‘Investigations on the Dfstribut_ion of Days Required
to Attain Cumulative Precipitation Amounts

by
1. Herendi

Kumulativ csapadékisszegek eléréséhez sziikséges napok eloszldsvizsgdlata. A gyakorlati mun- -
kaban gyakran sziikséges az adott idén beliil varhatd csapadék eldrejelzése. A dolgozat egy. modszert
mutat be-a statisztikai becslésre. Négy csapadékmérd allomas adatai alapjan, az in. csapadékteli-
t6dési fiiggvény bevezetésével a szerz6 a kumulativ csapadékosszegek eléréséhez szitkséges napok
eloszlasfiiggvényeit vizsgalta. Az adatsorokra vonatkozo statisztikai probak (fiiggetlenség-, homo-
genitasvizsgalat) elvégzése utan a Gamma-eloszlas paramétereinek kiszamitasa, értékelése kovet-
kezett. Ez elegendd volt egyetlen allomason (és kis kdrnyezetében) az elSrejelzéshez. A teriileti altala-
nositashoz at kellett térni a Pearson-I1I tipusa eloszlas alkalmazasara. Igy a modszer alkalmas lett
nagyobb foldrajzi egységekie vonatkozo statisztikai becslésekre. -

Verteilungsuntersuchang der zum Erreichen von kumulativen Niederschlagsmengen erforderlichen
Tage. In der praktischen Arbeit taucht oft die Notwendingkeit der Vorhersage eines innerhalb einer
gegebenen Zeitdauer herabfallenden Niederschlagsmenge auf, In der vorliegenden Arbeit wird eine
-Methode zur statistischen Schitzung beschrieben. Auf Grund der Angaben von vier Niederschlags-
stationen und mit der Einfiihrung der sog. Funktion der Niederschlagssittigung werden vom
Verfasser die Niederschlagsverteilungsfunktionen der zum Erreichen von kumulativen Nieder-
schlagsmengen erforderlichen Tage untersucht. Nach der Ausfiihrung der statistischen Proben
beziiglich der Datenreihen (Untersuchung der Unabhanglgkelt und Homogeneltat) wurde die Er-
rechnung der Parameter der Gamma-Verteilung, sowie ihre Auswertung vorgenommen. Dies war
genegend auf bloss einer Station (und ihrer Umgebung) die Vorhersage ausfithren zu koénnen. Zur
territorialen Verallgemeinerung musste auf die Anwendung der Verteilung vom Typ Pearson-111"
libergegangen werden. In dieser Weise wurde die Methode auch zu statistischen Schatzungen gros-
serer geographischen Einheiten geeignet.

In the practical work the forecasting of the precipitation to be expecled within a given time is
often required. In the present paper a method of the statistical estimation. is described. On the basis
of the precipitation data measured by four stations and by introducing the so-called function .of
precipitation-saturation the author gives an analysis of the distribution-functions of the days required
for attaining the cumulative precipitation amounts. After the statistical checking of the data-series
(analysis of independence and of homogeneity) the computation, evaluation of the parame-
ters of the Gamma-distribution was carried out. This was sufficient for making the forecast for a
single station (and its close environment). For the areal generalization the distribution Type Pear-
son-11I had to be applied. Thus the method became su1table for statistical estimations concerning
larger geographical units.

“1. Introduction

Both the meteorologist and the geographer, when analysing complex processes,
give particular attention to the precipitation from among the different parameters.

In many cases it would be desirable to know in advance the prec1p1tat10n amount
to be expected for a given area at a given fixed time.
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This practical requirement gave rise to the idea of elaborating a method enabling
the specialist to determine, within certain limits of exactitude, the probable precip-
itation amount at a grven geographical point within a certain time, or to state the
probable precipitation income within a concrete limit of probability.

It was envisaged also to make the method to be elaborated applicable also for
the general evaluation of well measurable geographical parameters (that can be
expressed by data series). The aim of the method was also to give assistance in the
analysis and, later; in the synthesis, when dealing with complex processes.

2. Objectives

Anwers are to be found to the following questrons

1. Which is the percental probablllty of a precipitation amount exceedlng, within
a fixed time, a value determined in advance?

2; Which precipitation amount can be expected with a given probablllty within
a given period?

3. After how many days is-a given precrpltatron amount to be expected with a
given probability?

4. How can generalization in time be made for an optronal day of the year but
for the same place"

5. How is the areal generallzatlon to be solved?

3. Selection of the observation places

- Serious problems arose when selecting the stations disposing of suitable data
series. For the present there are more than 700 precipitation observation points in
Hungary but comparatively few of them dispose of time series of the completeness
and length required for our purposes.

From among the stations Budapest, Szeged, Keszthely and Eger proved to be
the most appropriate. By the more than 100 years old daily data series of the above
station a good representation of the climatic peculiarities of our geographrc regions
can be obtained facilitating also the areal generalization (s. Fig. I).

