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Chapter 1

Climatological Characterization of the Rainy Season 1991/2

Sara Rubin, Tzipora Gat, Zahara Gilboa

Meteorological Service, Beth Dagan



General Comments

In the winter of 1991/2, during a period of 100 days, from the
end of November to the end of February 1992, the weather in
Israel was highly abnormal because of a number ot
characteristics: the number of rainy days was extremely high, t.r«tj
number of cloudy days was extremely high and there was a severe
deficit- of sunny days, the average maximum temperature was very
low; the nightly temperatures in many regions were the iu*esi.
ever recorded, and there were four extraordinary periods of snow
and ice in January-February 1992. The snowfall was exceptional
in its intensity and the wide geographic spread across areas timi,
have not received snow in the past.

Rainfall

The rainfall regime was highly exceptional. In the central
region of the country the cumulative rainfall reached some iuuu
mm by the end of January, and some 1300 mm by the end •_< i
February. The normal annual average in this region is 350-4uu mm
at- the end of January and 450-550 mm at the end of February. The
annual rainfall in the central region was 200-220% higher than
the normal. In several location, around Haifa, the Kinneretsi
valley and in the region of Mishmar Hanegev, the amount ot
rainfall was the highest ever reordered. In Jerusalem, where
records were kept for 140 years, the level reached 1,540 mm, the
highest ever recorded.

In the northern region, in most locations, the rainfall reaciisu
the highest, recorded level; only in three location was m«
rainfall in the winter of 1968/9 higher.

The Annual Course

With the exception of October and March-April, all months were
more rainy than the multi—year average. The amount- of rainfall
in November was much higher than the average, and the regional
spread reflected this trend. Only in the Negev region, the
November level was not- much higher than the annual average. in
December, the amount was highest since recording began in aii
regions; on the average most locals recorded an 345% increase.
The month of January was very rainy; the registered increase was
30-50% in most locals. In February, the trend continued; the
amount was some three times greater than the annual average in
the region between Haifa-Degania and Hebron-Magen. In the
regions of Galilee and Negev it was two and a half larger. The
most rainy place was the Jordan Valley, where the amount was four
times greater than the annual average.

In the month of March, the amount of rainfall was smaller than
the average in all regions. In most of the regions, the amount-



was only half of the annual average and in some even less than
that. In this month, the largest- amounts were recorded arouno
Jerusalem and Hebron; around Ber-Sheeva the amount was only 70-
80% of the average.

In the month of April, the amount of rain was minimal ana
restricted to a duration of 2-3 days. In May there were 3-b days
of rain and the largest- amount fell in Mount Miron and the Hebron
mountains.

Rainy Periods and Amount of Rain in 24 Hours Periods

Between the end of November and February the rain fell in long
periods and the intermissions between the rainy periods were
short. There were four major rainy periods:
1. November 27 - December 3

2. December 30- January 3
3. January 30- February 13
4. February 23-27

This period was also characterized by large rainfall episodes
over a 24 hour period. Gaza registered 130 mm on December 1, ana
Ramat Hakovesh had 200 mm on December 2, in Givat Brener there
was 125 mm of rain on January 1 and in Gan Shomron the rainfall
reached 153 mm on February 24. Numerous other places, including
Mount Carmel have registered similar 24 hours records.

The Number of Rainy Days

The number of rainy days was close the average in the months oi
October and November and higher than average in the mont-n «_•:
December, January and February. It should be emphasized thai,
between November of 1991 and February 1992, there was a recoru
number of rainy days. However, the number of rainy days in March
has been lower than the average.

Snow and Hail

The p>eriod was also highly unusual because of snowfalls, whitii
were exceptional in their geographic location, their um..,..w^
and duration. Snow fell during many days; in 130 years <_>i
recording of weather in Jerusalem, there only three years wnxi.ii
had the same amount of snowfall, on Mount Canaan, in the past- 5U
years there was only one similar case. On many days, snow was
falling in regions that normally do not receive any snow. There
were three major periods of snow". January 1-3, 1992, February y-
10 and 23-27 February. In the first and third period, the snow
was particularly heavy in the north and center, in the second
period it was very heavy in the north.

In the first period, the snow started falling in the nor hi oihj
gradually spread to other regions, reaching eventually the Ei lax-
mountains. In the Jerusalem mountains, northern Galilee ana
Gush Etzion, it reached 40 cm, and at Marom Hagolan it- reached 75



cm. In the Negev mountains, the snow reached 10-20 cm.

In the second period, the snowfall was very heavy in the nort-n.
It- spread to many regions, including the Coastal Plains, nuum,
Carmel, Jesreal Valley and other places. In the Golan Hight-s,
record amounts were recorded (60 cm —1 m). In El-Rom snow

reached 1.5 m.

In the third period, there was also a great accumulation in the
north and center regions. In Merom Hagalil, snow accumulation
reached 60-70 cm and in the Golan Heights 100-150 cm.

It should be emphasized that although snowfalls occur in the
mountain regions of Israel, snow is very rare in lower regions.
There snow falls only in very limited amounts, every four years
or so, and it dissolves almost- immediately. Thus, the snowf
of 1391/2 was truly exceptional.

The hail episodes were also exceptional . The number of han
storms was very large, the size of the hail stones was very
large, the accumulation deviant, and the geographical spread was
very unusual. One of the most- exceptional hail storms occurred
on February 24 when large portions of Gush Dan were covered,
the Coastal Plains of Sharon and the Hefer Valley uib

accumulation reached 15-20 cm.

