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1. INTRODUCTION 

Storm »iiodéib :aa bü u»ed to mathematicaliy describe che process 

of the occurrence of storms in a certain area and the process of 

measuring rainfall amounts. Such models can be deterministic or 

stochastic. 

Adding stochastic components to deterministic models mrans that 

rainfall amounts become larger or smaller due to a probabilistic 

mechanism. The most commonly used condition in such case is that 

the statistical characteristics of stochastic components do not 

depend on the order of magnitude of the rainfall amount. 

This means that, apart from systematic errors, o n t h e 

a v e r a g e nothing will change. However, large negative values 

of the stochastic component obtained by simulation and added to 

small rainfall amounts can cause negative values. Used as generated 

rainfall time series one would replace such negative values by zero's. 

This means that automatically the percentage of zero's will change 

and so does the expectation and the variance of the time series of 

rainfall amounts. 

In this report the effect of such changes to mathematical 

rainfall models will be investigated and it will be tried to find 

mathematical expressions that describe the transformed models. 

2. MATHEMATICAL INTRODUCTION 

The problem stated in the introduction reads in mathematical 

terms as follows. 

Given a two-dimensional storm function 



h = f(x) 

where h = rainfall amount 

x = co-ordinate in the storm 

defined by the following conditions 

h > 0 
h = f(0) = 0 

h = f UB) = H 

where B = storm diameter or storm width 

H = maximum rainfall amount at the center of the storm 

We assume storms to be symmetrical about the center and so, 

for our present purpose, the complete storm function is defined 

by 

I'f(x), 0 < x < -̂B 

(2.1) 

f(x), B̂ < x < B 

where 

2f(x) = ]f(B-x) (2.2) 

Without ambiguity we understand by f(x) the first half of the 

storm function since, because of the symmetry, transformations 
1 . 2 . 

applied to f(x) can analogously be applied to f(x), using Eq.(2.2) 
In the present study we therefore shall confine ourselves to 

h = f(x) = 'f(x) 

Particular values of h measured, say, at x = a are denoted by 

h = f(a), 0 < a < 2B, and analogously for h . 



3. ADDING STOCHASTIC COMPONENTS 

Now we consider the case that stochastic components are added to 

rainfall amounts h. In real life this could mean that we take into 

account random fluctuations of storm intensities, measuring and 

exposure errors, etc. Influences of these components will be called 

random fluctuations and no further distinction between their origin 

will be made. 

Random fluctuations are superposed to h = f(x) according to 

(see STOL, 1977a p.14) 

h = f(a) + £ , £ = Tx (3.1) 

hb = f (b) + £ b , £b = TX (3.2) 

where 

E(e ) = E(e, ) = n = 0, all a and b 
—a —b 

and 
2 2 2 

E(e ) = E(e, ) = T , all a and b 
—a —b 

and x. is assumed to be normally distributed with expectation 0 and 

variance 1. 

To complete this model we define 

2 
Cov(e e, ) = 0T 

—a —b 

where 0 obviously is the correlation between random fluctuations 

occurring in the storm at x = a and x = b respectively. 

In conclusion, and defining u and o 
a a 

u = E(h ) = f(a) and y, = E(h, ) = f(b) (3.3) 
a —a b —b 

a2 = E {h - f(a)}2 = E(e2) = x2 

a —a —a 

a2 = E {h, - f(b)}2 = E U 2 ) = T 2 

a —b —b 



Cov {h - f(a)} {h, - f(b)} = Cov (e e, ) = G T 2 

—a —b —a —b 

The symbols a and b, rather than the running variable x, are to 

be considered points at which rainfall amounts are measured in the 

storm. 

4. TRUNCATED RAINFALL DISTRIBUTIONS 

In equations (3.1) and (3.2) we assume that x. i-s truncated such 

that h > 0, since rainfall amounts can not be negative. 

In order to be able to apply truncated normal distributions to 

rainfall amounts, basic theory is given in Appendix 1, where the 

distribution, its mathematical expectation and its variance are derived, 

Definitions of special symbols used in truncating distributions are 

defined in Appendix ! as well. 

To obtain non-negative rainfall amounts, x_ tias to be truncated, 

given x = a, at the lower point of truncation, viz. 

h = 0, 0 < a < *B (A.'> 
a = = 

or considering the distribution of e_, at the l.-\vrr point oij 

truncation 

e* = - f(a) (4.2) 
a 

in virtue of (3.1). The relationship between the Equations (4.1) and 

(4.2) is depicted in Figure 1. 



^ a = E ( b a ) = f(a) 

f(a).T)" '° 

Fig. la. Distribution of random fluctuations e_ about the value of 

the storm function at x = a. Except for difference in size 

of the truncated area, the distribution is the same for 

all x that satisfies 0 < x < ^B. Realization of a rainfall 

amount is illustrated by h = f(a) + e . The standarized 
—a —a 

point of truncation for e is z* = -f(a)/x 
— a 

Fig. lb. Truncated distribution of random fluctuations e about the 

value of the storm function at x = a. The distribution is 

n o t the same for different values of x, the transformed 

storm function approaches the original function for 

increasing values of h. The discrepancy equals n* which 
3. 

depends on 'the location in the storm 

The degree of truncation from below then is 

P(e < e*) = N {-f(a)} = N(e*) —a = a a 



or, standarized 

e* 
P(e < E*) = ${^^-} = *(—) 

—a = a x T 

According to results obtained in Appendix 1, Section 4, we 

now have 

<KE*/T) 

n* = E(e + ) = -j Ji *, s T > ° 
a —a ' ' 1 - 0(E*/T) 

and so 

Vi* = E {h + } = f(a) + n* 
-a '0 

2 
In an analogous way the variance a* can be obtained. 

Parameter values of the distribution of h under truncation from 

below can be obtained from Table B, in Appendix 1. We have to 

interpret the headings of the columns in the following way (see 

Table B, in Appendix 1, lower headings). 

Column 1: The standarized lower point of truncation z* = - f(a)/T 
a 

Column 2: The degree of truncation from below viz. P(z < z*) or 

P(E < e*) or P(h < 0), in percentages 
—a = a —a = 

u* - f(a) 
Column 3: Values of the expression a 

from which u* [being E {h } }J can be solved by a 
a a 0 

linear transformation 

a* 
Column 4: Values of the expression a from which a*, the standard 

— a 
T 

deviation of the truncated distribution of h, can be 

solved by multiplication 



The expectation of h thus depends on the location in the storm. 