4, Mathematrcal bases

Our task is now to determme the probab111ty of the excession of a certain pre01p1-
tation amount at one and later at several points of the space, and also the connection

: y =f(t p(1))
of the.above and the time [3]. : .
The trend of precipitation values is the result of a stochastic process. Under a
stochastic process the one parameter assembly of probability variables &, is meant,
where the parameter t runs through a— generally — T'set and is denoted with

S e

If the variable w (elementary occurrence) of the essentially two-variable-function
& =& (w) (rand w)is fixed and ¢ runs through set 7, than a real function, a realiza
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STATIONS

th 1. The situation of the investigated stations
1. dbra A vizsgdlatba bevont dllomdsok elhelyezkedése”

tion ‘of the stochastlc process w111 take place One realization will characterize a
concrete course of the process.

The measured values of the pre01p1tat10n are concrete values of the probability-

. variable &,.

The examined phenomenon the pre01p1tat10n can be solved with discrete data
series. From a different aspect our probability-variable is 11m1ted from below (it
cannot assume negative values).

The distribution of the probability variable is unknown. As to its propertles
-only inferences can be made from the finite data series called “model” permitting

also computations, statistical evaluations concerning the attributes .of the basic set. .
In order to make inferences from our models as to the distribution of the basic
set the models have to meet two basic conditions: they must be (with a good approxi-
mation) independent and homogeneous.
‘A most utilizable attribute of -the prec1p1tat10n data is that their function of
. distribution can. be readily evaluated on the basis of models consisting.of discrete
data. This facilitates also the use and application of the method, to be presented by us.
Under the distribution-function of a probability variable the followmg is meant
“per definitionem”:

The basic features of the dlstrlbutlon functlons are the followmg
monotonously increasing:
F(x))<F(xy), if x,<x,

-continuous from the left:
: Jim F(x) = F(xo)
~xp
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and also: -

lir_n Fx)=0
and

lig‘l F(x) =

The distribution function F(x) describing the. distribution of the basic set is
estimated with the empmcal distribution function F,(x) computed from the model,
if in the case of model gl, &y s &

if x§61

F,(x) = if & =x<&

- = | x> O

if =x

The distribution functions are to be ranged among the most frequently occurring
classes of distribution functions. Thus the originally infinite set can be considerably
narrowed down to a subset of the utilized types of distribution. The reason of the
occurrence of the distribution types in nature is .supported by several theorems of
probability calculation — for instance the central limit distribution theorems.

On the basis of a finite model the determination of the type of F(x) is facilitated
when drawing the empirical distribution function of the model, i.e. F,(x) and com-
paring the curve with those of the more known and more manageable distributions.
Selecting from among them the most appropriate one we have to determine, by the .
aid of the mode] elements, the form and parameters of the function. The empirical
and theoretical distribution functions can be brought even more exactly together'
by the use of the. methods of mathematlcal adaptation investigations.

5.1 The applied methods -

The initial series, used for the computations, were the 100 years daily precipi-
" tation series of the selected stations. From these were produced the values determin- -
ing the so-called “function of precipitation saturation”. This is a step-function and -
such ones were attached to every fifth day of the year and to 5 precipitation amounts
determined in advance. Thus the concrete ‘'values. of these step-functions will yield, -
for the initial days being in a distance of five'days one from the other, the number
of the days within which 20. 30, 50, 70, 100 mm will fall down. (E.g.; the first initial
day is the Ist of January, the second one the 6th, the third one the 11 January etc.)

~ So at each station five figures were attached to every fifth day of the year. This -
means also that the 36 500 data collected from each station were transformed to
further 36 500 data.

From the series produced by transformation we selected and ordered the number -
of excess days (or saturation values) of 100 different years but belongmg to the same
initial days and to the same cumulative amounts.

For these ordered series some simple statistical parameters too, have been com-
puted which were helpful in our further work.
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5.2 Thelinvestigation of independence

TIn the foregoings suppositions were made concerning our models.  Their fulfilment

- is now to_ be checked.

The independence of the model elements means the followmg
The probability variables & and 5 are called independent, if in the case of optional
figures a=¢=b and c=n=d the following equality is accomplished:

Pla=¢t=b, c=n=d)=Pla=¢=b). Plc=n=d).
“This is equivalent with the condition according to which:
. H(xy) =F®-G),

where on the left side we have the joint distribution function -of the probability
variables ¢ and #, and while F(x) and G(y), appearmg on the right side, are the - -
distribution functions of the random variables ¢ and 7. :

The independence investigations were carrled out with the method of Wald-
Wolfowitz. [5]

According to the theorem functioning as the basis of the control:

In the case of an independent sample of a large number of elements -if the
elements arise from an identical d1str1but10n the sum,

R = 2 éi'éi+l+£1'én

formed from it will be, with a ‘good approximation, of normal distribution.
Its expectable value is:

.

