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Chapter 1

Climatological Characterization of the Rainy Season 19391/2

Sara Rubin, Tzipora Gat, Zahara Gilboa




General Comments

In the winter of 1931/2, during a period of 100 days, from the
end of November tc the end of February 1952, the weather 1in
Israel was highly abnormal because of a2 number ot
characteristics: the number of rainy days was extremely high, tise
nunber 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 iuwesu
ever recorded, and there were four extraordinary periocds of snow
and ice in January—-February 18932, The snowfall was exteptional
in its intensity and the wide geographic spread across areas L
have not received snow in the past.’

Rainfall

The rainfall regime was highly exceptional. In the centrai
region of the country the cumulative rainfall reached some 1vuu
mm by the end of January, and some 1300 mm by the end i
February. The normal annual average in this region is 350-auu 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 lacation, arocund Haifa, the Kinnerein
valley and in the region of Mishmar Hanegev, the amount or
rainfall was the highest ever recrdered. 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 reacieu
the highest recorded level; only in three location was uwvme
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 rainfail
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. 1Lu
December, the amount was highest since recording began in &t
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
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was only half of the annual average and in some even less than
that. In this month, the largest amounts were recorded arouna
Jerusalem and Hebron; around Ber-Sheeva the amount was only 70—
20% of the average.

In the month of April, the amount of rain was minimal and
restricted to a duration of 2-3 days. In May there were 3-5 days
of rain and the largest amount fell in Mount Miron and the Hebron
mcuntains.

Rainy Periods and Amount of Rain in 24 Hours Periods

Between the end of November and February the rain fell in leng
periods and the intermissions between the rainy periocds were
short. There were four major rainy pericds!

1. November 27 — December 3

2. December 30— January 3

3. January 30— February 13

4. February 23-27

This period was alsc characterized by large rainfall episodes
over a 24 hour periocd. 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. Numercus 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 o
October and November and higher than average in the montn ui
December, January and February. It should be emphasized thai
between Noavember of 1991 and February 1992, there was & record
number of rainy days. However, the number of rainy days in March
has been lower than the average.

Snow and Hail

The periocd was alsc highly unusual because of snowfalls, whidi
were exceptional in  their geographic location, their wnkmoeoe-s
and duration. Snow fell during many days; in 130 years us
recording of weather in Jerusalem, there only three years wiiici
had the same amount of snowfall, on Mount Canaan, in the past SU
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 pericds of snow: January 1-3, 1932, February 59—
10 and 23-27 February. In the first and third pericd, the snow
was particularly heavy in the north and center, in the second
periocd it was very heavy in the north.

In the first period, the snow started falling in the noru and
gradually spread to other regions, reaching eventually the Eilau
mountains. In the Jerusalem mountains, northern Galilee ana
Gush Etzion, it reached 40 ctm, and at Marom Hagolan it reached 7%
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cm. In the Negev mountains, the snow reached 10-20 om.

In the second period, the snowfall was very heavy in the noart.
It spread to many regions, including the Coastal Plains, ruouse
Carmel, Jesreal Valley and other places. In the Golan Hights,
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 cccur 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 dissclves almost immediately. Thus, the snowfall
of 19391/2 was truly exceptional.

The hail episcdes were also exceptional. The number of haii
storms was very large, the size of the hail stones was very
large, the accumulation deviant, and the gecgraphical spread was
very unusual. One of the most exceptional hail storms occcurred
on February 24 when large portions of Gush Dan were covered. Ui
the Coastal Plains of Sharon and the Hefer Valley uwumw
accumulation reached 15-20 cm.

Temperatures

The temperature regime of the 1391/2 winter was highly

exceptional. The maximum avenge temperatures in most regions of
the country between December and April were the lowest ever
recorded. The record low temperatures should be attributed to

the rain and cloudy conditions. The largest difference between
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 uwe
Coastal Plain area the difference was 4-6 €, in the mountain
region, 5-10.5 C and in the Golan and the Jordan Valley uw=
divergence was 6.5-28.2 C.

The average minimum temperatures were somewhat less deviant thi=c
the maximum temperatures. Even so, in most regions they wers
lower than the annual long—term gverages, that is, between 0.1 wu
2.0 C. The differences in the mountain region reached 3.6 L.

In the winter of 1231/2 there were four periods of cocld fronus.
January 2-6, February 9-10, February 25-29 and January <s—zo.
The cald fronts were closely associated with snowfall pericds.
In a number of regions, extremely low temperatures were recorded;
especially in the mountain regions, the Galilee, the Goian
Heights and the Samariz region.

