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Summary

Annual and monthly rainfall totals in Israel were analyzed
to reveal any long term changes in their temporal and
spatial distribution patterns, since the 1930s. The data
consists of 60 rainfall stations, spread all over Israel from
the far North to the Negev desert in the South, with long-
term records of rainfall covering two normal periods. A
gamma distribution function was ®tted to the annual rainfall
at each station for the two normal periods, and the shape
and scale parameters of the distribution, as well as their
percentage changes during the last normal period with
respect to the ®rst one, were analyzed.

The analysis of the annual distribution function param-
eters reveals some appreciable changes, that are statistically
signi®cant, in the spatial rainfall distribution patterns in the
southern, northern and central parts of the country. The
most striking feature is revealed in the South, where a more
than 60 percent increase in the shape parameter occurs, and
a similar rate of re-scaling, i.e. a decrease of about 40
percent in the scale parameter. Analysis of the monthly
distributions revealed considerable changes in October and
November, at the beginning of the rainfall season, and an
appreciable change in March, at the end of the rainfall
season.

1. Introduction

In many scenarios of future climate change,
primarily due to the increase of greenhouse gas
concentrations in the atmosphere, it is often
assumed that only the mean (or the so-called

`̀ location'' in an asymmetric distribution) would
change, while the standard deviation remains
unchanged. Hanson et al. (1988) examined how
the frequency of certain extreme temperature
events would change with increasing concentra-
tion of greenhouse gases in the atmosphere. They
did so by allowing only the mean temperature to
change, on the basis of the outcomes of General
Circulation Model (GCM) numerical experi-
ments.

It was shown, however, by Mearns et al.
(1984), Katz (1991), and Katz and Brown (1992),
that the relative frequency of extreme events is
dependent on changes in the standard deviation,
and not just the mean. Katz (1991) assumes that a
change in a climate variable that possesses a
probability distribution (possibly skewed in
shape) will also result in a change in the shape
of this distribution.

Our interest in local and regional changing
patterns of the frequency distribution of rainfall,
stems from the fact that the shape and dispersion
of the frequency distribution may provide a clue
as to how the probabilities of extremes will
change if the mean changes (or not). Severe
impacts on human activities, e.g., agricultural
production and water management, may result
from new extremes of rainfall, drought and ¯ood,
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which are evident in the frequency distribution of
rainfall rather than in its mean alone (Waggoner,
1989).

The idea of using probability distributions as a
statistical paradigm for climate changes was
recently suggested by Katz (1991). Accordingly,
a climate change may involve a combination of
two statistical outcomes: a shift in the location
and a change in the scale of the distribution
function.

The importance of changes in the spatial
variability of rainfall is well illustrated in a
recent study by Vinnikov et al. (1990). They have
indicated that in spite of the total increase in
rainfall over the USSR, the geographic and
seasonal distribution was not favorable for crop
production: the crop belt suffered from a severe
agricultural drought, although the overall annual
rainfall increased.

Israel is well known for its extreme spatial
rainfall variability: over a few kilometers, rainfall
isohyets may drop from 500 mm in the central
coastal plain to 200 mm southward and eastward.
Large amounts of annual rainfall in the northern
part of the country feed the catchment area of the
Sea of Galilee, which is the main fresh water
reservoir in Israel. It is in this part of the country
where rain amounts may reach values as high as
1200 mm per year. The rainy season in Israel
lasts from September to April, with about 70% of
the annual total falling during December, January
and February. During the transitional seasons,
when there is relatively strong convective
activity, the temporal and spatial variability of
rainfall is highest. Rainfall may be limited to a
few days, but with extreme rainfall intensities,
and may lead to disastrous results: ¯ooding,
damage to agriculture, and even loss of lives. It is
thus obvious that climate change, either of a
global or regional nature, may lead to changes in
the spatial and temporal distribution of rainfall,
with signi®cant consequences for water resources
and water management practices in Israel and
elsewhere.

