o s i t i o n  t o  i t s  

n e i g h h o r  i n g  s t a t e s .  R a p i d  g r o w t h - r a t e s  ( u r b a n i z a t i o n )  i n  t h e  

S o u t h w e s t  m a k e s  i t  n e c e s s a r y  t o  e n s u r e  t h a t  h i g h w a y  s t r u c t u r e s  

c a p i t a l i z e  o n  p o t e n t i a l l y  i m p r o v e d  k n o w l e d g e  o f  r a i n s t o r m s .  T h i s  

s h o u l d  m i n i m i z e  h i g h w a y  u s e r s '  e x p o s u r e  t o  f l o o d  h a z a r d s .  I t  

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

D a t a  s h o r t a g e  w a s  a  b a s i c  p r o b l e m  w h e n  t h e  l a t e s t  N a t i o n a l  

O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n ' s  " P r e c i p i t a t i o n - F r e q u e n c y  

A t l a s  o f  t h e  W e s t e r n  U n i t e d  S t a t e s "  (NOAA2) I l l * *  ( M i l l e r  e t  a l . ,  

1 9 7 3 ) * * *  w a s  p r e p a r e d  f o r  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  ( S C S )  

u s i n g  p r e - 1 9 7 0  d a t a .  O n l y  38 r e c o r d i n g  r a i n g a g e  s t a t i o n s  i n  

* * N u m b e r s  i n  s q u a r e  b r a c k e t s  r e f e r  t o  a r t i c l e s  i n  t h e  
L i s t  o f  R e f e r e n c e s .  T h e  R e f e r e n c e s  a r e  a s u b s e t  o f  t h e  
B i b l i o g r a p h y  p r e s e n t e d  i n  t h e  A p p e n d i x  A. 

* * * A u t h o r s  a n d  d a t e s  a r e  a d d e d  i n  p a r e n t h e s e s  f o r  t h e  
c o n v e n i e n c e  o f  t h e  r e a d e r .  



A r i z o n a  w i t h  7 3 1  s t a t i o n - y e a r s  o f  d a t a  w e r e  u s e d .  D a t a  were a l s o  

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

a v e r a g e ,  e a c h  g a g e  s a m p l e d  3 , 1 0 0  s q u a r e  m i l e s .  T h e  i n f o r m a t i o n  

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

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

s o u t h e a s t e r n  A r i z o n a  [ 2 ]  ( O s b o r n  e t  a l . ,  1 9 8 0 )  s h o w e d ,  f o r  30 

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

t w i c e  t h e  a v e r a g e  d e p t h  a c r o s s  8 0  s q u a r e  m i l e s  o f  a  s t o r m .  NOAA2 

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

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

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

100- ( o r  e v e n  50-) y e a r  r e t u r n  p e r i o d s .  

T o d a y  o v e r  3 0 0  r e c o r d i n g  g a g e s  h a v e  b e e n  o p e r a t e d  b y  v a r i o u s  

a g e n c i e s  t h r o u g h o u t  A r i z o n a .  S o m e  o f  t h e s e  d a t a  h a s  b e e n  

d i g i t i z e d  a t  e a c h  t i m e  t h e  i n t e n s i t y  c h a n g e d  ( b r e a k - p o i n t  d a t a )  

w i t h i n  a  s t o r m .  T h i s  f o r m a t  c o n t a i n s  t h e  t y p e  o f  i n f o r m a t i o n  

n e e d e d  b y  t o d a y ' s  d e s i g n e r s .  F u t u r e  a n a l y s i s  s h o u l d  p r o c e s s  t h e  

I' r e s t  o f  t h e  d a t a  i n  t h i s  b r e a k - p o i n t "  f o r m a t .  L o n g e r  h i s t o r i e s  

a n d  a d d i t i o n a l  s i t e s  w i l l  p r o d u c e  a b o u t  2 , 8 0 0  s t a t i o n - y e a r s  o f  

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

1 0 0 - y e a r  p o i n t  e s t i m a t e s .  A d d i t i o n  o f  ARS,  U S E S ,  a n d  U A  g a g e  

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

s m o o t h e d  a c r o s s  A r i z o n a .  

1.3 Advantages A n t i c i p a t e d  From N e w  P a i n f a l l  Intensity Study 

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

a g e n c i e s  w i t h  a n  u p d a t e d  a n a l y s i s  of  a g r e a t l y  e n h a n c e d  d a t a b a s e  

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



i n v e s t i g a t i o n  w i l l  y i e l d  o t h e r  o p p o r t u n i t i e s .  A r i z o n a  r e s e a r c h  

[ 2 ]  ( O s b o r n  e t  a l . ,  1 9 8 0 )  s h o w s  t h a t  f l o o d  p e a k s  a n d  f l o o d  

h y d r o g r a p h s  i n  A r i z o n a  a r e  h e a v i l y  i n f l u e n c e d  by t h e  h i g h  

r a i n f a l l  i n t e n s i t i e s  t h a t  l a s t  f o r  30 m i n u t e s  o r  l e s s .  A s  

u r b a n i z a t i o n  t h i c k e n s  a c r o s s  t h e  d e s e r t ,  i n c r e a s e d  i m p e r v i o u s n e s s  

w i l l  c a u s e  t h e s e  f l a s h  f l o o d s  t o  b e c o m e  m o r e  f r e q u e n t  a n d  s e v e r e .  

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

a d v e r s e  i m p a c t s  o f  mud a n d  f l o o d .  E v e r  e x p a n d i n g  f i n a n c i a l  a n d  

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

r a i n f a l l  r e c o r d e d  a u t o g r a p h i c a l l y ,  d u r i n g  d o w n p o u r s  o f  2  h o u r s  t o  

l e s s  t h a n  15 m i n u t e s  t h r o u g h o u t  t h e  l a s t  2 0  t o  6 0  years.  

S e c o n d l y ,  t h e  d i c h o t o m y  b e t w e e n  t h e  t w o  l a t e s t  NWS I D F -  

A t l a s e s ,  T P 4 0  [ 3 ]  ( H e r s h f i e l d ,  1 9 6 1 )  a n d  NOAA2 c a n  b e  r e s o l v e d .  

R e f e r e n c e  i s  m a d e  t o  NOAA2's  i n t r o d u c t i o n  o f  v e r y  c o m p l i c a t e d  

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

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

c o u n t y .  A p p l i c a t i o n  o f  t h e  n u m e r o u s  s u c h  m a p s  c o n t a i n e d  i n  NOAA2 

r e q u i r e s  m u c h  o f  t h e  u s e r ' s  t i m e  a n d  e n h a n c e s  o p p o r t u n i t y  f o r  

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

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

i n t e n s i t y  s h o r  t - d u r a  t i o n  r a i n s t o r m s  d o e s  n o t  s u b s t a n t i a t e  t h e  

h i g h l y  c o n t o r t e d  i s o l i n e s  s h o w n  i n  NOAA2. 

T h e  r e l a t i v e l y  u s e r - f r i e n d l y  f o r m  o f  T P 4 0  r e s u l t e d  i n  m a n y  

u s e r s  n o t  c h a n g i n g  t o  t h e  NWS u p d a t e  (NOAA2).  E l i m i n a t i n g  t h i s  

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

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

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

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



s t u d y .  I t  w o u l d  p r o v i d e  m o r e  c o n t r o l  a n d  c a n  p r o v i d e  e c o n o m y  o f  

s c a l e .  

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

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

h a v e  m a i n t a i n e d  a n d / o r  a n a l y z e d  r e c o r d i n g  r a i n g a g e s  i n  A r i z o n a .  

A s i x t h  b e n e f i t  f r o m  a u n i f i e d  s t u d y  i s  t h e  o p p o r t u n i t y  t o  

h a r n e s s ,  t h r o u g h  a s s o c i a t i o n ,  t h e  e x p e r t i s e  [ 2 ]  ( O s b o r n .  e t  a l . ,  

1 9 8 0 )  o f  w o r k e r s  w h o  h a v e  m i s s i o n s  o t h e r  t h a n  h i g h w a y  d e s i g n .  

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

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

n e e d s .  V i e w e d  f r o m  t h e  c o m m u n i c a t i o n s  a n g l e ,  t h i s  p r o j e c t  i s  a n  

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

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

e n g i n e e r i n g  j o u r n a l s .  

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

h i g h w a y  e n g i n e e r s  i s  a d i g i t a l  r a i n f a l l  a t l a s .  E n t e r i n g  l a t i t u d e s  

& l o n g i t u d e s  c o u l d  i n s t a n t a n e o u s l y  c a l l  u p  I D F  v a l u e s  f o r  f l o o d  

p e a k  e s t i m a t i o n .  A n s w e r s  c o u l d  b e  r a p i d l y  o b t a i n e d  f r o m  a 

p e r s o n a l  c o m p u t e r  ( P C ) .  

N e w  m e t h o d s  f o r  e s t i m a t i n g  i n t e n s i t i e s  w i t h i n  d e s i g n  s t o r m s  

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

S e q u e n c e s  o f  r a i n f a l l  i n c r e m e n t s  w i t h i n  a r u n o f f - p r o d u c i n g  s t o r m  

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

l a t t e r  m a y  b e  u s e d  t h r o u g h  P C s  o n  u n g a g e d  u r b a n  o r  r u r a l  

w a t e r s h e d s  t o  p r o d u c e  f l o o d  v o l u m e s  o r  p e a k s  a n d  f l o o d  

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

d e p o s i t i o n  f r o m  c o m p u t e r i z e d  s e d i m e n t - t r a n s p o r t  m o d e l s .  A r e c e n t  

n a t i o n a l  d e s i g n  s t o r m  s t u d y  [ 4 ]  ( Y e n  a n d  C h o w ,  1 9 8 3 )  i n v o l v e d  



d a t a  f r o m  o n l y  f i v e  A r i z o n a  s i t e s .  P e r h a p s  m o r e  s e r i o u s  i s  t h a t  

i t  d e v e l o p e d  " d e s i g n  s t o r m "  p a r a m e t e r s  f r o m  a n  a v e r a g e  o f  3 0  

s t o r m s  p e r  y e a r  a t  e a c h  s i t e .  S u c h  s m a l l  e v e n t s  r e p r e s e n t  a n  

e n t i r e l y  d i f f e r e n t  u n i v e r s e  f r o m  t h e  f e w  f l o o d - p r o d u c i n g  s t o r m s  

o f  i n t e r e s t  t o  t h e  h i g h w a y  d e s i g n e r .  

T h e  t i m e  s e e m s  a p p r o p r i a t e  t o  t a k e  a d v a n t a g e  o f  t h e  

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

o n e - s t a t e  b a s i s  w e  c a n  n o w  d i g i t a l l y  p r o c e s s  t h e  v e r y  s h o r t  

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

t h e  NOAA2 a n a l y s i s  was r e s t r i c t e d  l a r g e l y  t o  d a i l y  o b s e r v a t i o n s ,  

s u p p l e m e n t e d  by  c l o c k - h o u r  a c c u m u l a t i o n s  a t  o n l y  38 s h o r t - r e c o r d  

A r i z o n a  s t a t i o n s .  A n e w  s t u d y  c o u l d  p r o d u c e  a  q u a n t u m  l e a p  i n  

d a t a - d e p e n d e n t  p r e c i s i o n  i n  r a i n f a l l  e s t i m a t e s  i n  A r i z o n a .  A t  

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

n e e d e d  f o r  t o d a y ' s  c o m p u t e r i z e d  h y d r o g r a p h  m o d e l s .  

1 - 4  Expected Cost And Tire Requirement For Mew Study 

T h e  t i m e - s p a n  c o n s i d e r e d  a p p r o p r i a t e  f o r  c o m p l e t i o n  o f  t h i s  

n e w  r a i n f a l l  i n t e n s i t y  s t u d y  o f  A r i z o n a  i s  t w o  y e a r s .  I t  i s  

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

N W S  i n f o r m a t i o n  f r o m  A s h e v i l l e ,  N.C.  a n d  o t h e r  l o c a t i o n s .  

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

t h e  d i g i t i z a t i o n  o f  c h a r t  a n d  t a b u l a r  i n f o r m a t i o n .  T h e  t e a m  

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

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

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

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

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



t o  h i g h w a y  d r a i n a g e  a n d  a r i d  z o n e  h y d r o l o g y .  F i g .  1 i n d i c a t e s  

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

E i g h t e e n  p e r s o n - m o n t h s  o f  p r o f e s s i o n a l  t ime  w i l l  b e  n e e d e d  

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

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

t h e  f i n a l  I D F  A t l a s .  T a b l e  1 d e t a i l s  i t e m s  i n  a  h y p o t h e t i c a l  

b u d g e t  f o r  a l l  b u t  t h e  i n - s t o r m  T e m p o r a l / A r e a l  d i s t r i b u t i o n s  

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

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

A s m a l l  a m o u n t  o f  t r a v e l  t o  NWS a n d  s t a t e  o f f i c e s  w i l l  b e  n e e d e d .  

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

e q u i p m e n t .  T h e  t o t a l  p r o j e c t  c o s t  i s  e s t i m a t e d  t o  b e  $ 2 1 8 , 5 0 0 .  

I n d i r e c t  c o s t s  a r e  n o t  i n c l u d e d - - t h e s e  c a n  r a n g e  f r o m  5 0  t o  1 0 0  

p e r c e n t  o f  t h e  T o t a l .  

T h e  a d d i t i o n a l  e x a m i n a t i o n  o f  i n - s t o r m  t e m p o r a l / a r e a l  d a t a  

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

e s t i m a t e  i s  $ 2 4 2 , 5 0 0  f o r  b o t h  t a s k s :  ( 1 )  I D F  A t l a s  p r e p a r a t i o n ,  

a n d  ( 2 )  I n - S t o r m  T e m p o r a l  a n d  A r e a l  D i s t r i b u t i o n s  M a n u a l .  T h i s  

f i g u r e  i n c l u d e s  $ 2 4 , 0 0 0  f o r  T a s k  2 ) ,  w h i c h  r e p r e s e n t s  b l o c k s  2 6  

t h r o u g h  2 9  i n  F i g u r e  1. T a b l e  1 was d e v e l o p e d  f o r  T a s k  1 )  o n  t h e  

I D F  P r o b a b i l i t y  A t l a s  a l o n e  w h i c h  c o u l d  b e  c o m p l e t e d  w i t h i n  2 4  

m o n t h s ,  f o r  $ 2 2 8 , 5 0 0 ;  w i t h i n  t h e  s a m e  t i m e - f r a m e ,  a n d  p o s s i b l y  

s i x  m o n t h s  s o o n e r ,  T a s k  2)  o n  T e m p o r a l / A r e a l  D i s t r i b u t i o n s  c o u l d  

b e  c o m p l e t e d .  
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Table 1. Bypothetical Pre-Overhead Budget for 
2 Year Storm Atlas Project 

P e r s o n  
M o n t h s  

D i r e c t  L a b o r  

D i r e c t o r  
H y d r o m e t e o r o l o g i s t  
C l i m a t o l o g i s t  
S t o c h a s t i c  H y d r o l o g i s t  
4 P a r t - t i m e  G r a d u a t e  S t u d e n t s  
S e c r e t a r i a l  

F r i n g e  B e n e f i t s  

S u b - t o t a l  l a b o r  p l u s  b e n e f i t s  

O t h e r  E x p e n s e s  

S u b - t o t a l  

P h . D .  C o n s u l t a n t  o n  S i t e  S e l e c t i o n  a n d  
P r e c i p i t a t i o n  C h a r t  C o m p u t e r i z a t i o n  

C o m p u t e r  S e r v i c e s  
C o m m u n i c a t i o n s  
T r a v e l  
S u p p l i e s  a n d  D a t a  C o s t s  
P u b l i c a t i o n  C o s t s  

S u b - t o t a l  

E q u i p m e n t  

P o r t a b l e  M i c r o c o m p u t e r ,  A c c e s s o r i e s  a n d  S o f t w a r e  
Map M e a s u r i n g ,  D i g i t i z i n g  a n d  D r a f t i n g  E q u i p m e n t  

S u b - t o t a l  

TOTAL 

D o l l a r s  

N o t e :  An E n g i n e e r i n g  M a n u a l  o n  I n - S t o r m  T e m p o r a l  a n d  A r e a l  
D i s t r i b u t i o n s  c o u l d  b e  p r e p a r e d  f o r  a n  a d d i t i o n a l  
$ 2 4 , 0 0 0 .  T h i s  w i l l  r e q u i r e :  1 h a l f - t i m e  s t u d e n t ,  
2 a d d i t i o n a l  m o n t h s  f o r  t h e  D i r e c t o r ,  a n d  0.8 m o n t h  
f o r  t h e  C l i m a t o l o g i s t .  



I1 PRESENT AMD POTENTIAL DATABASES 

11.1 Databases 

D a t a b a s e s  c a n  b e  o r g a n i z e d  i n t o  t h r e e  g r o u p s :  

(1)  NWS p r e c i p i t a t i o n  g a g e s  ( r e c o r d i n g  a n d  n o n r e c o r d i n g )  

u s e d  i n  NOAA2 a n d  t h o s e  t h a t  c o u l d  b e  e m p l o y e d  i n  a n e w  a n a l y s i s ,  

( 2 )  non-NWS p r e c i p i t a t i o n  g a g e s  a n d  r e c o r d s  n o t  u s e d  i n  

NOAA2 t h a t  h a v e  d a t a  o f  s u f f i c i e n t  l e n g t h  t o  t e s t  t h e  o l d  m a p s  

a n d  t o  u s e  i n  a  n e w  a n a l y s i s ,  a n d  

( 3 )  p r e c i p i t a t i o n  g a g e s  ( b o t h  NWS a n d  n o n - N W S )  w i t h  

r e c o r d s  t o o  s h o r t  ( l e s s  t h a n  15 y e a r s  a f t e r  1 9 7 0 )  t o  e v a l u a t e  

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

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

f u t u r e  a n a l y s e s .  

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

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

d e t a i l e d  t a b u l a r  a p p e n d i c e s  ( A p p e n d i x  B )  l i s t i n g  s t a t i o n s  

a l p h a b e t i c a l l y .  T h e s e  t a b l e s  c o n t a i n  s t a t i o n  n a m e ,  n e t w o r k ,  

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

o f  r e c o r d ,  t i m e  o f  o b s e r v a t i o n  ( 2 4  h o u r  g a g e s  o n l y ) ,  a n d  ( f o r  NWS 

s t a t i o n s )  t h e  NWS I D # .  No d e t a i l e d  i n f o r m a t i o n  i s  g i v e n  a t  t h i s  

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

d a t a  q u a l i t y .  I t  h a s  b e e n  f o u n d  i n  o t h e r  s t u d i e s  o f  t h e  h o u r l y  

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

f r o m  0 t o  3 6  p e r c e n t ,  w i t h  a  m e a n  o f  7 . 8  p e r c e n t  f o r  a n y  g i v e n  

s t a t i o n  151 ( B a l l i n g  a n d  B r a z e l ,  1 9 8 6 ) .  P r o b a b l y  f o r  t h e  c o - o p  

( C o o p e r a t i v e  NWS S t a t i o n s - n o r m a l l y  d a i l y  r e p o r t s )  s i t e s  a  s i m i l a r  

s t a t i s t i c  a p p l i e s ,  a l t h o u g h  t h e  f i g u r e  m a y  b e  l o w e r  t h a n  7 



p e r c e n t  o n  a v e r a g e ,  s i n c e  m o s t  o b s e r v e r s  a r e  a t  t h e i r  s i t e s  e a c h  

d a y .  T h e  NWS CPM ( C o o p e r a t i v e  P r o g r a m  M a n a g e r )  w o u l d  f l a g  s i t e s  

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

p r o b l e m .  

