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PREFACE

This report is concerned with providing four sets of
150 years of correlated artificial monthly inflows into
the Yarmouk River and the Lake Kinneret.

The generated data is used as the basis of a simula-
tion study which ascertains the worthiness and priority
order of projects designed to increase the Kinneret
exploitation , a scheme conceived by the Department of

Long-Term Planning, Tahal.

Three uncertainty elements are encompassed by the
simulation. They are: (i) the question surrounding
the success of artificial rain, (ii) whether the
Jordanians will build a dam on the Yarmouk,and (iii)
whether Israel will release water from the Lake to the
Jordan. The most viable priority order of the projects
are selected under an off-on policy for each uncertain

event,yielding a total of eight possible futures.

In order to account for an increase in rainfall due to
cloud seeding over and above the two sets of inflows per-
taining to the Yarmouk River and Lake Kinneret, a third and
fourth set of generated monthly inflows (related to Lake
Kinneret) were necessary. Two values of the annual mean
increase, together with its respective standard deviation

were thought sufficient in explaining the phenomenon.
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GENERATION OF MONTHLY INFLOWS INTO LAKE KINNERET AND THE YARMOUK RIVER

115 INTRODUCTION

A generation procedure was postulated to reproduce, on the average,
important statistical parameters of the historic monthly data of the
Kinneret and Yarmouk inflows. The available monthly data were collated,
in the case of the Kinneret, from December 1928 to November 1970 (see
reference (1) pp. 3-6), as shown in Table 1, and from December 1926 to
November 1962 for the Yarmouk, listed in Table 2. The inflows were
considered to be a sample from an underlying theoretical probability
distribution, and the generation of simulated flows was centered around
the production of a random number from a particular distribution, which
was transformed into a value of a monthly inflow by means of a linear
response function, dependent upon already evaluated simulated flows. The
parameters were chosen with a view to preserve the respective monthly
means, standard deviations and skewness coefficients, as well as the
cross-correlation coefficient (i.e. the correlation between the Kinneret
and Yarmouk inflows in a particular year) and the Lag 1 correlations
(the correlations between two successive monthly inflows into both the
Kinneret and into the Yarmouk). All these estimated parameters are given

as part of Tables 8 and 9.

2 SIMULATED KINNERET INFLOWS

The generation of monthly inflows into the Kinneret was based upon
a system of equations formulated for TAHAL by Kahan (see reference (1)
P. 24). Being autoregressive in structure, the number of lags introduced
into the model depended upon the conditional variance of the dependent variable.
These equations are given in Table 3. Coefficients of skewness, illustrating
the degree of asymmetry of the data, were calculated for each month, the
results of which are given in Table 4, Based upon the magnitude of
skewness, together with Goodness-of-Fit Tests, it was decided to use one
of two probability distributions as the underlying theoretical population
from which the historic samples were supposedly drawn, namely the symmet-
rical normal distribution and the gamma distribution. The latter is asym-
metrical, in this case skewed to the right, implying that the values greater
than the mean have a larger spread than those which are smaller than the

mean.
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All simulated inputs were generated by a random variable taken from
a normal distribution with zero mean and unit variance. For the months
which were considered skewed, namely, December, January, April, November,
it was required to transform this random variable into one following the
gamma distribution. It was determined in either of two ways, depending
on whether its skewness (not that of the corresponding month) was greater
or less than 3.0. Appendix 1l provides a means of calculating the skewness
of the random variable. If less than 3.0, the Wilson-Hilferty result,
which gives an approximate relationship between a normal random variable
and a Chi-square variable (and consequently a gamma variable, for the
family of gamma distributions includes the Chi-square distribution as a

particular case), could be put into effect, as follows:

4]
Given that tj is a normal random variable for month j with zero mean

and unit variance, then:
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Where th is a gamma random variable with zero mean and unit variance,

and Yj is its coefficient of skewness, see, for example, Matalas((2) p. 938).

However, if skewness is greater than 3.0 the transformation, for small
values of tj’ will tend to produce values of ?Yj that are below the theo-
retical lower bound of -ZIYJ of the true gamma variable.®

Kirby (3) has developed a computer-oriented technique based on the
Wilson-Hilferty result which preserves the lower bound of the gamma dis-
tribution. When confronted with a high coefficient of skewness, it was

to these values that we turned.