Again using the continuous variable x we can express this fact by 

the following formula 

u;<0) - «»> *. ,*1 ; ( f ' ^ T ) T (4.3, 

where the expectation without truncation reads 

Px = f(x) 

5. CORRELATION BETWEEN RANDOM FLUCTUATIONS 

Mostly it is assumed that random fluctuations are not correlated 

amongst themselves. In Fig. 1 let a be a first point of interest and 

b be a second one then the correlation 0 between random errors is 

0(e at a, £ at b) = 0 (see Fig. 2a) 

A special case, however, arises when we take 0 = 1 . This means 

that 

£ = £ = . . . , for all points in [O, ̂B_] 

and a random constant value is added to the storm function, according 

to 

h = f(a) + £ \ for the (see Fig. 2b) 

> same 
h, = f(b) + e ( 
—b — storm 



variable 
random errors 

constant 
random error 

Fig. 2a and 2b. Two models for adding random errors to storm functions 

For 0 = 0 random errors are variable from point to point 

For 0 = 1 random errors are constant per storm 

From Fig. 2 it is clear that the two cases behave differently. 

Both cases are briefly commented. 

0 = 0 Fig. 2a 

All points in the storm operate independently. Negative values 

need not necessarily occur in adjacent points. In each point a 

truncated normal distribution is in action with properties 

e > - f(x) , parameters 0 and T 
—x = 

The storm width B remains constant although zero's may occur, 

especially near the edges: x = 0 and x = jB. 

0 1 Fig. 2b 

All points in the storm operate in the same way. Negative values 

occur in adjacent points. For the whole storm (or if one wishes: 

in only one point) a truncated normal distribution is in action with 

properties 

e > ~ f(x), parameters 0 and x 



The storm width B does not remain constant. If zero's occur 

they act if the storm width were variable (Fig. 2b, second storm 

with reduced width B*). 

At the present state of art this complication is not solved and 

therefore will not be paid attention to in this report. 

In this last case, however, storms behave also if it were the 

maximum height H that is variable. There is one case in this class 

of storm functions that can be treated with the present models, 

namely the rectangular storm type (STOL, 1977c). Since rainfall 

magnitudes then are constant in each storm random fluctuations that 

cause negative values do so for the entire storm: cancelling negative 

values means that that particular storm is cancelled as a whole. 

This situation is sketched in Fig. 3: storm 3 and 6. 

t = 1 

i 1 
i i 

_ i i_ 

_ ^ i s _ . _ . _ . 
tewt»m - j — o 

— H 

Fig. 3. Example of 6 rectangular storms affected by random fluctuations 

e_. Great negative values of e_ cause h < 0. Cancelling these 

storms (no. 3 and 6) means adding dry days to the time series 

However, cancelling a complete storm means adding a dry day to 

the time series. In this case we will find an increase of the 

percentage of (completely) dry days (STOL, 1977b). 

The degree to which the percentage of dry days is extended, 

depends on the degree of truncation. Let, for short, the degree of 

truncation $(—) be P* under truncation, P* say, becomes with 0 = l 

for the rectangular storm type 



p* = p + (1-P)P* 

Values of P* are given in percentages in Table B, Appendix 1, 

column 2. 

A start has been made to solve this particular case analytically. 

No further details are given here. 

6. TRANSFORMED STORM FUNCTIONS 

The storm profile as expressed by the storm function in Eq. (2.1) 

changes under the influence of random fluctuations. O n t h e 

a v e r a g e the profile will show up as being 

u .< Ï 7 2 T e x p 4 { - f ( x ) / T } 2 

h = f ( x ) + 1 - *{-f(x)/T} T (6-1} 

as a result of Eq. (4.3). 

Correlation functions derived for particular expressions of 

the storm function f(x) have now to be developed taking into account 

the second term in (6.1). 

However, since the fraction contains in the denominator the 

integral $ of the normal distribution, it is not possible to write 

Eq. (6.1) with elementary functions. The entire expression (6.1) has 

to be approximated by more simple functions. Because'of the structure 

we will use exponentials, and, in particular, the exponential storm 

function. 

The fundamental idea of the construction of transformed storm 

models can be illustrated with the following example. 

Given the storm function, see Fig. 4, 

h = f(x) 

Values of h can be considered to be the mean value about which 

random fluctuations are superposed, with standard deviation x = 5, 

say. 
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So at x = a, for 0 < a < 5B, we have 

h = f(x) + e 
—a —a 

and according to Eq. (3.3) 

y = E(h ) = f(a) 
a —a 

However, since negative values are truncated, the mean value 

will increase. The new values of the mean under truncation viz. 

E(h | A ) , or u*(0), can be obtained from Table B in Appendix 1. 
—a ' U a 

To prepare the elaboration, values of h = f(x) to be understood 

the mean value y are collected in Table 1, columns 1 and 2. 

b 

12 

8, 

4 

-

-

X 

10 _..-

- 5 . . . . . . 

OyT 

• ^ 1 1 I 

* y J 
y* s'S 
.—* V 

+* 'a 

^ • ' V * ^ — h=f(x)=jux 

X- fCa )»^ 

1 1 1 l 1 1 

O 1 2 3 4 
a 

8 10 x 

Fig. 4. Example of a storm function h = f(x) and the function obtained 

as the locus of mean values (expectations) after truncation 

Values of y are expressed in standard units by dividing them 

by T. Table B in Appendix l is entered with the negative value z = 
3. 

-y /x and the standarized expectation under truncation is returned 
3. 

(Table 1, columns 3 and 4). Next the inverse linear transformation 

is applied (Table 1, columns 5 and 6). Finally the expectation under 

truncation, y*, is plotted in Fig. 4. For comparison the function 

under truncation for x = 10 is plotted as well. The original function 

(no random errors) is valid for T = 0. 



Table 1. Determination of the mathematical expectation in a storm 

model as given in Fig. 4 under truncation of random 

fluctuations with standard deviation x = 5 

Preparation 

a 

1 

f(a) 

2 

See Table B of 
Appendix 1 

-f(a) 
T 

3 

y* - f(a) 
a 

T 

4 

Solution of y* 
a 

y* - f(a)= 
a 

5 

y* = 

6 

a* = 

7 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 

1 

3 

4 

5 

7 

8 

9 

1 1 

13 

15 

0 

-0.2 

-0.6 

-0.8 

-1 .0 

-1.4 

-1.6 

-1.8 

-2.2 

-2.6 

-3.0 

0.7979 

0.6751 

0.4591 

0.3676 

0.2876 

0.1629 

0.1174 

0.0819 

0.0360 

0.0136 

0.0044 

3.9895 

3.3755 

2.2955 

1.8380 

1.4380 

0.8145 

0.5870 

0.4095 

0.1800 

0.0680 

0.0220 

3.99 

4.38 

5.30 

5.84 

6.43 

7.81 

8.59 

9.41 

11.18 

13.07 

15.02 

3.01 

3.20 

3.58 

3.78 

3.97 

4.32 

4.47 

4.60 

4.79 

4.90 

4.97 

7. DISCUSSION 

From the foregoing result we observe that small values of h are 

influenced much more by truncation then large values. However, this 

is true in a relative sense only, since the elaboration depends on 

-f(x)/t. 

