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L i  s t  o f  Variables 

FAFP 

PMP 

I n  t h i s  r epo r t ,  i t  i s  FAFP eva lua ted  by use o f  t h e  1-percent chance 
p r e c i p i t a t i o n  event  f o r  t h e  g i  ven du ra t i on .  

The depth o f  PIP f o r  a  d u r a t i o n  o f  h  o r  r hours f o r  a  f i x e d ,  smal l  i' ( u s u a l l y  l U  m i  ) area s i z e  t h a t  r e s u l t s  when t h e r e  i s  no t e r r a i n  
feedback i n t o  o r  t e r r a i n  i n t e r a c t i o n  w i t h  t h e  atmospher ic f o r ces  
p roduc i  ny p r e c i p i t a t i o n .  

An acronym f o r  f r e e  atmospher ic f o r ced  p r e c i p i t a t i o n .  It i s  t h e  
depth o f  a l l  p r e c i p i t a t i o n  o c c u r r i n g  i n  areas where t h e r e  i s  no 
t e r r a i n  feedback i n t o  o r  t e r r a i n  i n t e r a c t i o n  w i t h  t h e  atmospher ic 
f o r ces  produc ing p r e c i p i t a t i o n .  I n  areas where t e r r a i n  feedback o r  
i n t e r a c t i o n  occurs, i t  i s  t h a t  p a r t  o f  t h e  t o t a l  p r e c i p i t a t i o n  depth 
which remains when amounts a t t r i  b u t a b l e  t o  o rograph ic  f o r c i n g  have 
been removed. FAFP i s  a  component o f  a1 1  p r e c i p i t a t i o n  events and 
can be eva lua ted  f o r  PMP, 100-yr, 2-yr  o r  any o t h e r  event o f  
i n t e r e s t .  It has been r e f e r r e d  t o  as t h e  convergence component i n  
some Hydrometeorol og i  c a l  Reports.  

The d u r a t i o n  o f  a  general  p e r i o d  o f  p r e c i p i t a t i o n .  

A  d imension less number r ep resen t i ng  t h e  e f f e c t  o f  broadscale  
o rograph ic  f o r c i n g  on t h e  p r e c i p i t a t i o n  process f o r  a  g iven  ( u s u a l l y  
s m a l l )  area s i z e  and g iven  du ra t i on .  A t  a  d u r a t i o n  o f  24 hr,  i t s  
va lue  may ranye f rom l e s s  t han  1.0, and usua l l y ,  l a r g e r  than  U.5, i n  
areas of excep t i ona l  topograph ic  s h e l t e r i n g ,  t o  approx imate ly  1.0 i n  
nonorographic  areas. Values i n  excess o f  2.0 a r e  common i n  areas o f  
r e l a t i  ve l y  steep t e r r a i n  s lope.  I n  h i  gh l y  o roy raph i c  areas where 
s t r o n y  storms t end  t o  be c l i m a t o l o g i c a l l y  r ecu r ren t ,  va lues o f  K 
exceediny 3.0 ( a t  24 h r )  can be expected. 

A symbol used t o  represen t  t h e  low land  topograph ic  c l a s s i f i c a t i o n .  

A d imension less number r ep resen t i ng  t h e  percentage o f  FAFP o c c u r r i  ny 
d u r i n g  t h e  most i n t e n s e  o r  co re  p r e c i p i t a t i o n  event. It i s  de f i ned  
by t h e  r a t i o  Dr/Oh. I t s  va lue  may be between O and 1, i n c l u s i v e .  

The d u r a t i o n  of a  core, o r  most i n t e n s e  p r e c i p i t a t i o n ,  event  w i t h i n  
a  general  p e r i o d  of p r e c i p i t a t i o n  o f  d u r a t i o n  h  where r - < ti; r may 
be expressed i n  h r  o r  as a  percen t  o f  h. 

A d i  mensi on1 ess number r e p r e s e n t i n g  t h e  percentage o f  t h e  o roy raph i  c 
f a c t o r ,  T/C, e f f e c t i v e  d u r i n g  t h e  p e r i o d  represen ted  by r. It i s  
d e f i n e d  as 1 - M i n  t h i s  r e p o r t .  I t s  va lue may be between U and 1, 
i n c l u s i v e .  

I n  nonorographic reg ions  where K i s  equal t o  1.0, PMP i s  equal t o  
FAFP; i n  o rograph ic  reg ions  it i s  t h e  p roduc t  o f  FAFP and K. 



T The t o t a l  depth o f  p r e c i p i t a t i o n  f o r  a  y i ven  d u r a t i o n  and area 
s i ze .  It inc l udes  bo th  f r e e  atmospher ic f o r ced  p r e c i p i t a t i o n  and 
t h a t  which r e s u l t s  f rom t e r r a i n  feedback o r  i n t e r a c t i o n .  It i s  
eva lua ted  i n  t h i s  r e p o r t  by use o f  t h e  1-percent  chance 
p r e c i p i t a t i o n  event  f o r  t h e  y i  ven d u r a t i o n .  

( T )  A symbol used t o  represen t  t h e  t r a n s i t i o n a l  t opoy raph i c  
c l a s s i f i c a t i o n .  

TIC A d imension less number r e p r e s e n t i  ny t h e  broadscale  o roy raph i c  
i n f l u e n c e  f o r  a  g iven  ( u s u a l l y  s m a l l )  area s i ze .  I n  t h i s  r e p o r t ,  i t  
i s  eva lua ted  by us i ng  t h e  1-percent  events.  I t s  ranye o f  va lues i s  
comparable t o  t h a t  o f  K. 

( U )  A symbol used t o  r ep resen t  t h e  up land t opoy rayh i c  c l a s s i f i c a t i o n .  





PROBABLE MAXIMUM PRECIPITATION ESTIMATES FOR THE DRAINAGE ABOVE DEWEY DAM, 
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Na t i ona l  Weather Serv ice ,  NUAA 

S i l v e r  Spr ing,  Mary land 

ABSTRACT Thi s  r e p o r t  d i  scusses e s t i  mates o f  p robab le  
maximum p r e c i p i t a t i o n  (PMP) f o r  t h e  dra inage o f  Johns 
Creek, Kentucky above Dewey Dam. Est imates a re  g iven  
f o r  d u r a t i o n s  f rom 1 t o  72 h r  f o r  t h e  dra inage which 
i s  p a r t l y  w i t h i n  a  s t i p p l e d  r e g i o n  i d e n t i f i e d  i n  
Hydrorneteorologi c a l  Kepor t  (HMK) Ilo. 51, the reby  
necessi  t a t i n y  e v a l u a t i o n  o f  t e r r a i n  e f f e c t s  on 
p r e c i p i t a t i o n .  

Pa r t  o f  t h e  procedure used t o  eva lua te  t e r r a i n  
e f f e c t s  requ i  r ed  s e l e c t i o n  o f  p roxy  observa t ions  o f  
p r e c i p i t a t i o n  s i nce  t h e r e  were no r e p o r t i n g  l o c a t i o n s  
w i t h i n  t h e  dra inage.  The remainder o f  t h e  t e r r a i n  
e v a l u a t i o n  procedure was t h e  same as t h e  one repo r t ed  
e a r l i e r  i n  NOAA Technica l  Memorandum NWS HYUKO 39. 
As i n  t h e  e a r l i e r  r e p o r t ,  t h e  a p p l i c a t i o n s  procedures 
o f  HMK No. 52 were used a l ong  w i t h  gene ra l i zed  PMP 
es t imates  f rom HMK No. 51  t o  o b t a i n  a  d ra inage  
average depth o f  nonoroy rapn ic  PMP. The f i n a l ,  o r  
t o t a l ,  PMP es t imates  a re  t h e  p roduc ts  o f  t h e  d ra inage  
average depth o f  nonorographic  PMP and t h e  o roy raph i c  
i n t e n s i  f i c a t i o n  f a c t o r  r e p r e s e n t i n g  t h e  e v a l u a t i o n  o f  
t e r r a i n  e f f e c t s  w i t h i n  t h e  dra inage.  

1. INTRODUCTION 

The U.S. Army Corps o f  Engineers requested i n  A p r i l  1984 t h a t  t h e  Na t i ona l  
Weather Se rv i ce  (NWS) develop a  p robab le  maxi mum p r e c i p i t a t i o n  (PMP) e s t i m a t e  f o r  
t h e  d ra inaye  o f  Johns Creek, Kentucky, above Dewey Dam, a  bas in  wh ch i s  
i d e n t i f i e d  by t h e  acronym UDKY i n  t h i s  r e p o r t .  A p o r t i o n  o f  t h i s  207-mii bas i n  
i s  l o c a t e d  w i t h i n  t h e  s t i p p l e d  reg ion  o f  Hydrometeoro log ica l  Kepor t  (HMR) No. 51, 
"Probable Maximum P r e c i p i t a t i o n  Est imates,  Un i t ed  S ta tes  East  o f  105 th  M e r i d i a n  " 
(Schre iner  and K iede l  1978). I n  t h a t  p u b l i c a t i o n ,  i t  i s  recommended t h a t  f o r  
bas ins w i t h i n  t h e  s t i p p l e d  reg ion  t h e  e f f e c t s  o f  topography on t h e  p r e c i p i t a t i o n  
process be eva lua ted  f o r  bas in  es t imates  o f  PrlP. The s t a r t i n g  p o i n t  f o r  t h e  
es t ima te  i s  t h e  genera l i zed  c h a r t s  o f  HMK No. 51. The s tudy produced es t imates  
o f  t o t a l  PMP, i .e., p r e c i p i t a t i o n  concei  ved t o  have o rograph ic  and nonorographi  c  
components, f o r  UUKY a t  du ra t i ons  o f  1, 6, 12, 24, 48 and 72 h r .  Th i s  r e p o r t  
desc r ibes  t h e  approach used t o  develop these  ( t o t a l )  PMP es t imates .  

The PMP es t imates  were made by e n t e r i n g  a p p r o p r i a t e  va lues f o r  t h e  independent 
v a r i a b l e s  i n  equa t ion  1-1. 



FAFP i s  an acronym f o r  f r e e  a tmospher ic  f o r ced  p r e c i p i t a t i o n  and represen ts  t h e  
nonorographic  component o f  t o t a l  PMP (see l i s t  o f  va r i ab l es ,  paye v i  ). The t e r m  
K  represen ts  t h e  percentage i nc rease  ( o r  decrease) i n  FAFP induced by topography 
as i t s  va lue  i s  y r e a t e r  ( o r  l e s s )  than  1. 

Equa t ion  1-1 was used i n  an e a r l i e r  r e p o r t ,  "Probable Maximum P r e c i p i t a t i o n  f o r  
t h e  Upper U e e r f i e l d  K i  ve r  U ra i  naye Massachusetts/Vermont, " NUAA Technica l  
Memorandum NWS HYDRO 39 ( I j l i l l e r  e t  a1 . 1984), t o  c a l c u l a t e  an averaye depth o f  
PI.IP. The t e r m  K  represen ts  a  s i n y l e  o rograph ic  f a c t o r  f o r  t h e  whole dra inaye.  
I n  HYURU 39, t h e  va lue o f  K was d e r i v e d  f rom p r e c i p i t a t i o n  da ta  taken a t  severa l  
r e p o r t i n y  l o c a t i o n s  w i t h i n  t h e  dra inage,  whereas, i n  t h i s  r e p o r t  t h e r e  a re  no 
r e p o r t i n y  l o c a t i o n s  w i t h i n  DDKY. S ince i t  i s  l i k e l y  t h a t  t h e r e  a re  numerous 
dra inages w i t h i n  which t h e r e  a re  no r e p o r t i n y  l o c a t i o n s ,  t h e  method used here t o  
a c q u i r e  p roxy  va lues f o r  t h e  parameters used t o  c a l c u l a t e  a  d ra inaye  average 
va lue  o f  K  shou ld  have w ide r  a p p l i c a b i l i t y  than j u s t  a t  UUKY. The adopted 
methodology i s  d iscussed f u r t h e r  i n  s e c t i o n  3.1.1.2. 

Uevelopment o f  a p p r o p r i a t e  va lues f o r  FAFP w i  11 be exp la i ned  i n  s e c t i o n  2. 
H i y h l i y h t e d  w i l l  be t h e  a p p l i c a t i o n  o f  HMR No. 52 " A p p l i c a t i o n  o f  Probable 
Maximum P r e c i p i t a t i o n  Est imates - Un i t ed  S ta tes  East o f  t h e  1U5th Me r i d i an  " 
(Hansen e t  a l .  1982) t o  yene ra l i zed  PMP es t ima tes  f rom HMR No. 51  f o r  t h e  
d ra inaye .  Based on t h e  e x p l i c i t  t r a n s p o s i t i o n  l i m i t s  o f  storms used i n  HMH 
No. 51  tf produce cha r t s  of nonorographic  PMP a t  area s i zes  impo r tan t  (up t o  
5,UOU m i  ) f o r  t h i s  study, e leven  o f  t w e l v e  storms were i d e n t i f i e d  as hav ing  
t r a n s p o s i t i o n  l i m i t s  c l o s e  t o  UUKY. The o r i g i n a l  l o c a t i o n s  o f  these storms a re  
shown i n  f i g u r e  1-1. The coded i d e n t i f i c a t i o n  appear ing above t h e  s to rm  l o c a t i o n  
i s  a  U.S. Army Corps o f  Engineers assignment number and i n d i c a t e s  t h a t  a  formal 
s t o rm  s tudy  has been completed and i s  pub l i shed  i n  Storm K a i n f a l l  i n  t h e  Un i t ed  
S ta tes  (U.S. Army Corps o f  Enyineers,  1945-), h e r e a f t e r  r e f e r r e d  t o  as Storrn 
R a i n f a l l .  These l o c a t i o n s  i n d i c a t e  t h a t  t h e  s to rm t y p e  most l i k e l y  t o  produce 
r e c o r d  s e t t i n g  p r e c i p i t a t i . o n  a t  DOKY would be a  Great P l a i n s  o r  Mid-west t ype  
thunders to rm o r  thunders to rm complex embedded i n  a  more yenera l ,  p o l a r - f r o n t  
i nduced storm. Reco rd - se t t i  ng storms o c c u r r i  ng south o f  UUKY t y p i c a l  l y  have 
t r a n s p o s i t i o n  l i m i t s  no t  f u r t h e r  n o r t h  t h a n  35ON a t  t h e  l o n g i t u d e  o f  DUKY. A 
t w e l f t h  s t o rm  a t  A l tapass,  NC i s  i n c l u d e d  i n  f i g u r e  1-1, s i nce  t h a t  s t o rm  s i t e  i s  
c l o s e r  t o  DUKY than  t h e  t r a n s p o s i t i o n  l i m i t s  assoc ia ted  w i t h  some s t o r ~ n s  n o r t h  o r  
west o f  UUKY. Whi le  t h e  complete mechanism o f  t h e  A l tapass  s to rm  i s  no t  
t r ansposab le  across t h e  Appalachians, t h e  remnants o f  t h e  upper t r o p o s p h e r i c  
v e n t i l a t i o n  (d ive rgence)  f i e l d  f rom such a  s to rm cou ld  combine w i t h  t h e  mechanism 
p r e v i o u s l y  c i t e d  as most l i k e l y  t o  produce reco rd  s e t t i n y  p r e c i p i t a t i o n  a t  UUKY 
t o  enhance a1 ready extreme p r e c i p i t a t i o n .  I n  s e c t i o n  3, t h e  approach se lec ted  t o  
de te rmine  K  w i l l  be exp la ined .  F i n a l l y ,  s e c t i o n  4  con ta i ns  t h e  computat ions 
r e q u i r e d  by equa t ion  (1-1)  t o  o b t a i n  t o t a l  PMP es t imates  f o r  t h i s  bas in .  

