





















































































































































AUSTIN, TEXAS
»

SEASON-1

FREQUENCY
&
1L

-

4Ll

-

n>
i.

RAIN FALL 1-5T

B O¥E

PELTUERT RO SELLEERT PO TVL OO RO RO DL LA R
» B

LRI OO RERL PO LR EER N EO TR TRR RO
» R

" I!ilnllilliilllll|lilllFIIIIIIiIIiII]IIIiII'IiIIIIIIIIIIIIIIHIIIII\II
+ TR
) IIIIIII1IIIiIIlIINIIII]FIIIIIIIITIIIlIIiIII T
w I|n|.1l|||IIIIIHIliIINI[IIIiIIFIIIIII|||llIlIIIFIIlII!IIIIIIIII IIIIIIII

N, Wi AR AR
i IIiIIIIn1IIIIIII|fIIIII|II|||||||I!IIIIIITIIIIIIIII|||III!|||||I||
L R g

I

1H1; llIIIIIIHI'|IH!lIIliII}IIHIiIHIIIIIIIIIIIIIIIliIIllllIIIIIlII
0D TR P TR PO
o o (TR T T
E‘ 1V EILERT TR DT
o BT T T
HIlIIJEIilIII!II AR TR T T R
PREEREEEIL RO T R TR TR R
IIIHIIIII.IIHHHIH1IIII P TR
N T T e
DO RROEVL DL AR ST, D ERT RO PO
TURRTEERTERDRLELE RT3 00, CRRRERERVRRDRILEVIRR D0 OO
T TR T T
RO DRI RURLRRERRRLE s CLERER R I
%- e 24 Lo ae 5.8 8.t 1.0

RAIN FALL 3-RD STORM

OO PR SR

ORI SRR

mvmmmmmmmmmmmmmmmmmmmmmm

{1k A RO OAORCRRAEAN RO

A ATRE OO O AO A

OO, MARRRCAEROR AR RO OAEAL

ONEAR AR A SRRSO AR RO AR

AR

(RO R O AEARCAARRAERARRRRARALY IR

& B 3 & ¥ M % N W s

FREQDCY
!

(0 00 S0 A A AR AR R

OO UL ORREOE IRARR SRRSO

s

[0 AR ORI

MR SARORCA A CRRRERCEA TSERRAR

AR st AT AR AR

L

(AT ECRARAOR TR RSO

(ARt RO

g.
7
i
5

4 L0 2 na e v 20 22

SEASON-3

mmmmmmmmmmmmmmmmmmmwmmﬂm
6.0 T.0

B 10 20 %0 40 S
RAIN FALL 3-RD STORM

I AATAR AR

SAOA IO RO EEARIT B A AAEMLA

"

HEMEIED SEATRSA R ACARARARATARAOA A

IR 0L RTINSO OO

“

REL S DS A

I T A

”

1 A A AT
B REATEE T TRRRARRC RO CRRA AR

{1 RO s AR AR

]

Nmmmmmmmmmmmummmmmmmmmmm

MR A SRR RAATAACAEA
IS AR MR AL

RAIN FALL 1-5T STORH

A1 12 1 s L 20

(RO AR MO
AR et

B 0 20 S8 &5 S8 6% T
RAIN FALL 3-RD STORM

O AR AR

AR TR

IR AR

T OO RO OO

[T RO AOAO O

ey

00D RO AR A RRT EAREA O

O AR

A AR AT AR AOAEA

UEIRERRREMEAEREAO TR

=

ORRAARIARARAREEY AL SRR LR RO

ORRRRARE AR LY 0 AR

i

11

ARG L1 O AR

2 8 B 10 N2 8 e L L 24

F1G. 6.6

RAIN FALL 1-5T STORM

(K]

5 20 25 %0 35 4

RAIN FALL 2-ND STORM

mmmmmmmmmmmmmmmhu:WNMme
RAINFAL 340 STOM

[T

IO O TSR DR AR

TS v
AT AT ACA RO
AT AR

s

o
L1

W 5
(RNNCACARRRAR, CSRNRARRARRIAN OO O

RAIN FALL 10-TH STORM

-

B o112 W o oeox R
RAIN FALL 10-TH STORM

°

b
g

N

R
mnruwmsrcm

-

O ]
RAIN FALL 10-TH STORM

COMPARISON OF THE THEORETICAL PROBAEILITY DENSITY FUNCTIONS (DASHED LINES) AND THE EMPIRICAL FREQUENCY DENSITY CURVES (SOLID LINES) OF THE
TOTAL PRECIPITATION, X, FOR THE FIRST STORM (RAINFALL, 1-5T STORM, FIRST COLUMN), THE FIRST TWO STORMS (RAINFALL, 2-ND STORM, SECOND COLUMN),
THE FIRST THREE STORMS (RAINFALL, 3-RD STORM, THIRD COLUMN), THE FIRST TEN STORMS (RAINFALL, 10-TH STORM, FOURTH COLUMN], MU EACH OF THEM FOR
THE FOUR SEASONS (OR TIME POSITIONS):
OCTOBER 1 (SEASON-4, FOURTH ROW) OF THE AUSTIN DAILY PRLCIPITATIGh SER!:S WITH STORMS DEFINED AS UNINTERRUPTED S{UUENEES OF RAINY DAYS.
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JANUARY 1 (SEASON-1, FIRST ROW), APRIL 1 [SEASON-2, SECOND ROW), JULY 1