The transformed function, the dotted line in Fig. 4, is a 

function of x again, with - among others - x as a parameter. This 

function reads, according to Eq. 6.1 

12 



1 _ 1 i ft w \ 2 

-pr- exp —y i-f (X)/T) 

U*(0) = f(x) + -?— f ( x ) / T - x (7.1) 
1 - 72? J exp(-^)dz 

This is not a simple function of x and cannot be expressed in 

elementary functions. The main properties of these functions are: 

- if f(x) is large, relative to x, the numerator in the second term 

becomes small, and the denominator tends towards 1 and so 

u* = f(x) if f(x) large (near center) 
x 

- if f(x) is small, relative to x, and close to zero, the numerator 

approaches / and the denominator tends towards \ and so 

2x 
u* - f(x) + -77T- > if f(x) small (near edges) 

X VZTT 

= f(x) + 0.8x (more exact 0.7979) 

In our case the general shape of the transformed storm function 

will be: close to the original function in the neighbourhood of the 

center, increasing deviations with a maximum of 0.7979T near the 

edges. 

The type of formula for \i* and the shape of the dotted lines 

in Fig. 4 suggest that we can try an exponential storm function to 

approximate the complicated expression in Eq. (7.1) and to analytically 

describe the situation under presence of random errors. This will be 

done for the triangular and the exponential storm function. 

The problem that remains now is to determine the values of the 

parameters of that exponential storm function that describes the 

triangular and exponential storm functions, in which random fluctuations 

are present, best. 



8. WORKED EXAMPLES 

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

f l u c t u a t i o n s 

Before giving details of examples we first consider the influence 

of the size of random errors to the correlation function. 

In Fig. 5 the correlation function is given for a triangular 

storm with characteristics: storm width B = 0.5 (dimensionless, 

expressed in units of area size L), maximum storm value H = 20 

(cm say) at the center of the storm. Random fluctuations are chosen 

to have zero expectation, and standard deviation T = 0, 2, 5, 10, 

20 and 100 (cm), or dimensionless H/x = °°, 10, 4, 2, 1, 0.20. 

The first graph shows the situation T = 0, compare with ST0L 

(1977d, Fig. 4). The graphs illustrate the mean correlation for 

various interstation distances, obtained by simulation (dots), and 

the interstation correlation function calculated from analytically 

derived formulas (full line). For small values of T the theory 
IJ 

describes the simulated results well. From x > 5 (— < 4) discrepancies 

become apparent. They can be explained as follows. 

Random errors cause fluctuations about the mean value h = f(x). 

When these fluctuations are large, algebraically obtained rainfall 

amounts can become negative. Cancelling these negative values mean 

that the expectation of h increases and so the analytically derived 

formula for triangular storms with H = 20 is not valid any more 

(Fig. 2). Even the storm model does not hold any longer since the 

increase of the mean value depends on x, the location in the storm 

(Fig. 4). 

Although the value of the standard deviation x = 100 is rather 

irrealistic compared with the value of the maximum rainfall amount 

H = 20, we will use this illustrative example to modify the storm 

function to make it fit the points in Fig. 5 (last case) again. 

However, to systematically treat the three important storm 

functions, in the examples we will start, after having made some 

general remarks, with the rectangular storm type. 

14 
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Fig. 5. The simulated (dots) and theoritical (full line) correlation 

function for a triangular storm with increasing values for the 

standard deviation T of random errors 
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8.2. G e n e r a l r e m a r k s a b o u t e x a m p l e s 

After the theory has been fully discussed, examples are briefly 

commented. The essential storm characteristics are H, the maximum 

rainfall at the center of the storm, and T, the standard deviation 

of the random fluctuations. The storm diameter B is taken B = 0.5. 

The correlation between random fluctuations at different points is 

taken G = 0, and the fraction of dry days p = 0. Interstation 

distance D and storm diameter B are expressed in units of area 

length L, and so are dimensionless with 0 < D < 1. 

The following items are discussed and illustrated by graphs. 

a) definition of the storm function (STOL, 1977c). 

Only the left part of the function needs further concern. 

b) transformation of the storm function to account for additional 

zero's caused by algebraically obtained negative precipitation 

amounts. Determination of storm characteristics H and T. 

c) determination of further parameters of the transformed storm 

function using 11 points in the storm, viz.-y— = 0(0.1) 1 

d) graphical representation of simulated correlations at various 

interstation distances D, represented by .... Distances taken 

are D = 0(0.05) 1. The simulated values are obtained as a mean 

of two series of 1000 storms, in which negative values are 

replaced by zeros. They are referred to as s i m u l a t e d 

v a l u e s . Storm characteristics used are H and T. 

e) general formulas of the correlation function for the storm type 

under discussion, after STOL (1977b). The correlation functions 

are defined as 

p (D) for 0 < D < |B 

p (D) for §B < D < B 

PII;[(D) for B < D < 

Properties and graphical representation of the theoretical 



correlation function without transformation of the storm function 

with parameter values as used under d) are given. Characteristics 

B, 0 and p, are given values as mentioned in the Introduction 

to this sub-section. 

f) graphical representation of the correlation function with 

transformed storm functions with combinations of values for 

the storm characteristics, as follows (see Table 2) 

Table 2. Combination of values of storm characteristics and symbols 

with which the correlation function based on them are 

represented in the Figures 

storm 

max imum 

H 

H* 

H 

H* 

standard 

deviation 

T 

1 

T* 

curve 

number 

1 

2 

3 

4 

curve 

type 

-.-.-.-

(H, 

(*, 

(-, 

(*, 

T ) 

-) 

-) 

*) 

*) 

*values valid under truncation 

g) conclusion 

It must be noted that if the negative rainfall amounts obtained 

by simulation are n o t made zero, which is an option in the computer 

program, the empirically found correlations are in accordance with the 

untransformed theoretical correlation function. This means that the 

analytical solution gives algebraically correct results. 



9. THE RECTANGULAR STORM TYPE 

9.1. D e f i n i t i o n 

The rectangular storm type is defined as follows 

h = ]f(x) = H, 0 < x < ̂ B 

h = 2f(x) = H, 

So we pay attention to the storm function 

h = f(x) = H, 0 < x < ̂ B 

where H is constant and also represents the maximum amount in the 

center. 