Revealing the nature of spatial and temporal
changes in the frequency distribution of rainfall
may provide an important tool to monitor
possible changes in rainfall patterns, and their
re-distribution. In the present study, the temporal
and spatial changes in the frequency distribution
of rainfall in Israel will be analyzed to identify

any climate changes in rainfall distribution
patterns, with due regard to extreme events at
the lower and upper tails of the frequency
distribution.

2. Methodology

Empirical histograms of rainfall totals over
various time periods, and various climatic
regions, may show a variety of shapes, from an
exponential to a positively skewed, or close to
normal distribution shape. In regions that have
high amounts of rainfall, the mean has the
highest frequency of rainfall and the distribution
is close to normal (Vinnikov et al., 1990; Juras,
1994). In arid regions, variability is high with
low amounts of annual rainfall in some years and
high amounts in others. The frequency distribu-
tion of annual rainfall in arid regions will thus
present an asymmetric shape with a long tail to
the right (Hutchinson, 1990; Wilks, 1990; Katz,
1991).

The gamma distribution, being zero bounded
provides a reasonably good ®t to rainfall data,
and has been widely used by many researche's
(e.g., Mooley, 1973; Hutchinson, 1990; Rope-
lewski et al., 1985; Revfeim, 1985; Bradley et al.,
1987; Hosking and Stow, 1987; Vinnikov et al.,
1990; Waggoner, 1989; Villalpando et al., 1991;
Wilks, 1989, 1990; Wilks and Eggleston, 1992;
Juras, 1994; Ropolewsi and Halpert, 1996). It
has, therefore, become a popular choice for
®tting probability distributions to rainfall totals
because its shape is similar to that of the histo-
grams of rainfall data.

Fitting a theoretical distribution to rainfall
totals makes it easy to estimate the frequency of
rainfall amounts. Representative distribution
parameters can be obtained from relatively
short-term rainfall records, as short as 10 years
in length (Revfeim, 1985).

Only a few studies of the frequency distribu-
tion of rainfall in Israel are available. According
to Stanhill and Rapaport (1988), multi-year
records of rainfall volume for the entire country
®t a normal distribution quite well. However,
according to Goldreich (1995), applying Gaus-
sian statistics to annual rainfall data in Israel
should be undertaken with some caution due to
right skewed distributions, and the use of
standard deviations to predict probable values
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(above or below a certain threshold) is not
recommended.

2.1 Gamma Distribution

Many researchers, e.g., Thom (1958) and Wilks
(1990), have discussed the general properties of
the gamma distribution, and its application to
meteorological parameters. According to Wilks
(1990) it provides a ¯exible representation
involving only two parameters. The probability
density function for the distribution can be
presented by the following equation:

f �x; �; �� � �� x�ÿ1 eÿ�x�ÿ����ÿ1

for : x � 0; �; � > 0
�1�

Where: x ± the random variable, i.e. rainfall total
over the period of interest � ± the shape param-
eter of the distribution expressing the extent of
the symmetry around the mode (see Fig. 1).
� ± the reciprocal of the scale parameter of the

distribution in Eq. (1), scaling the rainfall
amounts at respective frequencies. Lowering
parameter �, i.e. increasing the scale parameter,
means that the distribution function covers

events with extreme rainfall amounts (see Fig. 1c
and 1d).

For ��1 ± the density function has an expon-
ential shape, with a maximum at x� 0 and is
strongly skewed (Fig. 1a). Worthwhile noting, is
that in arid and in semi-arid regions, with
relatively small amounts of rainfall, the values
of � may be less than 1.

For �� 1 ± the distribution function reduces to
an exponential function special case at:

f � �eÿ�x

ÿ�1� �2�

For �>1 ± the distribution function in Eq. (1)
will exhibit a single maximum at:

x � 1

�
��ÿ 1� �3�

The distribution function (1) will continue to
exhibit skewness to the right (Fig. 1b), and only
at relatively large values of, e.g., � > 20, it will
approach a normal distribution (Wilks, 1990).

It should be indicated that the value of x in (3)
is identical to the `̀ location'' in the paradigm for
climate change as suggested by Katz (1991).