Si—S.
n—1"

M(R) =

Its variance
where n=the number of element of the sample
&= the i-eth element of the sample arranged in-the order of observatlon

S"‘Z‘EJ

For the control of the independence the dlstr1but10n of |R|is employed, and after
that the required percentual probabilities are computed on the basis of the formula

p% = 2-(100—f(X))
where : .
R—M(R)
D®) -
The “sample of large number of element” requires that n=30. Since in our
case n=100, this condition is fulfilled. o

IY=

5.3 Investigation of homogenelty
In the foregomgs reference was made to our hypothesm of the evenness of our
samples. This too, is a most important criterion, since, although in our precipitation
data series and at least on the examined places, no unportant change of climate.
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could be proved, but e.g., a change of the surroundings of the observation place or
of the type of the instrument could lead to inhomogeneities in our data. This in-
vestigation may appear as an important aspect also in evaluating other parameters.

The examination of homogeneity is based on the theorem of Smirnov. In this
theorem it is stated that if two samples (with the element-nombers & and j) originate
from a basic set of identical distribution, and they are independent from each another,
so, when looking for the maximum absolute value of the differences (d,,;) of the
differences between the empirical distribution functions formed from them, the

f /_C—-}-—]

product is, with a good approximation, the probabrhty variable of Kolmogorov in
the case of k, j=30.
The samples examined by us have been disjoined into-such part- samples and
these investigations have been carried out.
, The L(Z) probability of the obtained values Z can be found in the standard
tabulation of the Kolmogorov-distribution. The percentile probabilities, charac-
teristic for the homogenerty, are to be computed from the formula

p% = 100(1—L(Z))

5.4 The use of the distribution functions

- On the basis of the initial concepts, in meteorology and water- economics we
choose the Gamma-distribution with the distribution function

o

Hypothetically it is supposed that the sample originates from the basic set of
the theoretical distribution F(X).

- The curves of F(x)and F,(x) will not correspond in all points but the deviations
and their place within the domain of interpretation will be characteristical of the
fitting.

Our initial hypothesis was that the two distributions are 1dent1cal This is the
so-called zero- hypothesrs The question to be solved is whether or not this hypothesis
is correct at the given significance level. -

The hypothesrs is to be rejected if in some.part of the domain of interpretation
the deviations are too large and unidirectional. If the hypothesis: can be kapt, the -
deviations can be considered as random fluctuations of the sample.

The distribution-function of the Gamma-distribution has two parameters the
formal parameter “k” and the scale- -parameter “A”. In its general form x, foo, is
a parameter, but in our case x,=0, since that number of days is required to the
precipitation of zero-mm: ,

For the estimation of the parameters “k” and “lambda” of the distribution
function two methods can be used: v
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a) in the case of the so-called rnaximrim likelihood:

k:_-L[Hl/ 142 AJV

4.4 3
e .’__‘_
X
where:
’ A=InXx
X = 2 xi/n
i=1 ..
b) -in the case of the method of moments
_m
=z
m
A= _m_};

where m, is the value to be expected, while m} is the second central moment or, as
- it is more often called, the variance. (It is customary to name the expected value
also “first moment”: hence the denomination of the method [4].

The question arises why our random variable (describing the precipitation data
and being of continuous distribution) is treated discretely. This can be explained partly
by the practical execution of the sampling, and partly by the circumstance that in
. the case of certain conditions the theoretical continuous dlstrlbutlon-functlon can

be estimated very well w1th the drscrete distribution. :

~ 6. Extension to any arbitrary day of the year and to
" arbitrary cumulative precipitation amounts

" The original aim of the investigations was to find certain parameters for- the
statistical forecasting of the precipitation, and to extend these parameters in time
and space to larger geographical units.

The processing has been made for the series of Budapest Keszthely, Szeged and
Eger. The transformation of the basic data, i.e. the production of the saturation values
were carried out. After that, the produced samples were examined as to whether -
they satisfy the required, and from the aspect of the processing indispensable, con-
ditions. The samples were found homogeneous independent and well fitting (Fig. 2;
Tables 1—4).

The analysis of the parameters (characteristic of the samples) has proved that
the aspects fixed on. the basis of prehmmary con51derat10ns are good and suitable
for the generalization (Fig. 3).

- The results are already apphcable to each fifth starting day and to five pl‘CClplta-
tion limits.

) Now it is to be examined how the previous’ con51derat10ns could be generalized
. for an arbitrary day of the year and an arbitrary pre01p1tat10n limit at a station or
- within its smaller surroundings.
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1,0

05

Since the [(n—1):5+1]-eth day of the year has been chosen arbitrarily by
us it seems obvious to condense the initial days (fixed when computing the saturation
times) by changing the operandus “5”. With an analogous procedure arbitrary
precipitation limits can be established also instead of 20, 30, 50, 70 and 100 mm. But
that would have meant a considerable increase of the time required to the processing.

P

T T - - T
25 - 50 75 . years
Fig. 2. Investigation of fitting. Budapest, Ist starting day January 1.
Fitting of distribution function belonging to the cumulative preczpttatton amount of 20 mm
2. dbra. Illeszkedésvizsgdlat. Budapest, els¢ kezddnap janudr 1. 20 mm-es kumulativ
. csapadel\osszeghez tartozo eloszlasfiigguény illeszkedése

1 o , 100.

