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PREFACE

“Clock-hour” prec ipitation rate distributions may be converted to distribution s

of precip itation rates measured over 1-minute and/or 4—minute intervals (some-

times referred to as “instantaneous ” preci p itation rates) using the models presented
• in this report. The models , their development , and their uses are described. They

have been developed over a period of years . Particular note should be made of the

contribut ions to this technique of Lt Col Gorden A. Beals , and Maj Patrick J. O’Re illy

wh ile assigned to USAPETAC.

It is apparent that distributions of prec ip itation rates over short time periods
wil~ be differen t from rates measured over longer time periods because of the aver-

ag ing effect in the latter measurements. For practical purposes rates measured over

1-ninute intervals may be used for most applications requiring short period distri-
but ions , although even these (1-minute rates) are composed of highly var iab le

shorter term rates.
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STOCHASTIC MODELS FOR DEkIVING INSTA N’IANEOUS PRLCIPITAT L’N RATE DISTR1~ UT1ONS

Introduct ion

This report presents model distributions of instantaneous precip itation i ates

as a function of clock-hour precipitation rates for 13 locations representing various

c~ in3tol-~g1cal regions . The models are developed using a techni que suggested by
.iri ggs and Harker [1] and refined by O’Reilly [14]. The data used to develop the
models have been extracted from the work of Sims and Jones of the Illinois State
Water Survey [15]. This is a continuation of the earlier work of Mueller and Sims

~~~ [12] [13]. The actual data were provided to USAFETAC on tape from AECRI . The

tapes also contain data from stations in Southeast Asia. This report is not intended

to outlir.~ the various sampling techniques ~4] [15] other than to say that a recording

rain gauge or a “drop ca me ra” was used and the prec ip itat ion rates could be read to
a precision of 1 minute or 3 minutes . ‘The-minute stati stical mode ls (in -ct/d iv seasons

ar. O annual) are compiled for Urbana , Ill inois; Majuro Atoll , Marshall Islands; M i a I I I j ,

Ficrida ; Coweeta Hydrologic Laboratory near Franklin . North Carolina); I s l a n d  iS,p~~~~~
State Park , New Jersey; Woody Island (near Kodiak , A l a s k a j .  F o u r - m i n i ~t c  st a t is tica l

n~ceis wet /dry seasons and annual) are compiled for F r e i h u r g ,  ermanv; Koh ’ enz ,
Lc- r n ,an~’; Pleiku , Vietr .am; Saigon , Vietnam ; Pa Nang , Vietnam; Naha , Okinawa ; anj  Het

.oar,, Israel.

~a z k g r o u n d  and M e t h o d o l o g y
Deterruning the spatial di -~tribu ti on of precip it ation along a hor i:on ta l or

- ,-~ r a 1  path continue s to he one of the more diff iL,iI t probl ems in  p r e s e n t  d ay

c~~ r-sto~~)g\ . Est in ates of the instantaneous preci pitation ra te are es senti al f o r

c~ .-~aia t Irg short-path electromagnetic attenuation , rockc iio- e -co ne ero st o it , fl iso

:‘U -roj ::-rec~ st ing , and numerous other applications . To address these ~n O’I~~~ i n a:

:do~ t manner an ir strument s stc~ w o u l d  he required t h a t  cont inuou s1~’ measur es te

.‘ t1 t~ on amounts along hori~ onta1 and ve rti c a l pa th s . The o r i e n t a t i o n  cm t t h e

r~ i :o m : a i  path sould be changed to f i J t t r  ou t  a bi as trw:, r .’ r a i n  c .- l 1 ~ : : I ov i :mg  a~~i o -  s

i : p l .g path fror a particular d irec tt on . Th e t~~p er Im erit s w o u l d  he  :a~I~ i n

v a r ~~ca s  c t  mra to io~~.cal regions and the p e r i o d  of  r c c . . i r d  wutal d hi long flour: ), t-

aSc- :-a~~e oc .  t n e  e f f e c t s  of  w et  or  d r y  y c i r s .  T h i s  i s  n o t  p r r t i c a b l e .
; r:,~r r i Z e i ’ ,’ , t h e  - i l i n o i s  S t a t e  W a t e r  S u r v e y  has made some of t h i - ~~e nme a’- - ir - --

I n~ :-. r i r on  t~~ - i n e s  of  v . i  ry  in  ~ 1 e n g t  h~ [4  1 ( 1  S I . \ t h o u g h r i ’ ye  rt Ic - ti

- . a - ~ - t ~~ D r e c m p i t u t l o n  h a s e  no t  be en  a J d r ~- - ~sed a s a t i s f a c t o r i l y  a r  t G i  on  -

na ’- l e  a s s u m p t i o n s  can I - c  made  t o  e st  ji lt  c t h i -  p i t - c t  i t  - i t  i ,-n  ~~~ ~:
-i , i f  be tio r i Z o I l  t a! d istr ibut i on is k n o t -  ~ . I d c i i  1’ , t-e  ‘O il I d  I k i -  t o  n -  in-