* According to the distribution of the gamma function on (O,I,Yj), the
theoretical lowest bound is given by —2/Y For example, given that
j = 4 a value of tj of -5/¢ (which will be exceeded in absolute value

once out of five times, on the average) would result in t having a

Y]
value of -2/Y,. Thus for any ?j less than -5/¢ the lowest bound of

3

the gamma distribution would be exceeded.




3: SIMULATED YARMOUK INFLOWS

The inflows of the Yarmouk were analysed in much the same way as those
of the Kinneret. Here, however, all but three months have high coefficients
of skewness (see Table 7, column (1) ) and in order for them to be main-
tained, only an autoregressive model containing not more than one lag could

be envisaged.*

However, a problem now presents itself. Although it was deemed suffi-
cient for the sake of the analysis to maintain correlations of only one-lag
apart; in order to preserve the annual parameters, and in particular the
annual standard deviation, it was necessary to include all lags into the
model, providing they are significant, and thus to include the within-year
correlation terms. This is because the annual variance is made up of the

sum of the monthly variances, together with all the inter-month covariances.

This restriction applies to the months April and May, for in these
cases only, the multiple correlation coefficient** becomes significantly
larger if another lag is included in the model; however it was thought
that in the final analysis the advantages of obtaining a more exact co-
efficient of skewness outweigh the inclusion of an extra term. Table 5
gives the equations resulting from an autocorrelation model. Using the
formula given in Appendix 1, the skewness of the random variables (th)
found in Table 5, have been calculated and are given in column (2) of
Table 7.

However, the cross-correlation, i.e. the correlation between the
Yarmouk and the Kinneret in a particular month, were not taken into
consideration. This was rectified by modifying the autocorrelation
equations of the Yarmouk to include the cross-correlations that were
found to deviate significantly from zero. By means of Fisher's trans-
formation which is contained in reference (4), a value of r, the sample
cross—-correlation coefficient, was calculated, as the maximum (within a
certain probability error) that the empirical values could take before
being considered large enough for the underlying populations to be (in
fact) correlated.

* Appendix 2(b) gives a method of maintaining the coefficient of skewness
when a certain inflow is dependent upon two variables. However, because
the correlation between the Kinneret and the Yarmouk would have to be
taken into consideration, the dependency at this stage 1s restricted to
a one-lag model.

** The multiple correlation coefficient gives the correlation between the
dependent variable and the other variables contained in the model. The
higher the correlation the better would be the fit.
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Fisher showed that if t =

Where N is the sample size (in the case of the Yarmouk N - 34),
then t is distributed approximately as Normal distributed on (0,1) under
the hypothesis that p (the theoretical cross-correlation) = 0.

At the 95% level, that is with a 0.95 probability of accepting the
null-hypothesis when correct, the result is significant if It[ > 1.96.
Substituting this value for t in Eq. (1) above, r was found to be signi-
ficant when r > 0.34. Thus any positive value of the cross-correlation

less than 0.34 was taken as zero.

Appendix 2(a) shows what values the coefficients need to take in
order to maintain the appropriate parameters. Inclusion of the cross-
correlations affects, however, the coefficient of skewness that needs to
be maintained, formit introduces random variables Ej and E}j for some
I L R SYj is the random variable that finally produces the
flow Yj and thus its skewness remains to be calculated. The final equa-
tions which are used to generate inflows into the Yarmouk river are shown

in Table 6.

"]
Appendix 2(b) yields the relationship between the skewness of SYj and
u
tyj’ a comparison of which is found in col. (2) and col. (3) of Table 7.

N
Generation of SYj was put into effect by a subroutine illustrated in
the computer programme in Appendix 4, which uses linear transformations on
Kirby's parameter values in order to maintain the coefficient of skewness

N
of SYj and consequently that of Yj.