(SEASON=3, THIRD ROW), AND
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FIG. 6.7  COMPARISON OF THE THEORETICAL PROBABILITY DENSITY FUNCTIONS (DASHED LINES) AND THE EMPIRICAL FREQUENCY DENSITY CURVES (SOLID LINES) OF THE

TOTAL PRECIPITATION, X, FOR THE FIRST STORM (RAINFALL, 1-ST STORM, FIRST COLUMN), THE FIRST TWO STORMS (RAINFALL, 2-ND STORM, SECOND COLUMN ) ,
THE FIRST THREE STORMS (RAINFALL, 3-RD STORM, THIRD COLUMN), THE FIRST TEN STORMS (RAINFALL, 10-TH STORM, FOURTH COLUMN), AND EACH OF THEM FOR
THE FOUR SEASONS (OR TIME POSITIONS): JANUARY 1 (SEASON-1, FIRST ROW), APRIL 1 (SEASON-2, SECOND ROW), JULY 1 (SEASON-3, THIRD ROW), AND

OCTOBER 1 (SEASON-4, FOURTH ROW) OF THE AMES HOURLY PRECIPITATION SERIES, WITH STORMS DEFINED AS UNINTERRUPTED SEQUENCES OF RAINY HOURS.
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frequency distributions, rather than to compare the
density functions with the frequency density curves.
The fact is that the comparison of distribution looks
better to an eye, than the comparison of their density
curves. This can be seen best by comparing the graphs
of figures in this chapter, in which case the density
curves are compared with the graphs of figures in the
following chapters where distributions are compared.

The eye inference is often misleading and un-
avoidably represents a subjective decision. A compari-
son of two curves, one theoretical and another empirical,
may look as good to one person and very bad to another.
The objective statistical inference by using the
parameters and tests of hypotheses is the only proper
way of comparing theoretical and empirical curves.
Because readers are often accustomed to drawing their
own conclusions, the graphical presentation is given
in this paper, rather than the tables of chi-square or
any other statistic, as the results of statistical in-
ference tests. As mentioned in Chapter III, this is
not an exhaustive study of a large number of stations,
with a statistical analysis performed of how the vari-
ous theoretical distribution functions of precipitation
stochastic process fit the empirical distributions. It
is rather a development of methodology, with the four
examples used to illustrate its potential usefulness.
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Figures 6.1 and 6.2 refer to Durango, Fig. 6.3
and 6.4 to Fort Collins, and Figs. 6.5 and 6.6 to Austin
daily precipitation series for each of the two defini-
tions of storms, respectively. As the number of years
of data is 71 for Durango, 69 for Fort Cellins, and
70 for Austin, those are also the sample sizes of the
empirical frequency density curves (solid lines) of
Figs. 6.1 - 6.6. Differences between the theoretical
probability densities and the empirical frequency den-
sities are smaller for Durango and Fort Collins than
for Austin. Figure 6.7 refers to Ames hourly precipi-
tation series. The sample size is 18 years only. This
small sample explains why differences between the
theoretical probability densities and the empirical
frequency densities are much greater for this station
than for the other three. The use of hourly data in
the case of the Ames Station may further explain why
these differences are so large.

In summary, the gamma distribution of eq. (2.523,
with AZ(o,x] of eq. (6.1) assumed to be proportional

to X for a given A, and a given position in time,

seems to well fit the empirical distributions of the
storm precipitation amounts.



Chapter VII

PROBABILITY DISTRIBUTIONS OF TIME OCCURRENCE OF STORMS

7.1 Definition of time occurrence of storms. If
a storm is defined as a rainy day or a rainy hour, the
lapse time from the beginning of an interval to that
rainy day or rainy hour is its time occurrence. If a
storm is defined as uninterrupted sequence of rainy
days or rainy hours, then the lapse time from the begin-
ning of an interval to the last rainy day or last rainy
hour of that sequence is its time occurrence. If t,

stands for the time when the observation begins, then
T, denotes the end of v-th storm. The difference

Ty S is called the lapse time of the w-th stomm.
For tog = 0, Ty is the lapse time.
The probability density function of T,

by eq. (2.48). The following integral represents the
average number of lapsed times in (to,t]

is given

t
Ay(ty,t) = { A, (s)ds (7.1)

]

and it is Ai(t*to) only if hl is a constant with time.

7.2 Computation of theoretical probability dis-
tributions of lapse time, T, Assuming that E is

defined by dates of the year, in the examples of this
study, four values of t, are taken as four seasons:

January 1 (Season-1), April 1 (Season-2), July 1
(Season-3) and October 1 (Season-4). Then for any
value %, t, the various terms of eq. 2.48 are deter-
mined from Al
examples and presented in Chapter IV.

-time functions, as computed for four
The computed A

values are used rather than their values from the
fitted periodic components. This latter case should
be used whenever some sampling variations in A, should
be avoided.