~~~~~~~~~~~~~~~~ p r e c i p i t a t i o n  r a t e  J i s t r i h u t i n a l o n g  - -~ t h  at a p a r t i c u l a r

\ : -
~~~~~ - - 

~J s i - o t h e r  s t a t i o n  d o e s  i t p t - V s d & t n l i s  t : I f n r m a t  lo l l . ~S e , i t ’ i - r

~rs :f n son ’ . va~ uab1e i n s i gim t , t a d  t h e  d e v e l o p i n g  d i ~~it i~~t -J r a d a r  c i  i~~ i t o l  gv

3 , se er,s  r n o r ~ s i r . g .  Uowever , th is info r a t  ion is needed for n~n ’.’ cli: i i  ~

~ie ba -n c ~ ~~- s t . ~o:i i s  how ca n one i n f e r in  in  -
~ t a n t  1 a s i t  i al J i - 5t  r h u t  i o n

- t e  st in~I a d  u~ - : it , c f  rc~ o r ds  of  i c - o i l y  p r e~- i p i t t t i o r . a n o u n t s . To a~ c o m p I i~~h
ne •nu s :  f i r s t  d e c i d e  a m  t o  i d ~~ tIn.- h u u r ) v  p recip ~ t i t i ’ n  amounts ~ I . 0 . ,

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~~~~~ .. ~~~~~~~~~~
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clock-hour rates) and obtain instantaneous precipitation rates. After this has

been done the time distribution may be translated into a spatial distribution

~Bussey [2 ] ) .  The question of translating the distributio n is not addressed in  this

t ech iaical  no te .  We w i l l  s imply  be p r e s e n t i n g  s t a t i s t i c a l  mod e ls  and show how they
may be used to t r a n s l a t e  rou t ine  d a t a  ( c l o c k - h o u r  p r ec ip i t a t i o n  r a t e  d i s t r i b u t i o n s )
in to  an e s t i m a t e  of the  d i s t r i b u t i o n s  of the  r a t e  of instantane ous pr o ipitation.

Par t  of the work of the Illinois State Water Survey has been to measur e point

prec ipitation rates over a 1-minute period . They also have obtatned recording

ra in ga~ige records and tabulated prec ip itation rates over both 1- and 4-minute

periods . One may obtain a distribution of these 1-minute rates (or 4-minute

rates) as a function of any clock-hour rate interval. These “model” distributions

may then be used to predict the instantaneous rate (actually 1- or 4-minute rate)

for any region having a similar precipitation regimen as determined from the avail-

able clock-hour data.

Levelopment and Jse of the Models

The technique used to develop the models is strai ghtforward . One first decides

un~ ch cluck-hour intervals are of interest [16] see lable 1. Since the definition

of c4oc~.-ho ur precipitation rate is the amount of precipitation that falls within a
:; 1r ec i f  ic o ou r  t in e  f rame , the  ra tes  can be thought of as the  amount of precipitati eti

f c r  tne tiour ) ..s well as the average hourly rate. In tu e Illinois State Water Suriey

e~ , erinerats , the clock-hour rates are determined by merely adding t he  1-m inute (or

4-: ~riute) rates. ~The actua l weather station report is the total amoun t of pre-

c x’- jtatjon that .ias fallen in  the clock hour.)

.~fter toe interval of the clock-hour rates is defined , one then decides over

w h i c h  intervals the 1-minute (or 4-minute) rates will be grouped. (Note in

~a bi e  I tri~±t tbese intervals are not uniform.)

The s u r r : a t i o n  process works in the following manner : Within each discrete

c~~c~~~- n u u n  time frame there is a string of 60 precipitation amounts (assuming 1—
i:i :.~ te p r ccip ~ tatiom measurements). The total preci p itation amount for the hour
ie~~.~r: ~ne -: into which clock-hour block the data string falls and then the 60 data

m O~~~~t5  ~re ci stribated throughout the one-minute intervals for that particular
— ~~~~~~~~ .~~~~~~... The process is then repeated until all the data are exhausted .

~~ ci ecw hcLr is not an arbitrary defi nition , it means a specific ho-minute
en 3, i . - .,  J 8 )  to d85t~. The period 0830 to 0929 is not a clock hour even though

6i - l , iriutC period. O’i~ci1l~ ~, l 4 ]  checked to see if there was a si gnificant
. c i ~~i -.e ~-e t we er .  the oO t i n u t e s  ‘ e g i n n i n g  on t h e  hour , and those inter~ -ls

L e~~...o. ng rin~ites , 33 min utes , ar,J  43  rinutes after the hour . O’Reilly averaged
c -c ,e~~,,r clock hours with the actual clock-hour data to develop hi s models.