4. KINNERET WITH ARTIFICIAL RAIN FACTORS

As part of the could seeding experiments two more series were
generated. Based on inflows into the Kinneret, the two series denoted
by Yij (1 =1,...12; j = 1,2) have mean values of 10% and 20% respectively
more than the Kinneret inflows given by Xy with annual standard deviations
of the increase of 0.051 and 0.056 respectively. These values should be
considered only as estimates; for the experiment (at the time of writing)

is still in progress.
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Because of the inclusion of evaporation, the Kinneret inflows take
negative values, particularly for the summer months. In order to increase
every inflow by a certain amount, (i.e. both positive and negative flows),

the absolute value of X, must be included in the model. The monthly flows

Yij were then calculatez from the equation
Y mEy kxiluj +o, X ?i, where 1 = 1,...12 and j = 1,2,
where pj = mean value of the increase in artificial rain,
(1.11 m:0.1, by = 0.2)
cj = monthly standard deviation of this increase,
(Ul, g, to be calculated)
and %i = independent normal random variable distributed on (0, 1)

It remained to calculate the monthly standard deviation of the in-
crease in both series, for, although the annual deviation is small, the
monthly values are known to fluctuate. This can be done, provided that the
inflows in every month increase according to the same distribution, that
is with a fixed mean (0.1 and 0.2 respectively) and a fixed standard

deviation (cl, % respectively), within the year.

The problem is then reduced to solving o., 0, in the following

S
equations, which are set up in order to equate the variance of the annual

flows with that of the sum of the monthly flows.

Var {X(1+1 + 0.051t)}= Var { & &, + |x 0.1+ [x,]|o t) }

i SR - (2)
and Var {X(1+2 + 0.056t)} = Var { & X, + [X| 0.2 + |xi1c2%i) }
12 t
where x = I Xi >
i=1
and %, %i i=1,...,12 are all independent random variables

distributed as normal on (0,1).

However, the complications involved in solving the equations seem
to outweigh the benefit, for it is possible to approximate them by a

simpler set, as follows:




St

(47} 4"
Var {X(l.1 + 0.051t)} = Var {zxi (1.1 + clti)}
i

(3)
and Var {X(1.2 + 0.056?)} = Var {ixi (1.2 + g,t5) }

It was found (see Appendix 3) that 9y and o, can be solved by using
the relationships below:

' 2
g, = 0.051 \J/ Var (X) + E_(X) = 0.582
L Var (Xy) + I E2 (Xy)
= 0.056 \J/ Var () +E° (X) = 0.641
=Nl L Var (X;) + L E2 (Xy)
Thus Yij of Eq. (2), is generated by using the relationships:
L]
Ty =%+ |x4] 0.1 + |X;]| 0.582 t4

and Y,, = X5 + |X;] 0.2+ |%4] 0.2 ¢}

Where 1

1’...’12

%i’ ti are both standard normal random variables.

5. THE GENERATION PROCESS

The twenty-four derived equations were used as input data for a
programme designed to run on an IBM 1130 computer, which is given in
Appendix 4. Two subroutines were used. The first — part of the system
software - generated random numbers which followed a standard normal
probability distribution, whereby a starting value is read into the
computer for the process to begin. The second was concerned with
maintaining skewness coefficients into the Yarmouk; transforming the
normal random variable into a gamma random variable. In this way a
sequence of 200 years of synthetic monthly data of Kinneret and Yarmouk
inflows were generated. Due to the fact that the inflow in the Kinneret
for December was taken as dependent upon the flow in November, an initial
value - the mean of November - was used for starting the generation.  Con-
sequently the first fifty years of generated results were discarded in the

hope that the remaining series would be independent of any starting value.
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The magnitudes of the standard deviations of the historic data imply
that a long sequence of data is needed for the generated parameters to
converge to the historic ("true") values. For the purpose of the main
body of the study, it was thought impractical to take more than 150 years
of generated data, and due to this constraint, convergence was not auto-

matically effected by the model.

Different initial values needed to generate the random variable were
fed into the computer in order to compare the statistical properties of
the samples. Fluctuations were produced, as anticipated, in the para-
meters of the generated sequence. This was particularly evident in the

monthly standard deviations and coefficients of skewness.

Because the annual results of the Kinneret and the Yarmouk were con-
sidered the more important of the statistical parameters, the generated
sequence was chosen to correspond to these values as closely as possible.
Tables 8(a), 8(c) and 9 give a comparison between the historic and gener-
ated parameters of the Kinneret and the Yarmouk, while Table 8(b) contains
the generated means and standard deviations of the two Kinneret series with

average artificial rain increases of 0.1 and 0.2.