With uncorrelated random fluctuations the model reads 

ha = f(a) + £a, (£a = TX) 

= H + e 
—a 

2 2 
We choose H = 10, E(e ) = 0 for all a, and T = E(e ) = 2500 

a. a. 

and so x = 50. With these values the correlation function has been 

evaluated. 

9.2. T r a n s f o r m a t i o n 

Truncation of the normal distribution of h is at h = 0. Truncation 
—a 

of the normal distribution of e is at -H, which in standard units 
—a 

reads z* = -H/T, numerically this equals -0.20. 

From column 3 of Table B in Appendix 1 we read 

y* - H 
E ( z „ +_n on> = °- 6 7 5 1 = •a '-0.20' T 

and so 

y* = 50 x 0.6751 + 10 
a 

= 43.755 for all a: 0 < a < ̂ B 



The standard deviation after truncation becomes 

a* = 50 x 0.6397 
a 

= 31.985 

The transformed storm function now reads 

h = H* = 43.755 0 < x < ̂ B 

9.3. P a r a m e t e r s 

No further parameters need to be determined. 

9.4. S i m u l a t e d v a l u e s 

Simulated values of the correlation coefficient after applying 

zero's are collected for several values of the interstation distance 

D in Fig. 6 and are represented by dots (...). 

X 
X 

X 
X 

V ^ X 

X ^ 

X ^ v 
X 

X 

(H,T ) _ c _ 

1 (-.-) 0.20 
3 (-.*) 0,31 

2 (»,-) 088 

4 <**,*) 1.42 

0 .1 .2 .3 A .5 .6 .7 

Fig. 6. Illustration of elaborations with the rectangular storm 

type. Explanation in text 
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9.5. T h e c o r r e l a t i o n f u n c t i o n 

The general formula of the correlation function in the present 

case reads, and-can be written 

_ ill B + D(H/T) 

P l'I X " B " (1+B) + ( H / T ) 2 

PTTT = 1 - (1+B) ' + ( H / T ) 2 

TTT ' 2 
(1+B) + (H/T) 

from which it is easily verified that 

p = 0 for D = -—— , independent of H and T 
I,II 1+B 

All curves with B = 0.5 intersect at (D, p) = (-_• , 0). Allowing 
H 

T •> °° produces — -»• 0 and the correlation function for large values 

of T with respect to H, becomes a horizontal straight line, since 

then 

pz n -* 0 and p n i -* 0 (9.1) 

For H = 10 and x = 50, the employed values, we almost have the 

situation given by Eq. (9.1). See curve 1 in Fig. 6. 

9.6. C o r r e l a t i o n f u n c t i o n f o r t r a n s f o r m e d 

s t o r m f u n c t i o n s 

According to the scheme given in Table 2, combinations of values 

of storm characteristics are given in Fig. 6, curve 1, 2, 3 and 4, 

respectively. 

9.7. C o n c l u s i o n 

After transformation the correlation function with (H*, T) gives 

the best result in approximating the correlation coefficients obtained 

by simulation. The transformed storm model with (H*, T*)(curve 4) 

apparently has too low a standard deviation of random fluctuations to 

be considered an adequate approximation to the simulated values. 
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10. THE TRIANGULAR STORM TYPE 

1 0 . 1 . D é f i n i t i o n 

The triangular storm type is defined as follows 

h = f(x) = — x, 0 < x < ̂ B 

h = f(x) = 2H 2H 
x, ;B < x < B 

So we pay attention to the storm function 

h = f (x) = — x, 0 < x < £B 

where H is the maximum rainfall at the center and B is the storm 

width. 

With uncorrelated random fluctuations the model reads 

2H h = —- a + e , —a B —a (£a - TX) 

We choose H = 20, to obtain the same mean storm value as in 

Section 9 (STOL, 1977e), E(e ) = 0 for all a, and T 2 = E(e ) 2 = 10 000 
—a —a 

and so x = 100. With these values the correlation function has been 

evaluated. 

10.2. T r a n s f o r m a t i o n 

Truncation of the normal distribution of h is at h = 0. Truncation 
—a 

of the normal distribution of e is at -2Ha/B, which in standard units 
-a 4 

reads -2Ha/BT, numerically this equals -2 x 20a/0.5 x 100 = - — a, 

where a is taken a = 0(0.05 B) 0.5 B. 

Special values occur at a = 0 and a = B̂ giving a = 0 and a = 0.25 

giving for the standardized point of truncation 
z* = 0 and J0.25 

= - 0.20 



From Table B, Appendix 1, we read 

E(z | ) = 0.7979 and E(z.+ ) = 0.6751 
-0.20 

and so, since H = 20 and i = 100, )i* becomes 

E(h -f a = 0) = 79.79 and E(h { a = JB) = 87.51 

~a o a 0 

The standard deviation after truncation becomes 

a* = 60.28 (a=0) and o* = 63.97 (a=$B) 
a a 

respectively. From these last values an average of o*= 62 is 

constant, has been employed for numerical elaborations. 

Since y* = E(h 4- ) depends on a, the storm function is not 
a ~ a 0 

linear anymore. This is illustrated in Fig. 7. 

9 0 

8 0 

70 

60 

50 

4 0 -

3 0 

expectat ion of 

- 4 - f ( a ) - h a 

Fig. 7. The triangular storm function and its transformed function. 

Dots: calculated expectations according Table B of Appendix I; 

curve: approximation of calculated expectations by an exponential 

function 
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The structure of Equation (7.1) and the shape of the locus of 

expectations suggested an exponential function to approximate the 

obtained values. Use was therefore made of the exponential storm 

type with 

h = f(x) = H * e 2 M x *B), 0 < x < ̂ B 

in which a further parameter, b, occurs. The storm characteristic 

H is taken H* = 87.51. 

10.3. P a r a m e t e r s 

It remains to determine the parameter b such that the exponential 

function fits the points in Fig. 7 best. This problem was solved as 

a simple case of a least squares problem. However, it was treated 

iteratively as a nonlinear problem without taking' logarithms (STOL, 

1975). 

Numerical results are obtained by a computerprogram written by 

MAASSEN (1977a). 

The starting value for the iterative process was obtained by 

h* 
In 

o B 

1 i "2B b = — In — — 
h* 

o 

which gives 

1 , 87.51 
b = 7T-T In o 0.5 79.79 

= 2 In 1.0967 

= 2 x 0.0923 

= 0.1846 

After 3 iteration cycles the following result was obtained 

(Table 3). Discrepancies between values to be used and their 

approximation are small (less than 0.03). The final value of b 

then is b = 0.18523. 