Temperatures

The temperature regime of the 1991/2 winter was highly
exceptional. The maximum avenge temperatures in most regions of
the country between December and Apjril were the lowest ever
recorded. The record low temperatures should be attributed to
the rain and cloudy conditions. The largest- difference betweeii
maximum temperatures and the long term average temperatures were
registered in the month of February, when they reached -10.5 C.
The differences held for all regions of the country; in uie
Coastal Plain area the difference was 4-6 C, in the mountain
region, 5-10.5 C and in the Golan and the Jordan Valley Urn
divergence was 6.5-8.2 C.

The average minimum temperatures were somewhat- less deviant tricac-
the maximum temperatures. Even so, in most regions they were
lower than the annual long-term averages, that is, bet-ween 0.1 t-o
2.0 C. The differences in the mountain region reached 3b *. .

In the winter of 1991/2 there were four periods of cold fronts,
January 2-6, February 9-10, February 25-29 and January iS-io.
The cold fronts were closely associated with snowfall p>eriods.
In a number of regions, extremely low temperatures were recorded;
especially in the mountain regions, the Galilee, the buicm
Heights and the Samaria region.

In this winter season, there were also a large number ot
extremely cold nights, when the temperatures reached its ever



recorded minimum.

Sun and Sun Reflection

There is a very pronounced sun reflection deficit in this period.
On the average, the deficit run into tens of percentages in
comparison with the annual averages. The deficit reached its
peak during the rainy periods and during the cloudy periods. in
estimating these deficits, a number of observation posts were
included which represent the geographical regions in the country;
Beith Dagan in the Coastal Plains, Atarot in the Mountain Region,
Tirat- Tzvi in the Northern Valleys and Eilat in the southern
Arava. The average deficit in the Coastal Plain was about -
in the Jordan Valley 25% in the southern Arave 10%. in uk
northern Galilee the deficit reached 30%. The deficit was

largest, in the rainy and cloudy period.

Relative Humidity and Evaporation

The relative humidity in December-February 1991—2 was much higher
than the long term long average, and in particular, the humiui ty
at noon time. On average, the noon humidity was 60% higher than
the long term average in most locations; the difference was
highest in the south and in the inner areas away from the coast.
These location are normally dry. The humidity was particularly
high in the first ten days of December when the difference was
22-30%. February was the most humid month with a difference ot
15% in many areas. Because of the high humidity and the rainfall
regime, the evaporation was lower than normal in comparison wiui
the long term average.

Cone 1usions

It should be emphasized that the winter of 1991/2 was truly
exceptional because of the following characteristics:
% This season was exceptionally rainy, in particular in the
central p>arts upi to Ber-Sheeva. In a number of the measurement-
centers the North, only the 1969/9 period registered more rain.
* The number of rainy days was higher than the average
* The amount, of rain registered in time periods of 1-30 days w<a:=
larger than the average. In a number of locations, the amount. <_• i
rain registered exceeded the figures since recording started.
$• The amount of snow and its geographical spread Wdt>
exceptionally high and matched the record year of 1950.
* The hail epasodes were numerous, the geographic sp«read was were
wide and the size of the stones exceptionally large.
* The temperatures were extremely low compared to average.
* In many areas, the temperatures were so low, that they c
only expected once in dozens of years.
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Chapter 2

Flow and Volumes in the Major Rivers and Reservoirs

Arie Ben-Zvi

The Hydrological Service, Jerusalem



Flow Episodes

The winter of 1391/2 was rich in flooding episodes, in record
setting flows and huge volumes of water in each epiisodes. There
were four of five major flooding episodes that covered almost the
entire territory of the country and an additional number of ones
that were of a more limited character. Sine the rainfall periods
were almost continuous, the amount of evaporation was relatively
small and the rivers and creeks became ready to overflow already
after the first rain episodes at- the end of November. This
situation continued until the end of February.

The major floods took place at the following dates: November ZH,
1991 - December 12, 1991; Dec. 9-16, 1991; Dec 27, 1391-Jan. 6,
1992; Feb. 3-8, 1992; Feb, 3-28, 1992.

The Volume of Flow

In the three major months of the flooding, i.e., December-
February, there was a high volume of flow in the rivers (Iable
1>. The total flow of waters in the rivers that enter trie

Mediterranean Sea was 1,100 MCM as opposed to the average ot isy

MCM, an increase of 3 times.

The volume of water in the Lahish and Aialon rivers was 20 times

higher that- the average volume. The volume in the rest ot the
rivers between Hadera and Shikma and in the Kishon was 10 times
higher than the annual averages. On the other hand, the volume
in the Bsor river was only 2 as high as the average.

In analyzing the correlation between the volume of the raimaix
and the volume of flow in the rivers, some interesting findings
emerge. The average volume of flow in the rivers in the past- jg
years was 3% of the rainfall. In the rainy years that volume
reached 7%, and in the winter of 1991/2 it reached U ie
unprecedented level of 12% of the volume of rainfall.

The volume of flow in the up-per Jordan river has reached bbu m,rl
which represents a 100 MCM increase as compared to the annual
average. It should be peinted out- that the volume of rainfall
over the whole Kinnereth watershed basin was 160% higher than the
multi- year average, and the volume of flow in the up>per Jordan
is partially fed by springs that have a "memory sp>an" of more
than an year. Because of the three year draught in the Kinnereth
basin that preceded this winter, the ground water system became
depleted and some of the rainfall was needed to replenish it.

The volume of flow in the lower Jordan, at the Naharaim statiun
was 600 MCM, including some 250 MCM that represented spillovers
from the Kinnereth. Thus, the volume of flow from the Yarmuk was
estimated to be 350 MCM. If we shall account for the usage by

Syrians and the Jordanians of the Yarmuk waters, we can deduce
that the flow of the Yarmuk was higher than the annual average.