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

b e e n  u s e d :  ( 1 )  T h e  A r i z o n a  D e p a r t m e n t  o f  W a t e r  R e s o u r c e s  g a g e  

i n v e n t o r y  a v a i l a b l e  o n  t h e i r  c o m p u t e r  s y s t e m  t h a t  t h e y  t o o k  o v e r  

i n  1 9 8 0  f r o m  t h e  U.S. Army C o r p s  o f  E n g i n e e r s  ( H y d r o m e t e o r o l o g i c  

D a t a  S o u r c e  I n v e n t o r y ) ;  ( 2 )  r e c o r d s  o f  s t a t i o n  h i s t o r i e s  o f  t h e  

NWS s i t e s  a v a i l a b l e  a t  t h e  O f f i c e  o f  t h e  S t a t e  C l i m a t o l o g i s t  a t  

A r i z o n a  S t a t e  U n i v e r s i t y ;  a n d  ( 3 )  c o n f e r e n c e s  w i t h  p e r s o n n e l  f r o m  

t h e  USGS, U S E S ,  ARS, B I A ,  U A ,  B L M ,  N a v a j o  N a t i o n ,  P i m a  C o u n t y ,  

S C S ,  S R P ,  M a r i c o p a  C o u n t y  F l o o d  C o n t r o l  D i s t r i c t  (MCFCD),  a n d  

D e p a r t m e n t  o f  W a t e r  R e s o u r c e s  o f  A r i z o n a .  

1I.l.a N a t i o n a l  W e a t h e r  S e r v i c e  N e t w o r k  

G a g e s  t h a t  we re  u s e d  f o r  t h e  NOAA2 A t l a s  p r e c i p i t a t i o n  

f r e q u e n c y  a n a l y s i s  o f  d a t a  u p  t o  1 9 7 0  e m p l o y e d  3 8  r e c o r d i n g  a n d  

1 9 1  n o n r e c o r d i n g  p r e c i p i t a t i o n  g a g e s  i n  A r i z o n a  ( s e e  F i g s .  2 a n d  

3 ) .  T h e  NWS r e c o r d i n g  a n d  n o n r e c o r d i n g  g a g e s  w i t h  r e c o r d s  

c o n t i n u i n g  f o r  a t  l e a s t  1 5  y e a r s  p o s t  1 9 7 0  a r e  s h o w n  o n  F i g a .  4 

a n d  5 .  S i n c e  NOAA2 d i d  n o t  i n c l u d e  a n  i n d e x  l i s t i n g  t h e  s t a t i o n s  

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

NWS s t a t i o n s  w i t h  r e c o r d s  o f  a t  l e a s t  1 0 - 1 5  y e a r s  p r i o r  t o  1 9 7 0  

w e r e  e m p l o y e d  ( p .  2 i n  t h e  NOAA2 A t l a s ) .  T h e r e  a r e  s t i l l  2 5  

r e c o r d i n g  g a g e s  a v a i l a b l e  o f  t h e  o r i g i n a l  38 u s e d  i n  NOAA2. T h e  

o n e s  t h a t  h a v e  d r o p p e d  o u t  a r e  c l u s t e r e d  i n  G i l a ,  G r a h a m ,  S a n t a  

C r u z ,  a n d  Y a v a p a i  c o u n t i e s  f o r  t h e  m o s t  p a r t .  Of t h e  1 3  t h a t  
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were  d i s c o n t i n u e d ,  7  we re  d r o p p e d  i n  G r a h a m  a n d  G i l a  c o u n t i e s  

a l o n e .  O t h e r w i s e  t h e  g e o g r a p h i c  d i s t r i b u t i o n  o f  t h e  r e m a i n i n g  2 5  

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

NOAA2 s i t e s .  G i v e n  t h a t  1 5  y e a r s  p o s t  1 9 7 0  c o u l d  b e  u s e d  i n  a  

new a n a l y s i s  f o r  s h o r t :  d u r a t i o n  e s t i m a t e s ,  4 a d d i t i o n a l  a n d  new 

g a g e s  n o t  u s e d  i n  NOAA2 c o u l d  b e  e m p l o y e d - - P a g e ,  S e d o n a  R a n g e r  

S t a t i o n ,  P a i n t e d  R o c k  D a m ,  a n d  e i t h e r  W o r k m a n  C r e e k  o r  S i e r r a  

A n c h a  ( d i f f i c u l t  t o  t e l l  f r o m  t h e  NOAA2 A t l a s  b a s e  m a p ,  s i n c e  

t h e r e  i s  n o  l i s t i n g  o f  s t a t i o n s  u s e d  i n  t h e  A t l a s ) .  I n  a d d i t i o n ,  

11 r e c o r d i n g  g a g e s  h a v e  b e e n  a d d e d  t o  t h e  NWS n e t w o r k  s i n c e  1 9 7 0  

b u t  h a v e  r e c o r d s  l e s s  t h a n  1 5  y e a r s  a s  o f  J u l y  1 9 8 7  ( s e e  F i g .  4 ) .  

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

i n  Y a v a p a i ,  P i n a l ,  G r e e n l e e ,  P i m a ,  a n d  S a n t a  C r u z  c o u n t i e s .  

Of t h e  o r i g i n a l  1 9 1  c o - o p  2 4 - h o u r  n o n r e c o r d i n g  s i t e s ,  o n l y  

1 3 6  r e m a i n  f r o m  NOAA2 d a t a  ( s e e  F i g .  5 ) .  T h i r t y  n e w  s i t e s  h a v e  

s u f f i c i e n t  d a t a  ( c a .  1 5  y e a r s  p o s t  1 9 7 0 )  f o r  a n e w  a n a l y s i s .  

T h e s e  s i t e s  w i l l  a i d  i n  A p a c h e ,  N o r t h e r n  C o c o n i n o ,  C e n t r a l ,  a n d  

N o r t h e r n  M o h a v e ,  G r a h a m ,  a n d  G r e e n l e e  c o u n t i e s  f o r  t h e  m o s t  p a r t .  

T w e n t y - t h r e e  new s i t e s  h a v e  b e e n  e s t a b l i s h e d  s i n c e  1 9 7 0 ,  b u t  h a v e  

t o o  s h o r t  a  r e c o r d  a s  o f  1 9 8 7  f o r  u s e  i n  a  n e w  a n a l y s i s .  T h e s e  

2 3  s i t e s  h a v e  b e e n  a d d e d  i n  1 2  o f  t h e  1 5  c o u n t i e s  o f  t h e  s t a t e  

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

T h u s ,  r e f e r r i n g  t o  T a b l e  2 ,  t h e  n u m b e r  o f  n o n r e c o r d i n g  g a g e s  

u s e d  i n  NOAA2 was 191 ;  r e c o r d i n g  g a g e s ,  3 8 .  I n  a n e w  a n a l y s i s ,  

166 o f  t h e  1 9 1  n o n r e c o r d i n g  g a g e s  h a v e  s u f f i c i e n t  r e c o r d  l e n g t h s  

o f  a t  l e a s t  1 5  y e a r s  p o s t  1 9 7 0 .  T w e n t y  f i v e  o f  t h e  o r i g i n a l  38 

r e c o r d i n g  g a g e s  h a v e  r e c o r d s  p a s t  1 9 7 0  ( u p  t o  1 5  y e a r s  p o s t  

1 9 7 0 ) ,  f o u r  n e w  o n e s  h a v e  a b o u t  1 5  y e a r s  r e c o r d  p o s t  1 9 7 0 ,  a n d  13 



Table 2. Number of Precipitation Gages in Arizona 

N O A A 2  A t l a s  N e w  A n a l y s i s  
N e t w o r k *  N o n r e c o r d i n g  R e c o r d i n g  -- - N o n r e c o r d i n g  R e c o r d i n g  

NWS 19  1 38 1 6 6  . 2 9  

USFS 0 0 - 17 

ARS-USDA 0 0 - 2 6 

BIA 0 0 - 3 

USCOE 0 0 

U A  0 0 

MCFCD 0 0 

191 3 8  

* S e e  T a b l e  4 f o r  a g e n c y  n a m e  a n d  a d d r e s s .  



t h a t  were o r i g i n a l l y  u s e d  d o  n o t  h a v e  r e c o r d  l e n g t h s  u p  t o  1 5  

y e a r s  p o s t  1 9 7 0  a n d  a r e  n o w  c l o s e d .  T h i s  d o e s  n o t  m e a n  t o  i m p l y  

t h a t  t h e s e  1 3  s t a t i o n s  c a n  n o t  b e  f u r t h e r  a n a l y z e d  a t  a l l ,  b u t  

t h e r e  i s  b a s i c a l l y  i n s u f f i c i e n t  n e w  d a t a  p o s t  1 9 7 0  ( b a s e d  o n  t h e  

1 5  y e a r  c r i t e r i a ) .  

1 I . l . b  O t h e r  N e t w o r k s  A v a i l a b l e  

F i g .  6 s h o w s  t h e  d i s t r i b u t i o n  o f  non-NWS r e c o r d i n g  g a g e s  n o t  

u s e d  i n  NOAA2 w h i c h ,  i n  f a c t ,  h a v e  r e c o r d  l e n g t h s  e x c e e d i n g  1 5  

y e a r s  ( e i t h e r  d u r i n g  t h e  p e r i o d  p r i o r  t o  1 9 7 0  o r  a f t e r w a r d ) .  

T h e s e  g a g e s  a r e  l i s t e d  b y  n e t w o r k  i n  T a b l e  2. T h e  n o n - N W S  

n e t w o r k s  a r e  c o n c e n t r a t e d  i n  P i m a ,  C o c h i s e ,  G r a h a m ,  M a r i c o p a ,  

G i l a ,  a n d  Y a v a p a i  c o u n t i e s - - c r i t i c a l  r e g i o n s  o f  i n t e n s e  s u m m e r  

r a i n s  a n d  i n  c o u n t i e s  t h a t  h a v e  s u f f e r e d  a t t r i t i o n  i n  t h e  NWS 

n e t w o r k ,  w i t h  t h e  e x c e p t i o n  o f  C o c h i s e  c o u n t y .  M a n y  o f  t h e  

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

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

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

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

w a r n i n g  p u r p o s e s .  T h e  d a t a  p r o v i d e d  by t h e s e  n e t w o r k s  p o s e  b o t h  

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

NWS n e t w o r k  m a p  ( F i g .  4 )  o n  F i g .  6 ( s e e  F i g .  7 )  s h o w s  t h a t  

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

f o r  Y a v a p a i ,  G i l a ,  M a r i c o p a ,  G r a h a m ,  G r e e n l e e ,  C o c h i s e ,  P i m a ,  a n d  

P i n a l  c o u n t i e s .  T h e r e  i s  a l s o  a n  e x c e l l e n t  o p p o r t u n i t y  t o  

c o m p a r e  n e t w o r k  r e s u l t s  w i t h  NWS d a t a  i n  G i l a  c o u n t y  (USFS 

g a g e s ) ,  i n  S o u t h e r n  P i m a  c o u n t y  ( A R S  g a g e s ) ,  a n d  i n  t h e  T u c s o n  

a r e a  (UA g a g e s ) .  T h e  d i s a d v a n t a g e s  o f  t h e s e  d a t a  n e t w o r k s  l a y  i n  







d a t a  a c q u i s i t i o n ,  c o m p u t e r i z a t i o n ,  a n d  c a l i b r a t i o n  

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

c o m p u t e r  t a p e s  f r o m  NCDC ( N a t i o n a l  C l i m a t i c  D a t a  C e n t e r )  a t  

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

b e  q u a l i t y  c o n t r o l l e d  a n d  c e n t r a l i z e d  i n t o  a m a j o r  d a t a  b a s e  

b e f o r e  a n  a n a l y s i s  c o u l d  b e  u n d e r t a k e n .  A l a t e r  s e c t i o n  

a d d r e s s e s  t h e s e  i s s u e s .  

1 I . l . c  New S i t e s  W i t h  P r e s e n t l y  S h o r t  P e r i o d s  O f  R e c o r d  

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

a n a l y s i s  o f  t h e  A r i z o n a  D e p a r t m e n t  o f  W a t e r  R e s o u r c e s  g a g e  

i n v e n t o r y ,  T a b l e  3  was c o n s t r u c t e d  t o  s u m m a r i z e  t h e  n e t w o r k s  

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

( l e s s  t h a n  1 5  y e a r s ) .  M o s t  o f  t h e  r e c o r d i n g  g a g e s  h a v e  b e e n  

g a t h e r i n g  d a t a  f o r  o n l y  5 t o  1 0  y e a r s ,  m a n y  o f  t h e m  f o r  e v e n  

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

3 8 1  r e c o r d i n g  g a g e s  i n  t h i s  c a t e g o r y .  A d e t e r m i n a t i o n  o f  

n o n r e c o r d i n g  g a g e s  y i e l d s  a t  l e a s t  2 9 2  a d d i t i o n a l  s i t e s .  T h e  

N a v a j o  N a t i o n ,  BIA,  USES, MCFCD, C i t y  o f  P h o e n i x  ( p l u s  ASU), P i m a  

C o u n t y ,  a n d  ARS n e t w o r k s  h a v e  g e o g r a p h i c a l l y  d e n s e ,  c l u s t e r e d  

n e t w o r k s  i n  A p a c h e ,  Y a v a p a i ,  G i l a ,  G r e e n l e e ,  M a r i c o p a ,  P i m a ,  a n d  

C o c h i s e  c o u n t i e s .  O t h e r  n e t w o r k s  w h i c h  a r e  s p r e a d  o u t  m o r e  

g e o g r a p h i c a l l y  a r e  t h o s e  o f  t h e  S C S ,  U A  AZMET, USGS, a n d  B L M .  

G e n e r a l l y ,  t h e  S C S  m a i n t a i n s  y e a r - r o u n d  p r e c i p i t a t i o n  g a g e s  i n  

t h e  h i g h e r  e l e v a t i o n s  o f  c e n t r a l  a n d  e a s t e r n  A r i z o n a  a s  p a r t  o f  

t h e  SNOTEL s y s t e m .  U A  AZMET h a s  s i t e s  i n  i m p o r t a n t  a g r i c u l t u r a l  

l o c a t i o n s  o f  s o u t h e r n  A r i z o n a .  T h e  USGS h a s  a w i d e  d i s t r i b u t i o n  

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



Table 3,  Precipitation Gages--Short Term Records Only 

N e t w o r k *  N o n r e c o r d i n g  

ARS - 

B I A  - 

BLM 53 

SCS - 

USGS - 

N a v a j o  N a t i o n  - 

ASU - 

UA AZMET - 

C i t y  o f  P h o e n i x  - 

MCFCD 150 

P i m a  C o u n t y  1 3 0 t  

R e c o r d i n g  

81 

7 

2 2  

18 

99  

10 

1 

15 

10 

6 2  

25 

3 6 8 

G a g e  T y p e  

WB 

T B  

WB 

T B  

T B  

WB 

T B  

T B  

T B  

T B  

T B  

R e s o l u t i o n  

0.01" 

* S e e  T a b l e  4 f o r  a g e n c y  n a m e  a n d  a d d r e s s .  



m a i n t a i n s  a  n e t w o r k  i n  s o u t h e a s t e r n  A r i z o n a  s p r e a d  w i t h i n  G r a h a m  

a n d  C o c h i s e  c o u n t i e s .  C u r r e n t l y ,  a g e n c i e s  B l p e r a t i n g  t h e s e  

n e t w o r k s  a r c h i v e  t h e i r  o w n  d a t a ,  a n d  t h e  NWS R i . v e r  F o r e c a s t  

C e n t e r  i n  S a l t  L a k e  C i t y  h a s  g a t h e r e d  o n  c o m p u t e r  m u c h  o f  t h e s e  

n e t w o r k  d a t a .  

11.2 Mature O f  The P r e c i p i t a t i o n  Data 

I 1 . 2 . a  N a t i o n a l  W e a t h e r  S e r v i c e  N e t w o r k  

T h e  p r e c i p i t a t i o n  d a t a ,  b o t h  n o n r e c o r d i n g  a n d  r e c o r d i n g ,  c a n  

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

D a t a  C e n t e r  (NCDC), A s h e v i l l e ,  N o r t h  C a r o l i n a .  Two t a p e s  ( c o d e d  

TD x x x x )  a r e  r e l e v a n t  t o  n e w  a n a l y s e s  o n  p r e c i p i t a t i o n :  TD 3 2 4 0 ,  

t h e  H o u r l y  P r e c i p i t a t i o n  D a t a ,  a n d  TD 3 2 6 0 ,  t h e  1 5  M i n u t e  D a t a .  

H o u r l y  d a t a  o n  t a p e  a r e  f o r  t h e  p e r i o d  1 9 4 8  t o  1 9 8 3 .  M o r e  r e c e n t  

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

A r i z o n a  s t a t i o n s  a n d  i n v o l v e s  m o r e  e f f o r t  o n  NCDC1s  p a r t .  T h i s  

w o u l d  i n v o l v e  a  s o r t i n g  by  s t a t e ,  t o  g e t  A r i z o n a ' s  d a t a ,  a n d  

m e r g i n g  o f  e a c h  y e a r  ( 1 9 8 4  t o  p r e s e n t ) .  T o  o b t a i n  o n e    ear's 1 5  

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

$ 1 2 0  f o r  e a c h  t a p e .  T h u s ,  t o  o b t a i n  t h e  NWS h o u r l y  a n d  1 5  m i n u t e  

r e c o r d s  f o r  1 9 8 4 - 1 9 8 7  w o u l d  c o s t  a p p r o x i m a t e l y  $1,000.  T o  o b t a i n  

t h e  h o u r l y  ( 1 9 4 3 - 1 9 8 3 )  a n d  1 5  m i n u t e  d a t a  ( o n l y  1 9 7 1 - 1 9 8 3  o n  

t a p e )  w o u l d  c o s t  c i r c a  $ 1 2 0  e a c h  o r  $ 2 4 0 .  H e n c e  t o  o b t a i n  a n e w  

d a t a  b a s e  o f  a l l  a v a i l a b l e  1 5  m i n u t e  a n d  h o u r l y  d a t a  f o r  t h e  NWS 

s t a t i o n s  c o v e r i n g  t h e  p e r i o d  1 9 7 1  t o  t h e  p r e s e n t  w o u l d  c o s t  

a p p r o x i m a t e l y  $ 1 3 0 0 .  I f  o n e  w e r e  t o  d e s i r e  d a t a  p r i o r  t o  1 9 4 8 ,  

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

t r i p l e  r e g i s t e r e d  c h a r t s  ( w e i g h i n g  b u c k e t  r e c o r d s  (WB)) f o r  $3.00 



a  d a i l y  c h a r t .  T h i s  w o u l d  c o s t  $ 1 0 9 5  p e r  s t a t i o n  y e a r .  A n o t h e r  

s o u r c e  i s  t h e  t a b u l a t e d  d a t a  f r o m  t h e  H y d r o l o g i c  B u l l e t i n  (U.S.  