It must be noted, however, that for smaller values of x the fit 

is less accurate. See Appendix 2. 

Table 3. Numerical results of the fit of the exponential storm 

function to data obtained by simulation with a triangular 

storm function (Fig. 7) 

a 

.0 

.025 

.050 

.075 

.100 

.125 

.150 

.175 

.200 

.225 

.250 

h = f(a) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

* -f(a) 
z* = • — 

a T 

0 

-.02 

-.04 

-.06 

-.08 

-.10 

-.12 

-.14 

-.16 

-.18 

-.20 

E(z ) 
—a 

.79788 

.78520 

.77260 

.76008 

.74766 

.73533 

.72309 

.71095 

.69889 

.68693 

.67507 

E(h ) 
—a 

79.79 

80.52 

81.26 

82.01 

82.77 

83.53 

84.31 

85.09 

85.89 

86.69 

87.51 

Exponential 
approximation 

79.77 

80.51 

81 .26 

82.01 

82.78 

83.55 

84.32 

85.11 

85.90 

86.70 

87.51 

Mean rainfall in storm before transformation 10.00 

" after " 83.58 

10.4. S i m u l a t e d v a l u e s 

Simulated values of the correlation coefficient after applyi 

zero's are given in Fig. 8 and are represented by dots (...). 
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/ \ 

l o i 1—j.—u-O—i,—i—l^l—L * - • - * 3 .4 .5 « 

• i I» I .f. , t .1 i>,i.it,i f, A, 

>' •> ••!'• A - • •• •!"•'• JL- • 

(H,T ) I 

( ) 0.20 
»<-.»> 0.31 

><*.-> ose 

«<«,»> 1.42 

,y ' i ••• it ' ' iL 

Fig. 8. Illustration of elaborations with, the triangular storm type. 

Explanation in text 

10.5. T h e c o r r e l a t i o n f u n c t i o n 

The general formula of the correlation function in the present 

case reads 

12(1+B) 2H2(B-D) Q2 + B 3 T 3 

( 1 + B ) ( H 2 + I 2 T 2 ) + 3H2 

4Ç1+B) H2{B3 - 2(B-D>3> + 3B V 
P I I * ' ' ~ 1 ' "'2' 2 T — " 

11 B ( 1 + B ) ( 1 T + I 2 T ) + 31T 

H + I T 

, = 1 - 40+B) . o'" 21' •'• " ' 2 ' 
1 1 1 ( 1 + B ) ( I T + 1 2 T ' ) + 3H 

from which it easily can be verified that P, * 0 if 

?2U+'B) = ( B _ D ) ° 2 ' i n d «P e n d e n t of H and T. 

For B = 0.5 we have D = 0T25, so all curves with B = 0.5 
2 

intersect at (D, p) = (|, 0). Dividing through by x and allowing 
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H 
T -> » produces • 0 and the correlation function for large values 

of x with respect to H, becomes a horizontal straight line, since 

then 

Q1 -»• 0, pT1 -»• 0 and p m -> 0 (10.1) 

For H = 20 and x'= 100, the employed values, we almost have the 

situation given by Eq. (10.1). See curve 1 in Fig. 8. 

10.6. C o r r e l a t i o n f u n c t i o n f o r t r a n s f o r m e d 

s t o r m f u n c t i o n s 

According to the scheme given in Table 2, combinations of values of 

storr characteristics are given in Fig. 8, curve 1, 2, 3 and 4, 

respectively. 

10.7. C o i\ e l u s i o n 

After transformation the correlation function with (H*, T) as 

characteristics gives the best result in approximating the correlation 

coefficients obtained by simulation. The transformed storm model with 

(H*, x*) (curve 4) apparently has too low a standard deviation of 

random fluctuations to be considered an adequate approximation to the 

simulated data. 

II. THE EXPONENTIAL STORM TYPE 

11.1. D é f i n i t i o n 

The exponential storm type is defined as follows 

h = ]f(x) = H e 2 b ( x ^ B ) , 0 < x < ̂ B 

h = 2 f ( x ) =He 2 b ( ^ B - x ) ' **<*<=* 
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So we pay attention to the storm function 

h = f(x) = H e 2 b 0 H B ) , 0 < x < *B 

where H is the maximum and b is a further parameter. 

With uncorrelated random fluctuations the model reads 

„ 2b(a-^B) _,_ , . 
h = He + e , (e = T\) 
—a —a —a — 

We choose H = 20, to obtain the same maximum storm value as in 
2 2 

Section 10, E(e ) = 0 for all a, and x = E(e ) - 10 000 and so 
' —a —a 

T = 100. 

The parameter b has been chosen such that the mean rainfall 

amount in the storm equals 10, as was the case for the rectangular 

and the triangular storm type. The appropriate value then is 

b = 3.187 (STOL, 1977e). 

With these values the correlation function has been evaluated. 

11.2. T r a n s f o r m a t i o n 

Truncation of the normal distribution of h is at h = 0. Truncation 
—a 

of the normal distribution of e is at - H exp{2b(a-5ß)}, vUich ]v~r, 

to be devided by T to obtain standard units. Numerical results are 

z* = -20 exp{2b(a-0.25)} = , 
za 100 K • • 

where a is taken a = 0(0.05 B) 0.5 B. 

Special values occur at a = 0 and a = 5B, so a = 0 and a = 0.25, 

giving h_ = 4.1 and h „s = 20 which yields for the standardized 

point of truncation 

z* = - 0.041 and z* = - 0.20 

From Table B, Appendix 1, we read 

E(z { ) = 0.7722 and E(z -f ) = 0.6751 
a -0.041 a -0.20 
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and so, since H = 20 and T = 100, u* becomes 
' a 

E(h { a = 0) = 81.28 and E(h -f a = ^B) = 87.51 
~ a 0 a 0 

The standard deviation after truncation becomes 

a* = 60.28 (a = 0) and a* - 63.97 (a = p ) 
a & 

respectively. From these last values an average of o*= 62 is 

constant, has been employed for numerical elaborations. Since 

u* = E(h \ ) depends on a, the storm function cannot be obtained 
a _ a 0 

by a simple shift in vertical direction of the original storm 

function. This is illustrated in Fig. 9. 

100 

SO 

50 

40 

expectation of 
% Üa=f(a)+£a 

Fig. 9. The exponential storm function and its transformed function. 