The term Altt) in eq. (2.48) is the computed 1

value at the time t. The term in eq. (2.48), given
by eq. (7.1), is the integral from the beginning of

the above dates and various values of t. This pro-
cedure is used for v = 1, 2, 3 and 15 for the first

definition and for v = 1, 2, 3 and 10 for the second
definition of stomms.

The theoretical probability distribution functions
(as integrals of eq. (2.48)) are given for the four
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examples of precipitation data (Durango, Fort Collins,
Austin and Ames) as light solid lines in Figs. 7.1
through 7.7 as explained in the captions of these
figures.

7.3 Computation of empirical frequency distri-
butions of lapse time, T, Frequency distributions of

lapse time Ty

, given in all figures as heavy solid

lines, are determined for the following cases:

(1) For rainy days, each considered as a
storm, for v = 1, 2, 3 and 15, and for the above four
time positions Lo designated as Season-1, Season-2,

Season-3, and Season-6 in all figures, and for the
three examples of Durango, Fort Collins, and Austin
daily precipitation series.

(2) For storms, defined as uninterrupted se-
quences of rainy days or rainy hours, whichever is
relevant, for v = 1, 2, 3 and 10, and for the same
above four positions of Ty and for the four examples

of Durango, Fort Collins, Austin, and Ames precipitation
series.

For the first definition of storms, Figs. 7.1, 7.3,
and 7.5 each give these 16 empirical frequency distri-
butions of S (the four values of v = 1, 2, 3 and 15,

and each of them for the four seasons). For the second
definition of storms, Figs. 7.2, 7.4, 7.6, and 7.7 each

give these 16 empirical frequency distributions of Tt

(the four values of v = 1, 2, 3 and 10, and each of them
for the four seasons).

f theoretical probability distri-
Frequency distributions of lapse
Lson in Figs. 7.1 through 7.7

7.4 Comparison o
butions and empirical
This compar

time, 7 .
shows a good closeness of theoretical and empirical
curves, though this is not studied by tests of appropriate
statistics of goodnesss of fit. The exception is Fig.
7.7, for the hourly precipitation data at Ames, because
the sample is small, only 18 years.

In conclusion, eq. (2.48) gives a good distribution
of 1, provided A is well estimated as a function of
The values of Al
should be used instead of the computed values of A

time. from the periodic component

1



DURANGO . COLORADC SEASORt

» LU : L L] 1 LI
ol oo G i SR R ‘""""HII%IHIII‘;H""'"“"“'IHII:il:‘.l.il“' Rll‘.luiimum 00O
1 T i R 0 O
~ [ i R i i i 0000000 G OO
I p T i T O 0 O AR
1 ! 1501 YT MBS TR A I MVHEARTAAECLA
; I I OO0 RO O
: - i ——— i I "“"'".::',: OO IS
2 e " A AR AL LA f 0O A0
“ T i o OO 11 A A AR
“ i T T AR REEATDTRAORE ERARARAY
N ] it b lesl “””1“”|1ﬂ|l||'!||||H'.||l[ll|||]|ﬂ|5.|||.|||m!“””ﬁ l||]]]'|'||i||i|m!1
ar i W 1 il 1l il i
.
'
R
L] Py
M i i I'::m:Il::\ill::Il::il::ill:ilnln:r|||||||‘||:11“::‘|||| - AT
y i i ‘""""""”"'"””"""' i |l||||||||||il||l|||||ml'|||||||||1|,'[|H||Il lllllllﬂhll|H|||||||l|'|“l|||
funnibu i - |||l|l||||||||1|l||||||||||||||“H|||H||l|||||N]||||||“|l||||||||i|l“||||||||

DISTRIBUT [N rumm EE Drgm.a_-nm "LN:TH.N 20 o m msmtamm mncn m AN “DISRIBITION rw.*nm 15 RAN
SEA

T A
R
* K L it _ O 000 A
1::2:2'.#!::::: QIR T e
i i —— o OO 1 O A

il

IH1MEY 1||||||ﬂ||||'||||Ii|||[|||H]F‘llH||I||||||“|||||H||Nﬂili|”||||1||
I i i ||||||1||||I|ﬂ|||||||l||||||ll||l|||||N||i|'||||||||||||||||||||l||||i||ﬂ||f“
TSI T T T HI,..'”“

il SO . it ARt
u::::i“:i::“::!EEEEEEE:I" Y |:r:}||:”:::|l”” Ir”"l i ; = AT
it IR RERBR

il II
IIIIIIIH|I||Illr_l"iumrlIIIIIHllIIIIIl (I
% I|II“:ni!lIIHII|||1|HllllIIIIIHIIIII'IIIII! (NN AN

T
(VTR RR A T
ALELRELEREERREE Y
LR EEERREERERREE
DEHE IESIREEEE TR
LTS illlllrlrllltl AL

A
I|I|Iii1||I|1II|||'I||II1|F|[II||1|III|1|||||IIl||I1Il|||||||i[l||'|||li|1l|1||||l|
AR
AR A
O
S
lIIlIlTIHIIIIIIIII'IIl|I1HI1Il\1II'IiI||HIlIIIIllIIIII|||Ill||||1||l1IH|iHIIII
ST IIiIIIIilllilllliilllHIIilIHIlIIIIIIIIIl
SR A
T
A A
I A R
Illlllillllllllllll Ml HIJHHIIMII|||1I|l|!|||l I 1IIII1 s