2. COMPUTING NONOROGRAPHIC PMP FROM HMR NO. 5 1  AND 52 

2.1 Introduction 

I n  deve lop ing  PMP es t imates  f o r  DDKY, nonoroy raph i  c  va lues o f  storm-centered, 
area-averaged PMP a r e  ob ta ined  f rom gene ra l i zed  c h a r t s  a p p l i c a b l e  a t  lOOU mb, o r  
sea l e v e l .  Th i s  techn ique  i s  d e s i r a b l e  because o f  t h e  cons is tency  i n  
dep th -du ra t i on  and depth-area r e l a t i o n s  ma in ta ined  i n  gene ra l i zed  cha r t s ,  as we1 1  
as cons is tency  ma in ta ined  f r om s tudy  t o  study. Thus, atmospher ic behav io r  



Figure 1-1.--Original storm locations inportant i n  set t ing levels  o f  
nonorographic PMP f o r  UDKY. 

i n f e r r e d  f r o m  p r e c i p i t a t i o n  amounts a t  a  s p e c i f i c  area s i z e  i s  c o n s i s t e n t  w i t h  
observed a tmospher ic  b e h a v i o r  i n  s torms o p e r a t i n g  c l o s e  t o  t h e i  r peak c a p a c i t y  
ac ross  area s i z e s  bo th  l a r g e r  and s m a l l e r  t h a n  t h a t  o f  DUKY. HMK No. 5 1  i s  t h e  
source f o r  t h e  l e v e l  o f  nonoroy raph ic  PMP ( f o r  v a r i o u s  a rea  s i z e s  and d u r a t i o n s )  
a p p l i c a b l e  i n  t h i s  s tudy  f o r  UDKY. The procedures used t o  deve lop t h o s e  ana lyses 
a r e  documented i n  t h a t  p u b l i c a t i o n .  As i n  HYDRO 39, t h i s  r e p o r t  c o n s i d e r s  t h a t  
i s o l i n e s  o f  PMP from c h a r t s  i n  HMK No. 51, b o t h  i n s i d e ,  and o u t s i d e  s t i p p l e d  

areas a r e  o f  s t r i c t l y  nonorograph ic  PMP a t  1000 mb, assumed t o  be sea l e v e l .  

3 



Table 2-1.--PMP ( in . )  from HMK No. 51 f o r  DDKY (37O36'N, 82O30'W). 1-hr PMP from 
HMK No. 52 

U u r a t i o n  ( h r )  

2UU 8.8 2U.U 23.9 26.7 3U.5 32.2 
1 UUU 5.0 14.7 18.4 21.4 24. U  25.7 
SUUO 2.3 8.9 12.2 14.6 18.1 19.5 

1 UUUU 1.7 6.8 9.8 12.3 15.5 16.8 
2UUUU 1.3 4.7 7  .8 10.1 13.2 14.4 

The methods employed i n  HMK 110. 52 t o  t r a n s f o r m  smoothed, s torm-centered,  
area-averayed PMP i n t o  d r a i n a y e  averayed PMP were used i n  t h i s  s tudy.  The 
r e s u l t s  f r o m  HMK 110. 52 were s e t s  o f  d u r a t i o n a l  s t o r m  i s o h y e t a l  l a b e l s ,  o r  v a l u e s  
f o r  nonoroy raph ic  PMP ( a t  lUUU mb), as w e l l  as dra inage-averaged depths  ( f o r  
needed d u r a t i o n s )  o f  nonorog raph ic  PMP, a l s o  a t  lUOU mb. 

2.2 Basin-Centered, Nonorographic Estimates o f  PMP 

Hi y h l  i y h t s  o f  t h e  s teps  t a k e n  t o  o b t a i n  b a s i  n -centered,  nonorog raph i  c  PMP 
e s t i m a t e s  a t  lUUU rnb and a t  t h e  average b a r r i e r  e l e v a t i o n  a p p l i e d  a t  t h e  c e n t r o i d  
o f  UUKY, t a k e n  t o  be 37'36'N and 82'3U1W, a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  
s e c t  i ons . 
2.2.1 1000-mb Conputations 

From HMK 110. 51  and 52, va lues  ( t a b l e  2-1)  were  read  f o r  each d u r a t i o n l a r e a  
s i z e  f r o m  t h e  PMP maps a t  t h e  c e n t r o i d  o f  UUKY. These va lues  were p l o t t e d  and 
smooth d e p t h - a r e a - d u r a t i o n  (LIHU) 1 i  nes f i t t e d  t o  them ( f i y .  2-1) .  U u r a t i o n a l  
arnounts f r o  f i y u r e  2 -1  f o r  f o u r  s t a n d a r d  i s o h y e t a l  a rea s i z e s  above and below 
t h e  2U7-mip a rea  o f  DUKY were e x t r a c t e d  ( t a b l e  2-2) ,  p l o t t e d  and f i t t e d  by 
smooth ly  v a r y i n g  d e p t h - d u r a t i o n  c u r v e s  ( f i g .  2-2) ,  f r o m  which va lues  can be r e a d  
a t  i n t e r m e d i a t e  d u r a t i o n s .  I nc remen ta l  d i  f f e r e n c e s  f o r  t h e  f i  r s t  t h r e e  6 -h r  
p e r i o d s  a r e  t h e n  ob ta ined .  

The optimum o r i e n t a t i o n  o f  t h e  n o n o r o y r a p h i c  s t o r m  p a t t e r n ,  i n  te rms o f  
i n c l u d i n g  t h e  l a r g e s t  number o f  c l o s e d  i s o h y e t s  w i t h i n  t h e  bas in ,  was found t o  be 
315", e x a c t l y  n o r ~ n a l  t o  t h e  optimum p a t t e r n  o r i e n t a t i o n  f o r  PMP s torms o v e r  
e a s t e r n  Kentucky shown i n  f i  y u r e  8 o f  HlYlK 110. 52. The i s o h y e t a l  p a t t e r n  f r o m  HMK 
No. 52 p l a c e d  o v e r  t h e  UUKY b a s i n  i s  shown i n  f i g u r e  2-3. I n  accordance w i t h  t h e  
procedures  e s t a b l i s h e d  i n  HMK N4. 52, o r i e n t a t i o n  ad jus tmen ts  were r e q u i r e d  o n l y  
f o r  t h e  4SU- 7UO- and 1,UUU-mi s t o r m  a rea  s i z e s ,  and, a l l  t h e s e  were l e s s  t h a n  
4  p e r c e n t .  PMP f o r  a rea  s i z e s  l e s s  t h a n  3UUmiL  n o r m a l l y  r e s u l t s  f r o m  
p r e c i p i t a t i o n  produced by c o n v e c t i v e  c e l l s  e i t h e r  i n d i v i d u a l  l y  o r  as m u l t i  - c e l  l e d  
complexes, which,  i n  e i t h e r  case can have a lmos t  any o r i e n t a t i o n .  I f  o t h e r  
o r i e n t a t i o n s  t h a t  d i d  n o t  r e q u i  r e  any r e d u c t i o n  had been s e l e c t e d ,  a  l e s s e r  t o t a l  
volume o f  p r e c i p i t a t i o n  o v e r  t h e  b a s i n  wou ld  have been produced.  

To de te rm ine  t h e  a rea  s i z e  t h a t  wou ld  produce t h e  maximum volume o f  
p r e c i p i t a t i o n  f o r  t h e  f i r s t  t h r e e  6-hr  i n c r e m e n t s  ( o u t  t o  18-hr  d u r a t i o n )  a t  



DEPTH (IN) 

Figure 2-1.--0epth-area-duration data (heavy dots) p lo t ted  from HMR No. 52 (1 h r )  
and HMR No. 5 1  (6-72 h r )  a t  the  centroid o f  UUKY. 
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F i  gure 2-2.--Depth-duration curves for standard areas (25-1,UUU m i  ') a t  the 
centroid o f  DDKY. 

DUKY, a second degree po lynomia l  f u n c t i o n  was used t o  f i t  t h e  vo lume t r i c  
p r e c i p i t a t i o n  computat ions f o r  t h e  va r i ous  area s i zes  l i s t e d  i n  t a b l e  2- $. The 
f u n c t i o n  determined a non-standard s to rm area s i z e  o f  approx imate ly  3 7 U  m i  . The 
d i f f e r e n c e  i n  t h e  c u r v e - f i t t e d  volume o, p r e c i p i t a t i o n  a t  a 270-mi area and a t  
t h e  s tandard  s to rm area s i z e  o f  3UU rni' was l e s s  than  81100 o f  one e r cen t  and f l e s s  t han  16/1UU o f  one percen t  a t  t h e  s tandard area s i z e  o f  175 m i  . I n  t h i s  
ins tance ,  such smal l  percentages i n d i c a t e  t h a t  when t h e  area s i z e  t h a t  produces 
maximum volume i s  no t  s e l e c t e d  by a cu rve  f i t t i n g  technique, o n l y  q u i t e  smal l  
e r r o r s  a re  in t roduced .  Therefore,  subsequent c o ~  u t a t i o n s  o f  average depth o f  
nonorographic  PMP f o r  UDKY were based on t h e  300 mi4 s to rm area s i ze .  The va lues 

Table 2-2.--PMP values (in.) from figure 2-1 for  specific standard area sizes 
used i n  HMK No. 52 isohyetal label calculations 

Dura t i on  ( h r )  
Areq 
(mi 1 6 12 24 4 8 7 2 
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Figure 2-3.--Nonorographic isohyetal pattern placement a t  DDKY. 

ass igned t o  t h e  i sohye t s  f o r  t h e  d e s i r e d  s to rm area s i z e  and d u r a t i o n s  a re  shown 
i n  t a b l e  2-3. 

Table 2-2.--Labels for isohyets o f  nonorographic PMP, fo r  a storm area s ize  o f  
300 mi  , fo r  a storm centered a t  UDKY. Values shown are  t o  nearest tenth o f  an 
i nch 

Dura t i on  ( h r )  
I sohye ta l  1  abel  1 6 12 2 4 4 8 7 2 



Table 2-4.--Nonorographic PMP f o r  DDKY (207 m i 2 )  applicable a t  1000 nb 

D u r a t i o n  ( h r )  

1. S to rm cen te red  v a l u e  
( i n . )  f r o m  f i g .  2-1, u s i n y  
HMK No. 5 1  8.8U 2U.30 24.3U 26.80 3U.40 32.UU 

2. U r a i  naye-averayed 
v a l u e  ( i n . )  u s i n y  HMK 
110. 52 7.72 19.21 22.83 25.62 29.11 3U.61 

3. Percent  d i f f e r e n c e  
( l i n e  2  - l i n e  1 
t i m e s  10U) 88 9  5 94 9  6  9  6 9  6 

U r a i  naye-averaged PMP va lues  o b t a i n e d  frorn a p p l y i  ng t h e  p rocedures  o f  HMK 
No. 52 a r e  shown on 1  i n e  2  o f  t a b l e  2-4. The pe rcen tages  on l i n e  3 f o r  6- 
t h r o u y h  72-hr  r e p r e s e n t  t h e  d i f f e r e n c e s  between l i n e  1 and l i n e  2 and i n d i c a t e  
r e d u c t i o n s  o f  n o n o r o y r a p h i c  PMP a t t r i b u t a b l e  d i r e c t l y  t o  b a s i n  shape. 

2.2.2 Adjustments t o  1000-mb Nonorographic PMP f o r  Bar r ie r  Elevation 

l l ono roy raph i  c  p r e c i p i t a t i o n  f o r  UUKY must be a d j u s t e d  f o r  v e r t i c a l  m o i s t u r e  
d e p l e t i o n  due t o  t h e  e f f e c t s  o f  b a r r i e r s  on i n f l o w  m o i s t u r e  f o r  t h e  PMP s t o r m  
c e n t e r e d  o v e r  t h e  d'rainaye. The most l i k e l y  i n f l o w  d i r e c t i o n  f o r  t h e  p r o t o t y p e  
PMP s t o r m  f o r  UUKY was de te rm ined  t o  be f r o m  3UU0 t o  22U0 based on t h e  i n f l o w  
d i r e c t i o n  o f  t h e  f o u r  s torms ( A l t a p a s s  b e i n y  e x c l u d e d )  f r o m  f i y u r e  1-1 c l o s e s t  t o  
UUKY. Ano the r  c o n s i d e r a t i o n  was t h a t  l o w - l e v e l  i n f l o w  t o  UUKY f r o m  a  more 
s o u t h e r l y  o r  e a s t e r l y  d i r e c t i o n  t h a n  t h o s e  de te rm ined  would  be o b s t r u c t e d  by t h e  
Appa lach ians.  

Twenty t h r e e  l o c a t i o n s  were sampled a l o n y  t h e  wes te rn  edye o f  t h e  d ra inage ,  
each 2  mi a p a r t ,  and an averaye b a r r i e r  e l e v a t i o n  o f  1,360 ft f o r  t h e  b a s i n  was 
c a l c u l a t e d .  As i n  HMK Ilo. 55 "Probable Maximum P r e c i p i t a t i o n  E s t i m a t e s  - U n i t e d  
S t a t e s  Between t h e  C o n t i n e n t a l  Ui  v i d e  and t h e  1U3rd M e r i d i a n  " (Mi 1  l e r  
e t  a l .  1984) and HYDKU 39, no chanye i n  p r e c i p i t a b l e  w a t e r  was a1 lowed f o r  t h e  
f i r s t  1,UUU ft o f  e l e v a t i o n ,  i .e., f r o m  sea l e v e l  t o  1,000 f t .  The b a s i s  f o r  
t h i s  d e c i s i o n  came f r o m  t h e  concept  t h a t  m o i s t u r e  p o t e n t i a l  i n  any s t o r m  i s  
e q u a l l y  l i k e l y  w i t h i n  1,UUU f t  o f  t h e  e l e v a t i o n  o f  s t o r m  occur rence.  Fo r  
e l e v a t i o n  i n t e r v a l s  above 1,UUU ft, p r e c i p i t a t i o n  was decreased a t  t h e  r a t e  o f  
t h e  m o i s t u r e  decrease f o r  a  s a t u r a t e d  pseudo-ad iaba t i c  atmosphere. T h i s  was t h e  
sarne p rocedure  f o l l o w e d  i n  HYUKU 39. I n  HMH Ilo. 55, a  m o i s t u r e  change o f  
o n e - h a l f  t h e  s a t u r a t e d  p s e u d o - a d i a b a t i c  was used beyond t h e  1,UUU-ft i n t e r v a l  
e i t h e r  s i d e  o f  a  storrn e l e v a t i o n .  The reason f o r  t h i s  s l o w e r  m o i s t u r e  change was 
t o  a v o i d  e x c e s s i v e  i n c r e a s e s  when t r a n s p o s i n g  s torms v e r t i c a l l y  t h r o u y h  t h e  
t y p i c a l l y  l a r y e  e l e v a t i o n  i n t e r v a l s  found i n  t h e  Rockies.  S i n c e  t h e  s p e c i a l  
c i  rcurnstances t h a t  a p p l i e d  t h e r e  do n o t  y e n e r a l l y  a p p l y  i n  t h e  Appa lach ians,  t h e  
more c o n v e n t i o n a l ,  f u l l  pseudo-adi a b a t i c  moi s t u r e  chanye was s e l e c t e d  f o r  t h i s  
r e p o r t .  A dew p o i n t  t empera tu re  o f  77OF, t h e  maximum p e r s i s t i n g  12 -h r  1UUU-mb 
dew p o i n t  upwind o f  UUKY, r e p r e s e n t e d  t h e  m o i s t u r e  i n f l o w  f o r  t h e  t i m e  o f  y e a r  
when t h e  a l l - s e a s o n  PMP s t o r m  wou ld  be expec ted  t o  occu r .  T h i s  r e s u l t e d  i n  a  



Table 2-5.--Nonoroyraphic drai  nage-averaged PMP ( in. )  f o r  DDKY. Amounts are 
reduced for  decreased moisture avai labi  1 i t y  caused by inf low barr iers.  