Dots: calculated expectations according Table 2 of Appendix 1, 

curve: approximation of calculated expectations by an 

exponential function 
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. The structure of Eq.(7.1) and the shape of the locus of 

expectations suggested an exponential function to approximate 

the obtained values. Use was therefore made of the exponential 

storm type with 

h = f(x) = H*e 2 b ( x *B), 0 < x < iB 

in which a further parameter, b, occurs. The storm characteristic 

H is taken H* = 87.51. 

11.3. P a r a m e t e r s 

It remains to determine the parameter b such that the exponential 

function fits the points in Fig. 9 best. The same procedure as the 

one described in the former Section has been applied. 

The starting value this time was 

bo = -h ln frits" = ° - 1 4 7 6 

After 3 iteration cycles the following result was obtained 

(Table 4). Discrepancies between values to be used and their 

approximation are small but greater than in the former case (less 

than 0.9). The final value of b then is b = 0.17155. 

Table 4. Numerical results of the fit of the exponential storm function 

to data obtained by simulation with an exponential storm function 

(Fig. 9) 

a 

.0 

.025 

.050 

.075 

.100 

.125 

.150 

.175 

.200 

.225 

.250 

h = f(a) 

4.064 
4.766 
5.590 
6.555 
7.688 
9.016 

10.573 
12.400 
14.542 
17.054 
20.000 

z* = "f(a) 
a T 

-0.041 
-0.048 
-0.056 
-0.066 
-0.077 
-0.090 
-0.106 
-0.124 
-0.145 
-0.171 
-0.200 

E(za) 

.77219 

.76780 

.76264 

.75663 

.74960 

.74139 

.73181 

.72066 

.70767 

.69258 

.67507 

E(h ) 
—a 

81.28 
81.55 
81.85 
82.22 
82.65 
83.15 
83.75 
84.47 
85.31 
86.31 
87.51 

Exponential 
approximation 

80.31 
81 .01 
81 .70 
82.41 
83.12 
83.83 
84.56 
85.28 
86.02 
86.76 
87.51 

P.T.O. 
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Mean rainfall in storm before transformation = 10 

after " = 85.64 

11.4. S i m u l a t e d v a l u e s 

Simulated values of the correlation coefficient after applying 

zero's are given in Fig. 10 and are represented by dots (...). 

• A , 

•s. 
- -x. 

N \ 
• V \ 

A
' 

-

1 (-."7 0 20 
3 <-,») 031 
2(*,-) 0.88 

«(*,*) 1-42 

10 
D 

Fig. 10. Illustration of elaborations with the exponential storm 

type. Explanation in text 

11.5. T h e c o r r e l a t i o n f u n c t i o n 

The correlation function for the exponential storm type is even 

more complicated than the one for the triangular storm type. 

(Section 10.5), it will not be given here explicitely but the 

reader is referred to to STOL (1977b). 

The properties of this correlation function, however, are analogous 

to those of the former functions discussed in this report. Compare 

Fig. 10 with Fig. 8. 
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11.6. C o r r e l a t i o n f u n c t i o n f o r t r a n s f o r m e d 

s t o . r m f u n c t i o n ? 

According to the scheme given in Table 2, combinations of values of 

storm characteristics are given in Fig. 10, curve 1,2, 3 and 4, 

respectively. 

1 1 . 7 . C o n c l u s i o n 

After tran$formation the correlation function with (H* ? T) as 

characteristics gives the best result in approximating the corrélation 

coefficients obtained by simulation. The transformed st;orm mocjel with 

(H*, T*) (curve 4) apparently has too low a standard deviation of random 

fluctuations to be considered an adequate approximation to the simulated 

data* 

12. CONCLUDING REMARKS 

1) In all examples values of the storm characteristics H and T are 

chosen such that they meet theorytical conditions. Values used are 

collected in next summary (Table 5): 

Table 5. Summary of combinations of used values for storm characteristics 

H and T 

No. 

1 

3 

2 

4 

»I' ' 

Character­
istics 

H, x 

H, T* 

H*, T 

H*. T* 

Rectangular type 

10 50 

10 31 

44 50 

44 31 

Triangular and 
exponential type 

20 100 

20 62 

88 100 

88 62 

H 
T 

0.20 

0.31 

0.88 

1.42 

31 



Although in Figures 6, 8 and 10 these values are used, no. 2 

(H* under truncation, x without truncation) giving the best results 
IT 

in all three cases, it is the ratio — that really matters. This is 
T 

the reason that in all three cases about the same results are 

obtained since the ratio's are the same. It still is to explain why 

the unaltered value of T gives the best results. A still better 
TJ 

approximation could be obtained with a slightly lower value of — 

but it is not clear whether x should be taken less than 88 (but 

greater than 20). 

These alternative choices are not supported by the theory 

developed thus far. 

2) All storm models employed behave in the same way. Introducing 

large random fluctuations does give correlation functions that 

are much alike. To demonstrate this the simulated values of the 

correlation coefficient are collected in Fig. 11. Here the conclusion 

is that the random fluctuations, actually the H/x ratio, determine 

in the present study the shape of the correlation function. 

X*6 X*A X*A 

x rectangular 
a triangular 
• exponential 

Fig. 11. Values of simulated correlation coefficients have been 

collected from Figs. 6, 8 and 10. The shape of the simulated 

correlation function appears to be the same 
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3) Finally it should be remembered that an irrealistic value of T 

had been used. This to enlarge discrepancies between simulated and 

analytically derived values. Other combinations of values, applying 

stormwidth B as a parameter as well, could be used to enlarge insight 

in the problem stated. 
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APPENDIX 

TRUNCATED NORMAL DISTRIBUTIONS 

This Appendix is meant to give some theory on trucated normal 

distributions that will be used in connection with storm functions. 

Symbols introduced in this Appendix do not match those in the 

Report especially the use of the constants a and b is different. 

Symbols commonly used in statistics are employed here. All symbols 

are defined in the text. 

1 . G e n e r a l 

Let x be normally distributed with expectation 0 and variance 1, 

to be written x. (0, 1). Then 

x = u + ax 

2 
is normally distributed with expectation y and variance o , or is 

2 
x (y, a ). Following MOOD and GRAYBILL (1963)'s notation and writing 

densities with the aid of differentials, so employing probability 

elements (HALD, 1967, p. 93) we define the density n(x) of x by 

1 - > ^ 2 

n(x) dx = —rx— e dx 
av Zi\ 

and the cumulative distribution by 

N(x) = W2Ï 

x o 

- s ( — ) dt 
e 

Some particular values are given in Table A. 