4 . ) \ " '» ‘ | - ' : -70
y ' N A | /50
b A S e %

T T B . T T
10 20 ‘30 40 50 - 60 . 70days

Fig. 3 Investtgatwn of the parameters of the distributions. The ,,k’’ parameters of Budapest
" during the year, for 5 precipitation amounts
3. dbra. Az eloszlasok paramétereinek vizsgdlata. Budapest ,,k>’ paraméterei az év sordn,
= 5 csapadékisszeghez
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il.
16.
21,
26.
31.
36.
41.
46.

91.
96.

11.
16.
21.
26.
31.
36.
41.
46.
51,
56.
61.
66.
71.
76.
8l

91.
96.

Budapest, initial day

0,03
0,14
0,32
0,57
0,65
0,74
0,84

- 0,92
0,98
1,00

1,00
1,00

" Investigation of fitting

Table I

53, cumulative Iimit 20 mm empirical values

0,05
0,16
0,34
0,58
0,67
0,75
0,85
0,93
0,99
1,00

" 1,00

1,00

Investigation of fitting

Table 2

0,10
0,23

0,43

0,59
0,69
0,78
0,86
0,94
1,00

0,11
0,25
0,48
0,61
0,70

- 0,80
0,88
0,95
1,00

0
© 1,00

0,12

Budapest, initial day 53. cumulative limit 20 mm computed values

0,00
0,09
0,25
0.41 -
0,55
0,67

0,76
0.83
0,88
0,92
0,94
0,96 -
0,97
0,98
0,99
0,99

© 0,99
1,00
1,00
1,00

0,01

0,13 -

0,29
0,44
0,58
0,69
0,78
0,84
0,89
0,93
0,95
0,96
0,97
0,98
0,99
0,99
0,99
1,00
1,00
- 1,00

0,03
0,16
0,32
0,47
0,60
0,71
0,79

0,85

Y=X=t=F=k=X=X=)
Vv iiloio
OO NO OO0 AN W

Table 3

0,90

0,05
0,19
0,35
0,50
0,63.
0,73
0,80
0,86
0,91
0,94
0,95
0,97
0,98
0,98
0,99
0,99
0,99
1,00
1,00
1,00

Investigation of hontwogeneity (Budapest)

Initial day
1
1
1
53

53
53

‘
Cumulative limit mm Homogeneity %

20
70
100
20
70
100

100,00

99,99
100,00
100,00
100,00

100,00

0,07
0,22
0,38

0,53 .

0,65
0,74
0,82
0,87
0,92
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Table 4 '
Inwvestigation of independence

(Buaapest )
Initial day Cumulative limit mm Independence %
1 ’ 20 82,58
1 30 100,00
1 50 96,80
1. o 70 100,00
1. 100 . 95,22
53. 20. 60,30
53. . 30 79,48
53. . - 50 : 82,58
53. 70 : 93,62
53. . . - 100 100,00
T able 5
Correlation coejﬁczents ( Szeged—Fger )
30. initial day
Correlation matrix, Szeged
© 20 mm 30 mm 50 mm 70 mm 100 mm
20 mm 1,00 0,83 0,70 0,54 0,48
30 mm 0,85 1,00 0,81 0,63 0,57
50 mm 0,70 0,81 1,00 0,76 0,70
70 mm - 0,54 - 0,63 - 0,76 1,00 0,86
100 mm 0,48 0,57 0,70 0,86 1,00
Correlatibl; matrix, Eger _
20 mm 30mm - . 50 mm 70 mm 100 mm
20 mm 1,00 0,85 0,65 0,60 0,53
30 mm - 0,84 1,00 0,79 0,71 . 0,57
50 mm 0,66 0,79 - 1,00 0,92 : 0,78
70 mm 0,60 0,71 0,92 0,99 0,85
100 mm 0,53 0,57 . 0,78 . 0,85 1,00

Correlations between the corresponding limits ( Szeged—éEger )

20 mm 0,39

. 30 mm 0,49
50 mm 0,55
70 mm - 0,45

100 mm 0,35

In the case of a continuous parameter there is also a more serviceable method,
but even then it must be considered whether it is worth while to apply a raster that
is even more dense than a certain resolution.

On the basis of our experience it can be stated that two days, near to each other, .
e.g. two subsequent days, may be in close connection from the aspect of the precipi-
tation. It is comparatively easy — but supportable also with computations — to
_ suppose that there is a linear connection between the subsequent days and their

. respective saturation-, cumulation-values, or more exactly: between the distributions
of the saturation values belonging to the days following each other rather densely.
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So the linear connection has ‘been supposed. To prove this, a new statlstlcal :
method the correlation computation was applied (Tables 3 and 5).
In-the examined cases comparatively high values with positive signs were ob-
“tained, and on the basis of the significance investigations it may be stated that ac-
cording to the linear character and density of the connections the extension for time
and quantities can be solved by means of the linear interpolation between the data.
And this brings not only a gain in the time but facilitates also the practical apphcatxon »
of the method. Thus if we are looking for a value for a given distribution in our
tables as to an arbitrary initial day of the year or.to arbitrary cumulative amounts,
. then we have to linearly interpolate between the corresponding data of two, already
-existing neighbouring distribution.