D e p a r t m e n t  o f  C o m m e r c e  i n  c o o p e r a t i o n  w i t h  t h e  War D e p a r t m e n t ,  

c o m p i l e d  a t  t h e  W e a t h e r  B u r e a u  O f f i c e ,  H y d r o l o g i c  U n i t ,  S a n  

F r a n c i s c o ,  C a l i f o r n i a ) .  T h e s e  r e c o r d s  a r e  h o u r l y  a n d  d a i l y .  

T h e s e  w o u l d  c o s t  a b o u t  $ 2 4 0  t o  o b t a i n  i n  p a p e r  c o p y  f o r m a t  ( c o p y  

c h a r g e s  a t  $ 0 . 2 5  p e r  p a g e )  f r o m  t h e  O f f i c e  o f  t h e  S t a t e  

C l i m a t o l o g i s t .  No c o m p u t e r  t a p e s  a t  NCDC c o n t a i n  t h e s e  o l d e r  

d a t a  p r i o r  t o  1 9 4 8 .  T h e  d a t a  a f t e r  1 9 7 0  i n  t h e  NWS n e t w o r k  

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

r e s o l u t i o n  o f  o n l y  0 . 1 0  i n c h e s .  S o m e  s i t e s  h a v e  U n i v e r s a l  g a g e s  

w i t h  b e t t e r  r e s o l u t i o n  o f  t h e  d a t a  ( c a .  0 . 0 1  i n c h e s ) .  T h e s e  

l a t t e r  s i t e s  i n c l u d e  F l a g s t a f f ,  G r a n d  C a n y o n ,  P a g e ,  A l a m o  D a m ,  

P a i n t e d  Rock  D a m ,  P h o e n i x  WSFO, W i n s l o w  WSO, T u c s o n  WSO, a n d  Yuma 

WSO. T h u s ,  n i n e  o f  t h e  2 9  s i t e s  t h a t  c o u l d  b e  u s e d  i n  a  n e w  

a n a l y s i s  w o u l d  h a v e  f i n e r  r e s o l u t i o n  d a t a ,  a n d  2 0  o f  t h e  

r e m a i n i n g  s i t e s  i n  t h e  NWS n e t w o r k  w o u l d  h a v e  o n l y  t h e  0 . 1 0  i n c h  

r e s o l u t i o n .  T h e  d a t a  t a p e  TD 3 2 6 0  l i s t s  a l l  d a t a  t o  t h e  n e a r e s t  

0 . 0 1  i n c h e s ,  b u t  f l a g s  s i t e s  t h a t  r e c o r d  t o  o n l y  t h e  n e a r e s t  0.10 

i n c h e s .  

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

c o n s i d e r a t i o n  i n  a n a l y z i n g  2 4  h o u r  e x t r e m e s  i s  t h e  o b s e r v a t i o n  

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

r a i n f a l l  may  a r t i f i c i a l l y  b e  p a r t i t i o c e d  b e t w e e n  t w o  d a y s  a n d  i n  

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

r e c o r d i n g  t i m e s  i n  m o r n i n g  h o u r s  w o u l d  b i a s  s u m m e r t i m e  i n t e n s e  2 4  

h o u r  r a i n  e x t r e m e s ,  s i n c e  t h e  m a j o r i t y  o f  r a i n  o c c u r s  f r o m  m i d -  

a f t e r n o o n  t o  m i d n i g h t  o r  s h o r t l y  t h e r e a f t e r .  A p p r o x i m a t e l y  5 6  



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

i n  t h e  a f t e r n o o n  h o u r s  r a n g i n g  f r o m  n o o n  t o  1 9 0 0  h o u r s .  A n o t h e r  

38 p e r c e n t  o f  t h e  n e t w o r k  r e c o r d s  p r e c i p i t a t i o n  s o m e  t i m e  i n  t h e  

m o r n i n g ,  u s u a l l y  n e a r  0 8 0 0  h o u r s .  O n l y  1 3  p e r c e n t  o f  t h e  n e t w o r k  

r e c o r d s  p r e c i p i t a t i o n  a t  m i d n i g h t ,  o r  d a y ' s  e n d .  

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

f o r  t h e i r  l e n g t h  o f  r e c o r d  w o u l d  b e  a n  e s t i m a t e d  $200.  D a i l y  

p r e c i p i t a t i o n  v a l u e s  f o r  a l l  1 6 6  s i t e s  f o r  t h e  1 9 7 1 - p r e s e n t  

p e r i o d  c o u l d  b e  e x t r a c t e d  a n d  p u t  o n  f i l e  f o r  n e w  a n a l y s i s  q u i t e  

e a s i  1 y . 

I I . 2 . b  Non-NWS N e t w o r k  D a t a  

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

i n  A r i z o n a  b e t w e e n  c a .  1 9 4 0  a n d  t h e  p r e s e n t  ( s e e  T a b l e  4  f o r  

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

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

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

d a t a b a s e  e m p l o y e d  i n  NOAA2. T a b l e  2 l i s t s  s i x  a g e n c i e s  t h a t  h a v e  

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

s i g n i f i c a n t  o n e s  a r e  t h o s e  o f  t h e  U.S. F o r e s t  S e r v i c e  ( R o c k y  

M o u n t a i n  F o r e s t  a n d  R a n g e  E x p e r i m e n t  S t a t i o n s )  i n  r u g g e d  a r e a s  o f  

c e n t r a l  a n d  s o u t h e r n  A r i z o n a  a n d  t h e  A g r i c u l t u r a l  R e s e a r c h  

S e r v i c e - U S D A  g a g e s  i n  s e l e c t e d  w a t e r s h e d s  o f  s o u t h e r n  A r i z o n a .  

E x t e n s i v e  r e s e a r c h  a c t i v i t y  i n  r a i n f a l l  a n a l y s e s  h a s  t a k e n  p l a c e  

t h r o u g h  t h e  a u s p i c e s  o f  t h e  ARS f o r  p a r t i c u l a r l y  t h e  W a l n u t  G u l c h  

w a t e r s h e d  n e a r  T o m b s t o n e ,  A r i z o n a  a n d  i n  s e l e c t e d  w a t e r s h e d s  n e a r  

S a f f o r d ,  f o r  G r a n i t e  R e e f  Dam n e a r  P h o e n i x ,  a n d  t h e  S a n t a  R i t a  

E x p e r i m e n t a l  R a n g e o f  A r i z o n a .  S o m e o f  t h e s e  d a t a  a r e  r e t r i e v a b l e  



Table 4 ,  Agency Hares and Adresses 

A g e n c y  A d d r e s s  

A g r i c u l t u r a l  R e s e a r c h  S e r v i c e  S o u t h w e s t e r n  R a n g e l a n d  
R e s e a r c h  C e n t e r  

2 0 0 0  E a s t  A l l e n  Road  
T u c s o n ,  Az 8 5 7 1 9  

B u r e a u  o f  I n d i a n  A f f a i r s  

B u r e a u  o f  L a n d  M a n a g e m e n t  

N a t i o n a l  W e a t h e r  S e r v i c e  

S o i l  C o n s e r v a t i o n  S e r v i c e  

U . S .  Army C o r p s  o f  E n g r .  

U .S .  F o r e s t  S e r v i c e  

U.S. G e o l o g i c a l  S u r v e y  

N a v a j o  N a t i o n  

A r i z o n a  S t a t e  U n i v e r s i t y  

U A  AZMET 

N a v a j o  A r e a  O f f i c e s  
Window R o c k ,  Az 8 6 5 1 5  

S a f f o r d  D i s t r i c t  O f f i c e  
4 2 5  E.  4 t h  S t r e e t  
S a f f o r d ,  Az 8 5 5 4 6  

A r i z o n a  S t r i p  D i s t r i c t  O f f .  
3 9 0  N o r t h  3 0 5 0  E a s t  
S t .  G e o r g e ,  U t a h  8 4 7 7 0  

N a t i o n a l  C l i m a t i c  D a t a  
C e n t e r  

A s h e v i l l e ,  N .  C. 2 8 8 0 1  

2 0 1  E.  I n d i a n o l a  A v e .  
P h o e n i x ,  Az 8 5 0 1 2  

H y d r o l o g y  S e c t i o n  
P .  0 .  Box 2 7 1 1  
L o s  A n g e l e s ,  C a l i f .  9 0 0 5 3  

R o c k y  M o u n t a i n  F o r e s t  
& R a n g e  E x p e r i m e n t  S t a t i o n  

F o r e s t  S e r v i c e  L a b  
A r i z o n a  S t a t e  U n i v e r s i t y  
T e m p e ,  Az 8 5 2 8 7 - 1 3 0 4  

Water R e s o u r c e s  D i v i s i o n  
2 0 1  N. C e n t r a l  Ave .  
P h o e n i x ,  Az 8 5 0 0 4  

P .  0 .  Box 308 
Window R o c k ,  Az 8 6 5 1 5  

O f f i c e  o f  S t a t e  C l i m a t o l o g i s t  
D e p a r t m e n t  o f  G e o g r a p h y  
A r i z o n a  S t a t e  U n i v e r s i t y  
T e m p e ,  AZ 8 5 2 8 7 - 0 3 0 9  

C o o p e r a t i v e  E x t e n s i o n  S e r v .  
U n i v e r s i t y  o f  A r i z o n a  
T u c s o n ,  AZ 8 5 7 2 1  



A g e n c y  

C i t y  of P h o e n i x  

Table 4 Continued 

A d d r e s s  

E n g .  S u p r .  
1 2 5  E .  W a s h i n g t o n  
P h o e n i x ,  Az 8 5 0 0 4  

M a r i c o p a  C o u n t y  F l o o d  C o n t r o l  
D i s t r i c t  

P i m a  C o u n t y  T r a n s p o r t a t i o n  
a n d  F l o o d  C o n t r o l  D i s t r i c t  

U n i v e r s i t y  o f  A r i z o n a  

3335 W .  D u r a n g o  
P h o e n i x ,  Az 8 5 0 0 9  

1 3 1 3  S o u t h  M i s s i o n  Road 
T u c s o n ,  A Z  8 5 7 1 3 - 1 3 9 8  

W a t e r  R e s o u r c e s  R e s e a r c h  
C e n t e r  

U n i v e r s i t y  o f  A r i z o n a  
T u c s o n ,  AZ 8 5 7 2 1  



f r o m  t h e  s o - c a l l e d  R E P H L E X  s y s t e m  ( R e t r i e v a b l e  P r o c e d u r e s  f o r  

H y d r o l o g i c  D a t a  F r o m  ARS E x p e r i m e n t a l  W a t e r s h e d s  i n  t h e  U n i t e d  

S t a t e s ) - - a  c o m p u t e r  d a t a  b a n k  t h a t  i n c l u d e s  s h o r t  d u r a t i o n  

p r e c i p i t a t i o n  d a t a .  S o m e  o f  t h e s e  d a t a  a r e  d i g i t i z e d  t o  b r e a k  

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

s t u d y i n g  t h e  W a l n u t  G u l c h  w a t e r s h e d ,  m u c h  o f  t h e  d a t a  w o u l d  h a v e  

t o  b e  r e d u c e d  f r o m  c h a r t s  a n d  w o u l d  r e q u i r e  c o n s i d e r a b l e  c o s t s  i n  

l a b o r  a n d  p r o c e s s i n g .  T h e  USFS g a g e s  h a v e  b e e n  e m p l o y e d  i n  

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

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

P o n d e r o s a  P i n e ,  a n d  M i x e d  C o n i f e r  v e g e t a t i v e  z o n e s .  I t  i s  

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

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

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

s t a t i o n s  i n  b o t h  o f  t h e s e  n e t w o r k s  s p a n  t h e  p e r i o d  o f  t h e  e a r l y  

1 9 5 0 ' s  t o  p r e s e n t .  T h e r e  i s  a  g r e a t  a d v a n t a g e  i n  a d d i t i o n a l l y  

a n a l y z i n g  t h e s e  d a t a  s e t s .  F o r  t h e  USFS g a g e s ,  m o s t  o f  t h e  s i t e s  

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

e l e v a t  i o n a l  g r a d i e n t s  a n d  v a r i a b l e  a s p e c t s  a r e  e v i d e n t .  An 

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

w i l l  b e  g r e a t l y  e n h a n c e d  b y  i n c l u d i n g  t h e s e  d a t a  s e t  i n  a n y  

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

p o r t i o n  o f  t h e  s t a t e  w i t h  s u m m e r  c o n c e n t r a t i o n s  o f  m o i s t u r e ,  

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

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

s t u d y  b o t h  t h u n d e r s t o r m  r a i n f a l l  i n t e n s i t i e s  a s  w e l l  a s  s p a t i a l  

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

T h e  U n i v e r s i t y  o f  A r i z o n a  Water R e s e a r c h  C e n t e r  g a g e s  i n  



T u c s o n ,  A r i z o n a  s h o u l d  b e  a n a l y z e d ,  s i n c e  s h o r t  d u r a t i o n  r a i n f a l l  

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

T h e s e  d a t a  a r e  r e a d i l y  a v a i l a b l e  t h r o u g h  t h e  u n i v e r s i t y .  I t  i s  

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

T a b l e  2 w o u l d  b e  f e a s i b l e ,  e s p e c i a l l y  i f  t h e  r e s e a r c h e r  w e r e  

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

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

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

r a w  c h a r t  f o r m .  B u d g e t  e s t i m a t e s  a r e  s h o w n  i n  T a b l e  1. 

I I I . 3 . c  P r e c i p i t a t i o n  D a t a  C o l l e c t i o n  A c t i v i t y  i n  t h e  F u t u r e  

A s  T a b l e  3 i n d i c a t e s ,  a v a r i e t y  o f  g o v e r n m e n t a l  a g e n c i e s - -  

f e d e r a l  t o  l o c a l - - h a v e  n e t w o r k s  r e c o r d i n g  p r e c i p i t a t i o n  i n  

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

s t a t e w i d e  a n d  r e g i o n a l  b a s i s ,  a l a r g e  c o o r d i n a t i o n  e f f o r t  i s  

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

p r e s e r v a t i o n  o f  a l l  o b s e r v a t i o n s .  T h i s  e f f o r t  w i l l  e v e n t u a l l y  

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

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

w o u l d  r e s u l t  i n  e c o n o m i e s  o f  s c a l e  i n  t e r m s  o f  m a n - p o w e r  a n d  

f u n d s .  

T h e  A t l a s  s t u d y  r e c o m m e n d e d  i n  t h i s  r e p o r t  s h o u l d  c o n t a i n  a n  

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

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

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

t w o  a d d i t i o n a l  t a s k s  i n  t h e  p r o p o s e d  s t u d y :  (1)  d e v e l o p i n g  

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

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



t h e  s t a t e ,  a n d  ( 2 )  d e v e l o p i n g  p r o c e d u r e s  f o r  h a n d l i n g  a l l  o t h e r  

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

t o  b e  i n  a  v a r i e t y  o f  f o r m a t s .  

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

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

C o u n t y .  T h e r e ,  p a p e r  c o p y  r e c o r d s  ( s e e  F i g .  8 )  a r e  a v a i l a b l e  o n  

s t o r m  p r e c i p i t a t i o n .  T h e s e  r e c o r d s  h a v e  n o t  b e e n  e n t i r e l y  

c o m p u t e r i z e d  a n d  s u m m a r i z e d  i n t o  a  c o m p u t e r  d a t a  b a n k  a n d  m a d e  

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

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

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

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

a g e n c y .  T h e  p r o c e s s i n g  o f  t h e s e  r e c o r d s  r e q u i r e s  a s t u d y  o n  d a t a  

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

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

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

s t a t e  b e  s t u d i e d ,  a n d  a  d e t e r m i n a t i o n  b e  m a d e  o f  t h e  m o s t  

e f f i c i e n t  m e t h o d ( s )  o f  m a x i m i z i n g  d a t a  u s e  f r o m  a l l  a r c h i v e d  

s o u r c e s .  

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

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

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

h y d r o m e t e o r o l o g i c a l  d a t a  u s e r s .  An e x a m p l e  i s  p r o v i d e d  by  t h e  

S t a t e  o f  P e n n s y l v a n i a  s i t u a t i o n .  O u r  l i t e r a t u r e  s e a r c h  l e d  t o  

t h e  s u r p r i s e  d i s c o v e r y  t h a t  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  

( P S U ) [ 6 ]  ( A r o n  e t  a l ,  1 9 8 6 )  c o m p l e t e d  a s t u d y  o n  I D F  f o r  t h e  

P e n n s y l v a n i a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  (PENDOT) s i x t e e n  y e a r s  

a f t e r  a r e - s t u d y  [ 7 ]  ( R e i c h  e t  a l ,  1 9 7 0 ) ,  o f  T P 4 0  f o r  t h a t  
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s t a t e ' s  D e p a r t m e n t  o f  E n v i r o n m e n t a l  R e s o u r c e s .  T h e  s u r p r i s e  w a s  

s h a r e d  b y  t h e  e a r l i e r  s p o n s o r s ,  w h o  r e c e n t l y  [ 8 ]  ( P a .  D e p a r t m e n t  

o f  E n v i r o n m e n t a l  R e s o u r c e s ,  1 9 8 3 )  p u b l i s h e d  t e n  t a b l e s  t o  

s i m p l i f y  t h e  1 3  y e a r  o l d  PSU d e s i g n  m a n u a l .  T h e  l a t t e r  s t a t e  

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

r e s t u d y .  T h e  o r i g i n a l  PSU s t u d y  [ 9 ]  ( K e r r  e t  a l ,  1 9 7 0 )  u s e d  2 1 6  

d a i l y  s t a t i o n s  w i t h  1 5  o r  m o r e  y e a r s  o f  d a t a ;  a l o n g  w i t h  5 2  

s t a t i o n s  a v e r a g i n g  3 0  y e a r s  o f  d a t a .  T h e  s t u d y ' s  i s o l i n e s  

t h r o u g h  P e n n s y l v a n i a  c o r r e s p o n d e d  t o  t h e  m o r e  g e n e r a  1 p a t t e r n  

d r a w n  l a t e r  b y  NWS [ l o ]  ( F r e d e r i c k  e t  a l ,  1 9 7 7 )  f o r  t h e  e a s t e r n  

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

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

i s o l i n e s  p r o d u c e d  i n  1 9 8 6  b y  A r o n  [ 6 ] .  