~~~~ tue ~~fferc.:ces -etweer, the actcal and pseudo clock hours are s irul l no aver-

~~~~~~~ process iS enp i1~~ed i n  t h i s  report . The actual clock hour j c  t h e  o i l - ,- ti

n . : . . t c  t . 1 e  f r a n c  u sed .
-oc~~~s ~w e , dry • a nd a i .a - ~u a l )  are  d e r i ve d  in t h e  m a r i n e r  ou t  1 i n - d  nho vt

c -~e .n - o n t . - .~~y ir e c  i p itat ion i s  l ess  t h a n  t h e  mean ann :ial th~ mont h is con-
. c i - ~- r - . t ;~-.n - r  l , m i i t , ~iS inc  cofl siLere ’d wet. ‘‘ a t d c r ’ s climato logica l atlas c-,

a I 
~ are use~ to ~ -tvrn.ne the mean preci p itation value s (see Table  2).

_ _ _ _  _ _ _  -- -
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dr,e of the more confusing p o i n t s about  t h i s  process  is th e  c o n v e n t i o n  of  i a l - J i n g

the estimate of an instantaneous rate (either 1 or 4 minutes~ ii. “ i n / o r ”. I b i s

is done by simply multi plying the v r iui ute rate by an a p p r o p r i a t e  f a c t o r  ( b O  f o r  1-
minute rates) to convert to an “ho url y ra te”. This , of course , would her the fre-

quency of occurrence of a s1-e cif ic- . hourly rate if the minute rat e- persisted for t I c

entire hour. Casual observations reveal that tlr e m inute rates (especially h i g h oJtt’~~)

seldom persist for an hour r ind  t h i s e x p l a i n s  wh y the range of the minute rates i’-
chosen as :ero to > 10 in/hr while the range of the clock-hour rate data is only a

trace to > 5.00 in/hr. The erratic nature of some of the clock-hour distributions

a b o v e  2 in /h r  can h e a t t r i b u t e d  to the sna i l  s ample s i z e  (see Table  3)
The u s e f u l n e s s  of these  mode l d i s t r i b u t i o n s  of i n s t a n t a n e o u s  r a t e s  l i e s  ii: t ire

f a c t  t h a t  many stations have c lock  h o u r l y  p r e c i p i t a t i o n  d i s t r i b u t i o n s .  C o m b i n i n g  t h e
two d i s t r i b u t i o n s  g ives an e s t i m a t e  of the  a n n u a l , d r y ,  and wet  :-j onth s  d i s t r i b u t i o n
of i n s t a n t a n e o u s  p r e c i p i t a t i o n  for  the l o c a t i o n  of i n t e r e s t.  See T a b I - -s 4 - 4 3  ~or t h e
der ived models.

Lenhard  [5 ]  has developed a techni que ( r e g r e s s i o n  a n a l y s i s )  t h a t  e s t i m a t e s  t I r e
t a~ 1 of the  i n s t a n t a n e o u s  d i s t r i b u t i o n  by s e l e c t e d  m o n t h s .  A more  d i r e c t  n e t h c - u l  1-

to multiply the observed clock-hour distribution for a location b y the l - j : r i i i t - c
(or  4 - m i n u t e )  model  f r e q u e n c y  di s t r i b u t i o n s .  Th i s  p r o d u c e s  an e s t i m a t  , in t o t a l
n u n b er  of hours , of the i n s t a n t a n e o u s  d i s t r i b u t i o n  for  each c l o c k - h o u r  r r r t t -  i n t e r v a l .
Su ;oo in g  each row w i l l  g i v e  the t o t a l  t i m e  each c l o c k - h o u r  r a t e  i s  obse rved . h u n i n i -  h
a CCIUOO i~il1 g ive toe t o t a l  t i m e  a p a r t i c u l a r  i n s t an t a n e o u s  r a t e  is  e \p c c t c d .

A f t e r  d e r i v i n g  the  e x p e c t e d  t o t a l  i n s t a n t a n e o u s  d i s t r i b u t i o n  ( S Uj :  of the er ol ur ir s) ,

om~ may check  the r e s u l t s  to see i f  the model used i s  r e a s o n a b l e . T h i s  may  he done