The two moments of the distribution, the mean
and the variance, are given by (Wilks, 1990):

ÿ mean � �
�

; ÿ variance � �

�2
�4�

2.2 Estimating the Parameters
of the Gamma Distribution

Basically there are two methods for the estima-
tion of the parameters of the distribution: the
shape parameter � and the scale parameter �.
These are the methods of maximum likelihood
(ML), e.g., Thom (1958), Choi and Wette (1969),
Greenwood and Durand (1960), and the method
of moments (M), e.g., Waggoner (1989) respec-
tively. The method of moments has the advantage
that it is applicable also for periods with zero
rainfall, which might, obviously, be the case in
arid and semi-arid regions. According to Thom
(1958), however, the method of moments is not
ef®cient for relatively small values of the shape
parameter, which might be expected, particularly
in arid and semi-arid regions such as those in
Israel, and therefore, the ML method should be
given preference.

Fig. 1. Gamma distribution probability density. a: ��1,
1/��50; b: ��2, 1/��50; c: ��12, 1/��17; d: ��12,
1/��25
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In the present study the parameters of the
gamma distribution for the annual rainfall
amounts at all stations and the goodness of ®t
are estimated by the use of the STATGRAPHIC
statistical Software Package, version 7.0 (Man-
ugistics, Inc., Rockville, MD 20852±4999). The
ML method is applied in this software package
for the calculation of the distribution parameters.
Of the two most commonly applied goodness-of-
®t tests, the Chi-square test and the Kolmogorov-
Smirnov one-sample test, preference was given
to the Kolmogorov-Smirnov test (K-S). The
advantage of the K-S test stems from its
independence of the arbitrary selected rainfall
classes. The signi®cance of the ®tted theoretical
distribution was tested by the Kolmogorov-
Smirnov signi®cance test.

3. Data Base

The database for the present study consists of
daily rainfall values from the Israel Meteorolog-
ical Service rainfall network for the rainy seasons
(October to May) covering a period of
approximately 60 years, 1931 through 1990. To
reveal climatic changes in the temporal
and spatial distribution patterns of annual and
monthly rainfall, the 60-years period was divided
into two parts: 1931/32±1960/61 and 1961/2±
1990/91. Due to missing data, mainly during
the ®rst period, only stations having at least a
20 year rainfall record for each period were
used for this study. The gamma distribution was
then ®tted to the annual totals of rainfall at 60
rainfall stations possessing homogeneous long-

Table 1. Rainfall Stations Sorted from North to South, and Gamma Distribution Parameters (see also Fig. 13)

No Station X Y H,m �(I) �(II) 1/�(I) 1/�(II) � PC 1/� PC

1 Kefar Giladi 204 294 340 19.3 15.8 40.3 51.1 ÿ19 26
2 Dafna 210 293 150 24.9 15.4 22.8 40.7 ÿ39 78
3 Kefar Blum 207 286 75 17.7 14.1 29.6 38.0 ÿ21 28
4 Eilon 171 274 300 25.5 14.1 30.8 55.7 ÿ45 80
5 Miilya 174 269 500 20 16.3 37.8 49.7 ÿ19 31
6 Ayelet 204 269 180 14.3 10.7 31.3 45.5 ÿ26 45
7 Naharia 159 267 5 20.2 16.3 29.4 38.5 ÿ20 30
8 Har Cnaan 197 264 934 24 12.9 31.3 55.6 ÿ47 77
9 Kefar Hananya 189 260 410 22 19.4 35.7 40.0 ÿ12 12