It
"--‘ il !Illl'llllllllll'lllllll |1IIII|l|||III1IIII
AL
i I A

2 T
« [T
AT

=
-
E 1IIIIliIIi!l]IIIIIIIIII!IIiI
-

il
" I|IHI1I1IIIIII1I11IIJI i [ ih
B ae + il (LR TR ST IE] R T -

! I i
PR

UL T m|1|JHHI|1||:::::mmmuun|um - i -+ i i IltlllllIIIlilllllilllhlllllhlll ||lI||IiIIH|1IlIIIlIlIIllIlI!IIIIHIIIIIII!II |
O S ) KD % .80 ] a0
DISTRIBUT[ON FUNCTION 15T RAIN DISNBJTIN WICN “EN RAIN
SEASONG =
g T JIH ] E
= - OO ATR SRR ERER
- IO AR
» IS0
a x O 01000 PO RSOROAAERR
2 [ T 5 “'mm!“":ﬂﬂmm:uluumlmmm L0000 O AR
x - e - AT SRRSO CRTTRAREA T
. . 31 ||\||H||||||||||l“|||||]|||||F||l||||||||||||||1||1]|J||||ﬂ|||||ll|[|||||||1|ﬂ
k! it ||\||"|||||[H|"”|1]|||||||[|||||||||||||||||N"|H“m“""fl“l"llll"
W : 1 R Gerie
i A et i ||H|“|||||||'||||1||||1H||.||||Il'||[|||||1||||1|ll f
Eq il
a1 T i
' T T 1
g 1t
" i | wlE i
: B ] | & il
3 T i 2 |||l|l||||||||1|I]|J|Iiilll”||||.I||||||||||||]||i A AT
Dy i oy R I GG 0 A A
DISTRIBTION FLACTION 15T RAIN DISRIBTION FACTION 20 AN DISTRIBUTION FACTION %0 RAIN

DISTRIBUTION FUNCTION 3RO RAIN

DISTRIBUTION FUNCTICN 45TH RAIN
COMPARISON OF THE THEORETICAL PROBABILITY DISTRIBUTION (LIGHT SOLID LINES) AND THE EMP.

H A T TRICAL FREQUENCY DISTRIBUTIO E

STORM LAPSE TIME, «, .» FOR THE FIRST RAINY DAY (RAINFALL, 1-5T RAIN, FIRST COLUMN), FOR THE FIRST TWO RAINY DAYS (J?Néﬁ”?f%%ﬂ%yigétgzﬂlH

COLUMN), FOR THE FIRST THREE RAINY DAYS (RAINFALL, 3-RD RAIN, THIRD COLUMK),
AND FOR THE FIRST FIFTEEN RA T
{Eglk_ggg;,angggcgugi THEM FOR THE FOUR SEASONS (OR TIME FOSITIUNS} JANUARY 1 (SEASON-1, FIRST ROW}, MPR{EN‘{I ?é;iSéNméNFgééﬂNésRE}.Rﬂ:iEY IFDUR.H
N . AND OCTOBER 1 (SEASON-4, FOURTH ROM) OF DURANGO DAILY PRECIPITATION SERIES, WITH STORMS DEFINED AS EACH RAINY DAY.

49



DURANGO. COLORADD SEASONT

T TILIITTI

O A SN
1 A
A OO
00O R A RO
IO OO
IO OO O
(A= ———_eng
s IflllHIIIIIIIIIIlI|I!IIIIINIlIIIII||l||IIHI|||I|I!H[IIﬂIIIIIIIIlIIIIIIIIlIIIlIr

IO OO OO i
|[1]JIIHIIIIIII[IIIHIItIIIJIIIIIIIIII|IlllH||1|l|ﬂ|[ItllI[:1;,,|||1||||||||||1||
(R A
lII!IIIII"' SRR A
TR AR
IO OO O
O OO OO
AR AR
0O A
IIHlIIHIIIIII|I1HJIIHHNIIIIIlIIIIIIIIIlIIIIlIlll1|1]|l|||t|||IIIIIFIIIIIIIIIII

RO ) S T R
Du'STRTB.I"ICN FUNCTION 30 STORM DISTRIBUTION F'Ui'.T]m 10TH STORM

5 Ilﬂﬂll\I1|I|||l|!ll|l!|||||1|!|!!III|l||||I||Iﬂ|1lIIIlI||IIIIIIiIIIII|IIIIIHIIIi
A AR RO
IIII[IIﬂlllIIII|III|ﬂl|II!II!B\IIIIIIIIIIIIIIIIIHIII|||||||||||!|l||||||||i |I
I R A
|||HlllH|1III||IIIIl}|IilIEI|lfI\I1||||||||||||||ll[||lll|l||IIIIH1HIIIIIIIIIHI
A AR
Mo i|1IIHH|HHIIIIIIIIIIIIIIIHIIH|IllIII!IIHIillllmu:“
i III|II!I\II!IIIIIHIEFHHIII[IEIIH|H|III|HIIIIIHHIHIIlgl;;,lm|||||||||t||||
st R
IHIFIIHIIIIIIII[f!HIIIIIr.‘.lu|ulIIIHIIIIIIfrIIIIlII||1I'|Il||||li|IIIIIII|'|
I O A
IO A A
OO OO SR
I % .p.LIiIIIII|H]IIIIIIIIIiIlIIIPIII\III|1IlIilIiIlHIII[IIIIl[llIIIIIIIIIIIHIHIHII
L OO
000000 O
OO AR
!IIIIIIIIIIII|||IIIIII|I||IIII||||||I|H||IiIIIH||i|||||||l||I|IIFIIIIIIIIII!IIIIIi