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




vecorded 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 anmual 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 scuthern
Arava. The average deficit in the Coastzl Plzain was about dus,
in the Jordan Valley 25% in the socuthern Arave 10%. 11 LR
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 highes
than the long term long average, and in particular, the humiaicy
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 particulariy
Righ in the first ten days of December when the difference was
22-30%. February was the most humid month with a difference of
15% in many areas. Because of the high humidity and the rainfalii
regime, the evaporation was lower than normal in comparison with
the long term average.

Conc lusions

It should be emphasized that the winter of 1391/2 was truly
exceptional because of the following characteristics!

* This season was exceptionally rainy, in particular in the
central parts up to Ber—Sheeva. In a number of the measuremenc
centers the North, only the 13€9/9 pericd registered more rain.

¥ The number of rainy days was higher than the average

* The amount of rain registered in time pericds of 1-30 days was

larger than the average. In & number of locations, the amounc ui
rain registered exceeded the figures since recording started.
¥ The amount of snow  and its geographical spread Wets

exceptionally high and matched the record year of 1350.

¥ The hail episcodes were numerous, the geocgraphic spread was werws
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 can bLe
only expected once in dozens of years.
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Flow and Volumes in the Major Rivers and Reservoirs

Arie Ben—-Zvi

The Hydrological Service, Jerusalem
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Flow Episcdes

The winter of 1391/2 was rich in flooding episcdes, in record
setting flows and huge volumes of water in each episodes. There
were four of five major floocding episcdes 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 periogs
were almost continucus, 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 tock place at the fellowing dates: November Z2g,
1991 — December 12, 1991; Dec. 9-16, 1991; Dec 27, 1931-Jan. &,
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
5 18 The total flow of waters in the rivers that enter tre
Mediterranean Sea was 1,100 MCM as opposed tc the average ot 1su
MCM, an increase of 8 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 anmmual 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 raintalil
and the volume of flow in the rivers, some interesting findings
emerge. The average volume of flow in the rivers in the past ou
years was 3% of the rainfall. In the rainy years that volume
reached 7%, and in the winter of 13981/2 it reached tiw
unprecedented level of 12% of the volume of rainfall.

The volume of flow in the upper Jordan river has reached BbHu posi
which represents a 100 MCM increase as compared to the annual
average. It should be pointed ocut 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 upper Jardan
is partially fed by springs that have a "memory span" of more
than an year. Because of the three year draught in the Kinnerseth
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 statios
was 600 MCM, including some 250 MCM that represented spiliovers
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 1931 and May 1992, more that 1 billion CM flew
inte the Kinnereth. This amount represents the following: direct
rainfall, the flow from rivers and springs around the Kimmereth
and other discharges from the drainage ares around the lake. The
level of Kinmereth rose from the minimal -212.30 meters to uw
maximal — 208.30 meters in the month of May. Between these wwo
levels, 640 MCM of water was sitored. On February 2, 1992 um
the gates of the Degania dam were opened and water from the lake
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 MCH.
from the lake.

The level of the Dead Sea in the fall of 1991 continued its
multi-year decrease and on November of 19, 19391 it reached

— 408 .37 meters. Since then, and until March 29, 1992, the
level rose by 1. 90 meters. In cur estimate, some 60U rFun
reached the Dead Sea from the Kinnereth and the Jordan and the
rest came from the rivers and creeks that empty into the Dead Ses
basin. The volume of flow from the Arava rivers was not high.

Fiow 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
compared to the 25 past year (the extraordinary ones are in
bold).

October 13-14,

1991 T=zim
December 2-3, 1891

Hadera, Yarkon-fialon, Lahish
December 9, 1931 Kishon, Hashophet, Dalia, Snir
December 13, 1331, Yarkon, Ekron
December 27, 1991 Aialon (Lodd
January 1-2, 13991 Kishon, Taninim, Dalia, Hadera,

Yarkon—Aialon, Shorek, Ekraon,
Lahish, Upper Jordan, Meshoshim,
Lower Jordan

January 31, 1352 Helzon, Kishon, Meshoshim

February 4-3, 1332 Kishon, Aialon, Lahish, Beer—-Sheva
Upper Jordan, Lower Jordan

February 12, 1952 Ada

February 25, 13532 Kishon, Ada, Hadera, Yarkon, Uua

March 4, 1992 Lower Jordan

It should be emphasized that the flood episodes in the rivers o)
Dalia, Yarkon-Aialon, Lahish and Uga caused damage, and those
that occurred in the rivers of Natuf and Maharal caused the loss
cof life. Every year there are some damages from flooding, oud
the loss of life is apparently caused by the lack of awareness un
the part of the public.