Between October 1991 and May 1992, more that 1 billion CM flew
into the Kinnereth. This amount- represents the following: direct

rainfall, the flow from rivers and springs around the Kinnereth
and other discharges from the drainage ares around the lake. The
level of Kinnereth rose from the minimal -212.90 meters to t-i ie

maximal - 208.90 meters in the month of May. Between these t-wo
levels, 640 MCM of water was stored. On February 9, 1992 ui«
the gates of the Degania darn were opened and water from the iane
started to flow into the lower Jordan. The volume of this flow

that continued until the end of May, was 250 MCM. During the
winter and spring month, the National Carrier pumped 210 MCM.
from the lake.

The level of the Dead Sea in the fall of 1391 continued its

mul t-i-year decrease and on November of 19, 1991 it reached
- 408.37 meters. Since then, and until March 29, 1992, the
level rose by 1. 90 meters. In our estimate, some SOU nun
reached the Dead Sea from the Kinnereth and the Jordan and

rest came from the rivers and creeks that- ermpty into the Dead
basin. The volume of flow from the Arava rivers was not high.

Flow Rates

In the winter of 1991/2 there were very high flow rates in many
rivers, and in some of them, the flow was extraordinary as
compered to the 25 pest year
bold).

October

December

December

December

December

January

1991

2-3, 1991
9, 1991
13, 1391,

27, 1991
1-2, 1931

January 31, 1992
February 4-9, 1992

February 12, 1992
February 25, 1932
March 4, 1392

(the extraordinary ones are

Tzim

Hadera, Yarkon-Aialon, Lahish
Kishon, Hashophet, Dalia, Snir
Yarkon, Ekron
Aialon CLod)

Kishon, Taninim, Dalia, Hadert
Yarkon-Aialon, Shorek, Ekron,
Lahish, Upper Jordan, Meshoshirn,
Lower Jordan

He1zon, K ishon, Meshoshim
Kishon, Aialon, Lahish, Beer-'bhevai
Upper Jordan, Lower Jordan
Ada

Kishon, Ada, Hadera, Yarkon, uy=t
Lower Jordan

It should be emphasized that the flood episodes in the rivers oi
Dalia, Yarkon-Aialon, Lahish and Uga caused damage, and t-nose
that occurred in the rivers of Natuf and Maharal caused the loss

of life. Every year there are some damages from flooding, uui.
the loss of life is apparently caused by the lack of awareness on
the pert of the public.

Damages

There were numerous instances of damage and obstructions caused



by the floods, including the closing of the Netivei Aialon
highway system around Tel-Aviv in December and January, and tins
flooding of numerous neighborhood around the country.
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Chapter 3

Flow and Volume in Medium and Small Rivers

Rami Garati

The Station for Erosion Research

The Department of Land Preservation, Ministry of Agriculture



General

On November 27, 1931 a series of rainfalls began that continued
until the end of February 1992; the total duration was 95 days.
In this period 60 days of rain and five long storms with abundant
precipitation were recorded. Most of these infrequent, rains fell
north of Beersheba, that is the Negev was not- included int this
rare hydrological occurrence. The main features of the rain
were;

1. the rain clouds twice exceeded the annual average.

2. there were long periods of rain with short pauses bet-wee
them.

3. the magnitude of the rain in these periods was in general
unusual.

In the wake of these rare rains there occurred a rise in the
level of many basins in the country, that overflew and flooded
land and settlements. Agricultural fields suffered erosion and
serious damage was inflicted on the country's drainage and
transportation infrastructure. The flooding in this winter are
characterized by: 1) Large peafe discharges in drainage basins of
every kind, ranging from small to very large drainage areas, 2) a
rare series of discharges that occurred many times in each area,
3) flow that was rare in duration and volume and also rare in the

re1ation bet-ween vo1ume and prec ipi tation.

This article explains the occurrence of the runoffs in small and
medium sized basins and their influence on the nationwide

drainage system.

The Systems of Recording Stations of the Station to Investigate
Erosion

The station for research on erosion serves as pert of the land
preservation wing in the Ministry of Agriculture. Within the
framework of research whose purpose is to update the criteria for
planning of on—land drainage systems, a net-work of hydromatic
stations around the country was created. The stations were
charged with measuring the peak discharges in the different
epdsodes of runoffs. The system grew fast in 1979-1930 and within
two years there were more than 30 stations, including iO
recording stations (see Table 1). The factors that sustaineo
this network in the course of the years was the infrastructure oi
developing a model to assess questions of measurements in small
and medium basins. Today this network has in well integrated in
the overall hydrological service in the country and helpe to
obtain a good overview of the overall of hydrological
occurrences.

In addition to our permanent station this year measures were
taken in a number of additional p«laces - in the basins of Hot
Hacarmel, in Yavniel, Tavor, and Golan. This reading were needed
in order to estimate the rare flows of this exceptionally rainy

season.



Occurrence of Flooding in Small and Medium Sized Basins

As was stated, there were five large storms that were
characterized by large volume of rainfall; they caused widespreaa
flooding in much of the country from Beersheva northward. In the
stations record peak flows were recorded; the records were
historically unprecedented. Since the number of years that
measurements were taken is relatively small, a probability model
of peak flow was used, based on the Tahal model. Table 1
provides the data on a number of measuring stations.