3. H LT e
“isTRIBUTION FIACTION 30 ‘SToRm -

T
1 R
I||llIIl||1|||liHIIiIIIIiHlIII||||||IIl|1liNlIIIIIIIIIIIlHIIIIIIIIIIIIIIIIIII
A A AT
HIIIIIIIIIlllIIIIIIIIHﬂlIIILIIiII!Il||||I||||IHHIII]!!IIIIIIII]IIIIHI!!IIII
0 T
AR A
IIIEIIIlI}IllllllﬂIHIIIIHHII]IIIIIIIll1'|||ll1l1|||||IIIII!HHHH"IIIIIIIII
ISR IIlIIIIIIIIlIIIIIIIl!IlIIII
IIIIIIIIIIHIIlIIIIIII11|IIIIII!HHI||||||||||lll1lllﬂil||||||| IIIIII
i IIH|I'|II||IIE||1|I|IIIIFHIl1!IIIIIIIIIIEllIl!lII“IIIII“_
o

12

2

I
T

TP TP AT
WL T
:HI:IIIII LT

gHaﬁs

Bl 20 -] ) W50 &0 .'-'E B % A0 20 -1} 08 B R pl

I Il

'}
1
T

L+

L
AT 1]
1L AT

T 1
1RRRLE 1]
TITAT] 1l

SEA SQ_NS

IIIIIIIIIIIHIIIIIIMIIIIIIIII'IIIHIIIFIIfIJIIIIIIIIIIIIIIIIII'II!I‘III
i

IHIIIIII'I'lllIlllllllII'IIIIIIIIIIIIllliIIIlIIIIIIIIIIIIIINIIIiIIHlIIIIIl
e T A T
INﬂllIIlli!I|lIIIIIIIIIIIIIIIIHIIHIIIHHIIIIIIIIIIIIIIilFIIIIIIIIFIlI]IIl
T T T e
il il et | T

{LH

L] [IEH
] (LT T
e
[T s
; IIIIIIHHHII'HHHII Ill'l:g:““lflllillll

L

LHARREERERL LN
DEEEREANE RO 0
N

LT
lFIIl LT

i
NI
W

L ||r||unr|mr
:Illllllllllllllllillll

[T i
mi|||||||||||1|||nmnrnrmmllm|||1||
TR TR AL IIHHI

e

IR
(TN
MR
IIIII:IIHIII

o P U AR LR T il
IIIrIIrIllIIIIIIIIIIIIIIIIIil!l'llrlIIillilllI|I|1I|IIII'IIIIlIII'_I|II".»rIHII1lI

LIIIIIHIIi||1IIII|llllllil||HIIIHIIIIIIHHIII||11|III|iII
ll'l!li||II!|1'|1IIIIIIIl|l1lIII|illIH!IIIiiIIIIHI||1!Ilﬁ!IIIIIIIIIIIIHHIIIIIII
uli I|Hl|l1I|||IIﬂll|IiIIIiHIH!IIIII!IIIPFIIﬁllllﬂlllllllllllllll 1l
IIIHIIIIHIIIIIINIIIIIII|1IIIIIIIIHIHIIIHIIIIIIIHilllIIIlIII iy
1IIII|IiI1 1IIIIHIH|1III|H||HI|||II|IHIHIIIIIIIIUIHlHiIIIIIIlllIIIIIIi

0
BlsmiasT N RN:mN 1T SR

TR LERIR |
i IERRCEREER LEPRRNURNRPRBRAREEITI R AR RRL RN
& e N Tl FIIF!H[IrIJIilil!llllllllmrlflllnnullllfm
LR f AR fi T

Illllt i IIII!IIIIIIIIIIIIHINHIl L T e
DRI b N0 0 RO I
IIIIIIFIIII“HIIHIIIIIIII RO T

J [

Lt II!III.IIIIIITI!JIIII 1

TRV TR RRNERER VRN BN

LT T T
i

I

’ IIIﬂHIII|IIIIIIIlIII|IﬂHI1I|I|IIIIII|III!IIIIIIHI'IIII[IIIIIIIIIIIIiII
AT
IlIHIIIIlIIIIIIIIIIIHII HAE I O
[ O
10 A
[ AR AL
IllIIIIIIlIHlIIIIIIIIIIIIIHI|I|I||1IIIIIII!II1II||IIII|||!!IIIII|II",.--
O A
O AR
|||lllllllllllllllﬂlllhn".iii||t||1|IIIII|I|lI|1IIIIIITIIIIIIIIIIIHIII
A lIIII|IIIlIIIIIIIiIIII!lII!III|IIMII!lIll!lIlIIIIHIII
i [N
Il’|EIIIIII|I|I|I!|IIIiI|IIIIIIIIII|IIIJHIIIHNIIIHIIIIIJIIIIIIINIIIII
A ———ernme
0O
I S A
00000 LA
. |II|I|||11||I|i|[l||IiI!III!IIIIIIII!III|¥|!I[I|IFI|H (AHRIARLA