10 Akko 158 260 20 17.2 15.6 32.2 39.1 ÿ10 21
11 Shefaram 166 245 150 16.9 19.8 30.8 30.9 17 0
12 Ramat Yohanan 161 244 58 17 17.7 31.2 31.6 4 1
13 Mizpe 198 243 75 13.6 17.4 30.3 25.6 27 ÿ16
14 Yagur 157 238 30 19.6 17.3 35.9 41.7 ÿ12 16
15 Deganya 204 235 ÿ200 13.3 14.2 30.3 29.4 6 ÿ3
16 Nazareth 178 235 460 12.4 17.1 51.0 36.2 37 ÿ30
17 Kefar HaHoresh 176 234 430 11.9 15.9 49.0 37.0 33 ÿ25
18 Tabor 188 234 140 16 13.5 32.3 43.5 ÿ16 34
19 Atlit 144 233 10 17.6 12.4 27.7 42.6 ÿ30 53
20 Ramat David 169 231 49 18.3 16.6 28.6 32.3 ÿ10 12
21 Ginnnegar 174 230 100 14.2 15.1 37.0 33.3 6 ÿ10
22 Sarid 171 229 110 18.1 17.3 28.6 31.3 ÿ5 9
23 Mishmar Haemek 163 224 75 17 16.7 36.1 39.4 ÿ2 9
24 Merhavya 179 223 60 15.6 17.8 27.8 25.6 14 ÿ8
25 Zikhron Yaaqov 146 219 140 16.4 15.7 35.7 37.0 ÿ5 3
26 Kefar Yehezqel 184 219 30 12.3 18.8 35.7 25.6 52 ÿ29
27 Tel Yosef 187 218 5 10.7 15.2 38.5 28.6 42 ÿ26
28 Sede Nahum 195 214 ÿ105 10.4 14.9 33.7 24.1 43 ÿ29
29 Hamadiya 199 214 ÿ160 10.3 14.2 33.3 23.6 37 ÿ30
30 Hefzi-Ba 190 213 ÿ80 10.2 13.4 43.0 31.3 31 ÿ28
31 Mesillot 194 211 ÿ120 8.3 11.9 44.2 31.0 43 ÿ30
32 Gan Shemuel 145 206 30 15.7 16.6 37.8 35.9 5 ÿ6
33 Tirat Zvi 199 203 ÿ220 8.4 11.9 34.8 23.6 41 ÿ33
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term records as described above, and listed in
Table 1.

The shape and scale parameters of the gamma
distribution, for each station, and each of the
two periods, are presented in Table 1. The
goodness-of-®t of the theoretical gamma dis-
tribution to the empirical ones, for each station
and each normal period, was then tested. Most of
the ®tted distributions have passed the K-S
goodness-of-®t one-sample test at 0.05 signi®-
cance level.

The statistical signi®cance of the changes in
the distribution parameters between the two
periods were checked by two sample t test at
the signi®cance level of 0.05. The spatial
distribution of the shape parameters for the two
periods, as well as the percent changes of the

values for the 25th, 50th, and 75th percentiles of
the gamma distribution during the second period
with respect to the ®rst one, were then plotted.

4. Results

4.1 Changes in Annual Rainfall Distribution

A pronounced gradient of annual rainfall occurs
in Israel from north to south. It was, therefore, of
interest to investigate the behavior of the changes
in the shape and scale parameters of the ®tted
gamma distribution to the annual rainfall data at
stations sorted according to the north-southern
direction (in order listed in Table 1). The results
are plotted by histograms in Figs. 2, 3 and 4,
respectively.

Table 1 (continued)