D u r a t i o n  ( h r )  
1 6  12 2 4  48 7  2 

Ura i  nage-averayed PFlP 7.49 18.63 22.14 24.85 28.23 29.69 
( i n . )  

3-percent r e d u c t i o n  t o  t h e  va lues  i n  l i n e  2  o f  t a b l e  2-4, based on computat ions 
u s i  ny t h e  procedures c i t e d .  Tab le  2-5 shows t h e  d r a i  naye averaye nonorographi  c  
PMP va lues reduced f o r  t h e  i n f l o w  b a r r i e r  t o  t h e  bas in .  

3. OKOGRAPHIC MODIFICATION TO BARRIER ADJUSTED NONOKOGRAPHIC PMP 

Orographi  c  modi f i  c a t i  on o f  b a r r i e r  a d j u s t e d  nonorographi  c  PMP i n  t a b l e  2-5 
takes  t h e  same fo rm r e p o r t e d  i n  HYDRO 39. It i s  expressed as a  s i n g l e  f a c t o r ,  K, 
which, i t  i s  assumed, can be a p p l i e d  a t  any p o i n t  o r  assembly o f  p o i n t s  w i t h i n  
t h e  DDKY. The general  express ion  f o r  t h e  o rograph i  c  i n t e n s i f i c a t i o n  f a c t o r ,  K, 
i s :  

D e f i n i t i o n s  o f  t h e  v a r i a b l e s  used i n  e q u a t i o n  3-1  may be found i n  t h e  l i s t  o f  
v a r i a b l e s  a t  t h e  f r o n t  o f  t h i s  r e p o r t .  As i n  HMK 110. 55 and HYDRO 39, i n  which 
t h e  d e r i v a t i o n  o f  e q u a t i o n  3-1 may be found, t h e  percentage, P, o f  TIC t o  be 
r e t a i n e d  d u r i  ng t h e  "most i n t e n s e  'I ~ r e c i  p i  t a t i o n  p e r i o d ,  has been e s t i m a t e d  by 
t h e  q u a n t i t y  (1-M) so t h a t  e q u a t i o n  3-1 reduces t o :  

A t  t h i s  p o i n t ,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  each t e r m  on t h e  r i  g h t  s i d e  o f  
e q u a t i o n  1-1 i s  a  f u n c t i o n  o f  area s i z e  and d u r a t i o n  so t h a t  when PMP i s  
c a l c u l a t e d ,  i t  i s  always f o r  a  s p e c i f i e d  area s i z e  and d u r a t i o n .  I n  t h i s  s tudy,  
FAFP as shown i n  t a b l e  2-5 r e p r e s e n t s  t h e  average depth o f  nonoroy raph ic  PMP f o r  
t h e  IIDKY area, t h e r e f o r e ,  t h e  K  used i n  e q u a t i o n  1-1 and c a l c u l a t e d  u s i n g  
e q u a t i o n  3-2 must a l s o  app ly  t o  t h e  same area s i ze .  Hence, va lues  f o r  t h e  
independent v a r i a b l e s  o f  e q u a t i o n  3-2 need t o  be d e r i v e d  f o r  t h e  area s i z e  o f  
UDKY. T h i s  can be done f o r  t h e  v a r i a b l e  M as w i l l  be seen i n  s e c t i o n  3.1.3, as 
w e l l  2 s  f o r  t h e  v a r i a b l e  C, d i scussed  i n  s e c t i o n  3-2. However, o n l y  p o i n t  o r  
10-mi va lues  a r e  e a s i l y  o b t a i n a b l e  f o r  T  i n  areas where a  tho rough  a n a l y s i s  o f  
t h e  1-percent  chance p r e c i p i t a t i o n  l e v e l  i s  n o t  a v a i  l a b l e .  

A  c r u c i a l  assumpt ion made i n  t h i s  s tudy  and a l s o  i n  HYDRO 39, i s  t h a t  a t  a  
g i ven  d u r a t i o n  i f  M changes f r o m  i t s  10-mi2 v a l u e  w i t h  i n c r e a s i n g  area s i z e ,  t h e  
va lue  o f  TIC w i l l  a l s o  change such t h a t  K  w i l l  rem i n  constan across t h e  range 
o f  area s i z e s  o f  i n t e r e s t ,  i n  t h i s  s tudy  f r o m  10 mi '  t o  207 mi'. The assumpt ion 
i s  made so t h a t  a  va lue  f o r  K  can be s p e c i f i e d  a t  t h e  area s i z e  o f  t h e  DDKY. As 
w i l l  be shown i n  s e c t i o n  3.2, K  w i l l  remain c o n s t a n t  i f  a  reasonable  a r e a l  
decrease i n  t h e  va lue  of T i s  accepted. S ince  we do n o t  know, however, what i s  
t h e  a r e a l  v a r i a b i l i t y  o f  T a t  DUKY, t h e  c o r r e c t n e s s  o f  t h e  constancy o f  K  



assumption cannot be proved. The d i scuss ion  i n  s e c t i o n  3.1.4 i s  r equ i red  by 
acceptance o f  t h e  cons tan t  K  assumption. 

The indepen e n t  v a r i a b l e s  i n  equa t ion  3-2 a r e  eva lua ted  i n i t i a l l y  f o r  an area 
s i z e  o f  10 mi '  and a  d u r a t i o n  o f  24 h r .  The K f o r  a  s p e c i f i c  t e r r a i n  s e t t i n g  may 
be thought  of as a  q u a n t i t a t i v e  es t ima te  o f  t h e  degree t o  which atmospheric 
processes, t h a t  were no t  i n i t i a t e d  o r  i n f l u e n c e d  by such t e r r a i n ,  a re  changed ( i n  
t h e i  r p r e c i p i t a t i o n  produc ing aspect )  when such t e r r a i n  i n t e r a c t s  w i t h  o r  "feeds 
back " i n t o  them. 

The t e rm  TIC has t h e  same meaning i n  yeneral  terms as t h a t  f o r  K. Both 
numerator, T, and denomi na to r ,  C, represen t  depths o f  p r e c i p i t a t i o n .  I n  areas 
where topography has m i  n imal i n t e r a c t i o n  w i t h  atmospheric f o r ces  produc i  ny 
p r e c i  p i  t a t i  on, t h e  numerator and denomi n a t o r  should be consi  dered equal i n  
mayni tude. I n  areas where topography should a l t e r  t h e  depth o f  p r e c i p i t a t i o n  
produced by an i n i t i a l  l e v e l  o f  atmospheric f o r c i ng ,  t h e  denominator stands f o r  
t h e  p r e c i p i t a t i o n  depths assoc ia ted  w i t h  t h e  i n i t i a l  l e v e l  o f  atmospheric f o r c i n g  
and t h e  numerator stands f o r  t h e  p r e c i p i t a t i o n  depths assoc ia ted  w i t h  t h e  i n i t i a l  
1  eve1 o f  f o r c i  ny, as a1 t e r e d  th rouyh  i n t e r a c t i o n  w i t h  topography. 

M i s  a  d i  mensi on1 ess number r e p r e s e n t i  ny t h e  percentage o f  nonoroy raph i  c  
p r e c i p i t a t i o n  which occurs i n  a  "most i n t e n s e "  o r  "core"  p r e c i p i t a t i o n  event 
( popu la r l y ,  t h e  " c l ~ u d b u r s t ' ~  phase o f  a  s torm) f o r  a  y iven  d u r a t i o n  o f  
i n t e r e s t .  By "most i n t e n s e "  o r  '%oreM event i s  meant t h a t  w i t h i r ;  a  y iven  t ime  
i n t e r v a l ,  h, a  very l a r g e  percentage o f  t o t a l  p r e c i p i t a t i o n  i s  accumulated i n  a  
smal l  percentage of h; t h e  l e n g t h  o f  t h i s  srnall percentage i n  hours be iny 
represented s y m b o l i c a l l y  by r. The d u r a t i o n  r i s  always a  p a r t  o f  h;  h  i s  always 
u n i n t e r r u p t e d  and r i s  be l i eved  t o  be u n i n t e r r u p t e d  f o r  t h e  p ro to t ype  PMP s to rm 
a t  UUKY, a l though r may be i n t e r r u p t e d  ( two o r  more cores)  i n  o the r  storms. The 
reason why i t  i s  impo r tan t  t o  i d e n t i f y  such "c loudburs ts "  i s  t h a t  i t  i s  be l i eved  
t h e r e  i s  a  r educ t i on  i n  t h e  percentage c o n t r i b u t i o n  of topograph ic  i n t e r a c t i o n  t o  
p r e c i p i t a t i o n  p roduc t i on  d u r i n g  t h e  c l oudbu rs t  phase o f  a  storm. The bas is  f o r  
t h i s  b e l i e f  i s  t h a t  ( f o r  a  s p e c i f i e d  l o c a t i o n  and season) w i t h i n  a  g iven  volume 
o f  atmosphere and u n i t  d u r a t i o n  o f  t ime,  t h e r e  i s  a  l i m i t  t o  t h e  r a t e  o f  inc rease  
o f  condensat ion which i s  c l o s e l y  approx i  mated by atmospheri c  f o r c i n g  unenhanced 
by topograph ic  i n t e r a c t i o n ;  t o  t ry  t o  exceed a  y iven  l e v e l  o f  condensate 
p roduc t i on  by adding on topograph ic  f o r c i n g  would be equ i va len t  t o  ask ing  t h e  
atmosphere t o  exceed a  c r i t i c a l  l i m i t .  A t  o t h e r  t imes, however, when t h e  
unenhanced f o r c i n g  i s  n o t  c l ose  t o  approaching i t s  upper l i m i t ,  i t  i s  reasonable 
t o  pe rm i t  t e r r a i n  t o  i n t e r a c t  a t  a  p r o p o r t i o n a l  l y  g r e a t e r  l e v e l .  Schematical l y ,  
t h i s  i s  i l l u s t r a t e d  i n  f i g u r e  3-1, where t h e  core du ra t i on ,  r, i s  about 
25 pe rcen t  o f  t h e  d u r a t i o n  o f  t h e  p r e c i p i t a t i o n  i n t e r v a l ,  h. I n  t h i s  study, as 
i n  HYDRO 39 and HMR NO. 55, M i s  represented by t h e  r a t i o  o f  depths, O / U  
i n d i c a t e d  i n  f i g u r e  3-1. I n  equa t ion  3-2, M modulates t h e  magnitude o f  t k e  
t e r m  f o r  t e r r a i n  feedback, i .e., M a c t s  t o  d i m i n i s h  TIC when convect ion i s  an 
impo r tan t  component o f  t h e  p r e c i p i t a t i o n  p roduc ing  mechanism; t h e  more i n tense  
t h e  convect ion,  t h e  g r e a t e r  t h e  degree o f  d im inu t i on .  M a l s o  serves t o  d e f i n e  
t h e  magnitude o f  nonorographic p r e c i p i t a t i o n  caused by i n t e n s e  convec t ion  and i s  
r e f e r r e d  t o  as t h e  s to rm i n t e n s i f i c a t i o n  f a c t o r .  W i th i n  t h e  range o f  va lues 
p o s s i b l e  f o r  r f o r  t h e  h ' s  o f  i n t e r e s t  i n  t h i s  study, i t  i s  reasonable t h a t  as h  
inc reases  f o r  a  p a r t i c u l a r  storm, t h e  va lue  o f  r should e i t h e r  remain t h e  same o r  
inc rease .  The magnitude o f  r i s  determined f rom a v a i l a b l e  depth-area-durat ion 
i n  fo rmat i  on and mass curves o f  r a i n f a l l  r e p r e s e n t a t i  ve o f  p r o t o t y p e  PMP storms. 



Figure 3-1.--Schematic representation o f  core duration, r, wi th in  f ixed in te rva l ,  
h, and associated depths o f  nonorographic PMP, Ur and Dh, used i n  set t ing storm 
i ntensi f i c a t i  on factor. 
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3.1 Evaluation o f  the  Variables Required t o  Estimate 
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The va lue  o f  T I C  was o b t a i n e d  f o r  d u r a t i o n s  o f  1, 6, 12, 24, 48 and 72 h r .  As 
ment ioned e a r l i e r ,  t h e  a r e a l  v a r i a b i l i t y  o f  T I C  was assumed t o  be such t h a t ,  i n  
comb ina t ion  w i t h  t h e  observed a r e a l  v a r i a b i l i t y  o f  M y  t h e  va lue  o f  K  would be 
c o n s t a n t  f o r  a l l  a rea s i z e s  i n c l u d e d  w i t h i n  DUKY. I n  a  r e l a t i v e l y  sma l l  a rea 
such as t h a t  encompassed by UUKY, t h i s  assumpt ion i s  warranted.  

DURATION 

I n i t i a l l y ,  T I C  was e v a l u a t e d  a t  a  p o i n t  ( o v e r  s i z e s  up t o  10  m i 2 )  and f o r  24-hr 
d u r a t i o n .  The 1 -pe rcen t  l e v e l  of p r e c i p i t a t i o n  (1UU-yr) was s e l e c t e d  as t h e  
a p p r o p r i a t e  f requency i n t e r v a l  t o  be used i n  d e t e r m i n i n g  t h e  magni tudes o f  T 
and C. 

3.1.1.1 Evaluating C. C was o b t a i n e d  by c a l c u l a t i n g  t h e  1UU-yr p r e c i p i t a t i o n  
depths  a t  l o c a t i o n s  below 1,UUU f t  and o u t s i d e  t h e  s t i p p l e d  area o f  HMK 110. 51, 
w i t h i n  t h e  r e c t a n g u l a r  r e g i o n  o f  f i y u r e  3-2. The p e r i o d  o f  r e c o r d  f o r  t h e  
37 s t a t i o n s  used i n  t h e  a n a l y s i s  ranged f r o m  33 t o  84 y r ,  w i t h  28 o f  these  
s t a t i o n s  h a v i n g  a  p e r i o d  o f  r e c o r d  equa l  t o ,  o r  g r e a t e r  t h a n  7 5  y r .  Twelve o f  
t h e  28 " l o n g "  p e r i o d  o f  r e c o r d  s t a t i o n s  had a  p e r i o d  o f  r e c o r d  g r e a t e r  t h a n  
80  y r .  The 37 s t a t i o n s  were a l l  o f  t h e  s t a t i o n s  a v a i l a b l e  f r o m  Techn ica l  



Figure 3-2.--Analysis region f o r  parameter C (sol id ,  heavy i s o l i  nes i n  inches), 
evaluated a t  100 y r  and 24 hr.  Solid, t h i n  l i n e s  are  o f  a generalized 1,000 ft 
MSL elevat ion contour (hatched region - > 1,000 ft). 

Paper No. 29 (U.S. Weather Bureau, 1957-19613), as supplemented by t h e  D a i l y  
C l i r n a t o l o y i c a l  Data Tapes i n  t h e  O f f i c e  o f  Hydro logy f o r m a t  and o t h e r  
c l i m a t o l o y i c a l  d a t a  f o r  t h e  nonorog raph ic  p o r t i o n  o f  t h e  r e c t a n g u l a r  area shown 
i n  f i g u r e  3-2. The supp lementary  d a t a  ex tended t h e  p e r i o d  o f  r e c o r d  f r o m  
1956-1957 t o  198U. 