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

c e n t r a l i z a t i o n  p r o c e s s  a t  a s t a t e  a n d / o r  r e g i o n a l  l e v e l  i s  

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

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

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

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

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

e f f o r t .  I n  A r i z o n a ,  t h i s  d i a l o g  h a s  b e e n  i n i t i a t e d  a d m i r a b l y  a s  

p a r t  o f  t h e  o r i g i n a l  C e n t r a l  A r i z o n a  H y d r o m e t e o r o l o g i c a l  Da t a  

M a n a g e m e n t  A s s o c i a t i o n  (CAHDMA), o r  w h a t  i s  n o w  c a l l e d  t h e  

A r i z o n a  H y d r o m e t e o r o l o g i c a l  D a t a  C o o r d i n a t i n g  O r g a n i z a t i o n  

(AHDCO). A s  p a r t  o f  t h e  A t l a s  s t u d y ,  t h e  a b o v e  a s p e c t s  s h o u l d  b e  

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

w i t h  t h e  a n a l y s i s  o f  s t o r m  r a i n f a l l ,  i t s  a n a l y s i s ,  

h y d r o m e t e o r o l o g y ,  a n d  p r i o r  IDF r e p o r t s  t o  h i g h w a y  e n g i n e e r s .  

O n e  h u n d r e d  a n d  t h i r t y  s e v e n  p a p e r s  a n d  r e p o r t s  a r e  l i s t e d  

a l p h a b e t i c a l l y  by a u t h o r  i n  A p p e n d i x  A .  E m p h a s i s  w a s  o n  A r i z o n a ,  

w h i c h  i n v o l v e d  a b o u t  o n e  t h i r d  o f  t h e  r e f e r e n c e s .  A s i m i l a r  

p r o p o r t i o n  c o n c e r n e d  o t h e r  p a r t s  o f  t h e  a r i d  w e s t e r n  U n i t e d  

S t a t e s .  T h e  n o n - a r i d  U n i t e d  S t a t e s  a n d  o v e r s e a s  s t u d i e s  

c o m p r i s e d  a q u a r t e r  o f  t h e  d o c u n ~ e n t s .  T h e  r e m a i n d e r  were  o n  

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

r a i n f a l l  w i t h  r e g i o n a l  t o p o g r a p h y  i n  t h e  i n t e r p r e t a t i o n  o f  

s t a t i s t i c a l l y  " a n o m a l o u s "  r e s u l t s .  T h i s  p h y s i c a l  s c i e n c e  i s  a n  

e s s e n t i a l  a i d  i n  d r a w i n g  i s o l i n e s  b e t w e e n  t h e  v e r y  s p a r s e  n e t w o r k  

o f  r e c o r d i n g  r a i n g a g e s .  A b o u t  t w e n t y  a d d i t i o n a l  r e f e r e n c e s  o n  

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

T h e y  w i l l  b e  i n c l u d e d  i n  a n o t h e r  A r i z o n a  T r a n s p o r t a t i o n  R e s e a r c h  

C e n t e r  (ATRC) S t a t e - o f - t h e - A r t  r e p o r t  o n  " F r e q u e n c y  M e t h o d s  f o r  

A r i z o n a  S t r e a m s , "  s c h e d u l e d  f o r  c o m p l e t i o n  l a t e r  i n  1987. 

E a c h  o f  t h e  a r t i c l e s  r e v i e w e d  h a s  b e e n  a n n o t a t e d  w i t h  o n e  o r  

m o r e  k e y - w o r d s  f r o m  T a b l e  5 t o  i n d i c a t e  i t s  m a j o r  c o n t e n t  o r  

a u d i e n c e .  I t e m s  c a n  b e  s o r t e d  o r  s e a r c h e d  a c c o r d i n g  t o  k e y -  

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

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

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

t e c h n i c a l  a s p e c t  a r e  d i r e c t e d  t o  t h e  L i s t  o f  R e f e r e n c e s  i n  

S e c t i o n  I V ,  w h i c h  h i g h l i g h t s  s o m e  m a j o r  p r o b l e m s  t h a t  A r i z o n a  h a s  
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Non-arid 

Overseas 

Prob-max-precip 

Regional-extrapolation 

Scileng-journal 

Statistical 

Stochastic 

Theory 

Time-distribution 

University 

Year-or-season-rain 



a n d  t h e  t e c h n o l o g y  t o  meet t h e m .  T h i s  t a b l e  a v o i d s  s o m e  o f  t h e  

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

d i f f e r e n t  s c i e n t i f i c  j o u r n a l s ,  w i t h  d i f f e r e n t  e m p h a s i s .  B e c a u s e  

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

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

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

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

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

s c i e n t i s t s .  A d e t a i l e d  d i s c u s s i o n  o f  e a c h  o f  t h e  1 3 7  p a p e r s  

l i s t e d  i n  A p p e n d i x  A w i l l  n o t  b e  p r e s e n t e d  h e r e .  H o w e v e r ,  i t  i s  

c o n s i d e r e d  a p p r o p r i a t e  t o  c o n c e n t r a t e  o n  t h e  2 0  r e f e r e n c e s  

t r a n s f e r r e d  f r o m  i t  i n t o  t h e  L i s t  o f  R e f e r e n c e s .  T h e s e  c o v e r  t h e  

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

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

h y d r a u l i c s .  

111.1 TP40, An Early National IDF Atlas 

I n  1961 ,  t h e  W e a t h e r  B u r e a u  o f  t h e  U.S. D e p a r t m e n t  o f  

C o m m e r c e  p u b l i s h e d  T e c h n i c a l  P a p e r  No.  4 0  ( T P 4 0 ) ,  " K a i n f a l l  

F r e q u e n c y  A t l a s  o f  t h e  U n i t e d  S t a t e s ,  f o r  D u r a t i o n s  f r o m  3 0  

M i n u t e s  t o  2 4  H o u r s  a n d  R e t u r n  P e r i o d s  f r o m  1 t o  1 0 0  Years"  [ 3 ]  

( H e r s h f i e l d ,  1 9 6 1 ) .  F o r  t h e  e n t i r e  c o u n t r y  i t  u s e d  2 , 0 8 1  

s t a t i o n s  t h a t  h a d  c l o c k - h o u r  d a t a .  T h e i r  r e c o r d s  were f r o m  t h e  

p e r i o d  1 9 3 8  t h r o u g h  1 9 5 7 ;  n o n e  b e i n g  l e s s  t h a n  5 y e a r s .  T h e  

A r i z o n a  s u b s e t  was 4 0  s t a t i o n s .  A n o t h e r  s u b s e t  o f  2 0 0  s t a t i o n s  

n a t i o n w i d e  was u s e d  t o  i n t e r r e l a t e  r a i n f a l l  i n t e n s i t i e s  a s  s h o r t  

a s  30  m i n u t e s  b y  e s t a b l i s h i n g  a v e r a g e  r a t i o s  t o  c l o c k - h o u r  

a m o u n t s .  F u r t h e r m o r e ,  s i x t y - m i n u t e  a m o u n t s  a r e  d i s t i n g u i s h e d  f r o m  



c l o c k - h o u r  a m o u n t s  i n  t h a t  t h e  f o r m e r  r e p r e s e n t  t h e  m a x i m u m  6 0 -  

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

r e l a t i o n s h i p  w a s  d e v e l o p e d  b e t w e e n  t h e  1 - h o u r  d e p t h  a n d  t h e  6 -  

a n d  2 4 - h o u r  d e p t h s  f o r  t h e  2 . 3 3  y e a r  a n d  l o n g e r  r e t u r n - p e r i o d s ,  

t o  1 0 0 - y e a r s .  

M a p p i n g  r e l i e d  o n  a  l a r g e r  n e t w o r k  o f  6 , 1 8 5  g a g e s  t h a t  

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

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

was t h e n  f i t t e d  by a n  e x t r e m e  v a l u e  ( E V )  p r o b a b i l i t y  d i s t r i b u t i o n  

[ I l l  ( G u m b e l ,  1 9 5 8 ) .  T h e r e a f t e r  g e n e r a l i z e d  r e l a t i o n s h i p s  

b e t w e e n  t h e  d a i l y  e s t i m a t e s  a n d  t h o s e  f o r  d u r a t i o n s  o f  30-  

m i n u t e s ,  I - ,  2 - ,  3 - ,  6 - ,  a n d  1 2 - h o u r  e s t i m a t e s  w e r e  u s e d  t o  

c o m p l e t e  t h e  a t l a s  a n d  i n c l u d e d  1- ,  2 - ,  5 - ,  l o - ,  2 5 - ,  5 0 - ,  a n d  

1 0 0 - y e a r  f r e q u e n c i e s .  T h e  i s o l i n e s  w e r e  s m o o t h e d  t h r o u g h  t h e  

n a t i o n a l  n e t w o r k  o f  d a i l y  r a i n g a g e s .  

A r i z o n a  was r e p r e s e n t e d  o n  t h e  c o m p l e t e d  m a p s  by  a b o u t  f i v e  

s q u a r e  i n c h e s .  F o r  e x a m p l e ,  t h e  1 0 0 - y e a r  1 - h o u r  ( ~ 1 0 0 ~ l h )  

i s o l i n e  f o r  3 ,  2 . 5 ,  2 ,  a n d  1 . 5  i n c h e s  d e p i c t e d  f o u r  c o n t i n u o u s ,  

c o n c e n t r i c  a r e a s ,  a s  s h o w n  i n  F i g .  9. T h i s  e a r l y  r e p o r t  ~ r o v i d e d  

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

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

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

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

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

e x a m p l e  t h e  1 - h o u r  1 0 0 - y e a r  r e t u r n  p e r i o d  c h a n g e s  g r a d u a l l y  f r o m  

2  i n c h e s  o n  M a r i c o p a  C o u n t y ' s  w e s t e r n  b o u n d a r y  t o  3 i n c h e s  a t  i t s  

e a s t e r n  e x t r e m i t y .  T h e  i s o l i n e  t r e n d s  w e r e  n o r t h - s o u t h  w i t h  v e r y  

g e n t l e  c u r v a t u r e .  
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111.2 BOAA2: Am A t t e m p t  T o  E x t r a p o l a t e  B e t w e e n  The S a m e  Gages 

T h i s  s t u d y  E l ]  ( M i l l e r  e t  a l . ,  1 9 7 3 )  h a d  t h e  a d v a n t a g e  o f  

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

t h i r t y - e i g h t  N W S  A r i z o n a  s i t e s .  I n  a  s i m i l a r  m a n n e r  t o  T P 4 0 ,  

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

b e n e f i t s  t o  A r i z o n a  f r o m  s t a t i o n s  b e y o n d  i t s  b o r d e r s .  T h e  NOAA2 

s t u d y  d e v e l o p e d  e q u a t i o n s  f o r  t h e  2 - y e a r  2 4 - h o u r  r a i n f a l l  

( P 2 y 2 4 h )  i n v o l v i n g  t h e  f o l l o w i n g  f a c t o r s :  t e r r a i n  s l o p e ,  a n n u a l  

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

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

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

s u b s e q u e n t l y  f i t t e d  by t i g h t ,  c o n t o r t e d  i s o l i n e s  f o r  e v e r y  t e n t h  

o f  a n  i n c h .  NOAA2 p r e s e n t e d  a  s e t  o f  v e r y  d e t a i l e d  s y n t h e t i c  

m a p s  f o r  s e l e c t e d  r e t u r n  p e r i o d s  ( 2  y r  t o  1 0 0  y r )  f o r  b o t h  6- a n d  

2 4 - h o u r  d u r a t i o n s .  T h e  m a p s  o f  A r i z o n a  w e r e  1 1 0  s q u a r e  i n c h e s  i n  

a r e a .  T h e  i m p r e s s i o n  w h i c h  t h i s  " p r e c i s e n e s s f 1  h a s  c a u s e d  o n  

p o t e n t i a l  u s e r s  c a n  b e  a p p r e c i a t e d  b y  e x a m i n i n g  F i g .  1 0 ,  f o r  

P 1 0 0 y 6 h .  H y d r o l o g i s t s  w h o  e n d e a v o u r  t o  d e t e r m i n e  f l o o d s  f r o m  

NOAA2 a r e  c o n £  r o n t e d  w i t h  a v e r a g i n g  a m o n g  t h e  i n t r i c a t e l y  

s c a l l o p e d  i s o l i n e s  f o r  P 1 0 0 y 6 h  o r  s i m i l a r  m a p s  f r o m  t h e  a t l a s .  

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

t h r o u g h  a l l  t h e  d e t a i l  h a v e  b e e n  e x p l a i n e d  e l s e w h e r e  [ I 2 1  ( H a n s e n  

e t  a l . ,  1 9 7 7 )  o n  h y d r o m e t e o r o l o g i c a l  g r o u n d s .  F o r  i n s t a n c e ,  t h e  

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

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

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

E x c e l l e n t  d e s c r i p t i o n s  o f  t h e  p h y s i c a l  p r o c e s s e s  r e s p o n s i b l e  

f o r  m a j o r  s t o r m s  were a l s o  g i v e n  i n  H y d r o m e t e o r o l o g i c a l  R e p o r t  





( H M K )  5 0  [ 1 3 ]  ( H a n s e n  e t  a l . ,  1 9 8 1 ) .  T h a t  r e p o r t  i n c l u d e d  2 6  

m a j o r  r a i n s t o r m s  t h a t  h a v e  s t r u c k  A r i z o n a  a n d  a n  e q u a l  n u m b e r  i n  

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

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

d e f i n e  a s  " h e a v y  r a i n s  e x c e e d i n g  3 i n c h e s  i n  3 h o u r s  o r  l e s s ,  

t h a t  a r e  r e a s o n a b l y  i s o l a t e d  f r o m  s u r r o u n d i n g  r a i n s . "  I t  i s  v e r y  

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

i n  a r a i n g a g e  o f  t h e  s p a r s e  N W S  n e t w o r k  g a g e s .  O n e  o f  t h e s e  

s t o r m s  p r o d u c e d  8 i n c h e s  w i t h i n  45  m i n u t e s  n e a r  F o r t  M o h a v e ,  Az. 

A n o t h e r  g a v e  3 . 5  i n c h e s  i n  4 0  m i n u t e s  n e a r  G l o b e ,  A z .  H M R  5 0  

a l s o  d i s c u s s e d  " c l o u d  m e r g e r s "  w h e r e  s y n e r g i s t i c  ( w o r k i n g  

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

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

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

h e a v y  s h o r t - d u r a t i o n  r a i n  w h i c h  i m p a c t s  m a n  i n  h i s  e v e r  e x p a n d i n g  

u r b a n i z a t i o n .  T h e s e  v i o l e n t ,  l o c a l ,  s h o r t - d u r a t i o n  s t o r m s  a r e  

n o t  d e p i c t e d  w e l l  i n  t h e  6 -  o r  2 4 - h o u r  a n n u a l  m a x i m u m  s e r i e s ,  

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

h u g e  n u m b e r  o f  w a t e r s h e d s  s m a l l e r  t h a n  2 0 0  s q u a r e  m i l e s  r e s u l t  

f r o m  s h o r t  d u r a t i o n ,  h i g h  i n t e n s i t y  1 1 4 1  ( H e r s h f i e l d  a n d  E n g m a n ,  

1 9 7 8 )  s u m m e r  t h u n d e r s t o r m s .  

S o m e  s c i e n t i s t s  a r e  c o n c e r n e d  t h a t  r e l a t i o n s h i p s  b e t w e e n  

m a x i m u m  r a i n s  f o r  d u r a t i o n s  o f  6 - h o u r ,  o r  e v e n  w o r s e  o f  P 2 4 h ,  a r e  

u s e d  i n  NOAA2 t o  e s t i m a t e  P l h  o r  s h o r t e r  r a i n s .  T h e  2 4 - h o u r  

m a x i m a  n o r m a l l y  o c c u r  i n  t h e  w i n t e r ,  w h i l e  t h e  s h o r t  d u r a t i o n  

e x t r e m e s  o c c u r  i n  t h e  s u m m e r .  I t  i s  n o  w o n d e r  t h a t  NOAA2 100-  

y e a r  e s t i m a t e s  f o r  3 0 - m i n u t e s  o r  l e s s  h a v e  b e e n  e x c e e d e d  b y  30 

p e r c e n t  o v e r  a d e n s e  n e t w o r k  i n  s o u t h e a s t e r n  A r i z o n a  [ 1 5 ]  ( O s b o r n  



e t  a l e ,  1 9 8 7 ) .  S i m i l a r l y ,  r e a n a l y s i s  o f  4 5  y e a r s  o f  NWS d a t a  f o r  

r a i n f a l l s  o f  30  m i n u t e s  o r  l e s s  a t  B i l l i n g s ,  M o n t a n a ,  s h o w e d  5 -  

t o  1 5 - m i n u t e  e s t i m a t e s  f o r  5 -  t h r o u g h  1 0 0 - y e a r  f r e q u e n c i e s  were 

1.6 t o  1.3 t i m e s  g r e a t e r  t h a n  NOAA2 v a l u e s  1 1 6 1  ( P e t e r s o n ,  1 9 8 6 ) .  

I n  1 9 7 7  t h e  C i t y  o f  T u c s o n  a b a n d o n e d  NOAA2 f o r  a n  u p d a t e d  

I D F  a n a l y s i s  [ 1 7 ]  ( R e i c h ,  1 9 7 8 ) .  I t s  1 0 0  s q u a r e  m i l e  

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

a s s u m p t i o n  t h a t  o n e  s t a t i o n  w a s  a r a n d o m  r e p r e s e n t a t i o n  o f  t h e  

j u r i s d i c t i o n a l  a r e a  a p p e a r e d  r e a s o n a b l e .  H i g h w a y  o r  c o u n t y  

a u t h o r i t i e s  m u s t  c o n s i d e r  t h e  v a l i d i t y  o f  u s i n g  N O A A ~ ' ~  c o n t o r t e d  

i s o l i n e s ,  t h a t  w e r e  i l l u s t r a t e d  i n  F i g .  10.  F u t u r e  a n a l y s e s  

s h o u l d  c o n s i d e r  z o n e s  f o r  w h i c h  s i n g l e  v a l u e s  a p p l y .  G r a d u a l  

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

t o  z o n a l  b o u n d a r i e s  [ 6 ]  ( A r o n  e t  a l . ,  1 9 8 6 ) .  I f  t h e  A r i z o n a  

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

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

i n t e n s i t i e s  m o r e  e f f e c t i v e l y .  

111.3 Extreme Balne Distribution, Used by IWS, To Be Tested for 
Arizona 

E v e n  a f t e r  m a n y  o t h e r  h y d r o l o g i s t s  were b l i n d l y  a p p l y i n g  t h e  

L o g  P e a r s o n  T y p e  I11 ( L P 3 ) ,  t h e  NWS c o n t i n u e d  u s i n g  t h e  E x t r e m e  

V a l u e  (EV) d i s t r i b u t i o n .  T h e i r  e x p e r i e n c e  s t i l l  s u g g e s t s  t h a t  E V  

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

a n a l y s i s  [ 1 8 ]  ( R e i c h  e t  a l ,  1 9 8 1 )  o f  l o n g  r e c o r d s  s t a t i o n - y e a r  

c o m b i n a t i o n s  i n  s o u t h e a s t e r n  A r i z o n a  s h o w  EV t o  b e  a g o o d  c h o i c e  

f o r  s h o r t - d u r a t i o n  r a i n f a l l .  I t  i s  a l s o  v e r y  e a s y  t o  p r e - t e s t  

v a r i o u s  d i s t r i b u t i o n s  o n  a PC [ 1 9 ]  ( d e R o u l h o c ,  1987). T h e  r e c e n t  

c h o i c e  o f  L P 3  f o r  t h e  l a t e s t  PSU s t u d y  [ 6 ] ( A r o n  e t  a l ,  1986)  w a s  



n o t  a d e q u a t e l y  j u s t i f i e d .  E a r l y  t e s t i n g  a n d  a c c e p t a n c e  o f  t h e  

s e l e c t e d  p r o b a b i l i t y  d i s t r i b u t i o n  a r e  e s s e n t i a l  p r e r e q u i s i t e s  t o  

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

t h e r e f o r e  p r e - t e s t  a  f e w  s e r i e s  o f  a n n u a l  m a x i m a  f o r  s o m e  

d u r a t i o n s  a t  s t a t i o n s  t y p i f y i n g  A r i z o n a ' s  m a j o r  m e t e o r o l o g i c a l  

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

g r a p h i c a l  p l o t s ,  t h a t  EV i s  t h e  a p p r o p r i a t e  s t a t i s t i c a l  

d i s t r i b u t i o n  f o r  A r i z o n a .  