No Station X Y H,m �(I) �(II) 1/�(I) 1/�(II) � PC 1/� PC

34 Givat Hayim 143 200 25 11.6 15.5 53.1 37.9 33 ÿ29
35 Ein HaHoresh 145 199 18 12.8 15.2 50.0 38.5 18 ÿ23
36 Natanya 136 193 35 11.7 13.1 50.0 45.5 11 ÿ9
37 Ramat HaKovesh 144 180 68 13.1 13.4 45.5 41.7 2 ÿ9
38 Gan Hayim 140 179 40 13.8 15 41.7 41.7 8 0
39 Qiryat Shaul 133 170 40 13.3 13.6 41.7 43.5 2 4
40 Petah Tiqwa 138 166 50 11.2 14.2 50.0 45.5 26 ÿ9
41 Miqve Israel 129 159 20 10.2 10.8 52.6 52.6 5 0
42 Lod 140 155 50 10.2 12 52.6 50.0 17 ÿ5
43 Nezer Sireni 133 148 75 10.1 15.4 58.8 38.5 52 ÿ35
44 Gan Shelomo 131 142 70 8.8 15.2 58.8 35.7 72 ÿ40
45 Hulda 138 137 125 8.4 16.5 59.4 31.6 96 ÿ47
46 Qiryat Anavim 161 135 700 8.4 14.9 81.8 47.5 77 ÿ42
47 Hafez Hayim 131 133 80 7 13 66.7 41.7 85 ÿ38
48 Jerusalem 171 132 815 8.8 13 55.6 45.5 47 ÿ19
49 Beer Tuviya 124 127 55 6.7 10.6 71.4 52.6 58 ÿ27
50 Kefar Menahem 134 126 125 6.3 12.2 71.4 40.0 93 ÿ44
51 Beit Gimal 147 125 360 9.4 12.1 52.8 42.4 28 ÿ20
52 Negba 119 118 90 7.4 10.5 64.8 45.5 41 ÿ30
53 Beit Guvrin 140 113 270 8.6 12 41.7 37.0 39 ÿ12
54 Gevaram 113 111 90 8.7 11.2 50.0 41.7 29 ÿ17
55 Dorot 116 101 110 6.9 12.5 50.0 29.4 81 ÿ42
56 Ruhama 122 100 180 6 10.4 55.6 34.5 73 ÿ38
57 Beer Sheva 129 72 280 6.7 12.8 29.4 16.9 91 ÿ43
58 Gevulot 99 69 135 7.9 10.8 20.4 16.4 36 ÿ20
59 Revivim 123 50 290 5.5 7.9 18.5 14.9 43 ÿ20
60 Mashabe Sade 129 45 344 5.3 7.7 18.9 15.6 45 ÿ18

X, Y Coordinates in Israel net;
H,m ± Station Elevation, meters MSL
�(I) ± Shape Parameter, 1st normal Period; �(II) ± Shape Parameter, 2nd normal Period;
1/�(I) ± Scale Parameter, 1st normal Period; 1/�(II) ± Scale Parameter, 2nd normal Period
� PC ± Percent Change of �, 2nd normal Period with respect to the ®rst one.
1/� PC ± Percent Change of 1/�, 2nd normal Period with respect to the ®rst one.
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The north-to-south decreasing trend of the
shape parameter (Fig. 2a) during the ®rst period
(between 1931±1960) re¯ects the steep climatic
gradients from the sub-tropical climate of north-
ern Israel and the coastal plain, to the semi-arid
and arid zones in southern Israel. This north to
south trend of the shape parameter undergoes a
striking change (Fig. 2b) during the second
period (1961±1990). The previous trend is only
weakly pronounced. A similar pattern, though
opposite in nature, is exhibited by the scale
parameter. During the ®rst period, the scale
parameter increased steadily from the north to
the south (Fig. 3a), re¯ecting the increasing

aridity towards the southern part of the country.
The above pattern, however, changes during the
second period, with no appreciable trend.

The above drastic changes in the north-south
tendencies of the shape and scale parameters are
well high highted by the percent changes of both
distribution parameters during the second normal
period with respect to the ®rst one (Fig. 4a and
4b).

The spatial distribution of the shape parameter
of the ®tted gamma distribution for the two
consecutive periods, as well as the percent
change during the second period, with respect
to the ®rst one, are mapped in Figs. 5 and 6,

Fig. 2. Shape parameter for rainfall
stations, sorted from north to south, (a)
for the ®rst period (1931±1960) and (b)
for the second period (1961±1990)
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respectively (see also Table 1). As can be seen,
the shape parameters shows a negative trend in
the northern part of Israel with a rather variable
nature in the central part, and an overall positive
trend in south. A similar pattern, though opposite
in nature-positive in the north, variable in the
central part, and negative in the south, is
exhibited by the percentage change of the scale
parameter in Fig. 7.