The rarest- peak discharge occurred in the basin of Nahal Poleg,
and we assessed their probability at close to 1%. In the basin of
the Harod and Yissachar rivers, large rises occurred, althougn
this was less than the rise in January of 1990 that we have
documented. In the boundaries of the western Galilee, unusual
rises were recorded. Table 1 does not exhibit of the souther

hydromatic stations, since they did not- register unusual
occurrence. From the above table is seems that most stations of

the network recorded rises equal to the rises that are covered in
the probability of 5% or more. In the basin, some of the
recordings show extraordinary peak discharges in comparison with
pest records, whereas in others large but reasonable levels were
recorded.

Table #2 shows the data of the annual peak discharge in two
basins, Te'enim and Barkai. In both, unprecedented discharges
were recorded, especially in Te'enim.

Discharges with extreme low probability occurred in a number t.< i
places and were distributed over a wide pert- of the country. An
occurrence of such magnitude has never occurred in the country
since measurements began. Chart 3 illustrates these highly
unusual peaks.

The probability of peak discharge in small and medium basins and
their spread over wide areas is very similar to the picture that
has been obtained in the stations measuring the purineiple basins
which are now serviced by the hydrological service. We can
summarize by noting that the peak discharges this year occurred
within a wide spread, a low probability of occurrence and with
the by the occurrence of these rare discharges a number of times
during the winter season. These three elements make this year
truly exceptional.

If we were truly astonished by the rare peak discharges and the
magnitude of damage caused by the flooding that they caused, we
have also registered the exceptionally high volume of runoffs
this year. Charter 3 provides a characteristic picture of the
levels this years. From the start of the season the levels and
volume in the rivers was very high and it- continued all winter.

Such a phenomenon was never observed before on our station. The



normal pattern of occurrence is different: the rise in the level
of the rivers is short- and there are fairly long intermissions

between peak occurrences. The amount of runoff this year was
larger in absolute way and in relation to the rain. An
occurrence of an unique runoff was recorded in small basins with
an area of 6 km and in the big basins with an are of up to 110
km. The assessment of uniqueness of the flow is parallel to the
assessment, that is received in specific territories and in part
of small runoffs. Table 4 show, for instance, the runoffs of
annual clouds that inundated Nahal Evt-ach in this year in
relation to previous years. The data on Nahal Evt-ach is
characteristic of the countrywide relations between the amount of
rainfall and runoffs. So, if we assume that in the basin of the
Evt-ach river the rainfall was 1,100 MM, some 45% of the water
flew to the Mediterranean sea.

Table 5 is showing the net runoffs that were measured this year
in relation to the drainage area. The degree of runoff was
larger in all of the basins and some basins they were extremely
rare. The peak levels were characterized by long flow periods
and very high volumes of runoffs and net runoffs that were
extraordinarily high.

The Impact- of the Flooding on the Drainage

The fare floods and their specific features caused heavy damage
to the country, ranging from household structures to agricultural
settlements and the system of drainage and traffic. The
department for the Preservation of land and drainage were forced
to struggle with problems such: many field that were covered and
flooded, orchards that- were buried under large amounts of silt,
and systems of canals that were destroyed. The copying capacity
of rivers and drainage canals is based on a discharge within the
range of 10% probability and thus the system had difficulty
copying with the record and low level probability flooding this
year. Three factors combined to destroy the system.
1) large peak discharges beyond the maximum level of discharge
that was expected.
2) a great- number of large discharges that exceeded the estimate
ones.

3) long periods of flooding

The workers employed by the drainage authority that are trained
to strengthen the drainage system struggled in the past with a
rare occurrence that hurt a small part- of the system once every
few years. In this kind of situations it was possible to specify
forces and a budget to deal immediately with the damage that was

created and to return to a normal operational level.

This year it was not possible to attend to the canals during the
winter. The continuous flooding and discharge persisted
destroying the canals and created damages that have not been seen
in the past. Many canals were eroded by a great force and
hydrological stabilizer apparatus buckled. In many cases the



drainage engineers had no idea how to act- and conceded defeat.

According to a report of the Department of Land Preservation and
Drainage in the Ministry of Agriculture, some 350 km out. of the
2000 km of canals around the country have been destroyed. The
cost of the damage is 60 million NS. The network of canals is
the backbone of the drainage system of Israel and it- is of great
importance that it will be rebuild. All the settlements in the
country, all the agricultural land, transportation system and air
system and industry drain into these canals.

The occurrences of this season should indicate to the

decision makers that is not- only important to fix the system of
canals but to prepare it for rare rainfalls such as those that
occurred in this season. Likewise, this season has provided
support- for a number of hypotheses that in the past served as a
basis for our considerations; many other topics should be
reassessed from scratch. Research into the rain and flooding
this rare year will occupy the hydrologists for a long time.
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General Background

The average annual discharge of springs in Israel is 800 MCM.
Some 3/4 of it- is fresh water, below 500 mg/1 of chlorides. Most

of the fresh water springs are located in the Kinnereth basin;
there is some 400 MCM in the Jordan springs that feed from trie
Hermon and some 50 MCM in the Golan Heights. In the Upper
Galilee, in the east and west- watersheds there are fresh water
spirings whose estimated volume is 50 MCM. In the east- watershed
area, from the Harod Valley to the Dead Sea there are springs
that contain some 200 MCM of water, half of it fresh.

Saline spirings are to he found in the outlet areas of the
Mountain Aquifer - some 30 MCM and the Lower Galilee Aquifer
(Neeman) - 10 MCM. The salinity is caused by contamination from

sea water.