Damages

There were numercus instances of damage and obstructions causea
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Chapter 3

Flow and Volume in Medium and Small Rivers

Rami Garati

The Station for Ercsion Research
The Department of Land Preservation, Ministry of Agriculture




General

On November 27, 1231 a series of rainfalls began that continued
| until the end of February 19392: the total duration was 35 days.
| In this period 60 days of rain and five long storms with abundant 1
| 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: i
1. the rain clouds twice exceeded the annual average. ]
2. there were long periods of rain with short pauses bestween b
them. '
3. the magnitude of the rain in these periocds was In general s
unusual |

level of many basins in the country, that overflew and flooded

|
‘ In the wake of these rare rains there occurred a rise in the
land and settlements. Agricultural fields suffered ercsion and

serious damage was inflicted on the country's drainage and £
transportation infrastructure. The flooding in this winter are j
characterized by: 1) Large peaﬁh discharges in drainage basins of ]
every kind, ranging from small to very large drainage areas, 2) a '

rare series of discharges that occcurred many times in each area, P

3) flow that was rare in duration and volume and alsc rare in the
relation between volume and precipitation. |

This article explains the occurrence of the runoffs in small and
medium sized bkasins 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 part of the land
preservation wing in the Ministry of Agriculture. Within the
framework of research whose purpose is to update the criteria for 1
planning of on—land drainage systems, a network of hydromatic 3
stations around the country was created. The stations were
charged with measuring the peak discharges in the different
episades of runoffs. The system grew fast in 1375-1380 and withaun
two years there were more than 80 stations, including =u
recording stations (see Table 1). The factors that sustainec
this network in the course of the years was the infrastructure o
developing a maodel 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 helps to A
abtain a good aoverview of the overall of hydrological g
ctcurrentes.

e e Y

In addition tc our permanent station this year measures were .
taken in a number of additional places - in the basins of Hot .
Hacarmel, in Yavniel, Tavor, and Golan. This reading were needsd
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 widespread
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 & 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, although
this was less than the rise in January of 1930 that we have
documented. In the boundaries of the western Galilee, unusual
rises were recorded. Tabkle 1 does not exhibit of the souther
hydromatic stations, since they did not register unusuxl
cccurrence. From the above table is seems that most stations of
the network recorded rises equal to the rises that are covered in
the prebability of 5% or more. In the basin, some of the
recordings show extracrdinary peak discharges in comparison with
past 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 cccurred in a number ol
places and were distributed over a wide part of the country. An
accurrence of such magnitude has never cccurred 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 cobtained in the stations measuring the principle basins
which are now serviced by the hydrological service. We can
summarize by noting that the peak discharges this year cccurred
within a wide spread, a low probability of cccurrence 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 runcffs
this vyear. 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 cbserved before on our station. The
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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 absclute way and in relation to the rain. an
occurrence .of an unique runoff was recorded in small basins with
an area of & km and in the big basins with an are of up to 110
km. The assessment of unigueness of the flow is parallel to the
assessment that is received in specific territories and in part
of small runoffs. Tahle 4 show, for instance, the runcffs of
annual clouds that inundated Nahal Evtach in this year in
relation to previous years. The data on Nahal Eviach is
characteristic of the countrywide relations between the amount of
rainfall and runcffs. So, if we assume that in the basin of the
Evtach river the rainfall was 1,100 MM, some 45% of the water
flew to the Mediterranean sex.

Table § 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
Tare. The peak levels were characterized by long flow pericds
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 pericds 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 & budget tc deal immediately with the damage that was
created and to return to & normal operational level.

This year it was not possible to attend to the canals during the
winter. The continucus 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
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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 arocund the country have been destroyed. The
cost of the damage is 60 million NE. 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 inta these canals.

The occurrences of this season should indicate to the
decision makers that is not only important to fix the system ot
canals but to prepare it for rare rainfalls such as those that
accurred 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 inta 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 374 of it is fresh water, below 500 mg/l of chlorides. Most
af the fresh water springs are located in the Kinnereth basin:
there is some 400 MCM in the Jordan springs that feed from tne
Hermon and some 50 MCM in the Golan Heights. In the Upper
Galilee, in the east and west watersheds there are fresh water
springs whose estimated volume is 50 MCM. In the east watersheag
area, from the Harod Valley to the Dead Sea there are springs
that contain some 200 MCM of water, half of it fresh.