IV T I ~ I A R E A L  DISTRIBUTION PEDUIJCTIOBU IHAWUAL 

T h e  b u d g e t  p r o p o s e d  i n  T a b l e  1 i s  f o r  t h e  p r e p a r a t i o n  o f  a  

S t o r m  R a i n f a l l  P r o b a b i l i t y  A t l a s  a n d  d o e s  n o t  i n c l u d e  t i m e  

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

a m o u n t s  f o r  d i f f e r e n t  d u r a t i o n s  a n d  f r e q u e n c i e s  n o r  d o e s  i t  

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

N o r m a l l y ,  i n  h y d r o l o g i c  d e s i g n ,  e n g i n e e r s  a r e  c o n c e r n e d  w i t h  t h e  

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

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

a r e a .  I t  i s  e s t i m a t e d  t h a t  s u c h  a s t u d y  w o u l d  r e q u i r e  a b o u t  2 0  

p e r c e n t  m o r e  t i m e  a n d  m o n e y .  

F o r t u n a t e l y ,  s e v e r a l  s t u d i e s  ( l i s t e d  i n  A p p e n d i x  A )  a n d  

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

d e t a i l e d  s t u d y  [ 2 0 ]  ( F r e d e r i c k ,  1 9 7 9 )  w a s  p r e p a r e d  f o r  

s o u t h e a s t e r n  s t a t e s  i n  1 9 7 9  s u g g e s t s  h o w  t h e  i n t e r d u r a t i o n  

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

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

w a t e r s h e d s  h a v e  b e e n  p r e p a r e d  b y  t h e  ARS [ 2 1 ]  ( O s b o r n  e t  a l ,  

1 9 7 9 )  b a s e d  o n  d a t a  f r o m  t h e  W a l n u t  G u l c h  W a t e r s h e d  i n  



s o u t h e a s t e r n  A r i z o n a .  D a t a  f r o m  a d d i t i o n a l  s m a l l  n e t w o r k s  i n  

A r i z o n a  a r e  a l s o  a v a i l a b l e  ( s e e  F i g .  6 ) .  

V RECOHMEWDED ANALYSES FOR PROPOSED IDP ATLAS 

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

r e p r e s e n t e d  i n  F i g .  1. T h e  t a s k s  h a v e  b e e n  l i s t e d  n u m e r i c a l l y  

f r o m  1 t o  3 5 .  T a s k s  1 t h r o u g h  1 4 ,  e . g . ,  r e q u i r e  t h e  c r e a t i o n  o f  

a d a t a b a s e .  T h e s e  t a s k s  a l o n e  w i l l  p r o b a b l y  r e q u i r e  m a n y  p e r s o n -  

m o n t h s  t o  a s s e m b l e  a n d  q u a 1 j . t ~  c o n t r o l  t h e  d a t a .  S t a t i s t i c a l  

a n a l y s e s  a r e  r e q u i r e d  i n  T a s k s  1 5  t h r o u g h  2 1 .  T h e s e  c a n  b e  

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

a p p r o p r i a t e  f o r  A r i z o n a .  T a s k s  2 2  a n d  2 5 a r e n e c e s s a r y  t o  f i l l  

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

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

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

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

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

o f  t h e  T a s k s  3 0  t h r o u g h  3 5  a r e  n e e d e d  t o  p r e p a r e  t h e  f i n a l  

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

T a s k s  2 6  t h r o u g h  2 9  c o n c e r n  t h e  t i m e  d i s t r i b u t i o n  a n d  a r e a l  

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

s e c t i o n  I V .  I f  $ 2 4 , 0 0 0  a d d i t i o n a l  p r e - o v e r h e a d  d o l l a r s  were 

a d d e d  t o  t h e  o r i g i n a l  $ 2 1 8 , 5 0 0  b u d g e t , d e t a i l e d  i n  T a b l e  1 ,  i t  

w i l l  b e  p o s s i b l e  t o  c o m p l e t e  t h i s  a s p e c t  c o n c u r r e n t l y .  

S i m u l t a n e o u s  f u n d i n g  w i l l  s a v e  t i m e  l o s t  i n  a d v e r t i s i n g  a n d  

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

T i m e l A r e a  D i s t r i b u t i o n s  R e d u c t i o n  r e s u l t s  c o u l d  b e  r e l e a s e d  a s  a 

p a r t i a l  c o m p l e t i o n  r e p o r t  s i x  m o n t h s  b e f o r e  t h e  o v e r a l l  2  y e a r  



p r o j e c t ,  o f  w h i c h  i t  w o u l d  b e  a p a r t .  F u t h e r m o r e ,  t h i s  

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

T i m e / A r e a  c r i t e r i a  w h e n  a d a p t i n g  n a t i o n a l l y - u s e d  r a i n f a l l - r u n o f f  

m o d e l s  t o  A r i z o n a  d e s i g n s .  
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Regional-extrapolat ion 
Sc i /enq- jour na 1 
Statistical 

Frequenr y 
Hydrometeoro logy 
I DF-citr\jes 
Isohyetal-maps 
<&-hours 
Over seas 
Regional-extrapolat ion 

Applicable 
Frequency 
Tsohyetal-maps 
<A-hour s 
Ncn-ar id 
Regional-extrapolation 
University 
Year-or -season-rai n 

Ar i zona 
Data-analysis 
Frequency 
Sci/eng-- journal 
Statistical 

Ar id -US 
Data-analysis 
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Hydrometeorology 
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A r  id -11s 
Data-analysis 
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Proh-max-precip 

Reich, S.M. ,  "Rainfall Intensi ty-Duration- 
Frequency Curves Developed From (not by) 
Computer Output , " Transportation Research 
Record 685, National Academy of Scienc~, 
Washington, D.C. 1978, pp. 5 - 4 2 ,  

Reich, B.M., "Short Duration Ralnfall Intensity 
in South Africa," South African Journal of 
fQ--ic~iltural Science, Vol. 4 ( 4 ) ,  589-614, 
December, 1961. 

Reich, B.M., "Short-Duration Rainfall-Intensi ty 
Estimates and Other Design Aids for Regions 
of Sparse Data," Journal o f  Hydrology, 1 
(1963) 3-28, Amsterdam. Nor th-Ho l land 
Publishing Co. 

Reich, B.M., McGinnis, D.F., & Kerr, R.L., 
Desiqn ..Proced~~~-es for Rainfal 1-Dur at ion_ 
Frequency- in Pennsylvania9 Pub1 icat ion No. 
65, Institute for Research on Land & Water 
Resources, The Pennsylvania State University, 
60 p . ,  August, 1970. 

Reich, B.M., & Osborn, H.B., "Improving Point 
Rainfall Prediction with Experimental 
Watershed Data, " PI-oc. International 
Symposium on Rainfall & Rt~noff Modeling, 
Miss. St. Univ., May 1981, pp .  41-54. 

Riedel, J .T . ,  fi Hansen, E . M . ,  "Probable Maximum 
Thundet-storm Prcipitation Estimates," 11.5. 
Dept. of Commerce, NOAA, National Weather 
Service, Silver Spring, Md., August 1972, 130 
P. 

Riedel, J.T., & Schreiner, L . C . ,  Comparisonof 
Genei-alized Estimates of Probable Mani~~um 
Precipitation With Greatest Observed 
Rainfallz, NOAA Technical Report NWS 25, 
Washington, D.C., March 1900, 66 p. 
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Stochastic 
Univ~lrsi ty 

Fr eq~.~~?nc y 
Over sear. 
Sc i /eng-- jour na I 
Statistical 
Theory 

Freq~lenc y 
IDF-curves 
<&-hours 
Over seas 
Reg ional-extrapolation 

Applicable 
Ar i zona 
Data -analysis 
IDF-curves 
Statistic.al 

Dep th-area 
Hydroniateoro logy 
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A p p l i c a b l e  
nr id- ill; 
Data -analysis 
Fr eqr tenc y 
I DF- curves 
Irsohyeta 1.-maps 
<6-ho!~rs 
Regional-extrapolation 
Time-distr ibution 

Ar i zona 
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Stochastic 

App l  icable 
Fed--documen t 
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I DF--curves 

Ar i d-US 
Ilata--and 1 ysis 
Fed-doc~~men t 
Fr e q ~  ~enc y 
<h-l~our 5 

Ar id -IJS 
Da ta-analysis 
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Fr equeric y 
( h  -hot~l-s 
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A P P E N D I X  B 

T h i s  a p p e n d i x  c o n t a i n s  a  l i s t i n g  o f  s t a t i o n s  t h a t  c o u l d  b e  

e m p l o y e d  i n  a n e w  a n a l y s i s ,  b a s e d  o n  t h e  c r i t e r i a  o f  15 y e a r s  o f  

d a t a .  I n  a d d i t i o n ,  t h e  l i s t i n g  i n c l u d e s  s t a t i o n s  n o t  u s e d  i n  t h e  

NOAA2 A t l a s .  T h i s  l i s t i n g  i s  n o t  t o  b e  c o n s i d e r e d  a  f i n a l  l i s t i n g  

a t  t h i s  p o i n t .  D e t a i l e d  a n a l y s e s  a s  p a r t  o f  t h e  A t l a s  p r o j e c t  

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

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

S t a t i o n  Name 

N e t w o r k  

I D #  

C o u n t y  

G a g e  T y p e  

O b s e r v e r  

a g e n c y  m o n i t o r i n g  o r  c o l l e c t i n g  d a t a  

o n l y  f o r  t h e  N a t i o n a l  W e a t h e r  S e r v i c e  

N  = n o n - r e c o r d i n g  
R = r e c o r d i n g  
N , R =  b o t h  n o n r e c o r d i n g a n d r e c o r d i n g  

s i t e  

R e c o r d  L e n g t h  N  = Y e a r  b e g i n n i n g  f o r  n o n r e c o r d i n g  
R = Year b e g i n n i n g  f o r  r e c o r d i n g  



Agui l a  
Network: NWS I D# : i:)Obr:) 
[..at: 33 57 Long: l l :3 11 E lev :  2165 f t .  
County: Maricopa 
Gage Type: N, Standard 8 "  
Observer: Company Time: (:)B(:)(:) 
Record Length: 1924- 

A j a  
Networl::: NWS ID#: (:rr:)B0 
La t :  32 22 Lung : I. 12 52 E l  ev: lB(:l{:) f t. 
County: F'ima 
Gage Type: N, R, Standard El",  F $4 F' 
Observer: Company Time: (3801:) 
Record Length: N: 1913-, R: 1940- 

Alarno Dam 
Network: NWS 1 D# : I:) 1. CrO 
Lat :  34 14 Long:113 35 Elev :  1290 ft.. 
County: La F'az 
Gage Type: N, R, Standard €3". U n i  versa1 12" 
Observer: S t a t e  ' T i  m e :  (:)a(>(:) 
Record Length: N:1965-, R:1965- 

A l p i n e  
Network: NWS I D # :  0159 
La t :  .33 51 Long:lO? 08 Elev :  8(:)50 - f t .  
County: Apach~! 
Gage Type: N, Standard 8" 
Observer: Federa l  Time: 1600 
Record Length: 1904- 

A n v i l  Ranch 
Network: NWS I D # :  0287 
Lat :  31 59 Long: 11 1  23 E l  ev: 2750 f t .  
Co~tn t  y: F'i ma 
Gage Type: N, Standard 8" 
Observer: I n d i  v i  dual T i  me: 1801:) 
Record Length: 1943- 

Apache F'owder Company 
Network: NWS ID#: 0309 
L.at: 31 54 Long: 11O 15 Elev:  3690 f t .  
County: Cochise 
Gage Type: N, Standard 8" 
Observer : Company Time: 1700 
Record Length: 1923- 

Arcad ia  H67 
Network: Water Resources Hes. C t r .  ID#: 
La t :  32 13 Long: 110 50 Elev:  e2570 f t. 
County: F'i ma 
G a g e  Type: H, 
Observer: U of  A T i  me: 
Record Length: e1971- 



Arcad ia  Rbl 
Net.worC::: Water Resources R e s .  C t r  . ID#: 
\..at: .32 14 Lorig:l l( :) 52 Elev: e2530 f t .  
Co~rnt y: F'i ma 
Gage Type: R, 
Observer: 1-1 o f  A T i  me: 
Record L-ength: eI.971- 

A rcad ia  Rb2 
Networl::: Water Resources Res. C t r  . ID#: 
I-at: 32 13 Long: 1 1 0  52 Elev:  2590 f t. 
County: F'ima 
Gage Type: R, 
Observer: U of A Time: 
Record Length: e1971- 

A rcad ia  R 6 3  
Network: Water Resources R e s .  C t r .  I D # :  
La t :  32 12 t o n g : l l ~ : l  52 Elev:  3620 f t .  
County: P i m a  
Gage Type: R, 
Observer: U o f  A T i  me: 
Record Length: e1971- 

A rcad ia  H69 
Network: Water Resnurces Res. C t r .  ID#: 
La t :  32 14 Long:ll(:) 53 Elev: 2530 f t .  
County: F'ima 
Gage Type: R, 
Observer: U o f  U T i  me: 
Record Length: ~ 1 9 7 1 , -  

A r i vaca  1 E 
Networ P: : NWS I D # :  0381:) 
Lat :  31 35 L o n g : l i l  19 Elev:  3675 f t .  
County: Pima 
Gage Type: N, Standard 8 "  
Observer: I n d i v i d u a l  Time: 1800 
Record Length: 1956- 

A r n e t t  Canyon 
Networl::: US Corps of Engineers ID#: 
La t :  33 17 Long: 11 1 05 Elev: .34(3:) f t. 
County: F i n a l  
Gage Type: N, 
Observer: US Corps of Engineers T i  me: 
Record Length: 1960-7 

Ash Forl:: 2 
Network: NWS ID# :  (1,487 
Lat :  35 13 Long:112 29 Elev: 5(:)8(1 f t .  
County: Yavapai 
Gage Type: R, F G P  
Observer: S t a t e  T i  me: 
Record Length: 1940- 



f ishurst  tiayden Uanr 
Net wor I:: : NWS I D # :  t:j498 
La t :  33 05 L o n g : l l l  15 E lev :  1638 f t .  
County: P i  n a l  
Gage Type: N, Standard 8 "  
Observer: Company 7 i me : r:)8(:)0 
Record Length: 1956- 

B a r t l e t t  Dam 
Net  w a r  C:: : NWS ID#: (:)632 
La t :  3.3 49 Long: 11 1 38 Elev:  1650 f t . 
County: Maricopa 
Gage Type: N, Standard 8" 
Observer: Campany Time: (:)7(:11:) 
Record Length: 1940- 

Beaver Creek: R S 
Network:: NWS ID#: Ob70 
t a t :  34  40 L o n g : l l l  43 Elev:  382tI f t .  
County: Yavapai 
Gage Type: N, Standard 8"  
Observer : Federa l  Time: 160(:) 
Record Length: 1957- 

Beaver Dan) 
Network: NWS ID#: 0672 
Lat :  36 54 Long:113 56 E lev :  1875 f t .  
County : Mohave 
Gage Type: N, Standard 8 "  
Observer: i n d i  v i  dual  Time: 9s 
Record Length: 1951- 

Below McMicken Dam 
Net wor P: : MCFCD ID# : 
Lat :  33 41 Long:112 24 Elev:  1340 f t .  
Count y: Maricopa 
Gage Type: R, 
ahserver : MCFCD T i  m e :  
Record Length: 195.7- 

B e t a t a k i n  
Net wor L: : NWS ID#: 0750 
Lat :  36 41 Long: l lO 32 Elev:  7286 f t .  
County: Nava jo  
Gage Type: N, Standard 8" 
Observer: Federa l  Time: 1700 
Record Length: 19.39- 

6i sbee 
Network: NWS I D # :  (1,768 
La t :  31 26 Long:109 55 Elev:  5306 f t .  
County: Cochise 
Gage Type: N, R ,  Standard 8", F $4 F' 
Observer: I n d i v i d u a l  T i m e :  1630 
R e c a r d  Length: N: 1889-1984 H: 1940-1984 
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B l  acl:: R i v e r  Fccmps 
Network: NWS 1 D#: (:)8CrR 
L a t  : 33 29 Lang: 109 46 E l  ev: 6040 f t. 
County: Sr aham 
Gage Type: N, R, Standard 8 " ?  F PI F' 
Observer : Company T i m e :  (:)7(:)(:) 
Recard Length: N: 1947- K: 1947- 

B l  cre 
Network:: NWS ID#: 0855 
L a t  : 33 55 Long: 109 10 E l  ev: S42r:) f t . 
County: Greenlee 
Gage Type: N, Standard 8 I' 

Observer: I n d i  v i  dual  Time: 1.70(:) 
Record Length: 1959- 

B lue  Ridge R S 
Network: NWS I D # :  0871 
La t :  34 .57 L o n g : l l l  07 Elev :  6880 f t .  
Coccnt y: Coconi no 
Gage  Type: N, Standard 8 " 
Observer : Federa l  T i  m e  : 08(:)r:) 
Recard Length: 1965- 

Boctse 
Network: NWS I D # :  0949 
L a t :  33 57 Long: 114 0 2  Elev: 925 f t .  
County: La Par 
G a g e  Type: N, Standard 8" 
Observer: Ind iv idua l .  Time: 1800 
Record Length: 1952- 

Bowi e 
Network: NWS ID#: 0958 
Lat :  32 2U 1-ong: 109 29 E lev :  3770 f t .  
County : Coch i se 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  Time: 1701:) 
Record Length: 1899- 

B r i g h t  Angel R S 
Net wor F:: NWS ID#: 1(501 
L a t :  36 12 Long:112 04  Elev: 8400 f t .  
County: Coconino 
Gage Type: N, Standard 8" 
Observer r Federa l  T i  me:  1700 
Record Length: 1925- 

Buckeye 
Network: NWS ID#: 1026 
La t :  33 22 Long: I lZ  35 Elev:  870 f t .  
County: Mari  copa 
G a g e  Type: N, S t a n d a r d  8" 
Observer: C i t y  Time: 16C)U 
Record Length: 1893- 



Cameron 1 NNE 
Network: NWS I D # :  1169 
Lat :  3 5 5 3  L o n g : l l l  24 Elev:  4 1 6 5 f t .  
County: Coconino 
Gage Type: N, Standard 8" 
Observer: S t a t e  Time: 1701:) 
Record Length: 1962- 