. Three examples for the application of the method

Thus on the basis of the applied methods, considerations and computations we
are already in a position to give the answer to the questions relating only to one
'measuring point from among those enumerated in our program. Since the measuring
points represent as a rule only restricted surroundings, the reliability of the answers
will rapidly decrease in proportion with our moving away from the measuring point.

In the possess1on of the respective tables the following questions may be ans-
wered: . :
1. What is t/ze percentage of probability of a given pre_cipitation amount within
a given time? .
For that the number of the respective starting day and the respective limit must
be looked for in the table.

Examining the ordered sample elements we will arrive to the value . of the fixed
time (i.e. days). The place where it will be found is the position index (POZ) and

that shows the required probability on the basis ‘of the following formula:-

- 100-POZ

9 =
p% ”

where n means the number of years included in the elaboration.

2. In how many. days can be expected a given preczpttanon amount with a given
probability? : , .

-First of all the serial number of the initial day is to be determmed

The n-th initial day is the serial day

: (n—1):5+ 1
of the caJendar year
In the table of the emp1r1cal dlStl’lbuthDS one has to find the requued starting .
day with the required precipitation limit (cumulative precipitation amount). Such
values are to be found e.g. in Table 6. ' »
After that we will compute from the following proportion:

100 . : given probability p

number of the sample elements ~  serial number of the sample element
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that is:

- 100:n = p:POZ
From this: :
poz =P
100

- and so the required value will be the number figuring at this place.
Our investigations were carried out for the data series representing  n=100
~ years. Thus n=100. So in the tables at our disposal the measuring number of the
given probability will be the serial number of the place where the number of the
days required to the accumulation can be found. ,
Some difficulties arise merely from the correct setting of the initial day because
in our tables only every fifth one has been fixed. However, as it has been shown, that
can be helped by linear interpolation.

3. A precipitation amount of how many millimeters can be expected w:thm a given
- period and with a given probability?

On the basis of the formula the actual starting day is to be looked for and after
that we have to compute — if it is not given so — the number of days corresponding
to the period and also the posmon corresponding to the given probability. :

On the basis of that we select that sample from among the five ordered ones
(precipitation limits of 20, 30,50,.70 and 100 mm) in which at the so determined
place the value, falling next to the obtamed perlod is found. That will be the required -
value. .

E 8. On areal generalization

"On the basis of the above considerations and computations the extension to an
arbitrary-day of-the year can be considered as solved. A much’ more- comphcated
problem is presented by the areal generalization.

By reason of the obtained results the application of the distribution functlons
seems to offer favourable p0551b111t1es

The Gamma-distribution is determined by the parameters “k” and “Lambda”.
For producmg them the expected value m, and the variance m, are needed from
Wthh

and

The computations have been carrled out for four stations:- Transdanubla is
- well represented by Keszthely, the Hungarian Lowland by Szeged, and the Northern
Central Mountains (Eszaki Kozephegyseg) by Eger.

The processing of the series of Budapest seemed to be serviceable because that
station is situated at the meeting place of our mean geographical regions, and, on the
other hand, almost all climatological-meteorological parameters measured there can

-be found here in well ordered and from many aspects in detail processed form.
This is most of all from the aspect of the comparations of importance and use.
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In addition to that we dispose of longer or shorter series concerning about 800
points in Hungary, or in other words: the monthly mean values of our presently -
investigated parameter (precipitation) of 800 geographical points are known to us.

As it can be seen, four stations are known to us in detail, while a certain smaller
surrounding area of them — where the series of the measuring point can still be
considered as representant — can be well characterized by the did of our method.

Besides of the above we have at our disposal the nearly 800 measuring points
but the fact is that either the series of these stations does not meet the statistical
requirements ‘of the sampling, or, apart from the monthly mean values we have
possibly no other'information whatever.about them.

By this antagonism the following problems arise:

1. How dense must be the network i in order to allow a generaltzatton of our method
for our main regions and the whole country?

2. If at a given measuring station only the monthly means are known how can the
method be anplzed there and its smaller surrounding areas?

8.1 How many stations are required at the minimum for the
generalization for the whole country?

In order to give answer to the above question a detailed investigation of the
hagic data of the four selected stations, the series transformed from them, the dif-
ferent parameters, the distributions and the results obtained by the’ exammatlon of
fittings has been: carried out (Fig. 3, Table 6).

Surprisingly many similarities were found during these investigations. We were
maln]y interested in the “attitude” of the parameters (describing these distributions)
" in the case of a common initial day or in that.of a fixed precipitation limit.