The first time that generation was carried out, the average of the
annual Kinneret values with a 0.1 increase was 630.4, while against this,
1.1 multiplied by the average of the annual basic Kinneret flows gives a
value of 621.7. The standard deviation should have been (see Eq. (3.4)
in Appendix 3) 263.4 but the generated result was 269.6. Similarly, the
increase of flows into the Kinneret by an added factor of 0.2 should have
resulted in a mean of 678.2, and in a theoretical standard deviation of
285.3 (found again from Eq. (3.4) in Appendix 3), while the artificial
rain series generated a mean of 689.5 and a standard deviation of 292.4.
The annual means of the two series were considered the most important
parameters to be preserved under generation, and so each inflow of every
month was multiplied by 622/630 and 678/690 respectively (when the flow
was negative it was divided by these amcunts). In this way the annual
means were reduced to the theoretical means and the annual standard

deviations were also reduced by the same amount.

By this procedure a second set of series was generated, yielding

monthly means and standard deviations which are found in Table 8(b).




6. CONCLUSIONS

Tables 8(a) and 8(c) show that the generated monthly and average
means and standard deviations of inflows into Lake Kinneret and into the
Yarmouk river follow very closely those of the historic data. It should
be noted however, that a large monthly historic variance gives rise to a
less exact generated sequence, because, in such cases, a period of 150
years is not long enough to assume that the generated values tend towards
the "expected values'" - the values of the parameters that would be reached

had the number of sample outcomes become infinite.

The correlation coefficients between and within the two systems - as
shown in Table 9 - converge quite quickly for in only four cases from a
total of twenty-five are the generated correlations seen to be signifi;

cantly different from the historic ones.

The main difficulty, however, in this generation scheme concerns
itself with the monthly coefficients of skewness. Previous generated
inflows, as noted in Section 54 fluctuated a great deal for different
samples of 150 years. December, for example, had a coefficient af
skewness that ranged from 5.8 to 1.0, showing that these coefficients
are very unstable for such small samples, and have a much slower rate
of convergence than the other parameters. Even so, the generated results
can still be considered indicative of the values governed by the historic

sample.

It should be remembered that the analysis has been carried out with
the historic series taken as the "true" sets of values. This however is
a fallacy that generation techniques, by necessity, cannot avoid. The
historic data of 42 years and 36 years for inflows into Lake Kinneret
and Yarmouk river respectively should:only be considered a sample from
a theoretical infinity of observations and, as such, only reflect ap~-
proximations of the underlying means, standard deviations, correlation
and skewness coefficients. There is no evidence to support a principle
inherent in the model that the natural phenomena over the past 50 years
(say) will repeat itself - even in the mean. Consequently as long as
it can be shown statisticaliy (i.e. with a certain degree of probability)
that the generated and historic results could have emanated from the same

population the generated values should be considered adequate.




TABLE 1

HISTORIC MONTHLY

INFLOWS

INTO LAKE KINNERET

(1w

MCM)

Year

Dec

Jan.

Feb.

March

April

May

June

Nov.

1928/29
1929/30
1930/31
1931/32
1932/33
1933/34
1934/35
1935/36
1936/37
1937/38
1938/39
1939/40

1941/42
1942/43
1943/44
1944/45
1945/46
1946/47
1947/48
1948/49
1949/50
1950/51
1951/52
1952/53
1953/54
1954/55
1955/56
1956/57
1957/58
1958/59
1959/60
1960/61
1961/62
1962/63
1963/64
1964/65
1965/66
1966/67
1967/68
1968/69
1969/70

1940/41

92.13
84,12
69.30
56.75
26.75
16.93
106.72
52.53
97.70
40.98
61.64
67.24
68.79
76.16
48.00
49.53
111.92
60.97
46.18
31.76
69.93

67.08

22.10
145.65
36.01
92.79
74.34
105.79
45.16
93.81
39.18
9.12
14.25
108.83
51.96
34.36
57.04
31.71
58.61
61.79
93.23
42.35

143.75
100.54
101.57
47.02
42.86
73.71
109.61
82.23
130.27
126.11
95.63
141.61
98.00
106.70
130. 86
135.58
119.29
56.97
117.07
26.42
123.28
147.13
34.23
83.89
91.86
182.36
40.58
140. 82
51.04
127.93
50.31
72.73
24.16
96.45
94.73
28.60
134.27
78.98
24.19
225. 64
443.82
122.04