Cane10 1 NW 
Network: NWS I D # :  1233. 
Lat :  31 33 l..ong:lll:) 32 Elev:  5010 ft. 
County: Santa Cruz 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  T i  me: 180C3 
Record Length: 1910- 

Canyon de Chel l y  
Network: NWS ID#:  1248 
Lat :  3h r:)Y Long:lr:r9 32 Elev:  561i:r f t .  
County: Apache 
Gage Type: N, Standard 8" 
Observer : Federal  T i  me:  1. 600 
Record Length : 1908- 

Care f ree  
Network: NWS I D # :  1282 
Late 33 49 Long : 1 11 54 E l  ev: 25.3:) .f t . 
County: Maricopa 
Gage Type: N, Standard 8" 
Observer: A i r p o r t  Time: (:18l:)[:r 
Record Length: 1962- 

Casa Grande 
Network: NWS ID# :  13c:lb 
La t :  32 5.3 Long: 111 45 Elev:  1395 f t. 
County: F'i n a l  
Gage Type: N ,  Standard 8" 
Observer: F ' r i va te  T i  me: 1.700 
Record Length: 1885)- 

Casa Grande Rtrins N M 
Network: NWS ID#: 1314 
La t :  33 00 Long: l i  1 32 Elev: 1419 f t. 
County: F ' ina l  
Gage Type: N, H, Standard a", F Z< P 
Observer : Federal  T i  me: 1700 
Record Length: N: 1908-, H: 1940- 

Caecabel 
Net w o r  I:: : NWS ID#: 1330 
Lat :  32 19 Long: 110 24 Elev:  3145 f t .  
County: Cochise 
Gage Type: N, Standard 8" 
Observer: Indi v i  dual Time: 17(30 
Record Length: 1365- 



Cast1 e Hot Spr ings  
Networ C::: NWS ID#: 1353 
La t :  33 59 Long:112 22 Elev: 1990 f t .  
County: Yavapai 
Gage Type: N, Standar-d 8" 
Observer: S t a t e  Time: 190(:) 
Record Length: 1959- 

CCEF 
Network: : USFS 1D#: 
L a t  : 3.3 43 Long: 109 11 E l  ev: 8(:)0(:) f t. 
County: Greenlee 
Gage T y p e :  K, 
Ob ser  ver  : HMFRES T i  me: 
Record Length: 1956- 

Chandler He igh ts  
Network: NWS ID#: 1514 
Lat: 33 13 L o n g : l l l  41 Elev:  1425 f t .  
County: Maricapa 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  T i  m e  : 17C)C) 
Record Length : 194 1 - 

Chevelnn H S 
Network: NWS ID#: 1574 
Lat :  34 32 Long: 1 l c : )  55 Elev: 701:)6 f t. 
County: Coconino 
Gage Type: N, R,  Standard El", F h P 
Observer : Federa l  T i  m e  : 0800 
Record Length: N:1?37-, R:1982- 

C h i l d s  
Network: NWS ID#: 1614 
La t :  34 21 L o n g : l l l  42 Elev: 2650 f t .  
County: Yavapai 
Gage Type: N, Standard 8 "  
Observer : Cornpan y Time: 0800 
Record Length: 1915- 

China V a l l e y  
Net w a r  L: : NWS I D # :  1654 
La t :  34 45 Long: 112 27 Elev: 4750 f t. 
County: Yavapai 
Gage Type: N, Standard 8 "  
Observer : Federa l  T i  me: 0800 
Record Length : 1942- 

Ch i r i cahua  N N 
Network: NWS ID#: 1654 
t a t :  32 05, Long:lO9 21 E lev :  5300 f t .  
County: Cochise 
Gage Type: N, Standard 8" 
Observer : Federal  Time: IrSOC) 
Record Length: 1940- 



Clay Spr ings  
Ne t  wor L: : NWS ID#: 176Cr 
La t :  34  23 Long: l lc j  19 Elev: 6.32(:) f t .  
County: Navajo 
Gage Type: N, Standard 8" 
Observer: I n d i  v i  d u a l  T i m e :  1€31:)0 
Record Length: 1971-- 

Clifton 
Network: NWS ID#: 1849 
La t :  33 03 Long: 109 17 Elev: 3461:) f t. 
County: Gr-eenl ee 
Gage Type: N, Standard 8" 
Observer: I n d i  v i  dual  Time: (380(:) 
Record Length: 1906- 

Cochise 4 SSE 
Networ 1:: : NWS ID#: 1 R 7 0  
La t :  32 04 Long: 109 54 Elev:  4180 f t .  
County: Cochise 
Gage Type: R ,  F 84 P 
Observer : Company T i  me: 
Record Length: 1942- 

Colorado C i  t y  
Network: NWS ID#: 192(:1 
Lat:  37 01:) Long:112 59 Elev: 5(:)10 f t .  
County: Mohave 
Gage Type: N, Standard 8"  
Observer: Ind iv idcra l  Time: SS 
Record Length: 1961- 

Cordes 
Net war I:: : NWS ID#: 2109 
Lat :  34 18 Long:112 10 Elev: 3771 f t .  
County: Yavapai 
Gage Type: N, Standard 8" 
Observer a I n d i  v i  dual  T i  me: 1800 
Hecard Length: 1925- 

Coronado N M Hqrs 
Network: NWS ID#: 2140 
Lat :  31 21 Long: 110 15 EIev:  5242 f t .  
County: Cochise 
Gage Type: N, Standard 8" 
Observer: Federa l  T i  m e  : 1. 7 C ) O  
Hecard Length : 1960- 

Crown K ing  
Net wor L: : NWS ID#: 2329 
L a t  : 34 12 Long: 112 20 E l  ev: 5920 f t . 
County: Yavapai 
Gage Type: N, R ,  Standard 8", F 8 F' 
Observer : Federa l  Time: 23(?0 
Recard Length: N: 1415-9 H :  1980- 



Dateland Whitewing Ranch 
Network:: NWS ID#: 2434 
Lat :  32 59 Long:113 30 Elev:  545 f t .  
Caunt y: Yuma 
Gage Type: N, Standard 8"  
Observer : Company Time: 1700 
Recard L-ength: 1972- 

Deer V a l  l e y  
Network: NWS ID#: 2462 
La t :  33 3S Long:112 05 Elev:  1257 +t. 
County: Maricopa 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  T i  me: 2400 
Record Length: 195C)-1985 

Doggy Jones 
Net war k : MCFCD I D #  : 
La t :  33 42 Long: 112 39 Elev:  17013 f t .  
County: Marj.copa 
Gage Type: R, 
Observer: MCFCD T i  me: 
Record Length: 1957- 

Da~lg 1 as 
Network: NWS ID#: 2659 
La t :  31 21 Long:109 32 Elev:  4041:) f t .  
County: Cochise 
Gage Typea N, R 3  Standard S", F ?c f-' 
Observer: C i t y  T i m e :  170t:) 
Record Length: N: 1944- R: 1942- 

Doug1 as F A A  AP 
Network: NWS ID#: 2664 
Lat :  31 28 Long:109 36 E lev :  4098 f t .  
County: Cochi se 
Gage Type: N, Standard 8" 
Observer : Federa l  Time: 21(:)0 
Record Length: 1948- 

Duncan 
Network: NWS I D # :  2754 
L a t  : 32 45 Long: 109 07 Elev:  3660 f t . 
County : Green 1 ee 
Gage Type: N, R, Standard 8", F 8r F' 
Observer: I n d i v i d u a l  T i  me : 18r:)cj 
Record Length: N: 1948- R: 1975- 

Eagle Creek 2 
Networl::: NWS ID#: 2781 
La t :  33 21 Long:109 29 Elev: 4871:) f t .  
County : Green l ee 
Gage Type: N, Standard 8" 
Observer: I n d i  v i  dual  T i m e  : 1 I:)(:)(:) 
Record Length: 1973- 



E l o y  4 NE 
Network: NWS ID#:  2807 
L a t :  32 50 Long: 11 1 32 E l  ev: 1545 -F t . 
County: F ' ina l  
Gage Type: N, Standard 8 "  
Observer: I n d i  v i d u a l  Time: 1.7(:)0 
Record Length: 1951- 

F l a g s t a f f  WSO AP 
Network: NWS ID#: 31:) 
La t :  3% 08 L o n g : l l l  41:) E lev:  7006 f t .  
County: Cocon i no 
Gage Type: N, R ,  Standard 8", Un ive rsa l  12" 
Ubserver : Federa l  Time: 24(:)0 
Recard Length: N: 1888- R: 1945- 

F lo rence  
Net  wor l:: : NWS I D # :  3027 
L a t :  32 (02 L o n g : l l l  23 Elev :  1505 f t .  
Co~rnty:  P i  n a l  
Gage Type: N, Standard 8"  
Observer: C i t y  Time: 08(5(:) 
Record Length : 1892- 

F o o t h i  11 s 
Netrqor P: : MCFCD I:D#: 
La t :  33 48 Long:112 16 Elev:  e l800 f t .  
County: Maricopa 
Gage Type: R, 
Obser vet- : NCFCD Time: 
Record Length: 1957- 

F o r t  Hcrachuca 
Network: NWS, US Army ID#: 3120 
L a t :  31 34 Long:11(3 21:) E lev:  4664 S t .  
County : Coch i se 
Gage Type: N, R, Standard 8", Standard 8 "  
Observer: Federa l  Ti me: 081i0, Hour l y 
Record Length: N: 1954- R: 1934- 

F o r t  Thomas 2 SW 
Network: NWS I D # :  3150 
L a t :  33 01 Long: l lO 00 Elev :  28(3(> ft. 
County: Graham 
Gage Type: N, Standard 8" 
Observer: I n d i  v i  d u a l  Time: 1800 
Record Length : 1966- 

F o r t  V a l l e y  
Network: NWS I D # :  3160 
L a t :  35 16 Long:111 44 Elev: 7347 f t .  
County: Coconino 
G a g e  Type: N, Standard 8" 
Observer : Federa l  Time: 09C)l:) 

Record Length: 1909- 



Gan ad o 
Network: NWS ID#: 5303 
L a t  : 35 43 L-ong : 109 34 E l  ev: 6340 f t . 
County: Apache 
Gage Typee 1\1, Standard 8" 
Observer: S t a t e  Time: 0701:) 
Record Length: 1929- 

G i  l a  Bend 
Network: NWS ID#: 5x93 
La t :  32 57 Long:112 43 Elev:  7035 f t .  
Co~rn t y  : Mar i copa 
Gage Type: N, Standard 8 "  
Observer: Ind iv idcra l  Time: 1bc:)O 
Recard Length: 1889- 

Gilbert-G.M. Prov ing  Ground 
Network: P r  i v a t e  ID#: 
Lat:  33 19 Long: 1 I I 38 Elev: 1393 f t.. 
County: Maricopa 
Gage Type: N, 
Observer : Company T i  me : OBO(:) 
Record Length: 1958- 

G i  sel a 
Network: NWS ID#: 3448 
l a t :  34 (117 Long: l 1 1  1'7 Elev:  2Y(:)C) f t. 
Coctnty: G i l a  
Gage Type: N, Standard 8 "  
Observer: I n d i v i d u a l  T i m e  : (37 1:) (1) 
Record Length: 1925- 

Grand Canyon N.P. 2, G.C. N.F., G.C. 
Network: NWS ID#: 5596, 3595, 3581 
L a t  : 36 03 Long: 1 1  2 09 E l  ev: 6785 f t . 
County : Cocon i no 
Gage Type: N, R ,  Standard a", Un iversa l  12" 
Observer : Federa l  T i  m e :  1904:) 
Record Length: N: 1942-, R: 1942- I 

Greer 
Network: NWS ID#: 3683 
La t :  34 (51 Long:ll:)? 28 Elev:  8490 f t .  
County: Apache 
Gage Type: N, Standard 8"  
Observer : I n d i  v i  dual  Time: lhO0 
Record Length: 1956- 

Gr iggs  3 W 
Network : NWS ID#: 5702 
La t :  33 30 L o n g : l l 2  29 E lev :  116(:) f t .  
County: Mar i copa 
Gage Type: N, Standard 8"  
Observer: Company T i  me: 240rI 
Record Length: 1950- 



Happy Jack R S 
Network: NWS ID# :  3828 
La t :  34 45 L o n g : l l l  25 Elev:  7480 f t .  
County a Coconi no 
Gage Type: N, Standard 8" 
Observer : Federa l  Time: (3800 
Record Length: 1966- 

Haw1 ey Lake 
Net wor I:: : NWS ID#: 3926 
L a t :  33 59 Long: 109 45 E l  ev: 8180 f t. 
County: Apache 
Gage Type: N, Standard 8"  
Dbserver : Company Time: 081:)(:) 
Record Lenqth : 196'7- 

Heber H S 
Network: NWS ID#: 3961 
L a t  : 34 24 Lang : 1 1 O 33 E l  ev: 6590 f t . 
County: Navajo 
Gage Type: N, Standard 8" 
Obser ver: Federa l  Time: 1hOc:) 
Record Length: 1915- 

Hewi t t  Canyon 
Network : US Corps o f  Engineers I D # :  
La t :  33 24 Long: 111 13 Elev: 3440 f t .  
County: F i n a l  
Gage Type: N, 
Observer: US Corps o f  Engineers T i  me: 
Record Length: 1960-? 

High School R50 
Network: Water Resources R e s .  Ctr . ID# :  
La t :  32 13 Lonq: 110 56 Elev: 2441:) f t .  
County: F'ima 
Gage Type: H, 
Observer: U o f  A T i  me: 
Record Length: e1971- 

High School R51 
Network: Water Resources Res. Ctr . ID#:  
La t :  32 14 Long: 111:) 57 Elev: ~ 2 4 6 0  f t. 
County: Pima 
Gage Type: R,  
Observer: tl o f  A T i  me: 
Record Length: ~ 1 9 7 1 -  

H igh  Schnol R 5 2  
NetworE:: Water Resources Res. C t r .  I D # :  
L a t :  32 14 Lonq: l l O  55 Elev: e2490 f t .  
C O L . ~  t y : Pi ma 
Gage Type: R, 
Observer: U o f  A Time: 
Record Length: e1971- 



H i g h  Schon l  R53 
Netwar k : Water Resources Res. C t r  . ID#: 
L a t :  32 15 Long: 110 55 Elev:  e2490 f t. 
County: Pima 
Gage Type: R, 
Observer: U of  A T i  me: 
Record Length: e1971- 

H i l l s i d e  4 NNE 
Network: NWS ID#: 4(:)53 
L a t :  34 29 Long: 112 53 E l e v :  332(5 f t. 
Cocrnty: Yavapai 
Gage Type: N, Standard 8 "  
Observer: I n d i v i d u a l  T i me : 1 800 
Hecard Length: 1955- 

Hol brook 
Networl::: NWS ID#: 4089 
1.-at: 34 54 Long: l lO 1C) E lev :  5080 f t .  
County: Navajo 
G a g e  Type: N, Standard 8 "  
Observer: I n d i v i d u a l  T i m e  : (:)71:)(:) 

Record Length: 1886- 

Hor seshne Dam 
Networ P: : NWS ID#: 4182 
Lat :  33 59 Long: 11 1 43 E l  ev: 2020 f t. 
County: Maricopa 
Gage Type: N, Standard 8 "  
O b s e r v ~ r  : 6ssoc.i a t  i on Time: 0700 
Record Length: 1948- 

I r v i n g  
Netwark: NWS ID#: 4391 
L a t  : 34  24 tong: 1 1 1 37 E l  ev: 3795 f t . 
County: Yavapai 
Gage Type: N, Standard 8 "  
Observer: Company T i  me:  (:)80(:) 
Record Length: 1934- 

Jacob Lake 
Network: NWS ID#: 4418 
L a t :  36 44 Long:112 13 E lev :  7827 f t .  
County : Cocon i no 
Gage Type: N, Standard 8" 
Observer-: S t a t e  T i  m e  : (:)80(:) 
Record Length: 1955- 

Jerome 
N e t  war I::: NWS I D # :  4453 
t a t :  34 45 Long:112 07 Elev :  5245 f t .  
County: Yavapai 
Gage Type: N, Standard 8" 
Dbser ver  : Ci t y Time: 0800 
Record Length: 1897- 



Keams Canyon 
Net war k: : NWS I D # :  4586 
L a t :  35 49 Long: 1 1O 12 Elev: 6205 f t .  
County: Navajo 
6age Type: N, R, Standard 8 " .  F Pc F' 
Observer : Federa l  Time: 170(:) 
Record Length: N: 1936- R: 1942- 

Kingmarl 2 
Net wor li: : NWS ID#: 4645 
L a t :  35 12 Long:114 01 Elev: 3539 f t .  
County: Mohave 
Gage Type: N, R ,  Standard E!", F Pr F' 
Observer: Company Time: (:)8(:)(:) 
Record Length: N: 1967-- Fi': 1967- 

t:::i tt F'eal:: 
N e t w o r k :  NWS ID#: 4675 
L a t :  31 58 L o n q : l l l  56 Elev:  68(30 f t .  
Co~rnt y: F'i m a  
Gage T y p e :  N, Standard 8"  
Qbserver : Assnc i  at j.an T i  me: 0800 
Record Length : 1960- 

C:::lagetnh 12 WNW 
Net war I:: : NWS ID#: 4686 
L a t :  35 3.3 Long:1(:)9 42 Elev: 6500 f t .  
County: Apache 
Gage Type: N, Standard 8"  
Ohserver: Company T i  me: 17(:)0 
Record Length: 1964- 

Kof a M i n e  
Network: NWS ID#:  4702 
t a t :  33 16 Long:113 52 Elev:  1775 f t .  
County: Y u m a  
Gage Type: N, Standard 8" 
Observer : Company Time: SS 
Record Length: 1952- 

Lake H a v a s ~ ~  
Network: NWS ID#:  4759 
Lat :  34 27 Long:114 22 E lev :  482 f t .  
C o u n t y :  Mahave 
Gage Type: N? Standard 8"  
Observer: A i r p o r t  T i  me : (:t8(:t(:) 

Record Length: 1967- 

L.aveen 73 SSE 
N e t  wor E:: NWS ID#: 4829 
La t :  33 20 Long:112 09 Elev:  1115 f t .  
County: Maricopa 
G a g e  Type: N, Standard 8" 
nbserver:  I n d i v i d u a l  T i m e :  SS 
Recard Length: 1948- 



L.ees F e r r y  
Network: NWS ID#: 4849 
La t :  36 52 L o n g : l l l  36 Elev: 3210 f t .  
County: Cncnni no 
Gage Type: N, Standard 8" 
nbserver : Feder a1  T i  me:  lbClCl 
Record Length: 1916- 

L i t c h f j . e l d  F'ark 
Network: NWS ID#: 4977 
Lat :  33 30 Long: 112 22  Elev:  l(530 f t. 
County: Maricapa 
Gage Type: b1, Standard 8" 
Dbserver: I n d i v i d u a l  T i  me: (380C) 
Recnrd Length: 1917- 

L.ukachukai 
Network: NWS ID#: 5129 
La t :  36 25 Long: 109 14 Elev:  6520 f t. 
County: Apache 
Gage Type: N, Standard 8" 
Observer: Federal  Time: (:)a(:)(:) 
Record Length: 1944- 

