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1. Preface:

The importance of the hydrologic pattern follow-up. Several
goals of Lake Tiberias' water balance:

A. Water balance computation for detennining available
water amounts for planning additional supply and the
Lake Tiberias operation.

B. Determination of flow pattern of water entering the lake
and the different sources. This data is needed for

predicting level changes and policy decisions about
existing water volume in the lake.

C For computation of salt balance of the lake.

(What the previous "Lake Tiberias Water Balance"

included.)

The present report was designated to improve

computations of annual and monthly evaporation data,

which were considered in the Dprevious report, in order

to be consistent throughout the whole investigated

period.

Reference to another work about evaporation.

Citations of various on-site efforts in the last 6 years on the site

for improving measurements.

In the present study, the year 1949/1950 was determined to
be the base-line for water balance reconstruction. Reasons: In the

future, it will be possible to improve the synthetic balances in the
previous report. In order to meet the goal of the water balance, the
balance 1949/1950 - 1967/1968 was based on daily data. The

collecting basin was divided into two main basins:



1. Collecting basin of the Jordan and its tributaries at the

upper slope of Benot-Yaakov.

2. The direct collecting basin, from the down slope of Benot-
Yaakov station and up to outiet station in Degania.

The area of the collecting basin of the Jordan up to Pardes Huri
is 1,500 km2. The area of the local basins is 1,050 km2. The total
collecting basin area of Lake Tiberias up to Degania blocks is 2,720
km2.

The determination of teh concentration of local basins directiy

to Lake Tiberias was performed by subtracting flows in the Jordan

River near Pardes-Huri (or previously Benot-Yaakov) from the total
discharge which actually entered the lake, according to water balance

computations.

Daily balance data is not published in this report due to

economic considerations

2. Water Balance Equation and Its Components (see page 3)

At the present, the flow in the Jordan River is measured 15 km
north of the inlet to the lake (near Pardes-Huri station). Part of the

springs surrounding the lake are also measured. Local floods and
springs in the Dlake's bottom are not measured.

For computation of the basins' contribution the data of Q.and
QJ are used:

QL=Q.-QJ. Drawing #2
Gross Water Amount: Qi=Q+P

Net Water Amount: Q2=Q+P-E

3. Basic Data and Their Reliability



The basic data which served for daily water balance
computations consist of the following.

A. Lake Tiberias level measurements:

Changes in Lake Tiberias reservoir were determined
according to level measurements and the height-volume
corrected curve, drawing #3.

Daily level drawings exist from 1925 and extend to the
present (1969) today.

Other details and measurements: Accuracy -1 cm per

volume of 1.6 Mem.

This error factor is considered influential on

computation, but since it is stable, its influence decrease

to less than 5% for monthly balances and it is nullified for

annual balances.

B. Measurements of "releases" in Degania:

Computation of the amounts which leave the lake an flow
to the Jordan through the Degania barriers was done by

two methods according to measurements means.

From October 1949 to December 1963, the computation

was done according to the gate's openings at the Degania
barriers, the difference in water level up and down the

barriers and a theoretical calibration curve. From

December 1963, by calibration curve of the new
measurements weir and water levels in the limnigraph

measurement station on the Jordan River near Degania.

Updated calibration curve form January-February 1969,
drawing #4.



Error range before December 1963 = 15%

Error range after December 1963 = 3%

C Consumers:

Consumption data up to June 1967 comprised Israeli and

Arab consumption. After 1967, the Arab factor was

nullified.

Sources of data: The assumption is that the amount

consumed in 1956/1957 is representative.

As for the Arabic consumption from Lake Tiberias, there

are only estimates: 50% of the private Israeli
consumption. The error cannot affect the balance to a

great extent. Private consumers became a small
component from 1964.

D. Evaporation Data:

Only indirect measurement can be performed.
Evaporation estimates could not be based on the water

balance formula since Q_and QL are not known.

The first estimate was done by Noiman for 1953-1960
and was based on energy balances. Other estimates

(Sternhill): The difference between these estimate led to
the need to further investigate the subject. Two

meteorological stations were built. Attempts were made
to find a relationship between evaporation amounts and
one of the basic physical parameters which was
measured consecutively over a considerable period,
average daily temperature of each month in Degania alef,
and evaporation according different methods.



-Formula: see page 3 (top).
-The error in evaporation data is approximately
10% or about 30 McmXyr.

Rain data:

This data is based on three stations around Lake Tiberias.

Formula: page 8 (bottom), page 9.

For total daily rain on the lake in McmXyr, the daily rain
(in mm) was multiplied by the lake's area. The lake's
area is in Table 2, and drawing #3.

-The error in rain data is approximately 10% or
about 8 McmXyr.

4. Water Balance:

In this chapter, the water balance results are put forth[...] A
comparison was made between the present and the previous report.

Computations of unmeasured water additions, local floods, and the
under-lake springs were also made.

A. Results:

Results for 19 years in Mem, see page 10.

Example from the detailed daily report, appendix A.
Summary of monthly water balance for 1949/1950 -
1967/1968, appendix B.

Error for Qis about 8%, +/- 60 Mem in the annual water

balance. In contrast, the error in computations of

available water is 6%, +/- 30 Mem.

B. Comparison with previous balances:



The comparison was done with the report of "Lake
Tiberias Water Balance", Tahal #369, January 1964.
Results, page 11.

C. Deterrnining unmeasured water additions:

Contribution of local basins to the lake: QL = Q_- QJ

Separation into different components of the entrance flow
could be performed only for 15 years out of the 19
balance years.

The periods of measurement in the Jordan: Results on

page 12; error factor = 40%. Another possible formula is

on page 12.