Even w i t h  a  r e l a t i v e l y  l o n g  p e r i o d  o f  reco rd ,  t h e  p l o t t e d  d a t a  i n  c e r t a i n  
p o r t i o n s  o f  t h e  a n a l y s i s  r e g i o n  i n d i c a t e d  l a r g e  v a r i a b i l i t y  i n  C. A t  l o c a t i o n s  
i d e n t i f i e d  by L1 and L2, b o t h  i n  n o n o r o y r a p h i c  r e g i o n s  i n  f i g u r e  3-2, each 
l o c a t i o n  was c o n s i d e r e d  as t h e  c e n t e r  o f  a  c i r c l e  w i t h i n  wh ich  t h e  minimum p e r i o d  
o f  r e c o r d  f o r  p r e c i p i t a t i o n  r e c o r d s  was 75 yr.  The ex t reme v a l u e  o f  t h e  
parameter  C w i t h i n  t h e s e  c i r c l e s  exceeded t h e  average v a l u e  by 13 p e r c e n t  f o r  t h e  
c i r c l e  w i t h  L1 as t h e  c e n t e r  and by 19 p e r c e n t  f o r  t h e  c i r c l e  w i t h  L2 as  t h e  
c e n t e r .  Both  c i r c l e s  were o f  22 mi r a d i u s ,  and v a r i a t i o n  o f  e l e v a t i o n  among 
r e p o r t i n g  l o c a t i o n s  w i t h i n  each c i  r c l e  was a  maxi mum o f  o n l y  218 ft. One wou ld  
n o t  expec t  t h e  atmosphere t o  p roduce  and m a i n t a i n  g r a d i e n t s  o f  
convergence/d i  veryence o f  t h i s  magni tude w i t h i n  such r e l a t i v e l y  sma l l  c i  r c u l a r  
a reas y e a r  a f t e r  y e a r ,  so t h a t  samp l ing  v a r i a b i l i t y  i s  t h e  l i k e l y  cause f o r  t h e  
d i f f e r e n c e s  i n  C. Sarnpli ng v a r i a b i l i t y  was n o t  t h i s  l a r g e  everywhere,  however. 
A t  l o c a t i o n s  L3 and L4  where t h e  c i r c l e  r a d i i  were 20 and 19 mi and t h e  minimum 
p e r i o d  o f  r e c o r d  76 and 73 y r ,  r e s p e c t i v e l y ,  t h e  v a r i a b i l i t y  was 3.4 and 
2.2 p e r c e n t ,  r e s p e c t i v e l y .  

As a  r e s u l t  o f  t h e  ranges i n  t h e  v a l u e  o f  C i n  some p a r t s  o f  t h e  nonorog raph ic  
s e c t i o n s  o f  t h e  a n a l y s i s  r e g i o n ,  a  range o f  c h o i c e s  f o r  t h e  o r i e n t a t i o n  and 



maynitude o f  t h e  i s o l i n e  a n a l y s i s  was poss ib l e .  I n  t h e  a n a l y s i s  dep i c t ed  i n  
f i g u r e  3-2, t h e  o r i e n t a t i o n  o f  t h e  C i s o l i n e s  west o f  t h e  s t i p p l e d  area was made 
t o  r e f l e c t  t h e  o r i e n t a t i o n  o f  isodrosotherms o f  maxi mum p e r s i s t i n g  12-hr 1 0 - m b  
dew p o i n t s  as shown i n  t h e  C l i m a t i c  A t l a s  o f  t h e  U n i t e d  S ta tes  (Env i ronmenta l  
Science Serv ices  Admi n i s t r a t i o n  1968). East o f  t h e  s t i p p l e d  area, t h e  a n a l y s i s  
g ives  weight  t o  t h e  f a c t  t h a t  10 o f  t h e  14  observa t ions  t h e r e  ( eas t  of t h e  
1,UUU-ft con tou r )  were equal t o  o r  g r e a t e r  than  7.5 in., and 7 o f  tnese  10 
exceeded 8  i n .  Is01 i n e  segments f i r s t  drawn i n  each o f  t h e  nonoroy raph ic  areas 
were connected w i t h  smooth i s o l i  nes. The r e s u l t i n g  ana l ys i s ,  based on a1 1  
a v a i l a b l e  da ta  th rough  1980 was found t o  be c o n s i s t e n t  w i t h  t h e  a n a l y s i s  o f  
100-yr 24-hr p r e c i p i t a t i o n  depths r epo r t ed  i n  'Ra in fa1 1  Frequency A t l a s  of t h e  
Un i t ed  S ta tes ,  " U.S. Weather Bureau Techn ica l  Paper No. 40 (TP No. 40) 
( H e r s h f i e l d  1961) i n  terms o f  i s o l i n e  o r i e n t a t i o n .  Note t h a t  t h e  v a r i a b i l i t y  o f  
C across UDKY i s  q u i t e  smal l ,  about 0.1 in., o r  between 1 and 2 percen t .  

As w i l l  be seen, subsequent ly,  T  w i l l  be determined a t  t h e  c e n t r o i d s  o f  t h r e e  
t opoy raph i c  s u b d i v i s i o n s  o f  UUKY. Hence, t h r e e  d i s t i n c t  va lues o f  C, each 
ad jus ted  f o r  b a r r i e r  e l e v a t i o n ,  w i  11 be needed t o  form t h r e e  separa te  va lues o f  
T/C, each a p p l i c a b l e  t o  a  un ique s u b d i v i s i o n .  t3ased on t h e  s i z e  o f  each 
subd i v i s i on ,  a  weighted va lue o f  TIC w i l l  t hen  be ob ta ined  and ass igned t o  t h e  
bas in  c e n t r o i d .  The d e r i v e d  va lues o f  C may be found on l i n e  4 o f  t a b l e  3-2 i n  
t h e  s e c t i o n  which f o l l ows ,  as does a  d i scuss ion  o f  t h e  procedure f o l l o w e d  t o  
a d j u s t  a  lUUU mb va lue  o f  any 1UU-yr 24-hr p r e c i p i t a t i o n  depth t o  a  y i ven  
e l e v a t i o n  MSL. 

3.1.1.2 Evaluating T. There were no s t a t i o n s  f o r  which p r e c i p i t a t i o n  records  
were a v a i l a b l e  w i t h i n  UUKY. The neares t  yage i s  l o c a t e d  on t h e  edye o f  t h e  
dra inage a t  Dewey Uam. The s t r a t e g y  adopted under these  c i rcumstances was t o  
search f o r  proxy observa t ions  f o r  t h e  dra inage.  I f  t h e  d ra inage  was 
t o p o g r a p h i c a l l y  un i form,  on l y  one s e t  o f  p roxy  observa t ions  would need t o  be 
found; i f  more than  one topograph ic  regime c o u l d  be i d e n t i f i e d  i n  a  dra inaye,  one 
group o f  proxy observa t ions  f o r  each s u b d i v i s i o n  might  be needed; and a l l  proxy 
observa t ions  would "come f r om"  o r  be "found i n "  p laces  where t h e  topograph ic  
s e t t i n y s  were s i m i l a r  t o  t h e  s i n g l e  o r  m u l t i p l e  topograph ic  s e t t i n g s  o f  t h e  
dra inage.  F i g u r e  3-3 shows t h e  o u t l i n e  o f  DDKY a long  w i t h  t h e  p roxy  l o c a t i o n s  
f rom which p r e c i p i t a t i o n  records  were cons idered  i n  de te rm in i ng  t h e  l e v e l s  o f  t h e  
100-yr p r e c i p i t a t i o n  l e v e l ,  T, f o r  t h e  s e l e c t e d  topograph ic  s u b d i v i s i o n s  o f  UUKY 
(see f i g .  3-4 f o r  these s u b d i v i s i o n s ) .  

The UUKY c o n s i s t s  o f  a  s e r i e s  o f  r i d g e - v a l  l e y - r i d g e  combi n a t i o n s  o r i e n t e d  
g e n e r a l l y  southeast  t o  nor thwes t  w i t h  a d d i t i o n a l ,  s h o r t e r  v a l l e y s  o r i e n t e d  
somewhat more south t o  no r t h .  A t  f i r s t  es t imate ,  t h e  t opog raph i c  v a r i a b i l i t y  i n  
t h i s  yenera l  l y  un i form,  co r ruya ted  s e t t i n g  was cons idered t o  be i n s i  gn i  f i c a n t  
enough so t h a t  t h e  dra inage cou ld  be c l a s s i f i e d  as homogeneous i n  i t s  i n t e r a c t i o n  
w i t h  atmospheri c  processes. However, examina t ion  o f  a l l  IOU-yr 24-hr 
p r e c i p i t a t i o n  depths a v a i l a b l e  f o r  t h i s  s tudy  and w i t h i n  t h e  a n a l y s i s  r e y i o n  from 
t h e  Cumberland Pla teau nor theas tward  t o  t h e  Kanawha K i v e r  and f r om t h e  c r e s t  o f  
t h e  H l l eyhen ies  northwestward f o r  about 90 m i ,  i n d i c a t e d  a  y r a d i e n t  o f  1UU-yr 
24-hr T  e x i s t e d  w i t h  h i ghe r  va lues (7-8 i n . )  near t h e  c r e s t  dec reas ing  t o  lower  
va lues (5 -6  i n . )  a t  t h e  lower  e l e v a t i o n s  t o  t h e  nor thwest .  Th i s  suggested a 
topograph ic  c l a s s i  fi c a t i o n  f o r  t h e  d ra inage  c o n s i s t i n g  o f  up lands and lowlands 
( h e i  yhtened topoyraph ic  feedback vs. d im in i shed  topograph ic  feedback) w i t h  a  
t r a n s i t i o n  o r  b u f f e r  area as shown i n  f i y u r e  3-4. 
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Figure 3-3.--Urainage above UDKY ( s o l i d  l i n e  w i th  f i l l e d  squares) showing 
1,000-ft e levat ion contours (dashed li nes) . Locations o f  proxy locat ions and 
associ ated topographic se t t i ng  designator i n  parentheses (L) = lowlands; 
(U) = uplands; (T )  = t r a n s i t i o n  are ind icated by f i 1  led  c i rc les .  Selected 
streams are shown by th in ,  s o l i d  l i n e s  w i t h  arrowheads i nd i ca t i ng  d i r ec t i on  o f  
streamf 1 ow. 
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Figure 3-4.--Topographic subdi visions for DDKY with locations o f  centroids 

( f i l l e d  c i rc les )  f o r  each subdivision and for  the drainage as a whole (open 
c i rc le ) .  Lowlands are unshaded; uplands are hatched; and t rans i t ion  areas are 
stippled. 

The adopted s u b d i v i s i o n  o f  DLIKY s p e c i  f i e d  t h a t  l ow lands  wou ld  c o n s i s t  o f  
v a l l e y s  whose f l o o r s  were be low 7UU ft MSL, w h i l e  t h e  v a l l e y  f l o o r s  o f  u p l a n d  
a reas  wou ld  be above 1,UOU f t  MSL; i n  b o t h  s u b d i v i s i o n s  t h e  t o p s  o f  a d j a c e n t  
r i d g e s  c o u l d  have any va lue .  The t r a n s i t i o n  s u b d i v i s i o n  c o n t a i n e d  t h e  rema in iny  
r i d y e - v a l  l e y - r i d g e  areas.  A d i f f e r e n t  t o p o g r a p h i c  c h a r a c t e r i z a t i o n  o f  DDKY m i g h t  
have produced a  v a l u e  o f  T comparable t o  t h e  one u s i n g  t h e  adopted 
c h a r a c t e r i z a t i o n .  

Bes ides t h e  e l e v a t i o n - o n l y  c r i t e r i o n  adopted f o r  t h i s  r e p o r t ,  f e a t u r e s  such as 
change i n  t e r r a i n  s lope,  s h e l t e r i n y  r i d g e  l i n e s ,  p r o x i m i t y  t o  r i d g e  1  i nes ,  o r  
roughness o f  t e r r a i n  a r e  u s e f u l  i n  e s t a b l i s h i n g  t h e  l i m i t s  o f  t o p o g r a p h i c  
c l a s s i  f i  c a t i o n s .  What i s  i m p o r t a n t  i n  a p p l i c a t i o n  o f  t h e  t e c h n i q u e s  used i n  t h i s  
s t u d y  i s  t h a t  where t h e r e  i s  s i g n i f i c a n t  s p a t i a l  v a r i a b i  1  i t y  i n  p r e c i p i t a t i o n ,  
some r e 1  e v a n t  p h y s i o g r a p h i c  f e a t u r e  be s e l e c t e d  t o  c h a r a c t e r i z e  each s u b d i v i s i o n  
i n  t h e  d r a i n a g e  and t h a t  p r o x y  l o c a t i o n s  be souyh t  i n  p l a c e s  nearby where 
topography  has t h e  s e l e c t e d  c h a r a c t e r i s t i c s .  It wou ld  be f u t i l e  t o  e s t a b l i s h  



t o p o y r a p h i c  s u b d i v i s i o n s  w i t h i n  wh ich  i t  i s  u n l i k e l y  t h a t  h o u r l y  o r  d a i l y  
p r e c i p i t a t i o n  r e c o r d s  wou ld  be found. The s e l e c t i o n  o f  t h e  t o p o g r a p h i c  f e a t u r e  
o r  f e a t u r e s  c h a r a c t e r i s t i c  o f  a  s u b d i v i s i o n  w i l l  depend on how we1 1  a  y i v e n  
p h y s i o y r a p h i c  f e a t u r e  cor responds w i t h  s i  g n i  f i c a n t  s p a t i a l  v a r i  a b i  1  i ty o f  t h e  
p r e c i p i t a t i o n  parameter  o f  i n t e r e s t .  

It i s  n o t  i n t e n d e d  i n  t h i s  s e c t i o n  t o  a t t e m p t  t o  recommend a  "best  way " t o  
c l a s s i f y ,  c a t e y o r i z e  o r  s u b d i v i d e  topoy raphy  i n  yenera l  i n  t h e  Appa lach ians o r  t o  
a s s e r t  t h a t  t h e  scheme adopted i n  t h i s  r e p o r t  a t  UOKY i s  i n  i t s e l f  s u p e r i o r  t o  
sonle o t h e r  scheme. It i s  d e s i r a b l e  t o  keep t h e  s p e c i f i c a t i o n  o f  t o p o g r a p h i c  
c h a r a c t e r i s t i c s  f l e x i b l e  o r  open-ended s i n c e  t h e r e  a r e  a  v a r i e t y  o f  s e t t i n g s  i n  
t h e  Appa lach ians.  A  consequence o f  t h i s  f l e x i  b i  1  i ty, however, i s  t h a t  d i  f f e r e n t  
a n a l y s t s  may a s s i y n  d i f f e r e n t  c l a s s i f i c a t i o n s  and s p e c i f i c a t i o n  o f  t h e i r  l i m i t s  
t o  a  y i v e n  s e t t i n g ,  and i f  t h e  depths  o f  p r e c i p i t a t i o n  w i t h i n  t h i s  s e t t i n g  happen 
t o  be h i  y h l y  v a r i a b l e  f o r  a  y i  ven f requency  o f  occur rence,  q u i t e  d i f f e r e n t  va lues 
o f  T  may be ass igned  t o  t h e  same area.  I f  t h e  procedures  o f  t h i s  s e c t i o n  a r e  
f o l l o w e d ,  an average v a l u e  f o r  T  f o r  a  d r a i n a g e  o r  p o r t i o n  o f  a  d r a i n a g e  w i l l  be 
ob ta ined ,  b u t  t h e y  do n o t  guarantee t h a t  i t  w i l l  be r e p r o d u c i b l e .  A c o n d i t i o n  
f o r  d e r i v i n g  a  s i n y u l a r  averaye v a l u e  o f  T  f o r  a  d r a i n a y e  i s  a  d e t a i l e d  a n a l y s i s  
o f  p r e c i p i t a t i o n  d a t a  i n  o r o g r a p h i c  areas such as t h o s e  ana lyses  i n  NOAA A t l a s  2 
( I v l i l l e r  e t  a l .  1973). The m e r i t  o f  a  p a r t i c u l a r  t o p o y r a p h i c  c l a s s i f i c a t i o n  and 
s p e c i f i c a t i o n  o f  i t s  l i m i t s  must be judged i n  p a r t  by t h e  r e s u l t s  i t  engenders; 
s p e c i f i c a l l y ,  how w e l l  t h e  r e s u l t i n y  average v a l u e  o f  T/C co r responds  w i t h  TIC 
d e r i  ved i n  o t h e r  p l a c e s  h a v i n g  s i  m i  1  a r  f e a t u r e s .  