. S M ] P E E b R 2 S?W
BlsrEir 1ok FNCT O 15T sTim nsHarin TN So st © Y BsmemiovanG o ¢ T orstriefiovFuxtion w5t

123

[l ll[l
U IIIII
e

LI
II!IHIIIIIIIIIlIIlI 41
| i - &

LLELLT
e e
AL
TR II: I“II i

1l
LL TR
IFIIIIIIIIII::

FIG, 7.2 COMPARISON Of THE TH.EDRETICRL PROBABILITY DISTRIBUTION (LIGHT SOLID LINES) AND THE EMPIRICAL FREQUENCY DISTRIBUTIONS (HEAVY SOLID LINES) OF THE

STORM LAPSE TIME, r., FOR THE FIRST STORM (RAINFALL, 1-ST STORM, FIRST COLUMN), FOR THE FIRST TWO STORMS (RAINFALL, 2-ND STORM, SECOND COLUMN) ,

FOR THE FIRST THREE STORMS (RAINFALL, 3-RO STORM, THIRD COLUMN), AND THE FIRST TEN STORMS (RAINFALL, 10-TH STORM, FOURTH COLUMN),AND EACH OF
THEM FOR THE FQUR SEASONS (OR TIME POSITIONS): JANUARY 1 (SLI(SLJN 1, FIRST ROW), APRIL 1 (SEASON-2, SECOND ROW), JUL\‘ 1 (SEASON-3, THIRD ROM],
AND OCTOBER 1 (SEASON-4, FOURTH ROW) OF DURANGO DAILY PRECIPITATION SERIES, WITH STORMS DEFINED AS UNINTERAUPTED SEQUENCES OF RAINY DAYS.
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FIG. 7.3  COMPARISON OF THE THEORETICAL PROBABILITY DISTRIBUTION (LIGHT SOLID LINES) AND THE EMPIRICAL FREQUENCY DISTRIBUTIONS (MEAVY SOLID LINES) OF THE
STORM LAPSE TIME, Tor FOR THE FIRST RAINY DAY (RAINFALL, 1-ST RAIN, FIRST COLUMN), FOR THE FIRST TWO RAINY DAYS (RAINFALL, 2-ND RAIN, SECOND

COLUMK), FOR THE FIRST THREE RAINY DAYS (RAINFALL, 3-RD RAIN, THIRD COLUMN), AND FOR THE FIRST FIFTEEN RAINY DAYS (RAINFALL, 15-TH RAIN, FOURTH
COLUMN ), AND EACH OF THEM FOR THE FOUR SEASONS (OR TIME POSITIONS) JANUARY 1 (SEASON-1, FIRST ROW), APRIL 1 {SEASON-2, SECOND ROW), JULY 1
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FIG. 7.5 COMPARISON OF THE THEORETICAL PROBABILITY DISTRIBUTION (LIGHT SOLID LINES) AND THE EMPIRICAL FREQUENCY DISTRIBUTIONS (HEAVY SOLID LINES) OF THE
STORM LAPSE TIME, .+ FOR THE FIRST RAINY DAY (RAINFALL, 1-ST RAIN, FIRST COLUMN), FOR THE FIRST TWO RAINY DAYS (RAINFALL, 2-ND RAIN, SECOND

COLUMN ], FOR THE FIRST THREE RAINY DAYS (RAINFALL, 3-RD RAIN, THIRD COLUMN), AND FOR THE FIRST FIFTEEN RAINY DAYS (RAINFALL, 15-TH RAIN, FOURTH
COLUMN ), AND EACH OF T'IEM FOR THE FOUR SEASONS (OR TIME POSITIONS): JANUARY 1 (SEASOM-1, FIRST ROW), APRIL 1 (SEASON-2, SECOND ROW),JULY 1
(SEASON-2, THIRD ROW), AND OCTOBER 1 {SEASON-4, FOUATH ROW) OF AUSTIN DAILY PRECIPITATION SERIES, WITH STORMS DEFINED AS EACH RAINY DAY.
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FIG. 7.6 COMPRRISON OF THE THEORETICAL PROBABILITY DISTRIBUTION (LIGHT SOLID LINES) AND THE EMPIRICAL FREQUENCY DISTRIBUTIONS (HEAVY SOLID LINES) OF THE
STORM LAPSE TIME, ¢ , FOR THE FIRST STORM (RAINFALL, 1-5T STORM, FIRST COLUMN), FOR THE FIRST TWO STORMS (RAINFALL, 2-ND STORM, SECOND COLUMN),