Luke AFE 
Net,wor C::: USRF ID# :  
La t :  33 33 Long:112 22 Elev: 1101 ft. 
County: Maricopa 
Gage Type: N, 3 H, Standard 8 "  
Observer : USAF Time: 3 H 
Recard Length: E 1941- 

Maricopa 4N 
Net w c l r  F:: : NWS ID#: 5270 
Lat :  33 (117 Long: 112 02 E l  ev: 1160 f t. 
County: F i n a l  
Gage Type: N, Standard 8"  
Observer: Federal  Time: 18(:)0 
Record Length: 196C)- 

Player 3 NNW 
Net wor E: : NWS ID#: 5325 
Lat :  34 26 Long:112 15 Elev:  4640 f t .  
County: Yavapai 
Gage Type: H, F Et P 
Dbserver : Ind  i v i  dual  T i  me: 
Record Length: 1969- 

McNar y 
Network: NWS I D # :  5412 
Lat :  34 04 Long:l(:)? 51 Elev: 7320 f t .  
Co~tnty :  Apache 
Gage Type: N, Standard 8"  
Observer: Company T i  me: 0800 
Record Length : 1944- 



McNeal 
Network : NWS ID#: 5418 
Lat :  31 36 Long: l ( j9 34 E lev :  4170 f t .  
County: Coc h  i se 
Gage Type: N, Standard 8" 
nhserver:  I n d i v i d u a l  T i  me : 1801:) 
Hecar-d Length: 1960- 

Mesa Experiment Farm 
Networl:: : NWS ID# :  5467 
La t :  33 25 L o n g : l l l  52 Elev:  1230 f t .  
Cocrnty: Maricopa 
Gage Type: N, Standard 8" 
Observer : Un i ver s i  t y  T i m e :  (:)71:)(:) 
Record Length: 1896- 

M i a m i  
Net.wor C:: NWS ID#: 5512 
Lat :  33 24 Long: l l O  53 Elev:  3560 f t. 
Caunty: G i l a  
Gage Type: N. Standard 8 "  
ahserver:  Company Time: 0800 
Record Length: 1914- 

Montezuma Cas t le  N M 
Network: NWS ID# :  5635 
L.at :  34 37 L o n g : l l l  50 E lev :  31€3(:) f t .  
County: Yavapai 
Gage Type: N, R,  Standard 8", F $< P 
Observer: Federa l  Time: 1€31:)0 
Record L.enqth: N:193E3-, R:1979- 

Mormon F l a t  
Net wor ):: : NWS ID#: 5700 
Lat :  33 33 L o n g : l l l  27 Elev: 1715 f t .  
County: Maricopa 
Gage Type: N, Standard 8" 
Observer: Company T i  me: 0700 
Kecord Length: 1923- 

Mor r is town 
Network : MCFCD I D #  : 
L a t  : 33 52 Long: 112 36 E l  ev: 1980 f t. 
County: Mar i copa 
Gage Type: H, 
Ob ser ver : MCFCD Time: 
Record Length: 1957- 

M t .  Lemmon 
Network: NWS ID#: 5732 
L a t  : 32 27 Long: 110 45 E l  ev: 7794 f t. 
County: F ' i m a  
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  Time: 1400 
Kecord Length: 1960- 



N Lazy H Ranch 
Network: NWS ID#: 591:)8 
La t :  32 (37 Long:ll(:) 41 Elev: 305(:) f t .  
County: F'ima 
Gage Type: N, Standard 8" 
Observer : Indi v i  dual  'rime: I?(:)(:) 
Record Length: 1941- 

New R i v e r  
Network: P r i v a t e  ID#: 
La t :  33 51:) Long: 112 10 E l  ev: 2(10(:1 f t. 
County: Maricopa 
Gage Type: N, 
Observer: DSET Labs T i  me: 
Record Length: 1955- 

Nogales 6 N 
Networ I:: : NWS ID#: 5924 
La t :  31 25 Long: 110 57 Elev:  35 60 f t. 
County: Santa C r u z  
Gage Type: N, R, Standard 8", F $t F 
Observer: C i  t y  T i me ; (:r8(:~:) 
Record Length: N:1952-, R:1984- 

Oak: Ct-eel:: Canyon 
Network: NWS ID#: 6037 
L a t :  34 98 L o n g : l l l  45 Elev:  5075 f t .  
County: Coconina 
Gage Type: N, Standard 8 "  
Observer: Ind iv idc ta l  'T'ime: 1700 
Record Length: 1935- 

0P:ohatk 
Networl::: US Bureau o f  I n d i a n  A f f a i r s  ID# : 
La t :  92 30 Long: 112 01 Elev: 1680 f t .  
Ca~rn t y : P i  ma 
Gage Type: R ,  
Observer: Bureau o f  f nd ian  A f  f a i  r s  T i  me: 

Record Length: 1469- 
D r a c l e  2 SE 

Network: NWS ID# :  6119 
La t :  .32 36 Long: l l O  44 E lev :  451Cr f t .  
County: F' inal  
Gage Type: N, H, Standard €I", F & P 
Observer: I n d i v i d u a l  Time: 170Cr 
Record Length: N: 1892-, H: 1940- 

Organ P i p e  Cactus N M 
Network: NWS ID#:  6132 
Lat :  31 56 tang: 112 47 Elev: 1678 f t .  
County: Pima 
Gage Type: N. Standard 8" 
Observer: Federa l  T i m e :  16(:)0 
Record Length: 1944- 



Page 
Netwot-I::: NWS ID#: 6180 
La t :  36 56 L-ong: 1 1  1 2 7  Elev: 4270 f t. 
County: Coconino 
Gage Type: N, R ?  Standard 8". Un ive rsa l  1 2 "  
Observer : C i  t y Time: 5)80(:) 
Record Length: N: 1957-, R: 1957-83 

P a i n t e d  Rock: Dam 
Network: NWS ID#: 6194 
Lat: 33 05 Long: 11.3 (112 € lev:  550 f t. 
County: Maricupa 
Gage Type: R, Un ive rsa l  12" 
Observer: Federa l  T i  me: 
Kecard Length: 1962- 

Pa in ted  Desert  N F' 
Network:: NWS ID#: 6190 
Lat: 35 04 Long: 1Cr9 46 E l  ev: 5760 f t . 
County: Apache 
Gage Type: N, Standard 8" 
Observer: Federa l  -r i me : 1 6 (1) (1) 
Hecnrd Length: 1973- 

Parker  
Network :  NWS ID#: 6250 
Lat :  34 1 0  Lang : t l 4  17 Elev: 425 f t .  
County: La  F'az 
Gage Type: N, Standard 8" 
Observer : Federa l  Time: 1700 
Kecor d Length : 1893- 

F'aysan 
Network: NWS ID# :  6323 
La t :  34 14 L o n g : l l l  20 Elev: 4913 f t .  
County: G i l a  
Gage Type: N, H, Standard 8"- F 8 P 
Observer: I n d i v i d u a l  T i m e :  08(:)0 
Record Length: N: 1948-, R: 1949- 

Peach Spr ings  
Network:: NWS ID#: 6538 
L a t :  35 33 Long: 113 2 4  Elev: 4970 f t. 
Caun  t y: Mohave 
Gage Type: N, Standard 8" 
Observer : Feder a1 Time: Cb8(:)0 
Record Length: 1943- 

P e t r i f i e d  Fores t  N P 
Network: NWS ID# :  6468 
La t :  34 49 tong: f1:)9 53 Elev:  5446 f t .  
County: Navajo 
Gage Type: N9  R ,  Standard 8 " -  F Ec F' 
Observer : Feder a1 T i  m e  : 1 6O4j 
Record Length: N: 1931 -, R: 1941- 



Phantom Ranch 
Net wor ):: : NWS ID#: A471 
La t :  36 06 Lung: 112 06 E l  ev: 2570 f t . 
County: Coconino 
Gage Type: N, Standard 8" 
Dbserver: Federa l  Time: 1700 
Record Length: 1935- 

F'hoeni x WSFO AF' 
Net,~*wt-l::: NWS ID#: 6481 
Lat :  33 26 Long: 112 0 1  Elev: Ill(:) f t. 
County: Maricopa 
Gage Type: N. K, Standard 8", Uni versa1 12" 
Observer: Federa l  Time: 2400 
Record Length: N: 1934-, R: 194C)- 

F'hoeniz: C i t y  
Net wor I:: : NWS ID#: 6486 
Lat :  33 27 Long:112 04 Elev: 1098 f t .  
County: Mar i copa 
Gage Type: N, Standard 8"  
Observer: I n d i v i d u a l  Time: 1.700 
Record Length: 1972- 

P i  netop F i sh  Hatchery 
Network: NWS ID#: 6blSl 
La t :  34 07 Lanq: 109 55 Elev: 7200 f t .  
Cocrn t y :  Navajo 
Gage Type: N, Standard 8" 
Observer: S t a t e  Time: (:)800 
Record Length: 1938- 

P i p e  Spr ings N a t l  Man 
Net war k : NWS ID#: 6616 
Lat :  96 52 Long:112 44 Elev:  4920 f t .  
C a u n t  y: Mohave 
Gage Type: N, Standard 8" 
Observer : Federa l  Time: 1700 
Record Length: 1963- 

Pleasant  V a l l e y  H S 
Network: NWS ID#: 6653 
Lat :  34 06 Long: 1 lO 56 Elev :  5050 f t. 
Caunty: G i l a  
Gage Type: N, Standard 8" 
Observer : Feder a1 Time: 1600 
Record Length: 1918- 

F 'o r ta l  4 SW 
Network: NWS ID#: 6716 
La t :  31 53 Long:109 12 E lev :  5390 f t .  
County : Coch i se 
Gage Type: N, Standard 8" 
Observer: Associ a t  i on Time: 1800 
Record Length: 1965- 



P r e s c o t t  
Network: NWS ID#: 6796 
La t :  34 34 Long: 112 28 Elev:  5205 f t. 
County: Yavapai 
Gage Type: N, Standard 8 "  
Ubserver: C i t y  T i  me: (:)BOO 
Record Length: 1865- 

F'un k i n Center 
Nat war C: : NWS I D # :  6841:l 
La t :  33 52 L o n g e l l l  19 E lev :  2350 f t .  
County: G i l a  
Gage Type: N, Standard 8"  
Observer: I n d i v i d u a l  T i  me: 0800 
Record Length: 1947- 

Wueen We1 1 s 
Network:: US P ~ t r e a ~ ~  c ~ f  I n d i a n  A f f a i r s  ID#: 
La t :  32 16 L o n g : l l l  38 Elev: 2050 f t .  
County: F'ima 
Gage Type: H, 
Observer: Bureau o f  I n d i a n  A f f a i r s  T i  m a :  

Record Length: 1969- 
R a i l r o a d  R73 

Network: Water Resources Res. C t r .  ID#: 
Lat :  32 11 Long:ll(:) 55 Elev: e2510 f t .  
C o ~ ~ n t y :  Fima 
Gage Type: ti, 
Observer: U of  6 Time: 
Record Length: e1971- 

R a i l r o a d  R70 
Network: Water Resources Hes. C t r .  ID#: 
La t :  32 12 Long:11(:) 57 Elev:  e24215 f t .  
County: F'ima 
Gage Type: R ,  
Observer: U of  A Time: 
Record Length: e1971- 

Rai l . road R71 
Network: Water Resources Res. C t r .  ID#: 
La t :  32 12 Long: 11C) 56 E l  ev: 2470 f t. 
County: F'ima 
Gage Type: R, 
Observer:  U o f  A T i  me: 
Record Length: e1971- 

Redington 
Networ I:: : NWS ID#: 7036 
L a t :  32 26 tong:  110 29 Elev:  2870 f t .  
County: F'i m a  
Gage Type: N, Standard 8" 
Observer : I n d i  v i  dual  Time: (5800 
Record Length: 1941- 



Roosevel t 1 W N W  
Network: NWS ID#: 7281 
L a t :  33 40 Long: 11 1 (119 Elev:  2205 f t. 
Co~tn ty :  G i l a  
Gage Type: N, Standard 8" 
Observer: Associ a t  i on T i  me: 07C)O 
Hecard Length: 1905- 

Rucker  Canyon 
Network: NWS ID#: 7334 
L a t :  31 45 Long:109 25 E lev :  537(:1 f t .  
County: Cochise 
Gage Type: N? Standard 8"  
Observer: Jndi v i  dual  Time: 1800 
Record Length: 1911- 

Rudd t::nol l 
Network : USF5 ID# :  
L a t :  35 56 L-ong: l(59 22 E lev :  8338 f t .  
County: Apache 
G a g e  Type: H, 
Observer: HMFRES T i  me: 
Record Length: 1966-? 

Sacaton 
Networ I:: : NWS ID#: 7370 
L a t :  33 04 L o n g : l l l  45 Elev: 1285 f t .  
County: F' inal  
Gage Type: N, Standard 8" 
Observer: Federa l  T i  me: 160(5 
Record Length : 19538- 

Sa+f  o r d  A g r i c ~ ~ l  tc t ra l  CTR 
Network: NWS ID#:  7390 
1-at: 32 49 Long: 109 41 Elev:  2954 f t. 
County: G r a h a m  
Gage Type: N, Standard 8" 
Observer: U n i v e r s i t y  T i  me: !:380(:) 
Record Length: 1948- 

Saf  f o rd  ARS-2 
Net war I:: : ARS ID#: 
t a t :  31 51 Long:lr:)S 30 Elev:  e34t50 f t .  
Cam t y : Graham 
Gage Type: H, Weighing bctcket 
Observer: ARS Time: 
Record Length : 1939-1975 

Saf  f o rd  AKS-3 
Network: ARS I D #  : 
La t :  31 51 Lanq:109 30 Elev:  e3400 f t .  
County: G r a h a m  
Gage Type: H, Weighing b u c k e t  
Observer: ARS T i  me: 
Record Length: 1939-1975 



Saf f o r  d AHS-9 
Networ I:: : ARS P D# : 
L a t  : 31 37 Long: 109 97 El ev: e35(:)(:1 f t . 
County: Graham 
Gage Type: R, Weighing bucket  
Observer: AHS T i  me: 
Record Length: 1939-72 

S a f f o r d  ARS-,I1 
Net war k: : ARS 1 D# : 
L a t  : 3 1 37 Long: 109 40 E l  ev: e'38(:)0 f k . 
County: Graham 
Gage Type: A, Weighing bucket  
nbserver : ARS T i  me: 
Record Length: 1939-72 

Sa f fo rd  ARS-12 
Net war k : ARS ID#: 
L a t :  31 "; Long: 109 40  Elev: e440(:) f t. 
County: Graham 
Gage Type: R, Weighing bucket  
Observer : ARS T i  me: 
Recard Length: 1939-72 

S a f f o r d  AKS-14 
Network: AR9 ID#: 
Lat: 31 25 L o n g : l ~ ~ ?  4.3 E lev :  e460(5 f t .  
Cactn t y: Graham 
Gage Type: R, Weighing bucket  
Ob ser ver  : ARS Time: 
Record Length: 19.39-72 

S a f f o r d  ARS-15 
Network: ARS I D # :  
L a t :  31 27 Long:1(:)9 44 Elev: e48(:)0 f t .  
County : Graham 
Gage Type: H, Weighing bucket  
Observer: ARS Time: 
Record Length: 1939-72 

Sahuar i t a  8 W 
Network:: NW6 ID# :  7419 
L a t :  31 54 L o n g : l l l  (34 Elev: 3560 f t .  
County: F'ima 
Gage Type: N, Standard 8" 
Observer: Company Time: 1700 
Record Length: 1963- 

S a i n t  Johns 
Network: NWS ID# :  7435 
t a t :  34 31 Long:109 23 Elev:  5790 f t .  
County: Apache 
Gage Type: N, Standard 8" 
Observer: I n d i  v i  dual Time: 1600 
Record Length: 1909- 



San Car 1 os Reservoi  r 
Network: NWS I D # :  7481:) 
La t :  33 11:) Lony : l lO 31 E lev :  2532 f t .  
County: G i l a  
Gage Type: N, Standard 8"  
Observer : Federa l  T ime:  0700 
Record Length: 1921- 

San Manuel 
Network: NWS ID#: 7530 
t a t :  .32 37 Long: 1 lc : )  39 Elev:  3560 f t. 
County: F ' ina l  
Gage Type: N, Standard 8 "  
Observer: I n d i v i d u a l  T i m e :  170(:) 
Record Length: 1955- 

San Simon 9 ESE 
Networl::: NWS ID#: 7567 
La t :  32  I(:) Long:lC)9 05 E lev :  388C) f t .  
County: Coch i se 
G a q e  Type: N, Standard 8 "  
0bser.ver: Company Time: 0800 
Record Length: 1962-1986 

Sc.nders 
Netrqor i:: : NWS ID#: 7488 
t a t :  35 i 3  Long: 109 20 Elev :  5853 f  t. 
County: Acrache 
Gage Type: N, Standard 8"  
Observer: !.:tate Time: 1800 
Record Length: 1965- 

Sanders 11 ESE 
Network: NWS IT)#: 7496 
Lat: 39 10 Long: 109 10 Elev:  6250 f t. 
County: Apache 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  Time: 1800 
Record Length: 1961-1986 

Santa R i t a  Exp  Range 
Network: NWS ID#: 7593 
I-at: 31 46 Long: l lO 51 E lev :  4300 f t .  
County: Pima 
Gage Type: N, K, Standard 8", F k P 
Observer : Federa l  T i me : 1 7 00 
Record Length: N: 1916- R: 1942- 

Santa Rosa School 
Network:: US Bcrreait o f  I n d i a n  A f f a i r s  ID# :  
La t :  32 21 Long: 112 04  Elev:  1840 f t .  
Cocrn t y: F'i ma 
Gage Type: R, 
Observer: Bureau a f  I n d i a n  A f f a i r s  Time: 

Record Length: 1969- 



Sasaba 
NetworC::: NWS ID#: 7619 
Lat :  31 29 L o n g : l l l  33 Elev: 35915 f t .  
Cocrnt y: F ' i  ma 
Gage Type: N, Standard 8" 
Observer : Federa l  Time: r:)8(:)0 
Rncor d Length : 1959.- 

Sasabe 7 NW 
Network: NWS I D # :  7622 
L a t :  : I1  35 L o n g : l l l  36 Elev: 3825 f t .  
County: F'j. ma 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  T i  me : 0700 
Record Length: 1950- 

Sco t t sda l  e 
Network: NWS ID#: 7661 
1-at: 33 28 Long: 11 1 53 Elev: 1200 f t. 
Cnunty: Maricopa 
Gage Type: N, Standard 8" 
Observer: C i t y  T i  me: 1.800 
Record L.ength : 1968-1986 

Sedona Ranger S t a t i o n  
Network: NWS ID#: 7708 
La t :  34 32 Long: 11 l. 46 Elev: 4220 f t. 
Cocrn t y : Cocon i no 
Gage Type: N, K, Standard B" ,  F P< F' 
Observer: Federal  Time: 160(:) 
Record Length: N: 1943- H: 1973- 