I n i t i a l l y ,  a l l  s t a t i o n s  w i t h i n  o r  a d j a c e n t  t o  t h e  s t i p p l e d  a rea  o f  f i y u r e  3-2 
were c o n s i d e r e d  as c a n d i d a t e  p r o x y  s t a t i o n s  - f o r  t h i s  s tudy  s i n c e  UUKY s t r a d d l e s  
t h e  wes te rn  edge o f  t h e  s t i p p l e d  area. There i s  no upper  l i m i t  t o  t h e  i n i t i a l  
number o f  p r o x y  s t a t i o n s  if a l l  such s t a t i o n s  c o u l d  e x p e r i e n c e  t h e  same p r o t o t y p e  
Pr4P s t o r m  as t h e  d r a i n a g e  of i n t e r e s t .  The c a n d i d a t e  s t a t i o n s  were reduced t o  
those  i n  f i y u r e  3-3 by u s i n g  t h e  f o l l o w i n g  y u i d e l i n e s :  

A. drily those  c l o s e s t  t o  t h e  d r a i n a y e  o r  d r a i n a y e  s u b d i v i s i o n  were 
r e t a i n e d .  Note: Because t h e  placement o f  r e p o r t i  ny s t a t i o n s  can 
va ry  w i d e l y ,  an unequ ivoca l  r u l e  f o r  s e l e c t i n g  wh ich  o r  how many 
p roxy  s t a t i o n s  a r e  c l o s e s t  cannot  be fo rmu la ted .  I n  t h i s  s tudy ,  
f r o m  2 t o  6 o f  t h e  c l o s e s t  p roxy  s t a t i o n s  were c o n s i g e r e d  
s u f f i c i e n t  t o  r e p r e s e n t  t h e  parameter  T  f o r  each 1UU mi o f  
t o p o y r a p h i c a l l y  homoyeneous area.  

B. U f  t h o s e  s t a t i o n s  r e m a i n i n g  a f t e r  g u i d e l i n e  H was a p p l i e d ,  t h o s e  
w i t h  a  p e r i o d  o f  r e c o r d  l e s s  t h a n  15 y r  were e l i m i n a t e d .  

I f ,  among t h e  r e m a i n i n y  s t a t i o n s ,  t h e r e  were two  o r  more w i t h i n  a  
c i r c l e  o f  2 m i  r a d i u s ,  a l l  o f  wh ich  were w i t h i n  an e l e v a t i o n  
i n t e r v a l  o f  SUU ft, t h e n  o n l y  t h a t  s t a t i o n  w i t h  t h e  l o n y e s t  p e r i o d  
o f  r e c o r d  f r o m  among them was r e t a i n e d .  I f  t h e  l o n g e s t  p e r i o d  o f  
r e c o r d  s t a t i o n  s h o u l d  have an u n r e p r e s e n t a t i v e l y  h i g h  o r  l ow  
p r e c i p i t a t i o n  dep th  f o r  i t s  t o p o g r a p h i c  s e t t i n g  and i n  r e l a t i o n  t o  
t h e  s h o r t e r  p e r i o d  o f  r e c o r d  data ,  t h e  more r e p r e s e n t a t i v e  v a l u e  
h a v i n g  t h e  n e x t  l o n g e s t  p e r i o d  o f  r e c o r d  wou ld  have been s e l e c t e d .  

The t o p o g r a p h i c  s e t t i n g  a t  B u r d i n e  3NE d i d  n o t  have t h e  genera l  c h a r a c t e r i s t i c s  
o f  t h e  u p l a n d  s u b d i v i s i o n .  B u r d i n e  3NE i s  d e s c r i b e d  i n  t h e  S u b s t a t i o n  H i s t o r y  



Table 3-1.--Relevant information f o r  selected proxy locations o f  f igure  3-2. The 
locat ion p r e f i x  designates topographic c lass i f i ca t ion  as (L)owland, (U)pland or 
(T)ransi ti on 

100-yr  24-hr  
E l e v a t i o n  d e p t h  ( i n . )  POK 

L o c a t i  on ( f t  MSL) ( o b s e r v a t i o n  d a y )  ( y r )  

( L )  Ke rm i t ,  W V  6 2O 4.76 2  6  
( L )  W i l l i amson ,  b lV 67U 4.56 2 9 
( L )  P a i n t s v i l l e ,  KY 620 6.05 26 
( L )  Uewey, KY 690 3.65 2 1 
( L )  P i k e v i l l e ,  KY 69U 4.07 2 6  
( L )  A l l e n ,  KY 640 3.88 16 
( T )  E l k h o r n  C i t y ,  KY 80U 6.28 2 1 
( T )  Freeburn,  KY 730 5. UU 2 2 
( U )  Jeremiah,  KY 1,160 7.45 26 
(U) Iaeger ,  WV 1,080 7.79 26 

f o r  Kentucky,  Key t o  M e t e o r o l o y i  c a l  Records L)ocumentat ion No. 1.1 (U.S. Weather 
Bureau 1966), as a  s t a t i o n  i n  a  "narrow v a l l e y ,  ( w i t h )  h i g h  mountains a l l  
around." As such i t  i s  a  t y p i c a l l y  " s h e l t e r e d "  l o c a t i o n .  Wh i le  such s e t t i n g s  
a r e  p r e s e n t  i n  DDKY, t h e y  c o n s t i t u t e  a  n e y l i g i b l e  p o r t i o n  o f  t h e  u p l a n d  
s u b d i v i s i o n .  I n c l u s i o n  o f  t h e  100-y r  24-hr  p r e c i p i t a t i o n  dep th  f r o m  B u r d i n e  3NE 
w i t h  t h e  o t h e r  p roxy  l o c a t i o n s  a t  Jeremiah and I a e g e r  wou ld  m i s r e p r e s e n t  t h e  
enhancement o f  nonorograph i  c  p r e c i p i t a t i o n  by up1 and topoy raphy  by g i  v i  ny undue 
wei y h t  t o  a  p r e c i p i t a t i o n  v a l u e  a f f e c t e d  by she1 t e r i  ny. 

A11 t h e  l o c a t i o n s  f i n a l l y  s e l e c t e d  a r e  l i s t e d  i n  t a b l e  3-1. 4 t 
W i l l i a n ~ s o n ,  West V i r y i n i a  where two  r e p o r t i n y  l o c a t i o n s  were w i t h i n  4 m i  and 
1 0 U - f t  e l e v a t i o n  o f  each o t h e r ,  t h e  l o c a t i o n  w i t h  t h e  s l i y h t l y  l o n y e r  p e r i o d  o f  
r e c o r d  was used and t h e  o t h e r  exc luded.  I f  b o t h  l o c a t i o n s  had been used, t h e  
o r o y r a p h i c  i n t e n s i f i c a t i o n  f a c t o r  K wou ld  n o t  have changed. 

When t h e  subd i  v i  s i  ons were p l  a n i  metered, up1 ands c o n s t i t u t e d  43.2 p e r c e n t  o f  
t h e  d r a i n a y e ;  l o w l a n d s  c o n s t i t u t e d  31.7 p e r c e n t  and t r a n s i t i o n  a r e a  25.1 p e r c e n t ,  
r e s p e c t i v e l y ,  o f  t h e  d r a i n a g e  ( t a b l e  3-2) .  The p r o x y  l o c a t i o n s  shown i n  
f i y u r e  3-3 have e i t h e r  an a s s o c i a t e d  (L ) ,  ( T )  o r  ( U )  s i y n i f y i n y  a  (L)owland,  
( T ) r a n s i  t i  on o r  ( U ) p l a n d  c l a s s i  f i c a t i o n .  

To t r a n s f o r m  t h e  obse rva t i on -day  dep ths  o f  t a b l e  3-1  t o  dep ths  comparable w i t h  
va lues  f o r  C a l r e a d y  d iscussed,  an "N-minute" ad jus tmen t  s h o u l d  be made by 
r n u l t i p l y i n y  each o b s e r v a t i o n  day dep th  by 1.13. As i n d i c a t e d  i n  TP No. 40 
( H e r s h f i e l d  1961) and NOAA A t l a s  2  ( M i l l e r  e t  a l .  1973), t h e  "N-minute" 
a d j u s t ~ w n t  i s  bdsed on s t a t i s t i c a l  -empi r i c a l  r e l a t i o n s h i p s  c o n s i d e r e d  va l  i d  
w i t h i n  t h e  48 conterminous U n i t e d  S t a t e s .  

A  " f i t  by e y e "  p rocedure  was used t o  l o c a t e  a  c e n t r o i d  f o r  each t o p o y r a p h i c  
s u b d i v i s i o n  (see f i l l e d  c i r c l e s  o f  f i  y. 3-4) .  Then i n  a  manner s i m i l a r  t o  t h e  
way i n  wh ich  b a r r i e r  e l e v a t i o n s  were s e t  f o r  t h e  c e n t r o i d  o f  t h e  e n t i r e  d r a i n a y e ,  
b a r r i e r  e l e v a t i o n s  were de te rm ined  f o r  each t o p o g r a p h i c  s u b d i v i s i o n  ( 1  i n e  3  
t a b l e  3-2). 



Table 3-2.--Factors related to  calculation of TIC (10-mi2 24-hr values) for  each 
topographic classification. Values on l ines 4, 6 and 7 are a t  the elevation 
indicated on l i n e  3 

Low1 and T r a n s i t i o n  Up1 and 

1. Percent o f  dra inage 31.7 25.1 43.2 

2. Subd i v i s i on  c e n t r o i d  37'39' 
(1  a t i  tude, l o n y i  t ude )  $2'35 ' 

3. B a r r i e r  e l e v a t i o n  
( c l o s e s t  10 f t )  

4. C, a t  c e n t r o i d  ( i n . )  6.18 6.14 6.08 

5. Number o f  proxy l o c a t i o n s  6 2 2  

6. T, a t  c e n t r o i d  ( i n . )  5.09 6.37 8.61 

7. TIC, a t  c e n t r o i d  .82 1.04 1.42 

Using t h e  assumptions about v e r t i c a l  d e p l e t i o n  o f  water  a v a i l a b l e  f o r  
p r e c i p i t a t i o n  mentioned i n  s e c t i o n  3.1.1.1, and assuming t h a t  t h e  1UUU-rnb dew 
p o i n t  temperature assoc ia ted  w i t h  t h i s  process should be ( f o r  a  100-yr frequency 
o f  occurrence even t )  an averaye o f  t h e  monthly maximum p e r s i s t i n g  12-hr 10UU-mb 
dew p o i n t s  f o r  t h e  c e n t r o i d  o f  each topograph ic  subd i v i s i on ,  one can c a l c u l a t e  
t h e  va lue o f  C f o r  each cen t ro i d .  Then us ing  t h e  average va lue o f  100-yr 24-hr 
p r e c i  p i  t a t i  on depth, T, determi  ned f rom t h e  proxy s t a t i  ons f o r  each subdi v i  s i  on, 
t h e  q u a n t i t y  TIC i s  obtained. L i n e  6  o f  t a b l e  3-2 shows t h e  de r i ved  values o f  T  
f o r  each topograph ic  subd i v i s i on .  Using t h e  weights  f rom l i n e  1 and t h e  T/C f rom 
l i n e  7, a  weighted average va lue f o r  T/C o f  1.13 was ob ta ined  a t  t h e  24-hr 
d u r a t i o n  t o  be a p p l i e d  a t  t h e  c e n t r o i d  f o r  t h e  whole DDKY basin.  

The va lue  o f  T/C f o r  t h e  t r a n s i t i o n  s u b d i v i s i o n  o f  UUKY i s  much t h e  same as t h e  
va lue  o f  TIC near t h e  o rograph ic  sepa ra t i on  l i n e  ( s i m i  l a r  t o  t h e  boundary o f  t h e  
s t i p p l e d  r e g i o n  o f  HMR No. 51) l o c a t e d  c l ose  t o  t h e  f o o t h i l l s  o f  t h e  Rockies (see 
HMK No. 55). The TIC a t  24 h r  f o r  t h e  up land s u b d i v i s i o n  a t  DDKY (1.42) i s  
somewhat s m a l l e r  than  t h e  comparable va lue (1.54) f o r  t h e  U e e r f i e l d  R i v e r  
Drainage repo r ted  i n  HYDRO 39. The i nc rease  i n  o rograph ic  enhancement o f  
p r e c i p i t a t i o n  between t h e  t r a n s i t i o n  and up land subd i v i s i ons ,  i n  s p i t e  o f  t h e  
U e e r f i e l d  comparison, i s  i n t u i t i v e l y  t o o  l a rge .  However, s i nce  t h e  sma l l e r  than 
expected va lue o f  T  i n  t h e  lowland s u b d i v i s i o n  o f  UDKY compensates f o r  t h i s  over 
enhancement when a  dra inage average va lue  o f  TIC i s  ca l cu la ted ,  i t  was decided t o  
r e t a i n  t h e  proxy l o c a t i o n s  o f  t a b l e  3-1, r a t h e r  than  search f u r t h e r  a f i e l d .  The 
weighted average va lue o f  T/C (1.13) i s  r e a l i s t i c  f o r  a  dra inage p a r t l y  w i t h i n  
and w i t h o u t  t h e  s t i p p l e d  reg ion  o f  HMK No. 51, and consequent ly,  t h e  adopted 
topograph ic  c l a s s i f i c a t i o n  and s p e c i f i c a t i o n  i n  t h i s  r e p o r t  has m e r i t .  