FOR THE FIRST THREE STORMS (RAINFALL, 3~RD STORM, THIRD COLUMN), AND THE FIRST TEN STORMS (RAINFALL, 10-TH STORM, FOURTH COLUMN), AND EACH OF
THEM FOR THE FOUR SEASONS (OR TIME POSITIONS): JANUARY 1 ESEASDN 1, FIRST ROW), APRIL 1 (SEASON-2, SECOND RDW), JULY 1 (SEASON-3, THIRD ROW),
AND OCTOBER 1 (SEASON-4, FOURTH ROW) OF AUSTIN DAILY PRECIPITATION SERIES, WITH STORMS DEFINED AS UNINTERRUPTED SEQUENCES OF RAINY DAYS.
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Chapter VIII

DISCUSSIONS OF RESULTS AND CONCLUSIONS

8.1 Discussion of .results. This study refers to
the intermittent process of precipitation storms, with
continuous precipitation intensities £, >0 whenever

it rains or snows, at a given point. Such a series,
when available, gives maximum information on the pre-
cipitation process at a given precipitation gauging
station. However, the precipitation time series of
very small time units, say 10 minutes or less, are
rarely available, and the instantaneous intensity as a
function of time during storms is even more rarely
available.

The original design of precipitation observation,
the development of instrumentation, and the hydro-
meteorological services for precipitation observation
have been oriented to produce discrete time series with
precipitation amounts referred to calendar time units.
The precipitation data is available, in general, either
as data referring to the hour or multiples of an hour,
to days or multiples of a day, to months or multiples
of a month, or to the year. Any approximation of a
continuous time series by a discrete series means a
loss of information. This loss increases with an in-
crease of the time interval over which the precipitation
is integrated or averaged. Therefore, the data cur-
rently available on precipitation always has a lesser
or greater loss of information when compared with the
continuous intensity series of intermittent process of
storms.

The stochastic process of precipitation is treated
without any basic assumption about the character of
this process from the probabilistic point of view. How-
ever, two phenomenological basic hypotheses, based on
experience, are made. First, the process is intermit-
tent, with continuous values £ > 0 whenever it rains

or snows. Second, the process is periodic, with the
year as the basic period.

The mathematical and mathematical physical descrip-
tion of the stochastic process of precipitation can be
treated by two approaches. The first approach is when
the multivariate distribution of the process is found
and is mathematically expressed. Then it is described.
This approach poses several problems. However, it is
not a difficult task to accomplish, if the process is
made discrete with sufficiently long time intervals of
discrete values. The second approach is to select
various characteristics of the process as its descrip-
tors. These characteristics being functions of the
basic process and also random variables describe the
process. The problem at hand determines which charac-
teristics should be selected for this description. Six
such characteristics being the random variables of the
process have been discussed in the previous text.

Distributions of selected characteristics treated
as random variables can be developed mathematically
under a minimum of basic phenomological assumptions.
The probability distributions of six characteristics
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studied are functions of two basic parameters which are
deterministic in character: Al, as the density of storms

in time, and Az, as the yield characteristic of storms.

They are constants if a process is stationary. In the
process investigated in this study they are determinis-
tic and periodic in the four examples.

It should be stressed that many other character-
istics of the basic stochastic process of storms can
be found to be probabilistic in nature with their dis-
tributions dependent on 3 and Az parameters, and func-

tions of time.

8.2 Conclusions. The following conclusions are
drawn from this study:

1. The parameters of RI

periodic functions of time, and they follow general
periodic patterns of the basic parameters, such as the
interval means and the interval standard deviatioms.
The density of precipitation, defined as the mean pre-
cipitation of an interval divided by the interval
length, is the ratio 11/12.

and Az are deterministic

2. The use of ll and kz gives a better descrip-
tion of the character of precipitation (with AL the
number of storms in a time unit, and Ay the inverse of

the average yield per storm at a given time of the
year) than the means and standard deviations of indi-
vidual intervals.

3. The use of hourly and daily data for the defi-
nition of storms either over-estimates or under-esti-
mates the number of storms per time interval. This
indirectly affects the estimates of time duration of
storms.

4, The number of storms in a time interval is
Poisson distributed, if storms are properly defined.

5. The empirical distributions of the total pre-
cipitation for a given number of storms closely follows
the theoretical distribution function derived in this
paper.

6. The observed lapse time, for the given refer-
ence time of the year, of the first, second, or any
other storm counted from that reference time, closely
follows functions developed in this analysis.

7. The use of precipitation series in the form
of hourly or daily values, or values of similar units,
represents a loss of information about storms. The
use of a much smaller time unit with discrete precipi-
tation values or the use of continuous intensities
during the storms may be important in the case of esti-
mates relating to such problems as floods from small
watersheds.
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APPENDIX A

Proof of 2.21:
By the definition (see 2.9)

t < Tj*l}

It is easy to see that it can be written as follows:

Efu.t 8, Tt} - fn,.; €€}
J J = Il =
or
P(EFa'tJ = P{r. <t} - P{1, , <t}
j Ji= Jel =

Taking the sum from j = 0 to j = v - 1 of the left and
right side of the last equation,we have

v-1 to,t v-1 v-1
L P(E )= & Plr. <t} - ¢ P{T.+] < t}
j=o j=o0 j=1
= P{r, <t} - Pz <t}
Since P{1o <t}=1 and F‘{-r\J <t} = Fv[tj’ the

assertion follows.