The changes in the spatial patterns of the shape
and the scale parameters during the two con-
secutive periods may be indicative of a variety of

factors which led to these rather peculiar patterns
of change. These changes appear to be of a
different nature in the north, the south and the
central parts of the country, each part thus
deserving separate treatment.

4.1.1 The North

An appreciable decrease occurs in the shape
parameter, with a concurrent increase in the scale
parameter in the far northern part of the country,
including the Haifa region, in the second period,

Fig. 3. As in Fig. 2, but for the scale
parameter
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compared to the ®rst. These temporal changes
are most distinctly expressed in Figs. 6 and 7.
The changes were statistically tested and found
to be signi®cant at the level of 0.07.

The nature of the increase in asymmetry of
the distributions in the North is due primarily
to the `̀ widening'' of the upper tail of the dis-
tribution, as it becomes more positively skewed.
This phenomenon is illustrated further by plot-
ting the probability density function ®tted to
the annual rainfall amounts of Dafna, in the
Northern part of Israel (see Fig. 13), for the two

periods, shown in Fig. 8a. As can be seen, the
distribution exhibits a positive shift of the
location (towards higher rainfall values) and an
increase in the width of the distribution. The
thickening of the upper tail is indicative of an
increased frequency of high extreme rainfall
events during the second normal period. Analyz-
ing the percent changes of the critical values
during the second period with respect to the ®rst
one, corresponding to the 25th, 50th and the 75th
percentiles respectively, elucidates this important
conclusion further.

Fig. 4. Percent change of the ®tted
gamma distribution parameters during
the second normal period with respect
to the ®rst one, for rainfall stations
(sorted from north to south, as in Figs. 2
and 3)
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The spatial distributions of the percent
changes discussed above are mapped in Fig. 9
to 11. As can be seen, there is a slight decrease at
the lower tail, and the same goes with the median
value, with about a 10 percent increase of the
critical values for the 75th percentiles during the
second period.

4.1.2 The South

The most striking climatic change in rainfall
frequency distribution, as re¯ected by the shape
and scale parameter changing patterns, occurs in
the southern part of the country. An increase in

the shape parameter of more than 60 percent, and
a decrease of about 30 percent in the scale
parameter during the second period can be seen
in Figs. 6 and 7. The changes of the distribution
parameters were tested statistically and found
signi®cant at the level of 0.01. Both results are
indicative of decreased aridity, with a distribution
shape approaching normal. These results are in
agreement with the results of previous studies by
Otterman, et al. (1990), Ben-Gai et al. (1993,
1994), and Alpert and Mandel (1986).

These changes are illustrated by the changing
patterns of the probability density curves of the
gamma distribution ®tted to the annual rainfall

Fig. 5. Spatial distribution of the shape parameter for (a) the ®rst period (1931±1960), and (b) the second period (1961±1990).
Lines are dashed where extrapolation was done beyond these stations domain
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amounts of Beer Sheva at the southern part of
Israel (see Fig. 13), for the two periods,
respectively (see Fig. 8b). The resulting climatic
change in the South is evident also from the
analysis of the critical values during the second
normal period with respect to the ®rst. The
percent changes of the critical values are mapped
in Figs. 9 to 11. They reveal a considerable
increase in the lower percentiles, but only a
moderate increase in the upper percentiles, thus
showing a trend towards the normal distribution.

4.1.3 Central Israel

Examination of the percent change maps of the
shape and scale parameters in Figs. 6 and 7
reveals a considerable increase in the shape
parameter with a concurrent decrease in the scale

parameter. The changes were tested statistically
and found signi®cant at the level of 0.01, except
for the shape and scale parameter in the coastal
plain north to Tel-Aviv which show smaller
changes.

The probability density function ®tted to the
annual rainfall at two stations in central Israel is
plotted in Fig. 8c and 8d. The station of Natanya
(north of Tel Aviv, see Fig. 13 and Table 1)
shows almost no change and the same applies to
the percentiles. The station of Qiryat Anavim
(west of Jerusalem, see Fig. 13 and Table 1),
shows no change in the location, but reveals a
narrowing of the shape of the distribution. In
general, the percentile changes for this area show
an increase in the lower tail and a considerable
decrease in the upper tail, also showing a trend
towards a normal distribution shape.