APPENDIX 1 (2) 

Table A. Particular values of the normal distribution and its 

density 

x n(x) N(x) 

- °° 0 0 

u 1/Ö/2TT 1/2 

+ 00 O 1 

Now we assume that, given the normal distribution, values below 

a given value x = a do not occur and that values greater than a 

given value x = b do not occur either. Thus the distribution of x 

is assumed to be defined on the interval 

a < x < b 

and the distribution of x_ consequently on the interval 

a - u , s b - M 

— - — 1 X 1 — - — 

or, by definition, in standard units 

a < x < 3 

This produces a so-called two sided truncated normal distribution. 

We employ the following notational convention. In connection with 

random variables: 

b 
x f = 'under truncation', lower point being a, upper point 

a u • u being b 

je f = x f = under truncation from below 
a a 

x -f = under truncation from below: only positive values and 
0 



APPENDIX 1 (3) 

In connection with variables and parameters an asterisk (*) is 

used. We define its use as follows: 

x* = a lower point of truncation for the random variable x 

which is truncated at x = a from below 

u* (a) mathematical expectation of the random variable x, 

when the distribution of x is truncated at x = a from 

below 

Without ambiguity the argument in the last definition can 

sometimes be dropped. 

Since the two-sided truncated distribution is defined on the 

interval [a,bj only, probabilities have to be expressed in fractions 

of the total probability mass valid for the distribution. 

So 

T, / i ^ „, i ^ N(x) - N(a) P(x < x | ) - N(x | ) = . 
a a 

which is illustrated in Fig. 1. 

The density of this distribution is obtained by differentiating 

this expressing with respect to x which yields 

,n b /o exp {-K—-) } 
dP , I , O/2TT r CT 

d x n U T ; N(b) - N(a) 
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Fig. 1. Example of a normal distribution supposed to be truncated 

at a and b respectively. Legend: 1 = N(x) = area under the 

curve from - °° to x; 2 = N(a) = area under the curve from 

- °° to a: the degree of truncation from below; 3 = 1 - N(b) = 

area under the curve from b to + °°: the degree of truncation 

from above 

In this case a is called the lower truncation point and b is 

called the upper truncation point, while N(a) stands for the degree 

of truncation from below and 1 - N(b) for the degree of truncation 

from above. 

2. T h e m a t h e m a t i c a l e x p e c t a t i o n 

The mathematical expectation of x and functions of x can be 

obtained from the density. So we have 

b 
E(x | ) 

a 

1 
a/2ir 

_ i (2SIÜ)2 

x e 2 a dx 

(1) 
N(b) - N(a) 

The integral in the numerator can be worked out as follows: 

b 
,x-u u. , , ,x-u. 2, , 
(—- + -) exp {-K—-) } dx 

a a a 
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= o ^ exp {-K—)2> d£-£) + y{N(b) - N(a)} a/2^ 

= -a exp {_i(2LÜ)2} d{-|(2LÜ)2} + u { N C b ) _ N ( a ) } a / ^ 

2r , ,x-y.2, 
= -a {exp -j(—-) } + y{N(b) - N(a)} a/2ir 

which by means of symbols introduced before becomes 

= -a {n(b) - n(a)} a/2ir + y {N(b) - N(a)} a/2-rr 

Inserted in Eq. (1) the mathematical expectation becomes 

w 1 w P̂ N(b) - N(a)> - a2ln(b) - n(a)> 
M - T ; N(b)-N(a) 

and finally, see also Mood and Graybill (1963, p. 138) 

•or 1 \ j. n ( a ) " n ( ° ) 2 
E(i T ) = v * N ( b ) - N(a.) o 

Now we will express a and b in standard units and define the 

parameters a and $ as follows 

x-u 
z = so x = y + az 

a-u 
x = a -»• z = = a and a = y + aa 

x = b ->• z = 
b-y 

and b = y + ßa 

x = t -»• z = t-y and t = y + az 

with differentials 

and 

dx = adz 

dt = adz 
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This gives 

n(a) OV2IT 
•ja 

n(b) = ' e-^f 

T/2TT 

and 

u+aa 

N(a) = 
O/2T 

exp {-U-^)2 dt 

The upper boundary for t, viz. t = a, is written a = y + ota. 
x ~ u 

Consequently z = is satisfied for x = a with the corresponding 

value z = a and we can write 

N(a) = 1 
72T 

exp {-|z } dz 

and analogously 

N(b) = -j^ | exp {~\z2} d 

Define $(z) to represent the cumulative s t a n d a r i z e d 

normal distribution, and <f>(z) to represent its density so 

$(z) = 1 
727 

e 4t dt 

and 

<(>(z)dz = 727 e dz 
1 -iz 

then we have 
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n(a) -i<D(a) = ^ i^~) 

n(b) = i<K0) = £<K^) 

N(a) = *(a) = $ ( ^ ) 

N(b) = *(0) = ^C"^11) 

and so we can express the required expectation with standarized 

normal distribution functions by 

b *(-—-) - < K — ) 
E(x + ) = y + — r ö 

a $("^T") " $(^T") a a 

as given by JOHNSON and KOTZ (1970, p 81). 

3. T h e v a r i a n c e 

Truncating normal distributions means that the scattering of 

individual points about the mean becomes less. The variance of tue 

truncated normal distribution therefore is smaller than the varianc' 

of the original distribution. The general formula for the variance 

of truncated normal distributions can be derived along lines given 

in Section 2. The result as given by JOHNSON and KOTZ (1970) reads 

C1HL) +(£=E) - (blE) H ^ 
a a a a 

$ t o - * t o a o 

Var(x f ) = 
a 

1 + 

* / b - y N . f a - y N 

a a 



APPENDIX 1(8) 

4 . S p e c i a l c a s e s 

Next we assume t h a t x i s t r u n c a t e d o n l y from t h e l e f t and so 

b ->- + °° g i v i n g 

*(tü, . 0 

» < ^ > . 1 

This means that, using our notational convention 

H^-) 
E(x j ) = y + — a = p*(a) 

- * < ^ > 

(2) 

the variance being 

Var(x { ) = 
a 

l + 
a-vi a 

° 1 - *(̂ =H.) 
a 

{ 2. } 

, - * ( ^ ) 

2 *2, . 
o=o* (a) 

so without arguments, 

a*2 = r + a-y p*-y _ (y*-U)2] 
a a a 

2 
a (3) 

or 

2 2 2 
a* = a + (a-y)(y*-y) - (y*-y) 

If a = y we have a further special case, namely (see Table A), 
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V*iv) = M + Ij^Y- = M + 0.7978 o 

a*2(u) = a2 - (0.7978 a)2 « 0.6028 a 

for x (P,CJ ) 

If we have y = 0 and a = 1 the final most simple result reads 

y*(0) = 0.7978 

a*2(0) = 0.6028 

for x (u,a2) = X (0, 1) 

which is valid for standard normal distributions. 
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5. S p e c i a l c a s e f o r r a i n f a l l 

Applied to rainfall amounts we will consider normal distributions 

that are truncated at zero to avoid the occurrence of negative 

precipitation values. So a = 0 and we have from Eq. (2) 

(4) 

and from Eq. (3) after adding terms 

a*2(0) = 
y* \i*-\i 
a a 

2 
a 

(5) 

Since the integral $ of the normal distribution cannot be 

expressed in elementary functions values of it can be obtained only 

by numerical integration. In our case, however, values art obtained 

by approximating formulas given by HASTINGS (1955) that furnish 

enough accurate decimals for our practical purposes. Values are 

calculated in a computer program developped by MAASSEN (1977s) 

Results are given in Table B. 