by c a l c u l a t i n g  a secondary d i s t r i b u t i o n  of s e l e c t e d  p e r c e n t i l e  v~~1ues  f o r  each  c o l u n r i u .
The p rocedure  for  t i d s  c a l c u l a t i o n  is to b r e a k  the i n s t a n t a n e o u s  r a t e ’ in t e r v a l  ( e a c h
co -.ca~ t r .t o  the selected percentile values and then  m u l t i p l y e a c h  pe r c e n t i l e ’  v a l u e
:~ e t o t a l  number  of hours  fo r  t i e  i n s t a n t a n e o u s  r a t e  i n t e r v a l .  E a c h  c o l u m n  s i l

tne - .r n ave a 13- , 15 , 20 , e t c . ,  p e r e e n t i i c  v a l u e  r e p r e s e n t i n g  the  t o t a l  :- r e c i p i t a t i o n
a:ercnt . ~~‘ R e i l l y  [ 14]  found  t h a t  t h e  mean am o u n t  of p rec  j r - i t t ion fo r  a s t a :  ic- n
c o r r e l a t e d  n e s t  w~ tb  the  t o t a l  3 5 th  p e r c e n t i l e  v a l u e  ( sum of t he  3i t ii pe reci t i l e r
v a l u e s  fin- each c o l u m n ) .  T h i s  3 l t P  g e r c en t i l e  check lS  (‘i c’ criteria t i : t t ma y h e’ used
t c  d e t e r m i r , e  i f  t h e  expected elis tribut ion is reasonable .

~t p r e s e n t  a l l  a p p r o a c h e s  to t } .c p r o b e -i -  of in stantan ous fiCCj ~~ii a t ion ratc--

are  ~ot a  h o u n d .  As s amples- f ron  a l u i t i o n a l  l o c r i t i c t i s  an d  l o n g e r  p e r i o d s  of i c c c ’n J
become available these ro~agh estn -;ates can be r. fine~.. 

- : -

Surr:ary and Cone j Us  i on s
1r ,is r epor :  is i i . t e n u e d  t e  e x j  u n u  t n c  n u m b e r  of 1- an d  4 — m i n u t e  p r e c  i p i t , i -

: . cn  rj t e  r i - r u e l s  t h a t  can be a s e u  t er t i r a t e  i n s ta n t a n e o u s  i~r e c i ~’ i t a t  io n r .a t e- s in

various ct.~~atic regions. he on1~ t a C i t  i o n o i  L r : ; - r ~ t n e e d e d  to generai the e S t i i : : a I e s

~re t e  c l o c k - n o u n  1- r e c i l - e t , . t i o n  r a t ~~~. I t  is hoped that i d d i t i r n u l  s . i u t p i i n g  of  I-
r~ :. ~tc  p n t - c i p i t . t  i- n :  ,~~~t e - s  w i l  hc iCc i f l  t ; e ’ r e a r  t i l e . Son~’ of  t e  est ii - ate - s

pr e -er , t -~ ac re ~ r a rc  h a s d or .  l c s s  t h o u  I v t - an  c f  d a t : i  a n a l  V has c - n  p o i n t e d  out
t : a t  t :~~s p a r : i ~~u l a r  ‘ i r e  ~~t a r - e  :;: , :n.t ru t - ; - i~~; a 1 .  \ d d i : i - , u a i  s i r 1  a r i  is , j s i

re~. -ui r -2 J t - ~ de v e l o p  t h e  s t a t  . s t , c s  i - I  t r o l i r l  m o d e l

_ _ _ __ _  - _ _
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Table 1. Tharipie ~-Io-ha1 DIstribution of Instantaneous Precipitation Rates.

Percent cont ribution at instantaneous precipitation rate to clock-hourly precipita-
tion rates.

Instantaneous rate observed over 1- or 4-minute period f or  (lacation).

Total number of months in POR is N.

T o t e d  number of miss ing months in POR Is M.

Season i s X - Y - Z  (Dry ) .

TNSTANTANE OU S RATE S ( 1N/HR)

OIL 2-
HO U~.
:-(ArEs .00- 0.0~- 0.10- 0.2 5- 0.50- 1.00- 2.00- 5.00- TOT ‘10
(IN/HR) 0.03 0.09 0.24 0.49 0.99 1.99 4.99 9.99 ~ 10.00 CL.OCK_ n iR

- , .

I .

O . _  ~0 .2 0

1. 0-.0. 99
2 . ’O- 2 .99

~. l0-3 .99

-- n-c

~-
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