186.64
136.80
173.23
122.68

25.35
131.91
152.90
103.03

96.66
149.55
126.88
111.94
128.02

99.58
103.71
102.48
149.82
129.19

84.99
155.77
144.30
108.98

45.96
169.66
116.06
266.97

56.37

91.07
104.70

99.89

73.49

32.48
101.44
108.76
122.58
176.45
126.45

89.44
133.79
146.36
192.91

58.97

138.44
77.16
117.72
70.05
20.69
15.27
106.10
84.15
78.36
143.02
125.27
101.94
140,32
115.57
168.35
108. 44
103.73
88.51
68.37
159.13
168.16
95.07
51.97
158.59
175.98
110.29
50.58
100.11
126.54
55.35
90.86
42.66
37.04
52.76
95.26
167.14
69.90
64.35
203.11
91.82
208.25
169.75

102.89
46.76
72.70
47.04
¥2:21
47.73

101.43
57.35
61.41
70.50
69.46
65.91
65.02
66.30

168.11
62.45
77.98
52.93
43,57
70.96

193.48
65.20
37.04
60.20

118.80
21.66
40.35
55.15
55.71
35.16
42.68
31.50
38.57
27.34
63.31
77.87
67.80
38.35

106.76
62.69

115.99
70.32

47.53
29.29
39.57
27.87
-3.71
25.19
47.40
33.92
34.77
46.28
37.98
36.76
35.96
37.02
47.39
36.67
39.98
37.89
25.19
34.49
49,86
47.41

5.26
33.57
44,03
58.10
22.63
36.90
44,12
19.40
26.53
12.40
15.24
14.60
58.57
43.25
28.70

6.08
59.12
36.51
71.47
34.27

36.18
16.80
25.70
13.49
11.24

7.54
33.16
19.73
21.61
30.75
24,58
24.16
22.89
24,30
34.74
23.88
28.86
24,30
11.33
17.69
35.79
21.56

4.44
24.38
36.50
36.63

4.86
20.61
17.87

3.33

6.46
=4.72
~7.16
=2.59
15.62

8.90

5.25

1.14
30.73
12,27
41.55
14,46

49.10
21.99
20.03
19.36
0.80
8.69
32.78
58.20
24,24
56.38
29.58
30.40
18.98
47.68
23.35
102.85
32.70
17.93
18.69
19.36
17.28
29.11
18.04
10.49
60.20
46.16
25.41
16.92
21.10
7421
16.58
12.68
14.76
4,73
24.19
67.02
15.63
7412
31.18
34.07
36.42
34.07
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TABLE 2: HISTORIC INPUTS INTO THE YARMOUK
(MCM)

]
Year Dec |Jan. |Feb. {Mar. |[Apr. | May |June {July | Aug.| Sept. | Oct.| Nov.