3.1.2 Tenporal Var iabi l i ty  of  TIC 

Values o f  T/C f o r  o t h e r  du ra t i ons  were developed w i t h  t h e  a i d  o f  t h e  T/C 
a n a l y s i s  f r om HMR No. 55 f o r  t h e  r e g i o n  between t h e  Con t i nen ta l  Di v i de  and t h e  



Table 3-3.--Relevant information used t o  prepare proxy values o f  100-yr 6-hr TIC 
f o r  ODKY 

I n t e r p o l  a t e d  
L o c a t i o n  11 L o c a t i o n  2/ C ( i n . )  I n t e r p o l a t e d  

Proxy L o c a t i  on C ( i n . )  C ( i n . )  ( lUU y r  6 h r )  ( T I C )  

1.1 
2U m i  NE 
Co lo rado  S p r i n g s  

(CUS) 

2.) 
1U m i  SE 
Walsenbury 

(WAL 

3.) 
28 m i  SSbJ 

Rat on 

25 m i  WNW Nr. Cheyenne 
CUS/ Neil s /  
2.4 5.0 3.08 

27 m i  WNW 4U mi WSW 
WAL/ S p r i n y f i e l d /  
2.4 5.0 

53 m i  SW Nr. C l a y t o n /  
Raton/  

2.4 5.U 3.39 

1U3rd mer id ian .  It was necessary  t o  go t o  t h e  wes te rn  s t a t e s  t o  o b t a i n  d e t a i l e d  
o r o y r a p h i c  p r e c i p i t a t i o n  d a t a  a v a i l a b l e  o n l y  i n  NOAH A t l a s  2  ( M i l l e r  e t  a l .  
1973). Three l o c a t i o n s  were s e l e c t e d  where t h e  1 -pe rcen t  chance l e v e l  o f  
p r e c i p i t a t i o n  f o r  t h e  6-hr  d u r a t i o n  had been t h o r o u g h l y  ana lyzed  and where t h e  
100-yr  24-hr  v a l u e  f o r  TIC was 1.13. The l o c a t i o n s  s e l e c t e d  were a t  
a p p r o x i m a t e l y  t h e  same l a t i t u d e  as UDKY and a t  comparable d i s t a n c e s  f r o m  t h e  G u l f  
o f  Mexico, c o n s i d e r e d  t h e  p r i m a r y  sou rce  o f  m o i s t u r e  f o r  t h e  PlvlP s t o r m  i n  b o t h  
r e y i  ons. The p roxy  1  o c a t i  ons f o r  e s t a b l  i s h i n y  t h e  TIC versus d u r a t i o n  r e 1  a t i  on 
f o r  UDKY were i n  t h e  f o o t h i l l s  o f  t h e  F r o n t  Range o f  t h e  Rocky Mounta ins  i n  
Co lorado and New Mexico, s p e c i f i c a l l y ,  20  mi n o r t h e a s t  o f  Co lo rado  Spr ings ,  CU; 
10 mi s o u t h e a s t  o f  Walsenburg, CO, and 28 mi s o u t h  southwest  o f  Katon,  INM. A t  
each l o c a t i o n ,  t h e  24-hr va lues  o f  TIC i n c r e a s e d  downwind a l o n g  t h e  p r e f e r r e d  
i n f l o w  d i r e c t i o n  f o r  t h e  PMP storm. Wh i le  t h e  t o p o g r a p h i c  s e t t i n g s  and t h e  
c l  i rnatology o f  r a i  n f a l l  d i  f f e r  somewhat between t h e  w e s t e r n  f o o t h i  11 s  o f  t h e  
Appa lach ians and t h e  e a s t e r n  f o o t h i l l s  o f  t h e  Rocky Mountains,  t h e  PMP s t o r m  
t y p e s  a r e  b a s i c a l l y  s i m i l a r  i n  b o t h  p l a c e s ,  as s h o u l d  a l s o  be t h e  p h y s i c a l  
i n t e r a c t i o n  between t h e  f o o t h i l l s  and t h e  atmosphere d u r i  ng ups1 ope c o n d i t i o n s .  
Values f o r  C were d e r i v e d  f o l l o w i n g  t h e  p r a c t i c e s  ment ioned i n  HMR No. 55. Two 
p o i n t s  were s e l e c t e d  on e i t h e r  s i d e  o f  each p roxy  l o c a t i o n  where, f rom 
t o p o g r a p h i c  c o n s i d e r a t i o n s ,  t h e  v a l u e  o f  T/C s h o u l d  be a p p r o x i m a t e l y  1. A 
u n i f o r m  y r a d i e n t  o f  C was assumed i n  o r d e r  t o  e s t a b l i s h  t h e  v a l u e  o f  C a t  each 
p r o x y  l o c a t i o n .  The r e l e v a n t  d a t a  used t o  d e r i v e  IOU-yr  6 -h r  va lues  o f  TIC a r e  
shown i n  t a b l e  3-3. 

The average v a l u e  o f  TIC f r o m  t h e  t h r e e  l o c a t i o n s  i n  t a b l e  3-3 (1.11) was 
accep ted  as t h e  p r o x y  v a l u e  o f  TIC f o r  t h e  6-hr  d u r a t i o n  a t  DDKY. S ince  i t  
i s  reasonab le  t h a t  t h e  v a l u e  o f  TIC would  approach 1.0 as t h e  d u r a t i o n  becomes 
i n c r e a s i n g l y  sma l l ,  t h e s e  t h r e e  p a i r s  o f  TIC and d u r a t i o n  (1.0 and O h r ,  1.11 and 
6  h r  and 1.13 and 24 h r )  were j o i n e d  by t h e  smooth ly  v a r y i n g  c u r v e  shown i n  
f i g u r e  3-5 and e x t r a p o l a t e d  t o  p r o v i d e  va lues  o f  T/C a t  t h e  o t h e r  d u r a t i o n s  y i v e n  

i n  t a b l e  3-4. 
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Table 3-4.--Weighted values o f  TIC f o r  10 m i 2  a t  durations inportant fo r  t h i s  
study 

h ( h r )  1 6 12 2 4 48 7 2 

T/C 1.04 1.11 1.12 1.13 1.14 1.15 

3.1.3 Evaluating M 

The f i r s t  s tep  i n  e v a l u a t i n g  M i s  t o  d e f i n e  t h e  l e n g t h  o f  t h e  co re  event, r, 
f o r  t h e  du ra t i ons ,  h, of i n t e r e s t  i n  t h i s  study. D e f i n i t i o n s  of r and h  may be 
found i n  t h e  l i s t  o f  v a r i a b l e s  a t  t h e  f r o n t  o f  t h e  r e p o r t  and these terms a re  
a l s o  d iscussed a t  t h e  bey i  nn iny  o f  s e c t i o n  3. Depth-durat ion r e l a t i o n s  w i t h i n  
impo r tan t  storms o f  record,  t ransposab le  t o  o r  near  UDKY a r e  t h e  s t a r t i n y  p o i n t  
i n  t h e  eva lua t i on .  Depth-durat ion i n f o r m a t i o n  f r om Storm R a i n f a l l  f o r  n i ne  o f  
t h e  e leven storms t ransposab le  t o  o r  near  UDKY (see f i g .  1-1)  i s  a v a i l a b l e  f o r  
j u s t  6-hr i n t e r v a l s .  For one o f  t h e  remain ing storms, Bonaparte, t h e r e  i s  h o u r l y  
i n f o r m a t i o n  ou t  t o  8 h r ;  and t h r e e  h o u r l y  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e  o t h e r  
(Grant Township) storm. The 1  arge i n t e r v a l  between t h e  dep th -du ra t i  on da ta  f o r  
most o f  these storms rnakes i t  d i f f i c u l t  t o  d e f i n e  p r o p e r l y  an hour-by-hour 
r e l a t i o n s h i p  f o r  r and h. 

However, h o u r l y  da ta  a t  i n d i v i d u a l  s t a t i o n s  w i t h i n  t h e  s to rm were on hand f o r  
f o u r  storms: Smethport, Counci 1  Grove, Grant Township and Hayward. Examinat ion 
o f  these  da ta  p rov ided  i n s i g h t  i n t o  t h e  r e l a t i o n s h i p  between r and h  on t h e  
h o u r l y  t imesca le .  The DUKY was complete ly  enclosed by t h e  t r a n s p o s i t i o n  l i m i t s  
f o r  on l y  t h e  Smethport s to rm f rom among t h e  f i v e  storms ( t h e  f o u r  j u s t  mentioned, 
p l u s  Bonaparte) f o r  which h o u r l y  p r e c i p i t a t i o n  i n f o r m a t i o n  was on hand. The 
eas te rn  t r a n s p o s i t i o n  l i m i t s  f o r  t h e  Honaparte, Grant  Township and Hayward storms 
were w i t h i n  6 5  m i  o f  t h e  c e n t r o i d  o f  DDKY, w h i l e  t h e  l i m i t s  f o r  t h e  Counci 1  Grove 
s to rm were approx imate ly  175 m i  f rom t h e  DDKY cen t ro i d .  For  t h i s  reason, on l y  
t h e  Smethport, Bonaparte, Grant Township and Hayward storms were cons idered as 
candidates f o r  examining t h e  r versus h  r e l a t i o n s h i p .  I)f t h e  f o u r  cand ida te  
storm$, Smethport jomi nates t h e  o the rs  i n  depth o f  p r e c i p i t a t i o n  produced a t  
10 rn i  and 2UO m i  w i t h i n  i t s  t r a n s p o s i t i o n  l i m i t s ,  which i nc l udes  UDKY. 
Cumulat i  ve h o u r l y  r a i n f a l l  data, normal ized w i t h  respec t  t o  t h e  cumu la t i ve  amount 
a t  a  g iven  du ra t i on ,  and t h e  averages o f  these  amounts a t  f o u r  l o c a t i o n s  c l ose  

H DURATION (HR) 

Figure 3-5.--0rographic factor TIC as a function o f  duration a t  DDKY. 
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Table 3-5.--Normal ized cumulative 24-hr p rec ip i t a t im  amounts, i n  percent, f o r  four stations within the 

Smethport, PA stonn o f  July 17-18, 1942 and averages therefrom a t  durations, h, of 24 hr ( l i n e  51, 18 hr 

( l i n e  6), 15 hr ( l i n e  7), 12 hr ( l i n e  81, 9 hr ( l i n e  9), 6 hr ( l i n e  10) and 3 hr ( l i ne  11) 

Locat ion 

Raymond 

Sme t hpor t  

Ca r t e r  Camp 

Empori um 

Average (24 h r )  

L i ne  5 as percent  o f  

i t s  18-hr value 

L i n e  5 as percent  o f  

i t s  15-hr value 

L i ne  5 as percent  o f  

i t s  12-hr value 

L i ne  5 as percent  o f  

i t s  9-hr value 

L i n e  5 as percent  of 

i t s  6-hr value 

L i ne  5 as percent  o f  

i t s  3-hr value 



H DURATION (HR) 

F i y u r e  3.6.--Relation o f  l eng th  of core event, r (ord inate) ,  t o  a r a t i o n  o f  
equal o r  g rea te r  length, h, f o r  area s izes  n o t  l a r g e r  than 10 midY a t  DDKY. 
U n i t s  o f  o rd ina te  a re  expressed as a  percent  o f  t h e  y iven h. Values from 
storms a t  Smethport and Bonaparte a re  shown by f i l l e d  c i r c l e s  and f i l l e d  
squares. The data  f o r  Hayward a r e  shown by t r i a n g l e s  - open f o r  t h e  4-hr core 
and f i l l e d  f o r  t h e  8-hr core. 

( a l l  w i t h i n  28 mi)  t o  t he  Smethport storm center  are presented i n  t a b l e  3-5. 
Each cumulat ive hour ly  amount i n  t a b l e  3-5 i s  expressed as a  percentage o f  the  
cumulat ive hour ly  amount a t  a  longer durat ion.  

It was assumed i n  t h i s  study t h a t  the  ending o f  the  core event was i n d i c a t e d  by 
a  s lackening i n  t h e  r a t e  o f  accumulated p r e c i p i t a t i o n ,  y iven t h a t  a  s i g n i f i c a n t l y  
l a r g e  amount of p r e c i p i t a t i o n  had a1 ready accumulated i n  a  re1 a t i  ve ly  shor t  
amount o f  t ime. It was judged t h a t  t h e  s lackeniny occurred a t  7  h r  dur ing  the  
most i n tense  24 h r  ( l i n e  5) ;  and a t  7, 6.5, 5, 4.5, 3 and 2 h r  du r ing  the  most 
i n tense  18, 15, 12, 9, 6 and 3 hr,  respec t i ve l y .  I n  l i n e  11, i t  i s  unclear  where 
the  core p r e c i p i t a t i o n  ends, however, th ree  o f  t he  fou r  s t a t i o n s  show a  
s i g n i f i c a n t  lessening i n  r a t e  o f  p r e c i p i t a t i o n  accumulation between 1 and 
2  hr ,  w h i l e  t he re  appears t o  be no core a t  t he  f o u r t h  s t a t i o n  (Emporium). These 
data, where r i s  expressed as a  percentage o f  h, are shown i n  f i g u r e  3-6 as 
f i l l e d  c i r c l e s .  



It was r e c o y n i z e d  t h a t  s i n c e  t h e  f o u r  l o c a t i o n s  r e f e r e n c e d  i n  t a b l e  3-5 a r e  i n  
an o r o g r a p h i c  s e t t i n g ,  t h e  d a t a  t h e r e  c o n t a i n  some amounts o f  p r e c i p i t a t i o n  
coming from t o p o g r a p h i c  i n t e r a c t i o n  w i t h  t h e  atmosphere and, t h e r e f o r e ,  t h e  
d e r i v e d  r e l a t i o n s h i p  between r and h  does n o t  d e s c r i b e  a  p u r e l y  nonorograph ic  
r e 1  a t i o n s h i p  as des i  red. However, examina t ion  o f  t h e  i s o h y e t a l  a n a l y s i s  f o r  
t o t a l  s t o r m  d u r a t i o n ,  U.S. Department o f  Commerce (undated) ,  i n d i c a t e d  t h a t  
r e l a t i v e  i s o h y e t a l  maxima and minima i n  t h e  Smethport  s t o r m  were p o o r l y  
c o r r e l a t e d  w i t h  t e r r a i n  f e a t u r e s  such as those  ment ioned i n  s e c t i o n  3.1.1.2 i n  
t h i s  r e p o r t .  It was conc luded t h a t  t h e  poor  l e v e l  o f  c o r r e l a t i o n  i n d i c a t e d  t h a t  
t e r r a i n  i n t e r a c t i o n  c o n t r i b u t e d  i n  o n l y  a  minor  way t o  t h e  p r o d u c t i o n  o f  t h e  
reco rded  amounts o f  p r e c i p i t a t i o n  and, t h e r e f o r e ,  t h a t  t h e  percentages o f  
t a b l e  3-5 were accep tab le  f o r  p o r t r a y i n g  t h e  s t r i c t l y  nonorograph ic  r e 1  a t i  onsh ips  
d e s i  red. 

There i s  some r i s k  i n  u s i n g  average va lues  f r o m  those  gage reco rds  near  t h e  
s t o r m  c e n t e r  as i n d i c a t o r s  o f  c o r e - l i  ke  p r e c i p i t a t i o n  viz.,  a  s t r o n g  i n d i c a t i o n  
a t  one yage c o u l d  be subrneryed by weak o r  no i n d i c a t i o n  a t  t h e  o t h e r  yages. The 
r i s k  shou ld  be sma l l ,  though, s i n c e  t h e  a tmospher ic  f o r c i n g  r e s p o n s i b l e  f o r  t h e  
c o r e  even t  shou ld  o p e r a t e  d u r i n g  i t s  l i f e t i m e  ac ross  areas much more encompassing 
t h a n  t h a t  o f  a  s i n g l e  gage. I f ,  nonethe less ,  t h e  d a t a  sample i s  c l e a r l y  
b i f u r c a t e d  w i t h  respec t  t o  such f o r c i n g  a t  t h e  a v a i l a b l e  gage l o c a t i o n s ,  o n l y  
t h o s e  i n  which t h e  f o r c i n g  i s  apparent  would  be used t o  o b t a i n  t h e  averaye va lue ;  
and, sometimes, va lues  f r o m  a  s i n y l e  gaye would  De s u f f i c i e n t .  