Saline springs are to be found in the outlet areas of the
Mountain Aguifer — some 30 MCM and the Lower Galilee Aguifer
{(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 aguifers that feed these streams. In
the past few draught years, the level of the aquifers went down,
and the volume of flow in the springs decreased accordingly. i
the Jordan river springs of Dan and Banias and the spring of tne
Taninim river the volume of flow has decreased by half of thear
long term averages.

At this stage, it is not possible to provide the data on tm
ammual flow of the springs, but it is possible to use the spring
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 1332

Flow in the Large Springs

Table 1 gives the data on the discharge (liter/sec) at the
mininum and maximum points for the past five years. Out of the
10 large springs (more than 10 MCM of flow a vyear), only Z are
in the western watershed area: the Taninim and the Neeman river.
Five of the springs have a fresh water flow of more than 400 Mun
on the average, and the Dan springs account for about half ot at.
The saline springs have a combined average volume of 110 MCM an
year.

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

1. Stable springs
This group include the large springs where the factior of decline

{ratic of maxinum to minimum discharge) is lower than 2 and the
ratic of maximum to minimum flow is alsc lower than Z. The total




volume of flow in these springs was 367 MCM  in 13987/88. Last
year, that is in 193172, the ratico of maximum to minimum
discharge was very large and the maximum flow was much higner
than the maximum flow of 1388.

2. Seasonzxl springs

The flow of the Banias spring system, the major element in the
Hermon river, has been variable in recent years. It went from =@
MCM in 1987/88 to 37 MCM in 1985/30. The minimum discharge level
in the winter of 13931/2 was in October and the peak was in May.
The ratic of discharge (maximum to minium discharge) was 11.5.

The spring system of the Taninim river and, in particular, the
Hanania spring subsystem are saline springs. In the past iew
years the flow of these springs has gradually decreased, because
of the decline in the level of the Yarkon—Taninim (Mountaijo
aquifer. The decline was fraom 38 MCM to 20 MCM in 1330/1. 1he
minimum discharge was in October and the maximum one was in Marcn
of 1832;: the ratic was 5.4.

3. Drying up springs

The Naaman springs (Afek) that drain into the Kinomen aquifer in
the Lower Galilee are saline. In the past five years, excluding
1988/9, the spring dried up completely in the summer, because o7
the intensive usage of the upper parts of the aquifer. Up to
November of 1991 the spring was completely dry. The maxinum
discharge was measured in March 1992 and it was 2 times larger
than in 1938/9.

Uga, a spring that drains into the Kinomen aquifer in Samaria,
has a flow regime that is highly dependant on rainfall. In the
past five years it became totally dry twice. In November of 1399
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 springs in the past five years.

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

Banias Spring - a annual spring that has a large flow. There
was a decline in the past few years until
1383/30. The rejuvenation in the flow of the
last winter has not reached the level ot
1927/88 because of the depletion of the aguiter
in the past few years.

Ein Hashomer - an seasonal spring that has & medium discharge.
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the past few vyears there was a gradual
decline. In the last winter the maximum
discharge was higher than the peak level ol
1987/88.

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 up in the summer of 1331, or even before
that. Table 3 provides a list of selected springs that became
rejuvenated.

The seasconal factor (the ratic of maximum to minimum discharge)
was extremely high this year and it indicates that the agquiter
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 28 selected springs (volume of above 0.1 MCM) thac
became rejuvenated. The most prominent among them are!

Ofek (Naaman) 700 CM
Szar {(Hermon) 300
Barid (Hermon) 800
Daleiv (Pria) 000
Uga (Shomron) 500
FPoer (Shomron) 300
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Introduction

The winter of 1991/2 has been 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 April 1922

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
previcus period. Because of this bounty, pumping from the Yarmuk
was stopped on February 9, 1392 the flood gates of the Deganis
dam were opened so that the level of the Kinnereih dig nui gu
above the maxzimum “"red line" fixed at —-208.30 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, 1992. It should be pointed cut 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 tne
Kinnereth from the Jordan river (as opposed to 251 MCM in &ll ol
1990/1). The volume of direct rainfall that was evaluated on the
basis of seven measurement stations was 123 MCM. The figures for
direct runoffs were particularly impressive; they amounted to Zu
times more water than in the entire previous year. In this
pericd, the National Carrier pumped 210 MCM (compared to 120 mun
in the whole of the previous vyear). In order to prevent tim
breaching of the upper “"red line”, 250 MCM were diverted throug:
the Degania dam floodgates to lower Jordan and the Dead Sea. ihe
evaporation figures are similar to the ones registered at the
same pericd of the preceding year. In this sense, the lower
temperature of water in the Kinnereth has not affected the rates
of evaporation.