1926/27| 33 | 48 230 {85 | 43 | 13|22 |26 | 19| 18 | 23| 19
1927728 14 |15 |o1 |28 | 22 | 13| 2.5/ 13 | 16| 19 | 20} 18
1928/29 | 18 | s8 (330 {110 {110 [100 {50 |24 | 14| 18 | 27| 28
1929/30 | 21 | 30 |83 |41 |26 | 27 |28 |25 | 25| 24 | 25| 30
1930/31 | 40 | 88 210 |73 |35 | 30 |23 |21 | 20| 16 16~ {26
1931732 | 22 | 20 130 |27 |23 | 24 |23 |24 | 24| 22 | 20| 20
1932733 | 22 |22 |as |20 L1z | 17|23 |17 | 18} 22 19 | 20
1933/34 | 21 | 22 |67 |28 |25 | 25 |25 |25 | 25| 26 | 23 | 22
1934/35| 39 |62 250 |36 |40 | 25 |20 |24 | 24| 21 | 23 | 25
1935/36'| 28 | 26 |31 |24 |21 | 21 |20 [21 |22 | 22 |24 | 32
1936/37 | 55 130 |90 |30 |26 | 22 |21 [20 [ 20| 20 |25 | 32
1937/38 | 24 |69 160 | 78 | 27 | 26 |22 |21 |21 | 20 |22 | 40
1938/39 | 31 | s0 |8 |96 |42 | 19 {18 |18 |19 | 20 |18 | 21
1939740 | 32 |160 |62 {45 |20 | 17 |16 |18 |19 | 19 |22 | 24
1940/61 | 33 |94 |76 |8 |25 | 20 |18 |19 |18 | 18 |19'| 21
1941742 | 33 f110 |82 110 |27 | 20 |17 |17 |18 | 18 |19 | 22
1942/43 | 21 |96 |90 [120 | 89 | 28 |22 |22 |22 | 27 |39 | 27
1943744 | 24 [120 |59 [ 34 |26 | 23 |20 |22 |26 | 25 |26 | 39
1944/45 | 69 |[240 [160 | 68 |29 | 21 |20 |19 |21 | 21 |24 | 23
1945/46 | 25 |25 [130 [46 [20 |19 f13 |11 |14 |16 |19 | 19
1946/47 | 23 |80 |78 |24 |14 |14 (12 |11 |12 | 12 14 | 20
|1947/48 | 24 | 27 (110 (100 |24 {20 |18 |18 |18 | 17 18 | 19
1948/49 | 33 |60 |8 |8 |8 |2 |19 |19 |18 | 18 19 | 19
1949/50 | 35 |77 |63 |58 |37 |23 f20 |21 |20 |19 |20 |21
1950/51 | 23 | 26 |36 |23 |20 [18 |8 [18 |17 | 17 27 | 23
1951/52 [ 150 [100 [200 [160 |25 | 19 |18 |18 |18 |22 |23 | 24
1952/53 | 26 | 58 100 220 |76 |16 |15 |15 |16 |17 |23 | 27
1953/54 | 34 [160 |220 |50 |46 |22 |19 |20 |21 |22 |25 |25
1954/55 | 29 | 29 |24 |30 |23 |20 [20 |21 |22 |21 22 | %0
1955/56 | 63 [100 |57 |43 |28 |26 |22 |22 [22 |22 |23 |22
1956/57 | 25 |40 |68 |59 [26 |19 |19 |20 |21 |20 |2z |22
19s7/s8 | 36 |110 |33 |24 |22 |.23 |21 {19 |20 |21 |23 |21
11958/59 | 23 | 27 44 | 42 |23 |20 |19 [19 {20 |21 22§k
11959/60 | 22 | 27 {22 |23 {21 {16 [15 {18 [18 |19 |19 |22
1960/61 | 23 | 28 J s3 |24 l21 j27 18 |18 |18 |18 22 | 23.

: | : | _
| 1961/62 | 78.8 52.7{ 74.4] 27.8/ 18,0 18.6/18.2{ 17.8 18,1/ 19.8 }20,7! 16,
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unit variance

TABLE 3: EQUATIONS USED FOR THE GENERATION OF INFLOWS INTO THE KINNERET
i ny
December Xl = 48,769 + 0.5?2x12 ES 34.287UY1
January X, = 23.961+1.275K  + 51.0?36Y2
| February X, = 78.033 +0.109%, +  0.468x, + 39.3141,
March X, = 39.431 +0.444x, + 0.131X, + 33.305'134
April X, = 8.685+0.564x, + 24.04485
May X6 = =4,023 + 0.082}(5 + 0.135}{4 + 0.09?X3
+  0.068x, + 7.415%6
June X, =-12.255+0.723K  + 0.074%;  + 2.94?%?
July Xg = -7.921 +0.796X, + 2.464%8
August X, = -3.198 + 0.998%,  + 2.072,
September XlO = -8.422 + 1.642X9 + 1.264}{a - 0.325X?
| +  0.556X  + 1.465310
{
October X, = 6.371+0.596X, + 0.083%  + 3.959%11
| . 0 o
%November Xlz = 24,489 + 1.195X11 + 16.98211%12
Where X = Flow into the Kinneret in month i
and ﬁ i = Random variable of month i from a gamma distribution
Y with zero mean and unit variance
and % = Normal random variable of month i with zero mean and
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TABLE 4: COEFFICIENTS OF SKEWNESS FOR EACH MONTH OF INFLOWS
INTO THE KINNERET

f Mo ? Coefficign;ngiozkewness
: | December 3 1.24
January f 2.85
February { 0.49
Hazeh | 0.36
April i 1.60
oy 0.27
June 0.30
July ? 0.54 |
August é 0477 |
September E 0.24
October | 0.07