‘The two parameters of the Gamma-distribution seemingly do not show any
important variance: of course only in the case if out of the parameter-series of the
four stations only -the overlapping, values, i.e. those in identical position, are com-
pared. The deviation is even in percentage not significant in the case of the compared
data. The substantial conformity of the distribution parameters brought us to the
idea of possibly construct parameter-series (valid for the entire territory of the
country) from the values of “k” and “Lambda” previously computed for the in-
vestigated stations?

The checking has been made for five data series: for Budapest, Szeged, Eger,
Keszthely, and for the arithmetical mean of the respective data of these four stations.
In this way it was env1saged to represent Hungary by. the fifth ﬁCthC statmn The
elements of this series was denoted by Py,.

In a formula the computing of the i-eth such parameter is the followmg

(l) + PS( + P(l) + P(l)

P = :

«

By the checking computations, requiring a vast integration work, it has been
proved that the indicated way means indeed the correct solution. The reproduced
data-series of the stations showed a good correspondence with the original ones
and they cover each other very well. Thus, within a confidence- interval of some days
the individual stations may be substituted even with each other.
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Table 6

Ordered saturation values, Szeged, 1. initial day

30 mm

\D 00 00 00 00 &

10

11

11

12
12
14
15
15
16
16
17
17
17
17
18
18
19
19

19 -

19
20

22
22
23
24
24
24
24
24
25
25
25
25

26 -

"26
26
27
27
27
27
30
30
30
3
32

32
33
33
33
33

50 mm

12
12
12
20

23

24
25
27
27
27
29
31
31
31
32
32
33
34

34

- 34
35
35
36
36
36
37
37
38
38
39
39
39
39
40
41
41
41
42

42
43
43
43
44
44
44
44
45
46
47
47
48
49
50

" 51
52

53 .

53
54

70 mm

19 -

34
33
34
35
37
37
40
40
40
40
42
42
42
43
43
43
44
44
44
45
46
47
48
49
49
50
sl
51
51

51
53
53
53
53
54
59

60.

60
60
60

100 mm
28 .
41
41
42
45
49
50
57
57
57
57
60
61
63
63
64
64
65
65
65
66
67
67
67

69
70
70
71
73
74

76

- 76
79
79
81
81
83
83
85
87 .
87
88
89
91
92
92
93
96

- 97
97
98 -
99
99
99
99

100
101
- 102



20 mm 30 mm "50 mm 70 mm 100 mm

59. 25 33 ©55 78 - 102
60. - 25 ©3s " 55 79 . 103
61. " 26 T3S 55 ) 104
62. 27 35 56 81 105 -
63. 27 35 57 82 105
64. 28 37 58 83 ©107
65. .28 ¢ 37 58" 85 107
766, 29 : 38 60 85 407
C67. 29 40° ‘61 86 108
68. 30 © 40 61 87 109 -
69. 300 40 62 87 . 110
70. . 31 a4 63 87 110
71. . 3t - 41 68 . © 88 12
72. .31 a1 . 69 88 113
o 73. . 3R 44 71 .89 113
! S 74 R 44 Tl 90 114
CTs. 32 45 .73 . 93 115
76. 32 45 CT75 - 93 115 :
77. 33 . 47 76 93 116
78. 33 48 78 95 - 117
79. " 34 48 79 9 118
80. S 34 . 48 81 97 118 -
81, - 34 - 50 83 97 - 118
82. 35 . . 50 84 100 119
83. 35 52. 85 - 100 - - 119
84. . 35 52 86 100 120
8s. 39 ©55 8 - 10l 124
86. 40 6 . 87 101 . 126
87. 42 . 65 89 102 . 128 .
88. 44 - 66 93 102 129
89. 65 67 .95 106 o131
90. 55 67 95 108 132
91. - 55 69 97 1Y 133
922, 58 72 99 14 - 135
93. .59 - 74 9 - 118. . 135
9. 60 o 101 . 121 Co134 .
95, 64 78 102 123 135
9. - 64. - 84 I 124 137
97. 72 90 - 115 125 144
98. 73 97 117 129 145
99. 76 107 12 132 “150

100.. _ 84 111 129 o133 154

"On account of the small areal variance the following considerations seem to be
servicable both from the practlcal but even from the theoretical aspect:

1. The parameter-series of the detalledly mvestlgated stations are to be. con51d-
ered as the series “k” and “A” valid for the main geographlcal reglons
represented by the stations.

2 The values P, i.e. the mean values of “k” and “/1” are considered as charac-
teristic distribution parameters valied for the whole country.

Thus we have determined the minimum station network density for our main
regions, i.e. the distribution parameters required for the application of the -method.
‘However, it is also supposed that within smaller areas these mvest1gated parameters '
- may be p0551b1y even more variable. - ‘
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8 2 Territorial generahzatmn with the knowledge of the
monthly averages

To find an answer to this question is already considerably more difficult. It
must be held in view that the mere knowledge of the monthly averages is not sufficient
to the reproduction of the time series with the help of the parameters.