The volume of rain in the center of the country has reached 200 -
220% above the average, and in the north of the country it- has
reached 150-180% above the average. The same increase in volume
was assumed to exist in the aquifers that feed these streams. in
the pest- few draught years, the level of the aquifers went down,
and the volume of flow in the springs decreased accordingly. in
the Jordan river spirings of Dan and Banias and the spring of the
Taninim river the volume of flow has decreased by half of their
long term averages.

At this stage, it is not possible to provide the data on t-tie
annual flow of the spirings, but it- is possible to use the spriny
data to extrapolate for the entire year. The evaluation of the
salinity of springs was based on the measurements of chlorides
taken in the fall of 1991 and the spring of 1992.

Flow in the Large Springs

Table 1 gives the data on the discharge (liter/sec) at the
minimum and maximum points for the past- five years. Out of the
10 large springs (more than 10 MCM of flow a year), only 2 are
in the western watershed area: the Taninim and the Neeman river.

Five of the spirings have a fresh water flow of more than 400 hti-i
on the average, and the Dan spirings account- for about half ot it.
The saline springs have a combined average volume of 110 MCM an
year .

The spirings can be divided into three groups: 1) stable spirings
which have a large storage capecity; 2) seasonal spirings that are
characterized by a steep decline in the flow curve; 3) spirings
that dry upi during the dry season.

1. Stable springs

This groupi include the large spirings where the factor of decline
(ratio of maximum to minimum discharge) is lower than 2 and the
ratio of maximum to minimum flow is also lower than 2. The total



volume of flow in these spirings was 367 MCM in 1987/88. Last
year, that is in 1991/2, the ratio of maximum to minimum
discharge was very large and the maximum flow was much higner
than the maximum flow of 1988.

2. Seasonal spirings

The flow of the Banias spiring system, the major element in the
Hermon river, has been variable in recent years. It went from aw
MCM in 1987/88 to 37 MCM in 1333/90. The minimum discharge levei

in the winter of 1991/2 was in October and the peak was in nay.
The ratio of discharge (maximum to minium discharge) was 11.5.

The spiring system of the Taninim river and, in perticular, the
Hanania spiring subsystem are saline spirings. In the pest lew
years the flow of these spirings has gradually decreased, because
of the decline in the level of the Yarkon-Taninim (Mountain.)

aquifer. The decline was from 38 MCM to 20 MCM in 1990/! me
minimum discharge was in October and the maximum one was in Mai-i.it
of 1992; the ratio was 5.4.

3. Drying upi spirings

The Naaman springs (Afek) that drain into the Kinornen aquifer in
the Lower Galilee are saline. In the past five years, excluding
1938/9, the spring dried up completely in the summer, because ot
the intensive usage of the upper parts of the aquifer. Up to
November of 1991 the spiring was completely dry. The maximum
discharge was measured in March 1992 and it was 2 times larger
than in 1993/9.

Uga, a spring that drains into the Kinornen aquifer in Samaria,
has a flow regime that is highly dependant on rainfall. In the
pest five years it became totally dry twice. In November of lyyi
it was dry, but the maximum discharge was registered in February
of 1992.

Comparisons

Chart 1 demonstrates the maximum and minimum discharge in
selected characteristic spirings in the past five years.

Notra Spring - a large and stable spiring. In the past lew
years there was a tendency of the spring to
decline, until the last year when the spiring
rejuvenated in the winter.

Banias Spring - a annual spiring that has a large flow. There
was a decline in the pest few years unt,ii

1989/90. The rejuvenation in the flow of the

last winter has not reached the levei of

1937/38 because of the depletion of the aquirer
in the past- few years.

Ein Hashomer - an seasonal spring that has a medium discharge.



In the pest

dec line,

discharge
1337/88.

few years there was a gradual
In the last- winter the maximum

was higher than the peak levei oi

The Rejuvenation of Springs in the Winter of 1991/2

The heavy rains of the past winter caused many of the seasonal
springs to rejuvenate. Many of the seasonal springs with a
small volume have dried upi in the summer of 1991, or even before
that. Table 3 provides a list of selected springs that became
rejuvenated.

The seasonal factor (the ratio of maximum to minimum discharge.'
was extremely high this year and it indicates that the aquifer
that feeds the spring has been replenished. The minimum
discharge was in November, the rejuvenation started in December,
and the peak was reached in February-March.

Table 4 lists 23 selected spirings (volume of above 0.1 MCM) trtcti
became rejuvenated. The most prominent among them are:

Ofek

Saar

Bar id

Do1e iv

Uga
Poer

(Naaman)

(Hermon)

(Herwon)

(Pria)

(Shornron)

(Shomron)

1, 700 CM

1, 300 CM

1, 800 CM

2, 000 CM

2, 500 CM

3, 800 CM
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Introduction

The winter of 1991/2 has teen characterized by larger than
average rainfalls. Because of the draught years that preceded
this winter, the climatological and hydrological changes have
been even most striking. Between November 1991 and Apiril lyy2
the level of the Kinnereth has risen by 4 meters. Very large
levels of flow were registered in the Jordan river that enter
Kinnereth and there was flooding in rivers that were dry in the
previous period. Because of this bounty, plumping from the Yarmuk
was stopped on February 9, 1992 the flood gates of the Degania
dam were opened so that the level of the Kinnereth dia not yt>
above the maximum "red line" fixed at -208.90 meters.

The First Balances of Water and Salt in the Winter 1991/2

Table 1 presents the changes that occurred between October 1,
1991 and May 31, 1332. It should be pointed out that- some of the
values are not- precise because the data of the hydrological
service on which the table is based is not final. The data on

private consumption does not constitute "real data" ; it was
extrapolated from last year figures.