In Table B the following values are tabulated. 

Column 1 : The standardized lower point of truncation, 

z* = a = -y/a,(which corresponds with x* = y ) 

ranging -3.0(0.2)3.0 

Column 2: The degree of truncation from below viz. P(_z < a) or 

P(x < y), in percentages. 

Column 3: Values of the expression 
\i*-\i 

according Eq. (4) 

Column 4: Values of the expression — according üq.(5) by taking the 

square root 

Application of Table B is discussed in the main text of this 

report. The meaning of the 'heading at the bottom' shall be 

explained in Section 4. 
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Table B. Characteristic values of the standard normal distribution 

which is truncated from below 

1 

point of 
truncation 

a = -u/o" 

00 

3.0 

2.8 
2.6 
2.4 
2.2 
2.0 

1 .8 
1.6 
1.4 
1.2 
1 .0 

0.8 
0.6 
0.4 
0.2 

0.0 

- 0.2 
- 0.4 
- 0.6 
- 0.8 

- 1.0 
- 1 .2 
- 1.4 
- 1.6 
- 1.8 

- 2.0 
- 2.2 
- 2.4 
- 2.6 
- 2.8 

- 3.0 

— oo 

* _ -f(a) 
z * = • — 

a T 

2 

degree of 
truncation 

P(z < a) 

100 

99.87 

99.74 
99.53 
99.18 
98.61 
97.72 

96.41 
94.52 
91 .92 
88.49 
84.13 

78.81 
72.57 
65.54 
57.93 

50.00 

42.07 
34.46 
27.43 
21 .19 

15.87 
11 .51 
8.08 
5.48 
3.59 

2.28 
1 .39 
0.82 
0.47 
0.26 

0.13 

0 

P(z < z*) 
— = a 

3 

expectation 

\i*~V 
a 

oo 

3.2829 

3.0978 
2.9140 
2.7319 
2.5515 
2.3732 

2.1973 
2.0241 
1.8541 
1.6876 
1.5251 

1.3674 
1.2150 
1.0688 
0.9294 

0.7979 

0.6751 
0.5619 
0.4591 
0.3676 

0.2876 
0.2194 
0.1629 
0.1174 
0.0819 

0.0552 
0.0360 
0.0226 
0.0136 
0.0079 

0.0044 

0 

y*-f(a) 
a 

T 

4 

standard 
deviation 

a* 
a 

0 

0.2667 

0.2784 
0.2913 
0.3056 
0.3211 
0.3380 

0.3563 
0.3762 
0.3977 
0.4210 
0.4462 

0.4734 
0.5027 
0.5341 
0.5675 

0.6028 

0.6397 
0.6779 
0.7167 
0.7555 

0.7935 
0.8298 
0.8634 
0.8936 
0.9197 

0.9415 
0.9589 
0.9723 
0.9820 
0.9888 

0.9933 

1 

a* 
a 

T 
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The values given in columns 1, 3 and 4 are plotted in a graph 

to visualize the relevant relationships between point of truncation 

and the mathematical expectation and standard deviation for standard 

normal distributions (Fig. 2). 

values under 
truncation 
r 2 . 6 

1 2 a 
point of truncation 

Fig. 2. Curves for the expectation (y*) and standard deviation (a*) 

at increasing points of truncation from below for a standard 

normal distribution (see also Table B) 

It is seen that with increasing degree of truncation from below 

the mean value increases while the standard deviation decreases. 
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THE FIT OF THE TRIANGULAR STORM TYPE BY AN EXPONENTIAL STORM 

FUNCTION WHEN T IS SMALL 

In Section 10.3 the fit of the triangular storm type with 

random fluctuations, by an exponential storm function was treated. 

Storm characteristics were H = 20 and T = 100. The fit was reasonable, 

(Fig. 7 and Table 3). 

If the value of x is much smaller, x = 5, say, then the influence 

of random fluctuations near the center of the storm is limited. 

Namely in this neighbourhood -h/x is approximately -20/5 = -4 and 

the degree of truncation is small. This causes the shape of the 

storm function to remain straight. (See Fig. 3). Discrepancies from 

the straight line only occur for values x <0.25 B. The exponential 

fit to the straight line is poor and less accurate as the one 

demonstrated in Section 10.3 where r = 100. 

The results for H = 20, x = 5 are given in Table C and Fig. 3. 

Fig. 3. The triangular storm function and its transformed function for 

H = 20 and x = 5 

Dots: calculated expectations according Table B of Appendix 1; 

Curve: approximation of calculated expectations by an exponential 

function 
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Table C. Numerical results of the fit of the exponential storm 

function to data obtained by simulation with a triangular 

storm function (Fig. 3) where H = 20 and x = 5 

h=f(a) 

0 

025 

050 

075 

100 

125 

150 

175 

200 

225 

250 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

* -f(a) 
z* = 

a T 

0 

- .4 

- .8 

-1.2 

-1.6 

-2.0 

-2.4 

-2.8 

-3.2 

-3.6 

-4.0 

E(z ) 
—a 

.79788 

.56188 

.36756 

.21943 

.11735 

.05525 

.02258 

.00794 

.00239 

.00061 

.00013 

E(h ) 
—a 

3.99 

4.81 

5.84 

7.10 

8.59 

10.28 

12.11 

14.04 

16.01 

1 8.00 

20.00 

Exponential 
approximation 

4.87 

5.60 

6.46 

7.44 

8.56 

9.86 

11 .36 

13.09 

15.08 

17.36 

20.00 

Mean rainfall in storm before transformation 10.00 

" after " 10.71 

The starting value of b was b = 3.2242 

after 5 iterations the value b = 2,8271 was found. Discrepancies 

between values to be used and their approximation now amounts .88 or 

less. This is much greater than the value of 0.03 which was found in 

Section 10.3. 