November ? 1.63

L]
|
|




TABLE 5: INPUTS INTO THE YARMOUK BASED UPON AUTOCORRELATION

Y
Yl = 34,799 + 24.316 tYl
4
| Y2 = 40.332 + 0.826Yl + 46.315 th
1 "\.~
Y = 103.511 + 72.264 ¢
3 Y3
| Y4 = 35.089 + 0.236Y, + 40.479 ¢
l 3 Y4
!
T m. 14.948 4 030273 .k 17,877 €
5 4 Y5
4
Y6 w. 10,295 A 0.389Y5 + 11.025 tY6
M
Y? = 9.595 =+ 0.426Y6 & 530275 tY7
|
i » 0 4]
% Y8 9.819" + 0.?81Y7 0.238Y6 + 2.1421:8
i
MY
| Yg = 6.605: + 0.664Y8 o 2,135 £
n
| YlO = 3l * 0.?57Y9 + 1775 to
'_f "
! Yll B #.342 & 0.891Ylo + 3.224 tvll
{ N
| le 9.296 + 0.652Yll + 4.955 tYl2
| Where:
i
| Y; = Flow into Yarmouk in month i
% iy Random variable of month i from a gamma distribution
[ Y with zero mean and unit variance
| %i = Normal random variable of month i distributed with

zero mean and unit variance
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zero mean and unit variance

TABLE 6: EQUATIONS USED FOR THE GENERATION OF INFLOWS INTO YARMOUK
n
December Y1 = 2.831 0.493xl + 16.5665Yl
ny
January Y2 = -13.788 0.825Yl + 0.507X2 + 29.4135Y2
"]
= - X
February Y3 46.189 1.247 3 - 44.949SY3
March Y, = -28.084 0.235Y. + 0.592Xx, + 28.9728
4 3 b4 Y4
g
April YS = -6.452 0.302Y4 + 0.311X5 e 13.?35SY5
L")
May Y6 =Y I8 0.388Y5 <+ 0.312X6 + 9.7625Y6
June Y, = 9.59 0.425Y, + 3.275%
7 6 Y7
"]
July YS = 11.059 0.780Y? - 0.237Y6 - 0.192x§ - 0.45358
August Yy = 6.605 0.664Y, + 2.135%‘9
Y
September ; YlO = 5.129 0.?5?Y9 + l.?75510
]
y
| October Yll = 4,345 0.890Y10 - 3.2245Yll
i -
 November | Y, =  3.496 + 0.652¥)) + 0.205%), * 2.7558 .,
|
Where Xi = flow in month i dinto the Kinneret
| and where Yi = flow in month i into the Yarmouk
: and - random variable of month 1 from a gamma
: Y distribution with zero mean and unit variance
5 and gi = normal random variable of month i distribution with




TABLE 7:

COEFFICIENTS OF SKEWNESS ASSOCIATED WITH THE YARMOUK

| i
: MHE\N“‘ahyariables* ¥ ¥ E 3
} 2o i yi yi
: Month iy <o () (2) (3)
‘ December 3.31 331 8.94
‘ . January 1.38 1.51 0.89
‘ February 1.36 1.36 5.65
| March 1.82 2023 5.82
‘ April 2.15 3.41 6.34
| May 4.95%% 9.13 12.60
(3.4) (5.95) d (8.21)
|
June 2.41 -8.36 : -8.36
(1.02) (1.02)
| July -0.47 g ) 0
| l
‘ August ﬁ -0.07 0.0 | 0.0
| !
| September 0.09 0.0 | 0.0
i October i 1.69 3.70-_ " { 3.70
| November | 1.32 1.69 4.27
% Y. is inflow into Yarmouk in month i; for % . § see
i L R

dede

Tables 5 and 6.

The coefficient of skewness of May was found to be so high (4.95)
as to produce large negative coefficients in June, for the two
months are interrelated. Because of difficulties in maintaining
negative coefficients, a value of 3.4 was introduced (instead of
4.95) as the maximum that could be utilized in practice; this
resulted in the values stated in brackets.
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TABLE 8(a): COMPARISON BETWEEN THE HISTORIC AND GENERATED STATISTICAL ‘
PARAMETERS OF THE KINNERET