In the period under discussion, 665 MCM of water entered trie
Kinnereth from the Jordan river (as opposed to 251 MCM in all o1
1390/1). The volume of direct rainfall that was evaluated on the
basis of seven measurement stations was 123 MCM. The figures tor
direct runoffs were particularly impressive; they amounted to i£U
times more water than in the entire previous year. In this
period, the National Carrier pumped 210 MCM (compared to 120 rw^n
in the whole of the previous year). In order to prevent t-i ie
breaching of the upper "red line", 250 MCM were diverted throuyu
the Degania dam floodgates to lower Jordan and the Dead Sea. !he
evaporation figures are similar to the ones registered at the
same period of the preceding year. In this sense, the lowe.-
temperature of water in the Kinnereth has not affected the rates
of evaporation.

The data on the salinity of the Kinnereth are presented in Table
2. Because of a large volume of fresh water that entered t-ne
lake, the average level of chlorides went- down from 252 mg/1 lu
210 mg/1. The total amount of chlorides which was 321 thousanu
tons went- down to ??? thousand tons ... (this part- of the text is
mangled) ... even though there was a considerable outflow ot
water from the Kinnereth to the lower Jordan and the National

Carrier.

Comparison to the Winter of 1968/69

The last winter that had similar characteristics as the current-
winter was the winter of 1368/63. The data on the winter oi
1968/69 were taken from a number of previous reports that were
published over the years. The comparison between the amount ot
rainfall in the two winter periods is given in chart 1. The most



radical difference is in the amount of rainfall in the month 01

February. Overall, the amount- of direct rainfall on the lake was
higher in the current- winter season (122.6 MCM vs. 101.1 nun.'.
The other major differences pertain to the level of the Kinnereth
at the beginning of the rainy season. In the 1368/63 season, the
level was 2.6 meter higher than at the current season. As a
result, in the current season, it was possible to retain most ot
the water in the lake; the volume of water released through the
Degania dam in the current winter was only a quarter of the ore
released in the previous one. In fact, in 1963/69 all the water
that entered Kinnereth had to be released. The initial

differences in the level of the lake had a differential effect on

the salinity of the water. In the 1968/69 season, the salinity
went- down from 297 to 243 mg/1, but the overall amount went down
from 1,230 thousand tons to 1,050 thousand tons. But in the
current winter, in sprite of the fact that there was a
considerable desalination of the water, there was less ditterente
in the total amount. It can be expected that, with trie
resumption of piumpiing in the dry season, the salinity levei win
raise to the 250 mg/1 level.

The Activity of the Saline Spiring System

It is important to analyze the activity of the saline spi-mys *•)
the current- winter and compere it to the previous draught winter.
The characteristics of the spirings activity are represented in
Table 3. The differences between the two winter seasons 30/9i

and 91/92 are represented in chart- 4. In the winter of 90/91 ,
the increase of the flow in the saline springs lead to a doubling
of the amount of salt, but- in the winter of 91/92 the ratio is
quite different. In spite of the considerable increase in tiits
flow of water, the salt, deposit has not risen drastically,
leading to the conclusion that the salinity of the spirings res
been reduced in the current winter. Another interesting
characteristic is that in the current winter the record flow was

achieved in March, one month after the peak rainfall, whereas in
the winter of 90/91 the peak was achieved two months after trie
peak rainfal1.
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Introduction

There are difficulties in evaluating the water quality in the
Kinnereth because of the short time perspective. Only a
tentative evaluation is possible.

Nitrites

Nitrites have shown the most deviant pet-tern of behavior in the
current winter (chart 1). The large flows of water into the
Kinnereth have dramatically increased the amount of nitrites in
the lake. The correlation between the flow and the amount of

nitrites is shown in the chart.

Ammani urn

The concentration of ammonium went- down in the winter, but Uw
decrease in the level exceeded expectations. This phenomenon is
apparently linked to the abnormal concentration of nitrites in
the water.

Phosphate (SRP)

The amount of SRP has a direct- impact on the amount of algae in
the lake. There was an increase in the level of SRP in trie

winter months. One of the reasons for the increase was the flow

of large amounts of phospihates from the watershed basin ot the
Kinnereth. However, after the peak the level went down to tiie
amount registered in the winter of 1983.

Chlorophyl1

The level of algae was not high in the months of March-Aprn.
The level went upi in the month of May and it should be consiaereu
a deviant phenomenon.

Deposits and Murkiness

The record flows of January and February of 1992 swept recora
amounts of deposits into the lake. The influence of this
activity can be seen in the increase of the level of deposits anu
the opacity of the water in the upper layer (20-25 meter). mere
was a direct, impact on the quality of water that was pumped by
the National Carrier. The concentration of deposits and bacteria
was especially high in the months of January and February ot \*?jl
at the area around the National Carrier outlet.

Temperature

Because of the climatical conditions in the winter, trie

temperature in the Kinnereth was abnormally low. The water
temperature has an impact on a number of processes, including
fish. It can be expected that fish life in the lake was affected
and a number of species would temporarily decreased.



Oxygen

The concentration of oxygen was abnormally low.

Conclusions

i

There were at least- two external elements that influenced the

quality of water in the lake; the low temperature and the large
amount- of deposits that were carried in the flow from the
drainage area.
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The Coastal Plains Aquifer

Chart 1 presents the rise of the level of the d^unc. j..i wne
winter of 1331/32 and in the 7 preceding win.._._>. me uat-d is
based on 230 drills and represents arithmetical averages. The
chart, makes it- clear that in the last winter, the level has risen
three times the average rise of the pest seven years.