If the use of the Gamma-distribution is decided then a limit will be set up to
the further computations by the requirement of the second central moment of the
data in order to produce the parameters “k” and “A”, The variance is, however, not
always accessible for us.

The following considerations were applied:

The parameters,concerning the Gamma-distribution show, as it could be seen
before, an extraordinarily small variance in the whole country: Even the data series
of Transdanubia, having considerably more precipitation, and those of the Lowland
(Keszthely — Eger) showing other characteristics, present only insignificant deviations.
Thus on the basis of the preceding chapter stabile dataseries of “k” and “A” were
obtained satisfyingly characterlzlng the whole country.

Under point 5.4 and in connection with the distribution functions 1t was men-
tioned that several types of distribution functions occur in the practice and nature.

In the practice of hydrologlcal work the distribution function of the type Pearson-
IITI too, proved to be very good, in addition to the Gamma-distribution.

Accordingly, appropriately well .elaborated tables are at our disposal in order
" to give assistance in the computations with it. Its greatest advantage is its generally
more simple manageability in the practice, compared with the other types of distri-
bution. In consequence of that, and in addition to its theoretical value, the practlcal
specialists are first of all those who make a great use of it.

mm
110

100} -
90
80
70
60
50
40
30

20

10

J F M A M_J- J A S 0 N D

Fig. 4. Isoplethes of the values C, of the distribution type Pearson-111
4. dbra. A Pearson-IlI eloszlds C, ériékeinek izoplétdi
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For our purposes the application of this type of distribution is essential because
on the basis of the existing parameter-series one is enabled to easily switch over
from the Gamma-distribution to the type Pearson—III which is rather similar to it.

day
1104
100 -
_90—
80
70 -
504
50 ﬂ
40+
30
20

10

T r 1 rr 1 vrir 1§ 117 L

08 10 12 14 16 18 20 22 24 26 28
mm/day ~

Fig. 5. The values C® of the distribution Pearson-111
5. dbra. A Pearson-111 eloszlds C@) értékei
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" The respective formulae are:

C,=—

2.k
Ci=———7-
TS m3-CELA3
. C, is the variance factor, and C the asymmetry—factor of the Pearson—III distri-
bution.

With the knowledge of the parameters the computatlon method of the saturation
. value #{” belonging to the limit “a” and probability “p” is the following:l

t1(7a) = [((p(cs’p))'cu‘{' 1] - M,

where (Cj, p) is the value of the Pearson—II/ distribution function in the case of
an asymmetry factor C; and a selected transgression probability p. The values (Cs, p)
can be found in the Foster-Ribkin standard table [7].

When analyzing the time trend of the parameters it appeared that their formation
- . shows a marked yearly tendency, so that their values ave been monthly averaged
for the purpose to clearly see the characteristic form of the yearly trend by filtering
out the random variations.

As an example the monthly averages of the parameters M, C, and C, belonging
to C@ =50 mm have been elaborated in detail for the station Szeged

From among the parameters C, and C; do not show within a month considerable
variations at the stations representmg the different geographical regions of the cou-

nm . Cy
110
100
90
040
80
045
70
60 050
50 056
40 0,60
065
30
070
20 075
0,80

10

J J A S 0 N D

Fig. 6. Isoplethes of the values C, of .the Pearson-11I distribution
6. dbra. A Pearson-111 eloszlds C,, értékeinek izoplétdi
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try and so their arithmetical mean can be accepted as a characteristic standard
value for the territory of the whole country. From the national averages-of the param-
eters isoplethes were constructed (Fig.-s .5 and 6) from which not only the- C,
and C; values belonging to the selected precipitation amounts of 20, 30, 50, 70 and
100 mm but also those belonging to any intermediate precipitation amount C® can
be found, because of their close connection with the amounts C®@,

-The arithmetical mean M, on the other hand, shows considerable deviations
according to the stations. However, the connection between M and K is obvious,
where K is the mean precipitation amount of a given period.after the time #,, since
the greater that average precipitation K the shorter time ¢ will be required to reach .
the given cumulative precipitation amount C®. For discovering the connection the
most serviceable would be to know the average precipitation amount of periods of
different durations after a certain given time datum. But such processings are not
to our disposal, so only the known average precipitation amounts of the calendar
months can be taken as a basis when analyzing the connection M=f(K).