Proof of 2.22:
Suppose that the following conditions are satisfied

t,t+ht

E P{E )
. =2
(a) lim LS a 0 t >t
At+o At -0
P{Et,t+at]Eto't}
& 1
(b) i::o 73 =11(t,v) t > to

v=1, 2, ... , then (2.22) follows.

Let us first consider the following relation:

v=1 to,t*ﬁt
F (tedt) = 1 - I P(E, ) =
jeo
v-1l j
1= I P(E A gt
" jworso 1" ¥

then on the basis of condition (a) we have
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v-1 ot e
F (t+dt) = 1 - T P(E N gttt
v o
j=o
v=1l -
- I PG, ° n E?’“M) + o(At)
j=1
Hence
dF (t) v-1 of t,t+At to,t
_._a___u.Jiop(E - E, ﬂEj )
v-2 t ,t
- £ PBY N MY 4 o)
jeo 7 .

By virtue of the following relation

t,t+ t t,t+At
(B’ U E.’
=1
It follows
dF_(t) v-1  t,t
Y—ot= I P{Ejo n {52""‘“)‘]
j=o0
v-2
= & P(E n E"*t*“) + o(At)
j=0
= P(E n E} T4 4 ofat)
= P(E °1 ) P(E;* ™45, ‘; }+ o(At)

which proves the assertion.

Proof of (2.33) and (2.34) is identical to the
proof of (2.21) and (2.22), respectively.

Proof of 2.43:
Let n(to,t) stand for the number of stomrms in

CEB) Kam
o -

.t
o
P{n(to,t} =y} = Ev

then
n{toat"'bt) = “(tolt) + n(t,t+At)

Taking the mathematical expectation of the left and
right side of the relation, we obtain

E{n(to.t+bt] = E{n(to.t)} + E{n(t,t+at)}

and the assertion holds.

In a similar way one can prove (2.44).
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Proof of (2.48):

By virtue of (2.32) we have

o t t
E(r) = F%'J{ € A,(s) exp{-{ J\l(s)dsl({ Al(s}ds)“'ldt
o [+] (o]

After partial of integration, it follows that

o t t
3‘”5%1'{ A () exp{-{ Alr_s)ds}[{ A (s)ds) " Hae »
[+]

o
[} [§] X&

L ¢ - t
B = ) {m:i-{ A (e)s)( M ()ds)" aree(r )
o o o

Hence

Similarly

= t
E{TV)-E[Tv—l]i EE%T;T { Al{t)exp{-{ AI(stS} i
o . o

t
v=-l 1
({ Ay (s)ds) ™" < 3=

5 1
Therefore
1 1
x—s.E(T\,J - E(t,_y) 15
1
v 1 W v 1
I —=< E [E(r,) - E(r._lJ] L
1% Tasv J i=1 21

Since E[To) = 0o we have

<E(r) <

> |¢
.L:v-lc

1
and the assertion holds.

In the same way, one can prove (2.59).

Loy t
E(r) - E(r ;) = T%U} {exp{-f AIESst}({ 11(s)ds}“'1at
(¢} +]
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APPENDIX C

Proof of (2.69):

Fo(x) = é EP{x, ix]n{to,t)}dp

when EP{xt < x}n(to,t)} denotes the conditional proba-

bility with respect to the random variable n[to,t).
Since

“[toat)
X, = L z, + X
t T k o
we have
= n(t,,t)
Fo(x) = I J’t e PUE 2 <x- x [n(t ,t)}dP
V=0 E o k=0
v
- v
= I jt " Pl Z <x- x°|n(t°,t)}dP
VO L0 k=0
v

Tt

because on the set Evo the random variable n(to,tJ =

v. After integration

t

&
pix_ < x|E °
v - v

,t t
0
} P(Eu )

=
S

V=0

F.(x) =

Since
L 4
(X, < x}= Uec.°

j=v 7

ik
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ol
L 3

= xo,x
P{UGJ. N E

F.(x)= "
% v= i=y

o

© w XX t,t
£ T P(ci° NE®)
v=0 i=v b

=

Proof of (2.70):
X
If one assumes that Gi

23

n Tt ,t

and Evo
events for all i = 0,1, ... and v = 0,1,

are independent

+++, then
@ @ X s X .t
F.(x) = £ I P(G ) P(E )
t o ia ] v
v=0 j=v

If in (2.32) and 2.41) we set Al(t) = Al = const. and

Az{x) = 12 = const. and t, =X, =0, we obtain

X (e ax (x)Y
o,t 1 1 . 0,X 2 2
P(E,’") = o T 8 PETY=e Y]
Therefore
Voo j
65 ; ; e—llt [llt) . lzx (lzx)
= v Co]
t v=0 i=v s i
-0t = @ ()Y (a0
ol AL s ol

v=0 i=v

and the assertion holds.
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yield per storm, are derived as periodic functions of time inside the
year. The comparison of derived theoretical probability distributions,
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butions for the four examples used in the study, is shown to be good
in the light of inevitable sampling errors.
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