Data f o r  t h r e e  l o c a t i o n s  near  t h e  Hayward s t o r m  c e n t e r  a r e  shown i n  t a b l e  3-6, 
wh ich i s  i n  t h e  same fo rmat  as t a b l e  3-5, except  t h a t  t h e  48-hr p e r i o d  o f  i m s t  
i n t e n s e  p r e c i p i t a t i o n ,  r a t h e r  t h a n  t h e  most i n t e n s e  24-hr p e r i o d ,  a r e  used s i n c e  
Hayward was a  l o n g e r  d u r a t i o n  s t o r m  t h a n  Smethport.  The d a t a  f o r  d u r a t i o n s  
beyond 12 h r  suggest  two co res  i n  t h i s  storm, one end ing  a t  r equal  about  4 h r  
and t h e  o t h e r  end ing  a t  r equal about 8 h r .  Data f r o m  l i n e s  8  t h r o u g h  11 
i n d i c a t e  t h a t  d u r i n g  t h e  most i n t e n s e  9, 6  and 3  hr ,  t h e r e  i s  n o t  s u f f i c i e n t  
i n t e n s i t y  o f  p r e c i p i t a t i o n  t o  s u p p o r t  a  s i n g l e  core .  Because o f  t h e  a m b i g u i t y  o f  
whether t o  p l o t  t h e  4- o r  8-hr  c o r e  va lues  a t  d u r a t i o n s  o f  12, 15, 18, 24 and 
48 h r ,  b o t h  va lues were p l o t t e d ;  t h e  open t r i a n g l e s  r e p r e s e n t i n g  t h e  4-hr  co re  
and t h e  f i l l e d  t r i a n g l e s  t h e  8-hr  core .  S ince  t h e  PMP s t o r m  a t  DDKY i s  
c o n s i d e r e d  t o  c o n t a i n  j u s t  a  s i n g l e  core,  such as shown i n  t h e  d a t a  f o r  
Smethport,  t h e  d a t a  p o i n t s  f o r  t h e  Hayward s t o r m  i n  f i g u r e  3-6 f o r  d u r a t i o n s  l e s s  
t h a n  48 h r  were g i v e n  r e l a t i v e l y  sma l l  w e i g h t  when e s t i m a t i n g  t h e  r versus h  
r e l a t i o n s h i p  f o r  DDKY. 

Accep tab le  ranges f o r  t h e  i n t e n s i t y  and a b s o l u t e  l e v e l  o f  p r e c i p i t a t i o n  
accumu la t i  on d u r i n g  core-1  i k e  even ts  a r e  s t i  11 b e i n g  d i scussed  and for rnu la ted by 
hyd rometeoro l  og i  s t s .  When t h e  f o r m u l a t i o n  becomes f i n a l ,  t h e  Hayward s t o r m  may 
be exc luded  f r o m  those  o t h e r  storms cons ide red  t o  have cores.  The d a t a  o f  
t a b l e  3-6 and p l o t t e d  va lues t h e r e f r o m  i n  f i g u r e  3-6 a r e  i n c l u d e d  so t h a t  
compar ison may be made w i t h  t h e  d a t a  f r o m  t h e  o t h e r  storms. 

Data f r o m  t h e  Bonapar te  s t o r m  appear i n  t a b l e  3-7. A l though  t h e  i n d i v i d u a l  
s t a t i o n  r e c o r d s  i n  t h e  s t o r m  a rea  were n o t  a v a i l a b l e ,  i n f o r m a t i o n  i n  Storm 
R a i n f a l l  i n d i c a t e s  t h a t  d a t a  f r o m  Bonaparte,  Iowa a r e  t h e  b a s i s  f o r  t h e  
d e p t h - d u r a t i  on r e 1  a t i  ons o f  t h i s  storm. The s l a c k e n i n g  occurs  d u r i n g  t h e  most 
i n t e n s e  12  and 9 h r  o f  t h i s  s t o r m  f o r  an r equal  t o  4.5 h r  f o r  each o f  t h e  
d u r a t i o n s .  These two r ' s ,  c o n v e r t e d  t o  p e r c e n t  o f  h, a r e  shown as f i l l e d  squares 
i n  f i y u r e  3-6. The end ing  o f  t h e  c o r e  i s  n o t  i n d i c a t e d  i n  t h e  d a t a  on l i n e s  3  

and 4. 
23 



Table 3-6.--Normalized cumulative 48-hr prec ip i ta t ion amounts f o r  three stat ions wi th in the Hayward, W I  storm of 

August 26-31, 1941 and averages therefrom a t  durations, h, of 48 hr ( l i n e  41, 24 hr  ( l i n e  51, 18 hr ( l i n e  61, 

15 h r  ( l i n e  7) ,  12 h r  ( l i n e  8), 9 hr  ( l i n e  9 ) ,  6 hr ( l i n e  lo) ,  and 3 hr ( l i n e  11) 

r ( h r )  1 2  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Locat ion 

Couderay 

Minona 

Spooner 

Average ( 48 h r  ) 

L i n e  4 as  % o f  

i t s  24-hr value 

L i ne  4 as % o f  

i t s  18-hr value 

L i ne  4 as % o f  

i t s  15-hr value 

L i ne  4 as % o f  

i t s  12-hr value 

L i ne  4 as % o f  

i t s  9-hr value 

L i ne  4 as % of 

i t s  6-hr value 

L i ne  4 as % o f  

i t s  3-hr value 



Table 3-7,--Normal i zed cumulative 24-hr p rec ip i ta t ion  amounts f o r  the  
Bonaparte, I A  storm o f  June 9-10, 1905 a t  durations, h, o f  12 h r  ( l i n e  I ) ,  9 h r  
( l i n e  2), 6 hr  ( l i n e '  3), and 3 h r  ( l i n e  4). Values i n  parentheses are 
i nterpolated values 

Cumula t i ve  dep th  
as p e r c e n t  o f  

1. 12-hr  amount 17 33 49 66 8 1  85 9U 95 ( 9 7 )  99 ( 9 9 )  1UU 
2. 9 -h r  amount 18 34 51  68 84 88 93 78 100 
3. 6 -h r  amount 2U 39 58 78 95 1UU 
4. 3-hr  amount 35 67 100 

The h o u r l y  r e p o r t s  f r o m  S i o u x  City, IA a r e  t h e  o n l y  ones a v a i l a b l e  o f  
s u f f i c i e n t  d u r a t i o n  and p r o x i m i t y  t o  t h e  Gran t  Township s t o r m  c e n t e r .  The 
s i  y n i  f i  c a n t  p r e c i p i t a t i o n  a t  S i o u x  City 1  a s t e d  f o r  o n l y  1 3  c o n s e c u t i  ve hours .  
These d a t a  ( n o t  shown) i n d i c a t e d  a  much s h o r t e r  c o r e  l e n g t h  p r e v a i l e d  a t  
d u r a t i o n s  o f  12, 9 and 6  h r  (2.5, 2 and 2 h r ,  r e s p e c t i v e l y )  t h a n  was t h e  case i n  
t h e  o t h e r  t h r e e  storms. S ioux  City i s  a p p r o x i m a t e l y  38 mi f r o m  t h e  Gran t  
Township s t o r m  c e n t e r .  S ince  a l l  h o u r l y  r e p o r t s  used i n  t h e  p r e v i o u s  t h r e e  
s torms were w i t h i n  28 mi o f  t h e  r e s p e c t i v e  s t o r m  c e n t e r s ,  i t  was d e c i d e d  t h a t  t h e  
S i o u x  Ci ty  o b s e r v a t i o n s ,  because o f  t h e i  r y r e a t e r  d i s t a n c e  f r o m  t h e  s t o r m  c e n t e r ,  
were n o t  r e p r e s e n t a t i v e  o f  c o n d i t i o n s  near  t h e  s t o r m  c e n t e r ;  t h e r e f o r e ,  t h e y  were 
n o t  i n c l u d e d  w i t h  t h o s e  f r o m  t h e  o t h e r  storms. 

The smooth c u r v e  o  f i g u r e  3-6 r e p r e s e n t s  t h e  r versus h  r e l a t i o n s h i p  a t  a  
p o i n t  o r  f o r  a  l o - m i h  a rea f o r  t h e  PMP s t o r m  w i t h i n  DUKY. T h i s  c u r v e  enve lops  
t h e  p l o t t e d  d a t a  f o r  t h e  t h r e e  storrns s e l e c t e d  ( e x c l u d i n y  t h e  s h o r t e r  d u r a t i o n  
c o r e  a t  Hayward) i n  such a  way t h a t  t h e  l e n g t h  o f  t h e  c o r e  e v e n t  a t  DDKY a t  most 
d u r a t i o n s  i s  somewhat s h o r t e r  t h a n  t h e  p l o t t e d  d a t a  i n d i c a t e .  F o r  t h e  d u r a t i o n s  
o f  12, 15, 18 and 24 h r ,  t h e  envelopment i s  i n  l i n e  w i t h  t h e  p r o g r e s s i v e l y  
s h o r t e r  r ' s  between t h e  8 -h r  c o r e  a t  Hayward and t h e  dominant  Smethpor t  s torm. 

The s m a l l e r  t h e  v a l u e  o f  r, t h e  s m a l l e r  t h e  v a l u e  o f  U  and so t o o  t h e  v a l u e  o f  
M. From e q u a t i o n  3-2, i t  can be seen t h a t  t h e  s m a l l e r  t f i e  v a l u e  o f  N, t h e  l a r y e r  
t h e  amount o f  TIC t h a t  i s  r e t a i n e d  and, consequen t l y ,  t h e  l a r g e r  t h e  v a l u e  o f  
K. The envelopment i n  f i g u r e  3-6 has t h e  consequence o f  makiny o r o y r a p h i c  
p r e c i p i t a t i o n  s l i y h t l y  l a r g e r  a t  UUKY t h a n  t h e  d a t a  f r o m  t h e  t h r e e  s e l e c t e d  
s torms i n d i c a t e .  I f  t h e  d a t a  f r o m  S i o u x  C i t y  had been used t o  
c h a r a c t e r i z e  t h e  Grant  Township storm, t h e  envelopment c o u l d  have been g r e a t e r  
and t i l e  r e s u l t i n g  K  f a c t o r  l a r y e r  t h a n  t h e  one used. 

The c u r v e  o f  f i g u r e  3-6 s t a t e s  t h a t  t h e  c o r e  e v e n t  f o r  t h e  PNP s t o r m  a t  UUKY i s  
up t o  20 p e r c e n t  s h o r t e r  a t  v a r i o u s  d u r a t i o n s  t h a n  was t h e  c o r e  e v e n t  near  t h e  
dolni n a n t  Smethport  s torm. T h i s  1  eve1 o f  e n v e l  opment was c o n s i d e r e d  reasonab le .  
I f  more t h a n  one dominant  s t o r m  ( f o r  t h e  a rea  s i z e  and d u r a t i o n s  o f  i n t e r e s t )  
were p l o t t e d ,  w i t h  each s t o r m  y i v e n  equa l  we igh t ,  t h e n  t h e  mean v a l u e  o f  t h e  r 
va lues  f r o m  t h e s e  s torms would  be t h e  r e f e r e n c e  p o i n t  f o r  t h e  r versus h  
r e l a t i  onsh ip  f o r  t h e  b a s i n  o f  i n t e r e s t .  



The values f o r  t h e  d u r a t i o n  o f  t h e  core  beyond 24 h r  i n  f i g u r e  3-6 come from 
t h e  p a i r  of p o i n t s  a t  48 h r  f rom t h e  Hayward s to rm and e x t r a p o l a t i o n  o f  t h e  da ta  
f o r  t h e  f i r s t  24 hr ,  which i s  why t h i s  p a r t  o f  t he  curve i s  dashed. It i s  
impor tan t  t o  remember t h a t  t h e  r e l a t i o n s h i p  o f  f i g u r e  3-6 i s  meant t o  apply  t o  
t h e  PMP s to rm  f o r  UUKY and i t  may o r  may no t  apply  t o  any o t h e r  s to rm t h a t  has 
occur red  o r  cou ld  occur there .  Th is  study assumes t h e  f u n c t i o n  dep ic ted  i n  
f i g u r e  3-6 i s  cont inuous f o r  a l l  du ra t ions .  

The 10-mi dep th -dura t ion  curve o f  nonorographi c  PMP f o r  DUKY f rom f i g u r e  2-1 
i s  shown i n  f i y u r e  3-7. Th i s  curve i s  employed i n  com i n a t i o n  w i t h  t h e  r versus 
h  r e l a t i o n s h i p  of  f i g u r e  3-6 t o  produce t h e  m i  values o f  M shown i n  
t a b l e  3-8. For  a  d u r a t i o n  o f  12 h r ,  t h e  va lue o f  r on l i n e  1 o f  t a b l e  3-8 i s  
ob ta ined  f rom f i g u r e  3-6 by moving p e r p e n d i c u l a r l y  upward f rom t h e  absc issa a t  
h  = 12 h r  u n t i l  t h e  curve i s  i n t e r s e c t e d  and then moving h o r i z o n t a l l y  u n t i l  t h e  
o r d i n a t e  i s  i n t e r s e c t e d  a t  r equals  37.5 percent ,  approx imate ly .  The va lue o f  r 
f o r  4.5 h r  i s 2 0 b t a i n e d  by m u l t i p l y i n g  t h e  h  f o r  12 h r  by 0.375. The 12-hr value 
o f  M a t  10 m i  (.78) f rom t a b l e  3-8 i s  t h e  r e s u l t  o f  d i v i d i n g  t h e  4.5-hr depth o f  
p r e c i p i t a t i o n  i n  l i n e  2 (25.8 i n . )  by t h e  12-hr depth o f  p r e c i p i t a t i o n  i n  l i n e  3  
(33 .2 i n . ) .  The values o f  25.8 and 3 3 . 2 i n .  a re  ob ta ined  by f i n d i n g  4.5 and 
12 h r  on t h e  absc issa o f  f i g u r e  3-7, moving v e r t i c a l l y  upward u n t i l  t h e  
smooth curve  i s  i n t e r s e c t e d  and then  moving h o r i z o n t a l l y  u n t i l  t h e  depths Ur 
and D a r e  read on t h e  o r d i n a t e  as 25.8 and 33.2 in. ,  r e s p e c t i v e l y .  The same 
proce$ure i s  used f o r  a l l  o t h e r  dura t ions .  

Curves s i m i l a r  t o  t h a t  o f  f i y u r e  3-7 were no t  cons t ruc ted  f o r  t h e  cen t ro i ds  o f  
t h e  topograph ic  subd i v i s i ons  s i nce  they  a re  t o o  c l ose  t o  each o the r  t o  p rov ide  
d i s t i n c t  readings o f  I) and Dh ( f i g .  3-1). The r a t i o s  o f  Dr/Uh a t  two l o c a t i o n s  
(37'11, 83OW and 3g0N, 8 3 0 ~ )  nearby DDKY were w i t h i n  a  few percen t  o f  Dr/Uh a t  t h e  
bas in  cen t ro i d ,  i n d i c a t i n g  t h a t  s i m i l a r  v a r i a b i l i t y  should be expected a t  t h e  
c e n t r o i d s  of t h e  t o p o g r a p h i . ~  subd i v i s i ons .  Hence, a  weighted va lue  o f  M f o r  DUKY 
was n o t  c a l c u l a t e d  as was done f o r  t h e  TIC parameter i n  t a b l e  3-2. 