From the analysis of data, it is clear that the amount of water
that was added to the aquifer is some 750 MCM. Out of this
amount, 120 MCM were added through a variety of means including
artificial recharge, the rest was contributed by rainfall.

In spite of a considerable increase in the level of the aquifer,
in some of the locations the level is still negative (chart /l
showing data in April 1332). The total deficit in the aquifer is
still some 1,000-700 MCM.

The Yarkon-Taninim Aquifer

The rise of the level of the aquifer and its repilenishment is the
highest since 1958. The level around the major pumping sites
between Maanit and Agur rose 9-10 meters. This number should De
contrat-sed with the average rise of 3.5 meters and an average
raise of 4.5—5 meters in rainy winters.

The levels at the high mountains e.g. Ein Keren rose by io-ou
meters, around Ber-Sheeva, though, it rose only by 4 meters,-
however it is expected to go up in the summer.

The differences can he seen in some of the pumping sites. hor
instance, in the Menashe T/l station, the level in October lyyi
was 3,26 meters, only 26 centimeters above the "red line". m
April 1332, it went up to 13.60 meters. Around the pumping
station located near Rosh Haain, the level was 11.39 meters in
November 1991; in June 1992 it reached 21.0 meters. This level
is higher than the overflow level and for the first time in some
30 years, water actually flew into the Yarkon.

The minimum level in a piurnping station near Ber-Sheeva was 13.32
meter in December 1991. In June 1992 the level rose to 17.11

meters.

The changes in the levels of the three stations is illustrated in
chart. 3. It has been estimated that the volume of water that was

added to the aquifer is some 300 MCM. Only 25 MCM of this amount,
was recharged from the Kinnereth. The average annual
repilenishment is 350 MCM; the amount- this year was twice <a=
large.

The Aquifers in the Galilee

Charts 4-6 demonstrate the repilenishment of the aquifers in the



Galilee and the Carmel. The increase in the level in the winter

of 1991/92 is almost- double the average increase. Unlike tut
situation of the Coastal and Mountain aquifers which was truiy
unpirecedented, the Galilee had some very rainy winters in trie
pest; in the winter of 1968/69 the rise of the levels ot tne
Galilee aquifer was larger and the level of the aquifer were
higher. It is possible to assume that since the storage capeeit-y
of the Galilee aquifers is smaller and because of the high volume
of water that passed through them, there would be a decline in
the amount of salinity.

Conclusions

The increase of the level of the aquifers, and especially the
Coastal and Mountain Aquifers was almost three times as high as
in the rnulti- year average. Such huge volumes have never been
registered since measurements started several decades ago. m
the northern aquifers the repilenishment level was twice tne
average amount and was the same as in the winter of 1963/63. It-
should be emphasized that the volume of rainfall in the center ui
the country was twice as large as the rnulti- year average and in
the north it was one and a half larger than the average.
Comparison with the volume of the replenishment in the aquifer in
the center and northern areas indicates that- there is a non

linear correlation between the volume of rain and the amount ot

recharge of the aquifers.
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Introduction

It- is conventional to design structures for crossing rivers ana
other hydrological oriented structures based on the principle ot
flood design. Flood design is based on probability assumptions
that hold for a certain period of return as well as the
importance of the structure that needs to be protected.
The decisions that have to be made hinge upon the question <_»i
what- is a reasonable flood design and a reasonable period 01
return.

The Period of Return of Flood Design

This question has arisen ,because of a series of floodings in the
winter of 1991/92 that included some major locations: the network
of highways around Tel-Aviv, known as Netivei Aialon, the rivers
of Aialon and Yarkon, the Lahish river in Ashdod, Dalia river in
the Arab village of Pureidis and flooding in the low laying
neighborhoods around Haifa, known as the Krayiot. The flooding
and the damage has prompted a piublic debate and a quest for
solutions that, at least partially, were not based on
professional calculations.

The following article will try to address this extremely complex
issue. First, of all, there is a need to estimate the period of
return for flood design. The period of return is equivalent, to
the average number of years in which a certain flood episode will
be equal or exceed the flood capacity of the particular
structure. For instance, if it was estimated that a volume of
1,000 MC of water will flow in the Ber-Sheeva river every ^u
years, the probability of this even occurring is 5% in a 1UU
years.

Population vs. Sample

If we had data that was taken during a very long period, say,

hundreds of years, then we could claim that we have a
"populations" of event from which to estimate the return perico.

In reality, a series of data events like this is not available m
Israel; in many cases, measurements have started only 40 years ur
less. In some cases, the time span for data collection is muni
shorter. Thus, at- best, we can only get a sample of events,
rather than a "population" and this sample is fairly small.

If we want to use the sawole for future estimates, we have t-o

extrapolate. It is known that- the extrapolation becomes less
exact- the longer the period that we are trying to estimate. ire
longer the extrapolation period, the higher the probability tor
errors in the estimate.

The errors stem primarily from what is known as "sampiling
errors"; they can be caused by a number of problems ranging from
the lack of homogeneity in the recorded data to impiroper spreaa



of events.

A Sample of What?

The question here is what kind of data events should be included
in the sampile. If we want to base the sample on the flow ot
water in a certain river, we have some forty measurements of peak
flow, based on the 40 years of records. However, the events of
1991/92 can represent a true deviation from long term patterns.
For instance, the maximum flow observed in the Hadera river since
1949 was 160 MC/sec, and it was registered only once. In the
last winter, there were three episodes where the maximum flow was
180 MC/sec. If we operate within our sampile, we should concluded
that the probability of a flow that is higher than 160 MC/sec is
2.5%. However, it is quite possible that this probability is not
true and other probabilities should be used. It- should he also
emphasized that different, kinds of probabi 1it-ies have to be taken
into account, when damage to different structures is being
estimated.