(MCM) |
ﬁ KINNERET
Femth E M e F: G| ; Standard deviation | Skewness coeff.
? Historic Generate&_r Historic Generated ?_Historic Generated
; ;
Dec. i 64.8 63.7 36.1 35:8 i {1 0.8
| dan. ! 106.5 106.1 68.7 59.4 | 2.8 1.0
| Feb. ; 120.0 122.4 45.3 46.0 | 0.5 g5
Mar. 106.6 107.6 46.3 50.3 | 0.3 -0.1 1
| Apr. | 68.8 66.9 35.5 T 0.2
| May | 34.9 34.5 15.3 15.8 ? 0.3 TS
; June |- 180 17.5 | 13.1 13.4 : 0.3 0.0
July | 64 6.2 E 10.6 11.0 i 0.5 -0.1
E Aug. f 32 3.1 ? 10.7 11,20 408 -0.1
bsep.” | 2.2 2.8k 8.2 0.2 | 0.2 0.0
| oct. | 8.0 705 1 U6k 7.5 1 0.0 0.0
i 9 { |
|Nov. | 28.1 o R R Y 172 4L 1e8 0.8
| Annual | s67.6 s6s.2 | 237.7  235.9 | 0.6 0.7




TABLE 8(b):

THE GENERATED STATISTICAL PARAMETERS OF THE KINNERET

WITH ARTIFICIAL RAIN FACTORS

(MCM)

_1 10% increase in Kinneret inflows* | 20% increase in Kinneret inflcws*;
o Maan idation Menm doviation
Gen- Theo- Gen~- Theo- Gen- Theo~- Gen—- Theo-
erated retical | erated retical | erated retical| erated retical
; Dec. 70.2 55.8 76.2 60.9
! Jen. | 119.4 86.7 129.7 94.7 ?
| Feb. 140.7 92.3 E 152.9 100.8
' Mar. | 115.2 84.9 125.1 92.6 ‘
Apr. 69.4 5745 1 15.3 62.8
May 36.3 26.4 39.3 28.9
June 20.2 20.1 22.0 21.7
July 8.1 i 12.7 l 9.6 13.4
Aug. 3.1 i 12.0 4.0 1234
Sep. 2.7 ' 9.7 ik 0% 10.1
Oct. ; 7.3 ? 9.3 | 8.0 10.0
| Nov. | 29.6 ? 25.6 | 32.2 29.6
| ' {
i Annuali 622.1 621.7 | 266.4 263.4 677.3 678.2 ‘287.6 285.3
i |

% The factor 1.l denoting the increase in flows has a standard
deviation of 0.583 per month

Wk

The factor 1.2 denoting the increase in flows has a standard
deviation of 0.641 per month




TABLE 8(c): COMPARISON BETWEEN THE HISTORIC AND GENERATED STATISTICAL
PARAMETERS OF THE YARMOUK
| (McM)
\
‘ ; YARMOUK
. ! Honth M e &% R EStandard deviation : Skewness coeff.
Historic Generateé_iﬂistoric Generated | Historic Generated
Dec. | 3a.8 3.6 | 24.3 23.3 3.3 1.6
Jam. | 69.1 70.8 49.9 52.7 1.4 0.7
Feb. 103.5 106.4 | 72.3 65.3 | 1.4 0.5
; |Mar. | 9.5 a5 | 434 468 | 1.8 0.6
| | Apr. ? 32.9 31.6 ; 22.0 251 | 2.1 0.8
! May g 23.1 22.6 g 13.8 31,3 4.9 3.2
June | 19.4 19.8 5 6.7 6.1 2.4 2.0
U R R SN Rl M 3.5 | -0.5 0.4
, 1
| Aug. E 19.6 20.0 | 3.1 3.2 i -0.1 0.2 |
Sep. | 19.9 20,17, e 550 - ¢g 100t AT -0.2 5
dee. | 22.1 53 5. LKA 3.6 E 1.7 0.4 |
Nov. 1 93,7 23.2 ; 5.6 68 | 1.3 0.9 g
|
447.2 449.5 g 1557 162.0 0.9 0.2 E

fAnnual
|
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APPENDIX 1

CALCULATION OF THE COEFFICIENT OF SKEWNESS OF THE RANDOM VARIABLE
IN A SINGLE REGRESSION MODEL

An autoregressive Lag 1 equation which will preserve, after large-sample
generation, the means, standard deviations and autocorrelation coefficient

of an inflow X4, in month j, is given by:

O3 "
O e . 247
= + -4, +t, (1- (1.D
S R (X,_y=iy 1)+ t5 (mog®)™ o,
where uj is the mean of Xj, c is its standard deviation, Py is the
Lag 1 correlation coefficlent %j is a random variable distribute