Sel i gman 
Net  wor ):: : NWS ID#: 7716 
Lat :  35 19 Long:112 53 Elev: 5250 f t .  
Cour~ty:  Yavapai 
Gage Type: N, Standard 8" 
Observer: C i t y  T i me : 1 500 
Record Length : 1904- 

Show Low A i r p o r t  
Network: NWS ID#: 7855 
L a t :  34 15 Long:llCr O(3 Elev: 6411 f t .  
County: Navajo 
Gage Type: N, Standard 8"  
Observer: A i r p o r t  Time: 08Cr0 
Record Length : 1965- 

S i e r r a  Ancha 
NetworC:: USFS ( a 1 . s ~  NWS) ID# :  
La t :  33 48 Long: 110 58 Elev:  51f:)O f t .  
County: G i l a  
Gage Type: R, F $4 P 
Observer: RMFRES T i  me: 
Record Length: 1947- 



Snnwf 1 akc 
Net wor L: : NWS ID# :  8012 
L a t  : 34 30 Long: 1 I(:) t:)S E l  ev: 5642 f t . 
County: Navajo 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  T i m e :  SS 
Record Length: 191t:)- 

Snowf1aL:e 15 W 
Net wor I:: : NWS ID#: €3(:)18 
La t :  34 30 tong: 1 l O  20 E l  ev: 6081:) f  t. 
Co~tnty:  Navajo 
Gage Type: N, Standard 8"  
Observer: Company rime: (:)8(1l(:) 
Record Length: 1965- 

South F'hoenix 
N e t  wor P:: NWS I D # :  8112 
La t :  3.3 23 Long:112 04 Elev: 1155 f t .  
County: Maricnpa 
Gage Type: N, Standard €3" 
Dhserver : I n d i v i d u a l  Time: 1701:) 
Record Length: 1915- 

S p r i n g e r v i  1  l e  
Network: NWS ID#: 8162 
I-at : 34 08 Long: 109 17 E l  ev: 71:)br:) f  t . 
County: fipache 
Gage Type: N, Standard 8" 
Observer: Federal  T i  m e  : 1bC)O 
Record Length: 1911- 

Steep Slopes 
Network: USFS I D #  : 
L a t :  33 48 Long:110 58 Elev:  531:)(:) f t. 
County: Gila  
Gage Type: R ,  
Observer : RMFKES Tj. me: 
Record Length: 1949-1971 

Stewart  Mountain 
N e t  wor I:: : NWS ID#: 8214 
La t :  33.34 L o n g : l l l  32 Elev: 1 4 2 2 f t .  
Cat~nty:  Maricopa 
Gage Type: N, Standard 8"  
Observer: Company T i m e :  0700 
Record Length: 1939- 

Sclmmi t 
Network:: USFS (alsa NWS) ID#: 
Lat:  33 33 Long: l l ( j  56 Elev: 3635 +t. 
County: G i l a  
Gage Type: R, 
Observer : RMFRES T i  me: 
Record Length: 1948-1982 



Sunf 1 ower 3 NNW 
N e t  w o r  C: : NWS I D # :  8272, 
1,-at: 33 54 Long:111 29 Elev:  3720 f t .  
Cnunty: Marj.copa 
Gage Type: N, R ,  Standard €3". F hr F' 
Observer: State Time: 1800 
Record Length: N: 1945-1985, H: 1981:)- 

SI-(per i o r  
Network: NWS ID#:  8348 
Lat :  33 19 Long: 111 (116 Elev:  2995 f t .  
County: P i  n a l  
Gage Type: N, Standard 
Observer: Campany Time: 0800 
Record Length: 1920- 

facna 3 NE 
Network: NWS I D # :  8396 
La t :  32 4.3 Long:113 55 Elev:  324 f t .  
County: Yuma 
Gage Type: N, Standard 8" 
Observer : Campan y S i me: 08(:)0 
Record Length: 196.7- 

TCSF 
Networ E: : USFS ID#: 
1-at: TS.3 40 Long: 109 16 E l e v :  8401:) f t. 
County: Greenlee 
Gage Type: K ,  
Observer: RMFRES Time: 
Record Length : 19b2- 

Teec Nos F'os 
Network: NWS ID#: 8468 
L a t :  36 54 Long:109 06 E lev :  5290 f t .  
Co~rnty:  Apache 
Gage Type: N, Standard 8" 
Observer: S t a t e  Time: 1800 
Record Length: 1962- 

Tempe-ASU 
Network: NWS ID#: 8499 
Lat :  33 25 L o n g : l l l  56 Elev:  1170 f t .  
County: Mari copa 
Gage Type: N, H, Standard 8 " ,  TEI 
Observer: U n i v e r s i t y  Time: 1700 
Record Length: N: 1942-, K: 1981-- 

To l l eson  1 E 
Network: NWS I D # :  8598 
La t :  33 27 Long:112 14 Elev:  1025 f t .  
County :  Maricopa 
Gage Type: N, Standard 8" 
Observer : Assoc i a t  i on Time: 16(:)0 
Record Length: 1951- 



Tombstone 
NetworC::: NWS ID#: 8617 
L a t :  .31 42 Long: l l c )  03 E lev :  4610 f t .  
County: Cochise 
Gage Type: N, Standard 8" 
Observer: Federa l  T i  me: (:)BC)O 
Kecard Length: 1897-- 

T'ru:.:ton Canyon 
Net wor I:: : NWS ID#: 8778 
La t :  35 25 Long: 113 40 Elev: 3820 f t .  
County: Mohave 
Gage Type: R, F E? F' 
Observer : Federa l  T i  me: 
Record Length : 1970- 

Tucson-Davi s Monthan AFB 
Network : USAF I D # :  
La t :  32 10 Lang:110 52 E1ev: E 26(:10 f t .  
County: F ' i m a  
Gage Type: N, 3 4 ,  Standard 8" 
Observer: USAF Time: 3 H 
Record Length: E 1941- 

'Tucson Camp Ave E:.:p Fm 
Netwurl::: NUS, UA ID#: 8796 
La t :  32 17 Long: l l O  57 Elev:  2330 f t .  
County: F'ima 
Gage Type: N, R 3  Standard 8 " ,  7 
Observer: U n i v e r s i t y  Time: 1700 
Record Length: N: 1949-, R: 1967- 

Tucson Un iv  of A r i z o n a  
Network: NWS, UA ID#: 8815 
La t :  32 15 Long: l l O  57 Elev: 2444 f t .  
County: F'ima 
Gage Type: N, R, Standard B", ? 
Observer: U n i  v e r s i  t y T i  me : 24(:)(3 
Record Length: N: 1891-, R: 1962- 

Tucson WSO AP 
Net war I:: : NWS ID#: 8820 
Lat :  32 (:)8 Lang:l lC) 56 E l ~ v :  2584 f t .  
Caunty: Pima 
Gage Type: N, R, Standard &I", Un ive rsa l  12" 
Observer : Federa l  Time: 24(:)(:) 
Record Length: N: 1941-, H: 1941- 

Tucson Mag Observatory 
Network: NWS ID#:  E380(:) 
t a t :  32 15 Long: 1 l O  57 E lev :  2444 f t. 
County: f ' ima 
Gage Type: N, Standard 8" 
Observer: U n i v e r s i t y  Ti me: 240f:) 
Record L-ength: 1934- 

9 5 



Tumacacori Nat Mon 
Network: NWS ID# :  8865 
L a t :  31 34 L o n g : l l l  03 E l e v :  3267 f t .  
County: Banta C r c r r  
Gage Type: N, Standard 8" 
Observer: Federal  T i m e :  1.7(:10 
Record Length : 1946- 

Ttr weep 
Networ I::: NWS ID#: 8895 
L a t :  36 1'7 L-ong: 113 0 4  Elev: 4775 f t .  
Caun t y: Nohave 
Gage Type: N, R, Standard El" ,  F & F' 
Observer : Federa l  Time: 19(:)0 
Record Length: N: 1941-1985. K: 1941- 

Upper ParL:~?r 
Network: USFS ( a l s o  NWS) ID# : 
L a t :  33 48 Long: 1 1 O 5'7 E l  ev: 55(:)0 f t . 
County: G i l a  
Gage Type: K, 
Observer: RMFRES T i  me: 
Record Length: 1934-15'65 

Upper Pocket 
Net wor k : USFS ID# :  
La t :  33 47 Lung: 111:) 57 E l  ev: 5430 f t . 
County: G i l a  
Gage Type: R, 
Oh ser  ver : RMFRES T i m e :  
Record Length: 1937-1965 

W .  G. -13 
Network::: Walnut G ~ l l c h  ARS 1 D# : 
La t :  31 44 Long: 110 05 Elev: e46(:)0 f t .  
Caun t y: Cach i se 
Gage Type: R, Weighing bucke t  
Observer : ARS T i  me: 
Record Length: ~ 1 9 5 4 -  

W.  G. -24 
Network: Walnut Gulch AHS 1D#: 
La t :  31 43 Long:llc:) 04  E l e v :  e4600 f t .  
County: Oochise 
Gage Type: R ,  Weighing bucket  
Observer : ARS T i  me :  
Record Length : e1954- 

W.G. -4 
Network:: Walnut Gulch ARS I D #  : 
L a t r  31 45 Long: l lO 07 E lev :  43(:)(:) f t .  
County: Cochise 
Gage Type: R, Wei qh i  ng bucket  
Observer : AHS Time: 
Record Length: e1954- 



W.G. -42 
Network: Walnut Gulch AHS ID#: 
La t :  31 41 L o n g : l l 0  0 1  E l e v :  e4600 f t .  
County: Cnchise 
Gage Type: R, Weighing bucket 
Dbser ver : ARS T i  me: 
Record Length: ei954- 

W. G. -46 
Network:: Wal n u t  Gul ch ARS I D # :  
1-at: 31 413 Long: l lO ( 3 0  Elev:  e46(:)(:) f t .  
County: Cochise 
Gage Type: H, Weighing bucket  
Observer : AKS T i  me: 
Record Length: e1954- 

W.6.-44 
Network: Walnut Gulch ARS ID#: 
La t  : 31 44 Long : 1 10 00 E l  ev: ~14600 f t . 
County: Cochise 
Gage Type: R, Weighing bucket  
Observer : ARS T i  ma: 
Record Length: e1954- 

W. G. -60 
Network::: Walnut G u l c h  ARS I D #  : 
Lat :  131 44 Long: l ( )9  58 Elev:  e51:)0(:) S t .  
Co~rnty: Cochise 
Gage Type: R, Weighing bucket 
Observer: ARS Time: 
Record Length: e1954- 

W .  G. -68 
Networ P:: Walnut Gtrlch ARS I D # :  
La t :  31 45 Long:l(:)9 53 Elev: e52(:)r:1 f t .  
County: Cochise 
Gage Type: R ,  Weighing bucket 
Observer : ARS Time: 
Record Length: e1954- 

W. G. -815 
Network:: Walncrt Gcr l  ch ARS ID#: 
La t :  31 44 t o n g : l l O  02 Elev: e4401:l f t .  
County: Cochise 
Gage Type: R, Weighing bucket 
Observer: ARS T i  me: 
Record Length: e1954- 

W .  S. A.  -3 
Net wor I:: : USFS ID#: 
La t :  34 29 Long: 112 31 Elev: 600(:) f t. 
County: Yavapai 
Gage Type: R, 
Observer: HMFRES T i  m e :  
R e c o r d  Length:  1958- 



.- 
W .  S. E.-3 

Network : USFS I D # :  
La t :  34 28 Long:112 31 E lev :  5800 f t .  
County: Yavapai 
Gage Type: R, 
Observer: RMFRES T i  me: 
Record Length: 1958-- 

Wahweap 
Network: NWS ID# :  91.14 
La t :  36 59 L o n g : i l l  29 E lev :  Ti'730 f t .  
County: Coconi no 
Gage Type: N, Standard 8" 
Observer: Federa l  T i m e :  171:)0 
Record Length: 1962- 

Walnut Canyon N a t  Plon 
Network: NWS I D # :  9156 
La t :  35 1 0  Long: 11 1 31 Elev:  6685 f t .  
County: Coconino 
Gage Type: N, Standard 8" 
Observer: Federa l  Time: (:)80(:) 
Record Length: 1950- 

Wal n u t  Creek 
Network: NWS I D # :  9158 
L.at: 34 56 Long:112 49 Elev: 5090 f t .  
County: Yavapai 
Gage Type: N, R, Standard 8", F $4 F' 
Observer: I n d i  v i  dual  T i  me: 1800 
Record Length: N: 1915-, R: 1979- 

Walnut Grove 
Network: NWS I D # :  9166 
Lat :  34 18 Long:R12 33 E lev :  3764 f t .  
County: Yavapai 
Gage Type: N, Standard 8" 
Observer: I n d i v i  dual  T i  me: 180(:) 
Recard Length: 1889- 

W h i t e r i v e r  1 SW 
Network: NWS I D # :  9271 
La t :  33 50 Long:109 58 Elev:  5120 f t .  
County: Navajo 
Gage Type: N, R ,  Standard 8", F ?( P 
Observer : Federa l  T i  me: 1 1 (:)(I 
Record Length: N:194U-, H:1944- 

Whit low Ranch Dam 
Network: US Corps o f  Engineers I D #  : 
L a t :  33 18 L o n g : l l l  16 Elev:  2040 f t .  
County: P i  n a l  
Gage Type: R, 
Observer: US Carps o f  Engineers T i  me: 
Record Length: 1960-7 



W i  11 co:.: 
Network: NWS ID#: 9334 
La t :  32 18 Long: 109 51 E lev :  4175 f t .  
County: Cochise 
Gage Type: N, Standar-d 8"  
Observer: I nd i v idua l .  Time: 170(3 
Record Length : 1880 

W i l l i a m s  AFB (Chandler)  
Net wor I:: : USAF ID#: 
t a t :  33 18 L o n g : l l l  40 Elev:  1395 f t .  
County : Mar i copa 
Gage Type: N, 3H, Standard B" 
Observer: USAF T ime :  3 H 
Record Length: E 1941- 

W i l l i a m s  
Networ E:: NWS I: D# : 9359 
Lat :  35 15 Long: 112 11 Elev: 675(:1 f t .  
County: Coconino 
Gage Type: N, Standard 8" 
Observer: C i t y  T i  me: 16(:)0 
Record Length : 1907- 

Wil low Beach 
Network: NWS ID#: 9376 
La t :  35 52 Long:114 39 Elev:  76(3 f t .  
County: Mohave 
Gage Type: N, Standard 8"  
Observer : Federa l  T i  me : (:)80(:) 
Record Length: 1967- 

W i l  ],ow Creek EF 
Net war k : USFS ID#: 
La t :  33 4O Long:109 19 Elev: 8880 f t .  
County: Greenlee 
Gage Type: K ,  
Observer: RMFRES T i  me: 
Record Length: 1958-1983 

Window Rock 4 SW 
Network: NW5 ID#: 9410 
La t :  35 37 Long: 109 07 Elev:  6900 f t. 
Cacrnty: fipache 
Gage Type: N, Standard 8" 
Observer : Company T i  me: 1700 
Record Length: 19.37- 

Winslow WSO AP 
Net war l:: : NWS ID#: 9439 
La t :  35 0 1  Long: 1 l(:) 44 Elev: 4890 +t. 
County: Navajo 
Gage Type: N, K, Standard R " ,  Un ive rsa l  12" 
Observer: Federa l  T i  m e :  2400 
Record Length: N: 1915-, R: 1940- 



W i  t tman 
Nctwor k : MCFCD I D # :  
L a t :  33 4'7 Long:112 32 Elev:  1680 f t .  
County: Maricopa 
Gage Type: H, 
Observer : MCF-CD T i  m e :  
Record Length: 1957- 

WKMF 
Network: USFS (a1 so NWS) I I># : 
La t :  33 49 Long: 1 1 0  55 E l  ev: 6950 f t . 
Co~rnty:  G i  l a  
Gage Type: R, 
Observer : KMFRES T i  me: 
Record Length: 1940- 

WKNF 
Net wor I:: : USFS ID#: 
L a t :  33 49 Long: 1  I O  53 E l e v :  6900 f t. 
County: Gila 
Gage Type: R, 
Observer: HMFHES T i  me: 
Record Length: 1952-1983 

Wt:::SF 
Network: USFS ID#: 
La t :  33 49 Long: l l O  55 Elev:  6900 f t. 
County: G i l a  
Gage Type: K, 
Observer : RMFRES T i  m e :  
Record Length: 195.3-19813 

Worl::man Creek 1 
Network: NWS ID#:  9534 
La t :  33 49 Long: l lO 55 Elev: 6970 f t .  
County: G i l a  
Gage Type: H, F ?< P 
Observer: RMFRES T i  me: 
Record Length : 1940-1986 

Wupatki Nat  Man 
Network: NWE ID#: 9542 
La t :  35 31 L o n g : l l l  .32 Elev:  4908 f t .  
County: Coconino 
Gage Type: N, Standard 8" 
Observer : Feder a1 Time: 1700 
Record Length: 1939- 

Y L i g h t n i n g  Ranch 
Network: NWS I D # :  9562 
La t :  31 27 Long: l lO 13 Elev:  453:) f t .  
County: Cochise 
Gage Type: N, Standard 8" 
Observer: I n d i v i d u a l  T i  me: 0800 
Record L-ength: 1939- 



Yor-~ngtown 
Net wor I:: : NWS ID#: 9654 
Lat :  33 36 t o n g : l l 2  10 E lev :  1135 f t .  
County: Maricopa 
Gage Type: N, Standard 8" 
Observer : Associ a t  i un T i m e :  1700 
Record Length: 1932- 

Ycrcca i NNE 
Network: NWS ID#: 9645 
La t :  34 53 Long:114 08 Elev:  1YSl:l f t .  
County : Mohave 
Gage Type: N, Standard 8" 
Observer: Company T i m e :  (:)BUD 
Record Length: 1953- 

Y u m a  C i t r u s  S t a t i n n  
Network:: NUS ID#: 9652 
La t :  32 37 Long:114 39 E lev :  191 f t .  
Cocrn t y : Y u m a  
Gage Type: N, Standard 8" 
Observer: U n i  v e r s i  t y  T i  m e  : 08[:)0 
Record Length: 1920- 

Y ~ t m a  Prov ing  Ground 
Network: NWS ID#: 9654 
L a t  : 32 3:) Long: 114 24 E l  ev: 524 f t . 
Co~ ln ty  : Yuma 
Gage Type: N, H, Standard 8" 
Observer: Federa l  T i  me: 2400 
Record Length: 1958- 

Y ~ t m a  Val l e y  
Network: : NWS ID# :  9657 
Lat: 32 43 Long: 114 43 Elev:  120 f t .  
County: Yuma 
Gage Type: N, Standard 8"  
Observer: U n i v e r s i t y  T i me : 080t:) 
Record Length: 1930- 

Y u m a  WSO AF-' 
N e t w o r k :  NWS I D # :  9660 
Lat:  32 40 tong:114 36 Elev: 206 f t .  
County: Y u m a  
Gage Type: N, H, Standard 8" ,  Un ive rsa l  12" 
Observer : Federa l  Time: 2400 
Record Length: N:1946-, H:i949- 