A Hydrological Manual

In order to improve our ability of flood design and return
periods, a hydrological manual is needed. This manual needs to
contain all the hydrological and meteorological data that has
been collected in Israel in the pest 50 years and more. The data
has to be arranged on a regional basis and according to different-
kinds of events. The data about a certain river, or a certain
meteorological station is not adequate enough for hydrological
projections. The manual will improve our ability to deveiuu
criteria, regional envelope curves and methods of evaiUatiwn
data. At the moment, there are no uniform criteria for measui my
and evaluating hydrological events; there are regional variations
and variations according to experts.
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CHfYPieR. 2_

Chaw 2 : "nie L£vei, oF th& itiNMicfeeTH

bbaa nT naa .wd bay p"n TWbvsa ina> maab mm 1992 ->Nn -rya 1991 laaupiN inb
naa^ynna n^bnan nNa maan 21W naa^ynna n^bnann nnnrn nN ,vtm nayan nN
'n 212.90 uaa^n bay ibn>a">nn nainn nby maan uban .naNnn nnNnnn ^aa^aa ,nn">nnna
p"nbn 640 aiaNa nbN n>nai ->w pa .''Nn iy-rana 'n 208.90 uai'n bay ibn>upnn naib iv
n-»nn naa .pnnnn frvb maann namb abnn rroa ftwi iau ->ivv annaa 9.2.92-a .n>n biy
210 >2iNn b->aann aNay auNna <pann -pyna .p"nbn 250'a Nin nm ay-nn iau -ry amny
.3 ,2 'un n^ay-ina y»aan ^iNn bmnn naa^Niya maan 'uban bay >aia iiN'n .p"nbn

S'5'"irSaS 1986 1987 1388 1989 1990 1991 1992

MATlOM^i
ni»rua >snNn b>ai»n *iia>N¥> :3 'wa o>w*m

'1980 1981 1382 1983 1984 1985 1986 1987 1983 1989 1990 1991 1992

^•t^"^^vfe?^^!^l.iv.^.\vi:^rSji^l

bay naib yan 19.11.9raa ,namapn n^aaynn anb->a\ya -vvan a>nua nbnn n> uban
-nyaya aa n>nn taiN bia p .'n 1.90 na -ry ubann nby 29.3.92 -rya TNn .73 408.37 uaa>n
pm >baa>n iN\yna ,maanna -nnmnn aynn p"nbn 600-3 ,aanaiynb .p"n iiN'b'n 1.4-3 bay

.ba-ra mn Nb naiyn bmn nnnTn naa .nbnn n>a pnnnn

feM THC
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.Din> 95 tt>m ,1992 iNnaa ay-ran iau iy naayna iw* D>naya nnu nbnn 1991 nanam 27-3
nnnan n>n\yan an .n^ypayn narnyi pi naaaiN naaau 5*a u\ya w 60-a anun:i nT pT piaa

>a»aNn .mn man >aibn-pnn yiTN3 "innvyn Nb" aaan,inaba ,ya\y ixab pasn wv nbNn
:vn n»ipn?n nayan

;>na\y-ain ysannnn baaa ^naay ov>a >aay (n

•nmau nnsp naaaana ,p* *aw n^a •>?-& (a

.bba -jna nanoay a>n nnsp pa v*»23 n^an nansiy (a
,nmay»a n>nuay aasan p>\?yaa ,yiNn >hn aaia na^Na ayvN man niyan naapya

nN .maannn nnaaynba n»STKn np^an n>nu>nb nnann D*pn amaaa n"Nbpn nnu' aanua
:nnn»D nT liana naman

;n">^iNn n>3aN3 nbaa n^aup bt»mn3 bnn ,nmun ban nnana ,namaa way nap">au (n
;iaN baa laun n^nya wnannw ,nnna hw nip^au b\y nnu (a

.niypu>nn nanaa >umn npbnaa nnanaa nnna laa >naaa noayn (a
Tip^an naaiyn by nnyaayn nNi n^auua n^up d>hn3 iam >yiTN nN iNnn mNnn

.na^iNn

.niNbpnn Tiayna Tip'aa ypip iin'ayb iaNn bay ipnnn rmm niynayn inun ipnb mraian
nnpan.flnarai TWVptp 'by Tip>) naaiyn "jaaanb n^inunp paiy amvnvy ipnn mauna
,D>jwn nnnin >yiT>N3 N'ayn nap>au nN 7inNb >ia nanunan>n naann nun yiNn uma
nanum naann 20-3 pa ,naann so na a>n u»mv iinaa 1979/80 naay3 masan naiynn

ymiNbbian nan^ab n^nayn a>n n^ayn nsnna nunn npa'uay n'aanan .(1 'un n^unn nNi)
D'aup d>«n nmann naannn n\yi .(u"bnn b-nn) n»iiraa n^app w>iM2 pn nip^au
ma> naau naann nb3p3 ny»una ^ibarrnn niTiyn b\y ^iNn rnym n:nn\yn n^aaaua

.n"aaban>nn nnnvNn bay

,bman <a.an >aaN3 wv nap^au bay nmniN naayn aayya aabay y3pn naann by iuaa
.onnan nnJiTNn nN nynb na ,abaaai H3n3 ,bNi3>3

>Wa .k

rmnn roiyn .2

*7\y mnran
npn1? runnn

inpn
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