3.1.4 Tenporal and Areal Var iabi l i ty  o f  M 

I n  he same manner t h a t  was used t o  o b t a i n  t h e  d u r a t i o n a l  v a r i a b i l i t y  o f  M a t  
10 m i d  i n  t a b l e  3-8, da ta  f rom t a b l e  2-1 were f i t t e d  w i t h  a  smoot l y  va ry i ng  
dep th -du ra t i on  curve as shown i n  f i g u r e  3-8 f o r  t h e  200-mip area s i z e  
cen te red  w i t h i n  DDKY. Data de r i ved  f ron i  t h e  dep th -dura t ion  curves o f  f i g u r e s  3-7 
and 3-8 a r e  shown i n  l i n e s  1 and 2  o f  t a b l e  3-9, where M i s  c a l c u l a t e d  t o  t h e  
neares t  hundredth and then m u l t i p l i e d  by 100. The values o f  M i n  l i n e  2 a r e  
based on t h e  assumption tha2 t h e  r versus h r e l a t i o n s h i p ?  o f  f i y u r e  3-6, 
developed f o r  a  p o i n t  o r  10-mi area s ize ,  a l s o  apply  a t  200 m i  . I f  t h e  f o r c i n g  
o f  i n t e n s e  convec t ion  were o f  s h o r t e r  d u r a t i o n  ( sma l l e r  va lue o f  r )  a t  l a r g e r  
area s izes ,  t h e  r e s u l t i n g  values o f  M would a l s o  be sma l l e r  and v i c e  versa. The 
va ry i ng  r a t e s  o f  p r e c i p i t a t i o n  accumulat ion a t  t h e  severa l  i n d i  v i dua l  s t a t i o n s  
seen i n  t a b l e s  3-5 and 3-6 do no t  p rov id?  enough d i r e c t  evidence t o  s t a t e  
unequ i voca l l y  whether t h e  va lue o f  r $t 200 m i  should be g r e a t e r  than, equal t o ,  
o r  l e s s  than, i t s  values a t  10 m i  . D iscoun t i ng  t h e  f o r c i n g  p rov ided  by 
i n t e r a c t i o n  among i nd i  v i dua l  thunderstorms w i t h i n  a  200-mi area, and 
concen t ra t i ng  s o l e l y  on f o r c i n g  a t  t h e  s y n o p t i c -  and p l a n e t a r y -  t o  meso-scales, 
as proposed by Or l ansk i  (1975), i t  i s  i n t u i t i v e l y  reasonable t h a t  t h e  d u r a t i o n  o f  





DURATION (HR) 
2 F igu re  3-8.--As i n  f i g u r e  3-7, b u t  f o r  t h e  area s i z e  of 200 m i  . 

2 Table 3-8.--Values o f  M corresponding t o  a 10-mi prec ip i ta t ion  area s i ze  and f o r  
selected durations, h 

h ( h r )  1 6 12 24 48 7 2 

1. r ( h r  .75 3 4.5 6 8.5 10.5 
13.3 22.3 25.8 28.2 ' 30.9 32.2 
15.1 28.2 33.2 36.5 40.0 41.7 

4. M .88 .79 .78 .77 .77 .77 



Table 3-9.--Values o f  M a t  the centroid (37O36'N, 82O3UaW) o f  ODKY f o r  selected 
durations from values i n  f igures 3-7 and 3-8 

1. M ( 1 ~  m i2 )  
t i m e s  1UU 88 7 9 78 7 7  7  7  7  7  

2 .  M (ZUU mi2 )  
t i m e s  1UU 8  9 8U 7 9  7  6 7  3  7  3  

3. l i n e 2 -  
l i n e  1 1 1 1 - 1 - 4 -4 

a tmospher i c  f o r c i  ny wou ld  n o t  be p r e f e r e n t i a l  between t h e  1 0 - 9 '  and ~ U U - m i 2  a r e a  
s i z e s .  The f o r c i n y  s h o u l d  be o f  equa l  d u r a t i o n  f o r  t h e ,  lU-mi2  s u b u n i t  r e c e i v i n g  
t h e  h e a v i e s t  p r e c i p i t a t i o n ,  as we1 1  as f o r  i t s  n i n e t e e n  10-mi "nei yhbors ,  " even 
though t h e  c h r o n o l o g i c a l  b e g i n n i n g  and q n d i n g  o f  c o r e - l i k e  p r e c i p i t a t i o n  a t  t h e  
w e s t e r n  and e a s t e r n  edyes of t h e  2UU-mi area,  f o r  example, m i g h t  be d i f f e r e n t .  
It i s  on t h i s  b a s i s  t h a t  t h e  s t a t e d  assumpt ion  was made. 

The observed v a r i a t i o n  of M  f o r  e i t h e r  t h e  1 ~ - m i 2  o r  ~ U U - m i 2  a r e a  s i z e  
makes sense, if t h e  d i f f i c u l t y  o f  m a i n t a i n i n y  a tmospher i c  s t r u c t u r e s  capab le  
o f  p r o d u c i n g  i n t e n s e ,  " c o r e - l i k e "  p r e c i p i t a t i o n  w i t h i n  a  f i x e d  a r e a  f o r  a  l o n y  
p e r i o d  of  t i m e  i s  assumed What i s  somewhat s u r p r i s i n g  a t  f i r s t  g l a n c e  i s  t h e  
v a r i a b i l i t y  of M a t  2UU m? ve rsus  i t s  v a r i a b i l i t y  a t  10  m i 2  a t  48 h r  and 72 h r  
(see l i n e  3, t a b l e  3-9). The s i z e  o f  t h e  d i f f e r e n c e  i s  r a t h e r  s m a l l  i n  each 
case, so t h a t  t h e  d i f f e r e n c e s  may have a r i s e n  f r o m  t h e  way i n  wh ich  d a t a  were 
e x t r a c t e d ,  cu rves  f i t t e d ,  and v a l u e s  read  t h e r e f r o m .  Such compar i  sons wou ld  have 
t o  be made a t  a  number o f  o t h e r  l o c a t i o n s  b e f o r e  one c o u l d  v e r i f y  t h i s  
p o s s i b i l i t y .  N o t w i t h s t a n d i n g  t h e s e  p o s s i b i l i t i e s ,  t h e  r e s u l t s  i n  l i n e  3  a r e  
reasonab le  if one accep ts  t h e  p o i n t  o f  v iew t h a t  e a r l y  i n  a  s t o r m ' s  h i s t o r y  t h  
most i n t e n s e  c e l l s  a r e  as l i k e l y  t o  be f o u  d  i n  any 1U-miZ s u b u n i t  f a  2UU-mi 2 f 

5 
a r e a  as t h e y  a r e  w i t h i n  any o t h e r  1U-mi s u b u n i t  o f  t h e  20U-mi area.  I n  
c o n t r a s t ,  1  sty , s t o r m  s t r u c t u r e s  w i  11 have e v o l  ved a t  t h e  randomly I1se!ected " 
i n i t i a l  1U-mi s u b u n i t  p k i  ny i t  more l i k e l y  t h a t  o n l y  a  s p e c i f i c  c o n t i g u o u s  
m i n o r i t y  o f  t h e  10-mi s u b u n i t s  around i t  w i l l  r e c e i v e  t h e  most i n t e n s e  
p r e c i p i t a t i o n  ( f rom amony a1 1  p o s s i b l e  m i n o r i  t i e s ) ,  w h i l e  t h e  i n t e f s i t y  d rops  o f f  
f o r  t h e  remainder  of such s u b u n i t s .  I n  o t h e r  words, t h e  1U-mi s u b u n i t  wh ich  
e a r l y  i n  t h e  s t o r m ' s  h i s t o r y  r e c e i v e d  t h e  h e a v i e s t  p r e c i p i t a t i o n  i s  l i k e l y  t o  be 
t h e  same one which  subsequen t l y  c o n t i n u e s  t o  r e c e i v e  t h e  h e a v i e s t  
p r e c i p i t a t i o n .  Consequent ly ,  t h e  i n t e n s i t y  f a c t o r  drops 9ff more s l o w l y  t h e r e  
t h a n  a t  t h e  r e m a i n i n g  n i n e t e e n  1 ~ - m i L  s u b u n i t s  i n  a  2 U-mi a r e a  and, thus ,  t h e  !! w i d e n i n y  d i f f e r e n c e  i n  M f a c t o r s  between 2UU and 10 m i  a t  48 and 72 h r  shown i n  
t a b l e  3-9. The i m p o r t a n t  p o i n t  t o  n o t e  h e r e  i s  t h a t  i f  random n u m e r i c a l  samp l ing  
e r r o r s  a r e  d i scoun ted ,  t h e  c h a r t s  o f  s torm-centered,  area-averayed PMP f r o m  HMK 
No. 51  i n d i c a t e  t h a t  t h e  p r o t o t y p e  PMP s t o r m  f o r  UUKY l i k e l y  has t h e  s t o r m  
s t r u c t u r e s  as s p e c u l a t e d  above, as a l s o  d i d  t h e  s torms upon wh ich  t h e  HMK No. 5 1  
ana lyses  a r e  based. 

3.2 Computation o f  K f o r  DDKY 

Values f r o m  t a b l e  3-4 and 3-8 a r e  used i n  e q u a t i o n  3-2 t o  p roduce  t h e  va lues  o f  
K  found i n  t a b l e  3-lU, t o  be a p p l i e d  a t  t h e  c e n t r o i d  o f  UUKY. I f  t h e  same 

c a l c u l a t i o n s  a r e  made u s i n g  2UU-mi2 v a l u e s  f o r  M ( t a b l e  3-9, l i n e  2 )  and K 
29 



Table 3-10.--Values of K fo r  precipitat ion area sizes between 10 m i 2  and 207 m i 2  
for  selected durations, h, a t  DDKY 

h ( h r )  1 6 12 24 48 7 2 

K 1.01 1.04 1.05 1.U5 1.06 1.06 

( t a b l e 2 3 - l o ) ,  bu t  t h i s  t i w  s o l v i n g  f o r  TIC, i t  i s  found $ha t  t h e  h y p o t h e t i c a l  
200-mi va l ue  f o r  TIC w i l l  have t o  change ( f r o m  i t s  10-mi va l ue )  by l e s s  than  
2 percen t  f o r  K t o  remain cons tan t  f o r  a l l  d u r a t i o n s  o f  i n t e r e s t  i n  t h i s  study. 
S tud ies  (U.S. Weather Bureau, 1957-1960) based on observa t ions  f rom t h e  NWS 
r e g u l a r  coope ra t i  ve network of c l o s e l y  spaced reco rd i ng  r a i n  y g e s  i n d i c a t e  t h a t  
va lues o f  C decrease by about 7 pe rcen t  f r om  10  m i 2  t o  2UU m i  a t  a d u r a t i o n  o f  
24 h r ,  so t h a t  T would need t o  decrease by about 9 percent .  A 9-percent  decrease 
i n  T which r e s u l t s  i n  a 2-percent decrease i n  TIC f o r  UUKY i s  reasonable.  

4. COMPUTING TOTAL PMP FOR DDKY 

Urainage averaged t o t a l  PMP f o r  DDKY i s  c a l c u l a t e d  f rom t h e  r e l a t i o n s h i p  s t a t e d  
i n  s e c t i o n  1: 

PMP = (FAFP) ( K )  (1-1  

where FAFP i s  equi  v a l e n t  t o  t h e  nonorographic  d r a i  nage-averayed PMP shown i n  
t a b l e  2-5, and (K) comes f rom t a b l e  3-10. For  t h e  du ra t i ons ,  h, cons idered i n  
t h i s  s tudy t h e  r e s u l t s  o f  t h e  computat ions may be found i n  t a b l e  4-1 on l i n e  7. 

Table 4-1.--Total PMP and related parameters for  UDKY 

D u r a t i o n  ( h r )  
1 6 12 2 4 48 7 2 

1. Nonoroyraphi  c 7.72 19.21 22.83 25.62 29.11 30.61 
PMP, sea l e v e l  
( i n . )  

2. Nonoroyraphic 7.49 - 18.63 22.14 24.85 28.23 29.69 
PMP-barr ier  
e l e v a t i o n  ( i n . )  

4. Length o f  co re  
even t  (hr . ) ,  r .75 3.0 4.5 6.0 8.5 10.5 

7. T o t a l  PMP ( i n . )  7.56 19.38 23.25 26.09 29.92 31.47 
( l i n e  2 x l i n e  6 )  



Values f o r  - v a r i a b l e s  d i r e c t l y  r e l a t e d  t o  t h e  computa t ion  o f  t o t a l  PMP f o r  UUKY 
a r e  summarized on t h e  f i r s t  6 l i n e s  o f  t a b l e  4-1. 

The bas in -cen te red  r e s u l t s  o f  l i n e  7, t a b l e  4-1 may now be compared wiy t h e  
e a r l i e r  f o r m u l a t e d  s to rm-cen te red  PMP, b u t  t h i s  t i m e  f o r  a  " y e n e r i c "  2U7-ini a rea 
s i z e  a t  t h e  b a r r i e r  e l e v a t i o n  o f  DUKY. The percentages i n  t a b l e  4-2 a r e  o b t d i n e d  
by f i r s t  m u l t i p l y i n g  t h e  depths  o f  t a b l e 2 - 4 ,  l i n e l ,  by t h e  r a t i o  o f  
co r respond ing  va lues i n  t a b l e  2-5 t o  t a b l e  2-4, l i n e  2; t h e n  d i v i d i n g  t a b l e  4-1, 
l i n e  7, by t h e  p r o d u c t ;  and f i n a l l y ,  m u l t i p l y i n g  t h i s  r e s u l t  by 100. The 
r e s u l t i n g  percentages i n d i c a t e  t h a t  f o r  d u r a t i o n s  l e s s  t h a n  24 h r ,  t o p o y r a y h i c  
i n t e r a c t i o n  w i t h  a tmospher ic  f o r c e s  p r o d u c i n g  nonorograph ic  p r e c i p i t a t i o n  w i t h i n  
t h e  DUKY, as rep resen ted  by t h e  K f a c t o r s  o f  t a b l e  4-1, l i n e  6, a r e  n o t  
s u f f i c i e n t  t o  overcome t h e  r e d u c t i o n  o f  s torm-centered,  nonoroy raph ic  PPlP b rough t  
about  by optimum f i t t i n g  o f  i s o h y e t a l  p a t t e r n s  t o  t h e  DDKY b a s i n  shape. At  
d u r a t i o n s  beyond 24 h r ,  t h e  e f f e c t s  o f  t o p o g r a p h i c  i n t e r a c t i o n  a r e  o n l y  1 p e r c e n t  
l a r g e r  t h a n  t h e  e f f e c t s  o f  b a s i n  shape. Values comparable t o  t h o s e  o f  t a b l e  4-2 
a t  6, 12, 24 and 48 h r  f o r  t h e  D e e r f i e l d  K i v e r  Dra inage (HYDKO 39)  a r e  110, 114, 
117 and 1 2 1  pe rcen t ,  r e s p e c t i v e l y .  Whereas t h e  b a s i n  shape r e d u c t i o n  of 
nonorograph ic  PMP i s  s m a l l e r  a t  D e e r f i e l d  t h a n  a t  DDKY, i t  i s  m a i n l y  t h e  
he igh tened  i n f l u e n c e  o f  o r o g r a p h i c  i n t e r a c t i o n  t h e r e  t h a t  accounts f o r  these  
l a r g e r  percentages.  

S h e l t e r i n g  a t  some o f  t h e  l o c a t i o n s  o f  t h e  p roxy  o b s e r v a t i o n s  used t o  d e r i v e  
t h e  o r o g r a p h i c  f a c t o r  T/C a t  DDKY, c o u l d  produce some u n d e r e s t i m a t i o n  o f  
t h e  l e v e l  o f  i n t e r a c t i o n  between t e r r a i n  and atmosphere t h e r e .  However, t h e  
percentages o f  t a b l e  4-2 a r e  w i t h i n  a  range o f  percentages reasonab le  f o r  a  b a s i n  
as c l o s e  t o  a  boundary s e p a r a t i n g  areas o f  none and some o r o y r a p h i c  ~ m d i f i c a t i o n  
t o  nonorograph ic  PMP, as i s  t h e  DDKY. 

Table 4-2.--Basin-centered t o t a l  PMP a t  the  centroid o f  DDKY as a percent o f  
storm-centered, nonorographi c PMP reduced f o r  b a r r i e r  elevat ion 

D u r a t i o n  ( h r )  1 6 12 24 48 7  2  

PM P $9 98 9 9 100 101  101 
( P e r c e n t )  
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