The data on the salinity of the Kinnereth are presented in Tabie
2. Bectause of a large volume of fresh water that entered tne
lake, the average level of chlorides went down from 252 mg/l tu

210 mg/1. The total amount of chlorides which was 321 thousanu
tons went down to 777 thousand tons ... (this part of the text is
mangled) ... even though there was a considerable cutflow o7

water from the Kinnereth to the lower Jordan and the RNational
Carrier.

Comparison to the Winter of 1968/63

The last winter that had similar characteristics as the currenu

winter was the winter aof 13968/693. The data on the winter ol
1962/69 were taken from a number of previous reports that were
pubklished over the years. The comparison between the amount oF

rainfall in the two winter periocds is given in chart 1. The mosc
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radical difference is in the amount of rainfall in the montn o
February. Overall, ithe amount of direct rainfall on the lake was
higher in the current winter season (122.6 MCM vs. 101.1 nmMuima.
The cther major differences pertain to the level af the Kimmereth
at the begimming of the rainy season. In the 1968/63 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 one
released in the previcus one. In fact, in 1968/69 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 salinmity
went down from 297 to 243 mg/l, but the overall amount went down
from 1,230 thousand tons to 1,050 thousand tons. But in the

current winter, in spite of the fact that there was a
considerable desalination of the water, there was less ditTersie
in the total amount. It can be expected that, with tne
resumption of pumping in the dry season, the salinity level wiil
raise to the 250 mg/l level.

The Activity of the Saline Spring System

It is important to analyze the activity of the saline Springs i
the current winter and compare it toc the previous draught winter.
The characteristics of the springs activity are represented in
Table 3. The differences between the two winter seasons 50791
and 31/92 are represented in chart 4. In the winter of 30791,
the increase of the flow in the saline springs lead to a doubliny
of the amount of salt, but in the winter of 91/32 ihe ratic 1s
quite different. In spite of the considerable increase in L
flow of water, the salt deposit has not risen drasticaiiy,
leading to the conclusion that the salinity of the springs has
been reduced in the current winter. Ancther interestang
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 the

peak rainfall.

P i ek el e b




ligtl
#
i
-

. List of Tables and Charts

Table 1:

Table 2:

Chart 1:

Chart 2:
Chart 3:

Chart 6!

Chart 7:

Table 3!

The Balance of Water in Kinnereth - Approximate Values
in MCHM/month

Main Elements in the Balance of Salt in the Kinnereth
91/32 - Approximate Values

Comparison Between Direct Rainfall in the Lake Winter
13968/69 and 1991/92

Changes in Lake Level in winter 13969 and 1992 -

The Flow of Jordan and Degania Dam in the Winter 1968/9
and 1991/92

The Change in the Flow and Salinity in the Polian iy
Spring 6 in 1369 and 1992 g
The Change in Flow and Salinity in Kinnereth Pumping ;
Station 7 in Winter 1963-92 ' .

Evaluation of the Activity of the Saline Springs in
Kimmereth in Winter 1991/92 : e



*
-
§ i
: ;
k)
:
:
E




L mha vt e e e B e e T R e T T =t -

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 pattern of behavior in the
current winter (chart 1). The large flows of water inta the
Kimmereth 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.

Ammonium

The concentration of ammonium went down in the winter, but wume
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 1u
the lake. There was an increase in the level of SRP in uhe
winter months. One of the reasons for the increase was the fiow
of large amounts of phosphates from the watershed basin ot the
Kinnereth. However, after the peak the level went down o e
amcunt registered in the winter of 1388.

Chlorophyll

The level of algae was not high in  the months of March—-Aprii.
The level went up in the month of May and it should be consigereud
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 thas
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). inere

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 iss=
at the area around the National Carrier outlet.

Temperature

Because of the climatical conditions in the winter, tne
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 = number of species would temporarily decreased.
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The Coastal Plains Aquifer

Chart 1 presents the rise of the level of the ayuiis:r wn e
winter of 1991/92 and in the 7 preceding winive, o. e Udia 1S
based on 220 drillis 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 past seven years.