~ In our present investigations that the M. values related to a given month N have
been: brought into connection with the average precipitation amounts of the months
N, N+ (N+1), N+ (N+1)+(N+2). In order to eliminate the -changing duration
*of the months, instead of the average precipitation amounts of K months only their
part falling to 1 day have been taken into consideration, when carrying out the inves-

-Table 7

Parameters of the distribution Pearson-I1I monthly’
’ * Eger, limit 30 mm

Month Monthly average = Lambda K C, C,
: mm - ‘
1. '30,70- ) 0,07 2,22 0,69 1,34
2. 27,00 0,08 2,31 0,70 1,31
3. 22,40 0,13 2,99 0,59 - 1,15
4. 16,70 - 0,14° 2,81 0,71 1,19
S. 16,20 0,17 - 2,45 0,56 1,27
6. " 13,20 S 0,12 1,63 © 0,80 1,56
7. - 16,20 0,12 2,00 0,72 141
8. 19,30 . 0,08 1,49 0,79 1,63
9. 22,50 "~ 0,08 1,83 . 0,75 1,47
10. 21,10 0,08 1,88 - 0,81 1,45
11. 21,20 0,07 1,43 0,80 1,67
12. : 25,60 . 0,06 1,49 0,79 1,63
* Keszthely, limit 20 mm .
Month Monthly average = Lambda K C, C,
mm ] )
1. 25,90 0,08 2,26 10,72 1,33
-2, 23,50 0,10 2,43 0,66 1,28
3. 20,80 0,12 : 2,52 0,63 1,25
4. 15,30 - 0,16 . 2,43 0,63 1,28
5. 13,50 . 0,15 2,07 0,71 1,39
6. . 13,20 . . 0,15 LS4 - - 0,85 - © 1,61
7. 14,00 0,15 2,08 - 0,68 1,38
8. © 15,70 . 0,10 - . 1,55 0,79 1,60
9. 16,40 0,10 1,72 0,74 1,52
10. 17,40 0,08 1,39 - 0,84 1,69
1. - 22,30 0,08 1,88 0,76 - 1,45
1,40

12. 24,01 0,08 - 1,92 0,74
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Budapest, limit 20 mm

Month Monthly average Lambda K C, C,
) mm ’ )
1. 23,30 0,08 1,99 0,75 1,41
2. 23,20 0,09 2,11 0,69 1,37
3. 20,30 0,13 2,47 0,57 1,27
4. 15,70 0,15 2,37 0,65 1,29
5. 13,50 0,16 2,24 0,69 1,33
6. 15,00 0,12 1,79 0,74 1,49
7. 19,80 0,08 1,70 0,82 1,53
8. 21,10 0,07 1,51 0,83 1,62
9. 21,10 0,09 197 - 0,72 1,42
10. 18,50 0,10 1,96 0,75 1,42
I1. 16,90 0,08 1,50 10,90 1,63
12. 19,01 0,08 1,65 0,84 1,55
<
Szeged, limit 20 mm
Month Monthly average { ambda K C, C,
mm s ' .
1. 26,30 . 0,08 2,27 0,71 1,32
2. 27,20 0,09 2,68 - 0,66 1,22 -
3. 22,70 0,14 3,28 0,56 1,10
4. 17,10 0,14. 2,56 ) 0,66 1,24
5. 14,50 0,18 - 2,62 0,62 1,23
6. 15,30 0,12 1,80 0,73 1,49
7. 19,70 0,10 2,02 . 0,72 1,40
8. 20,70 0,09 2,02 0,76 1,40
9. 22,30 0,07 1,74 0,84 1,51
10. 22,10 . 0,07 1,67 0,83 1,54
11. 19,40 0,09 1,93 0,79 1,48
12. 1’43

22,80 - 008 1,82 0,73

tigation of the functional connection. The mean monthly ‘precipitation amounts of
the examined stations — the mean values relate to the processed 100 years (1871—
1970) — are contained in reference [2].

The analysis of the related values has shown that the best connection is yielded
in the case of C®@=20mm and C®=30mm with the pretipitation amount of the
month under consideration; in the case of C®=50mm and C® =70 mm with
that of the month under consideration and in the case of C® =100 mm with the
month under consideration and the two next following months, i.e. with the mean
precipitation amounts of three months. The connection M=f(K) for the given
threshold value C™ is shown by Fig. 4. On the horizontal axis the part falling to
1 day of the value K of the investigated-period can be read while on the vertical axis’
the values of M. '

So e.g. if we want to determine for an initial time ¢, in March and for the thres-
hold value C® =70 mm the arithmetical mean value M of a precipitation-saturation
time ¢+ concerning a station where the many years’ average of the precipitation
amount of May is 41 mm, and that of April 55 mm, then the value to be considered
on the horizontal axis will be (41+55):61=1,57 and for that precipitation a mean
saturation (accumulation) time of M =32 days is required. »

For the control of the reliability of the approximative computations we selected
from our processings at random the times 7, for each of two stations, and to the
empirical distribution functions of the precipitation-saturation time belonging to the
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two threshold values- C® fitted the theoretical distribution functions computed with
the parameters C,, C,, and M taken.from the Figures 5 and 6. .
The investigated empirical distribution functions are related to the cases

Szeged: ty=January 1, C@=20 mm;
Keszthely: ty=1July 15, C® =100 mm

After .checking the fitting with the computatlon based on the Kolmogorou
distribution function the values p=0,11 and p=0,18 have been obtained which
are satisfying approximations since p=0,05 and thus the origin of the compared
two distributions from an identical set should not be rejected.
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