Fig. 6. Spatial distribution of the temporal change of the
shape parameter. Values represent percent change between
the two periods given by: [(�2-�1)/�1]�100

Fig. 7. As in Fig. 6, but for the scale parameter
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4.2 Changes in Monthly Rainfall Distribution

The percent changes between monthly rainfall
distribution of the shape parameter in the second
period compared to the ®rst in the north, south
and central Israel are shown in Fig. 12. As can be
seen, appreciable changes (statistically signi®-
cant) are noticed in October and November all
over Israel, at the beginning of the rainfall season
and a striking change in March, at the end of the
rainy season.

Among the main winter months (December to
February), the changes are signi®cant only in
January, which shows a slight increase over the
north and the central part of Israel which is
signi®cant (Fig. 12). The changes in March are
the most important, since many stations that
exhibited an exponential distribution in the ®rst

period with a shape parameter of �� 1 (see Fig.
1a), show in the second period a different pattern:
�> 1, the distribution has a maximum, even
though it continues to exhibit a tail to the right
(see Fig. 1b).

5. Summary

A parametric statistical analysis of annual rain-
fall distribution in Israel over a period of 60
years, covering two 30-year periods, reveals
some signi®cant spatial and temporal changes
in the shape and scale parameter patterns of the
®tted gamma distribution. These changes have
some important implications regarding the crit-
ical values at the upper tails of the distributions,
and, consequently, the frequency of extreme
rainfall events.

Fig. 8. Probability density function
®tted to the annual rainfall stations in
northern, southern and central Israel
for the two normal periods. First
period (full line), and second period
(dashed line). Values are given in
Table 1 and stations location in Fig.
13. Plots are for stations Dafna (a),
Beer Sheva (b), Netanya (c) and
Qiryat Anavim (d), corresponding to
station numbers 2, 57, 36 and 46,
respectively
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Although the possibility that some of these
changes may re¯ect global changes in rainfall
patterns can not be ruled out (Steinberger and
Gazit-Yaari, 1996), the rather contrasting nature
of these changes between the North and the
South points towards the in¯uence of regional
factors.

The strongly increasing trend in the shape
parameter, with the re-scaling negative trend in
the south, can imply a retreat of aridity. The
somewhat opposite changing patterns in the
North, namely a decreasing trend in the shape
parameter, with a concurrent increase in the scale
parameter during the second period, are asso-
ciated primarily with the thickening of the upper
tail of the distribution. An increase in the critical
values for the 75th percentiles is pronounced,

with smaller changes in the median value and the
lower tail critical values.

There is an increasing trend in the shape
parameter, and a shift of location towards higher
annual rainfall values, and the negative re-scaling
trend in the central part of Israel. Monthly
rainfall shape and scale parameters of the
distribution show changes at the beginning and
at the end of the rainfall season. The behavior of
the North Atlantic Oscillation has recently been
mentioned as a factor which could be respon-
sible, at least partly, for changes in rainfall in the
Middle East. There has been an attempt to trace
possible teleconnections with rainfall anomalies
in different parts of Israel to 13 different
standarized teleconnections indices, compiled
recently by the Climate Prediction Center of

Fig. 9. Spatial distribution of the percent change of the
critical values of 0.25 during the second normal period with
respect to the ®rst one

Fig. 10. As in Fig. 9, but for the critical values of 0.5
(median)
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Fig. 11. As in Fig. 9, but for the critical values of 0.75

Fig. 12. Percent change in the shape param-
eter of average values of the ®tted monthly
distribution during the second normal period
with respect to the ®rst one from the north-
ern, central and southern Israel

Fig. 13. 60 stations of the Israeli rainfall network. Stations
are numbered as listed in Table 1, sorted from north to
south
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NOAA (USA), however, no statistically signi®-
cant relationships were found.
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