From the analysis of data, it is clear that the amount of water
that was added to the aguifer 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 ichart 2
showing data in April 1952). The total deficit in the aquifer 1is
still some 1,000-700 MCM.

The Yarkon—Taninim Aquifer

The rise of the level of the aguifer and its replenishment i1s the
highest since 1958. The level arcund the major pumping sites
between Maanit and Agur rose 9-10 meters. This number should be
contratsed 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 kerem rose by Jjo—av
meters, around Ber—-Sheeva, though, it rose only by 4 meters;
however it is expected to go up in the summer.

The differences can be seen in some of the pumping sites. For
instance, in the Menashe T/1 station, the level in Octocber 1331

was 3,26 meters, only 26 centimeters above the "red line". i
April 1932, it went up to 18.60 meters. Around the pumping
station located near Rosh Haain, the level was 11.339 meters 1u
November 1991: in June 1932 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 pumping station near Ber-Sheeva was 13 .32
meter in . December 1931. In June 1992 the level rose to 17.i01
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 agquifer is some 800 MCM. Only 25 MCHM of this amounc
was recharged from the Kinnereth. The AveETage dinmesa
replenishment is 350 MCM; the amount this year was twice a=
large.

The Agquifers in the Galilee

Charts 4-6 demonstrate the replenishment of the aguifers in the




Galilee and the Carmel. The increase in the level in the winter
af 1991/92 is almost double the average increase. Unlike tiwe
situation of the Coastal and Mountain aquifers which was truiy
unprecedented, the Galilee had some very rainy winters in tie
past; in the winter of 1968/69 the rise of the levels ot ine
Galilee aquifer was larger and the level of the aquifer were
higher. It is possible to assume that since the storage capacatiy
of the Galilee aguifers 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 aguifers, and especially the

Coastal and Mountain Agquifers was almost three times as high as
in the multi- year average. Such huge volumes have never been

registered since measurements started several decades ago. in
the northern aguifers the replenishment level was twice wie=
average amcunt and was the same as in the winter of 1968/63. 1

should be emphasized that the volume of rxinfall in the center ui
the country was twice as large as the multi- 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 agquifer in
the center and northern areas indicates that there is a non—
linear correlation between the volume of rain and the amount ol
recharge of the aguifers.
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Introduction

It is conventional to design structures for crossing rivers and
other hydrological oriented structures based on the principle o1
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 guestion ui
what is a reasonable flood design and a reasconable period ol
return.

The Periocd of Return of Flood Design

This question has arisen A because of a series of floodings in the
winter of 1991/32 that included some major locations! the network
of highways arocund 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 arcund Haifa, known as the Krayiot. The flooding
and the damage has prompted a public 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
jssue. 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 episade 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 2v
years, the probability of this even occurring is 5% in a 100
YEATS.

Population vs. Sample

If we had data that was taken during a very long pericd, say,
hundreds of years, then we could claim that we have =a
"mopulations” of event from which tco estimate the return perica.

In reality, a series of data events like this is not availabie i
Israel;: in many cases, measurements have started only 40 years or
less. In some cases, the time span for data collection 1s much
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 sample for future estimates, we have to
extrapolate. It is known that the extrapolation becomes less
exact the longer the period that we are trying to estimate. Ine
lenger the extrapolation pericd, the higher the probability tor
errors in the estimate.

The errors stem primarily from what is known as "sampling
errors": they can be caused by a number of problems ranging from
the lack of homogeneity in the recorded data to improper spreac
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of events.
A Sample of What?

The question here is what kind of data events should be includeg

in the sample. 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 patierns.
For instance, the maximum flow cbserved in the Hadera river since

1349 was 160 MC/sec, and it was registered only once. In the
last winter, there were three episodes where the maximum flow was
120 MC/sec. If we operate within ocur sample, 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 be also
emphasized that different kinds of probabilities have to be taken
inte account, when damage to different structures 1is being
estimated.

A Hydrological Manual

In order to improve our ability of flood design and return
periaods, a hydrological manual is needed. This manual needs to
contain =211 the hydrological and meteorclogical data that has
been collected in Israel in the past 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
metecrolagical station is not adequate encugh for hydrologicas
projections. The manual will improve our ability to deveiop
criteria, regional envelope curves and methods of evaluavios
data. At the moment, there are no uniform criteria for measur ang
and evaluating hydrclogical events; there are regional variations
and variations according to experts.
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