Periods of measurement in the local basins.

Surface springs contributed 40 McmXyr until the end of
1964. After implementation of the saline spring project =
20 McmXyr.

The results indicate a certain proportion between

averages of underwater spring additions and flood
averages.

Summary and conclusions:

A. A new detailed computation for changing the lake's

volume according to its level was done.

B. Q- average entering flow for 19 years was 723 McmXyr.
Available water =500 McmXyr.

7



C In the daily balance computation the main error is in

determining the lake's levels. This error is fixed, hence
its influence in the total balance is decreasing as the

period increases, or as there are large changes in the
levels. The advantage of the daily balance computation is
that it enables deterrnining large daily increases as a

result of winter floods which enables an efficient

operation of the lake and the Degania dam.

E The daily work method enabled a precise inspection of
data, by comparing the different components of the
balance, and also the estimates and the corrections for
the deficient factor.

F. The main factor in the reliability of the balance
computation is the large error in the evaporation factor,
hence the recent special emphasis on investigating the
problem. This factor is justified.

G. At present, the local basins' contribution to Lake Tiberias
is determined indirectly by subtracting the Jordan River's
contribution from the total entering flow, according to the
water balance. It is desirable to begin in direct
measurements of local basins' contributions, and

especially the eastern basin (at least at Al-Huwa river).

F. Parallel to the present report, other plans were prepared
for use in the computer, which enable delivery of current
information about basic data and balance components

and also current results for the water balance of Lake

Tiberias.

G. Comparison of the same period 1949/1950 to
1961/1962, according to the present balance and "Kefar
Gilaadi Column" in the previous year's report, indicates a
pretty good correspondence.

8



H. Analysis of the unmeasured additions to Lake Tiberias
indicates a proportionate amount between underwater

springs contribution and local flood contributions. This
finding could be expected if the addition to the
underwater springs comes from floods.

I. In this work, a distinction was made between the

different components of the water balance in order to
enable in the future a hydrologic analysis of different
entering flows.
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TAHAL - HYDROLCGICAL DEPARTMENT - KINERET TEAM

i • /_. __

LAKE KINERET - MONTHLY WATER EALANCE

i

Q » DV ♦ OG * C + E - P

YR MN VOLUME DGANIA CCNS EVAPCR RAIN Q Q*P Q+P-E

(DV) IDG) (C) (E) (P)

MCM._ MCM MCM MCM MCM MCM MCM MCM

49 10 -64.133 74.709 1.704 27.826 0.016 40.091 40.108 12.281
49 11 -39.C37 ' 54.509 1.799 23.194 0.365 40.100 40.466 17.272
49 12 23.256 42.117 1.704 19.533 23.788 62.825 86.613 67.079
50 1 1C6.651 39.895 0.588 13.897 20.081 140.951 161.033 147.135
50 2 61.C48 47.121 0.011 10.083 10.480 108.585 119.066 lOe.Sfci
50 3 65.301 28.468 1.301 13.280 6.757 101.595 108.353 95.C72
50 4 34.585 28.724 1.889 17.402 0.403 82.199 82.602 65.2CC

50 5 14.34C 3C.469 2.603 21.921 4.022 65.312 69.335 47.414
50 6 -12.653 31.509 2.699 24.752 0.000 46.309 46.309 21.556
50 7___r37.115_ 42.888 ^2.603 _ 28.427 0.000 36.804 36.804 8.377
'50 8 -39.37C 4C.143 2.913 30.429 0.000 34.117 34.117 3.687
50 9 -61.884 65.527 3.389 29.128 0.000 36.161 36.161 7.C33

49/50 5C.967 526.C90 24.014 259.878 65.917 795.054 86C.971 601.C92

50 1C -62.72C 67.799 1.704 27.668 3.423 31.029 34.452 6.784

50 11 -34.127 61.439 1.799 22.995 3.848 48.259 52.107 29.112

50 12 -39.868 60.263 1.704 19.567 4.341 37.325 41.667 22. ICC

51 I 1.661 31.978 0.588 16.207 7.347 43.090 50.437 • 34.229

51 2 27.409 17.743 0.811 12.823 7.583 51.205 58.789 45.965

51 3 37.399 13.265 1.301 15.509 3.633 63.843 67.477 51.967

51 4 23.415 11.737 1.889 18.514 3.202 52.354 55.557 37.C43

51 5 -5.C17 7.677 2.603 22.523 0.000 27.788 27.788 5.264

51 6 -5.853 7.593 2.699 25.023 0.000 29.463 29.463 4 . 4 4 C

51 7 -18.381 8.835 2.603 28.711 0.000 21.770 21.770 -6.941

51 8 -22.426 9.\87 2.913 30.486 0.000 20.162 20.162 -10.324

51 9 -14.9.5C 9.294 3.389 29.714 0.133 27.315 27.448 -2.265

50>'51 -113.46C 306.821 24.014 269.746 33.514 453.607 487.122 217.375



a inooa

YR MN VOLUME OGANIA CONS EVAPOR RAIN Q Q+P o+P-E
(DV) (DG) (C) (E) (P)

__ MCM • MCM ___MCM ____MCM :__„ MCM. ___ MCM MCM .MCM

l\ n "J"JJ! Jn'^L1 J'704 29'921 6'373 30'381 36.755 6.833
l\ )l ,',?•!« J?*o2^ 1'7" 22*962 8*153 32'8^8 41.001 18.C39127.682 16.260 1.704 17.269 28.708 134.209 162.918 145.648
52| 3^*^6 53.192 0.588 13.461 10.008 87.341 97.349 83.887
II \ I'III ,?M!?S °'84° 1U914 17'439 164.139 181.578 169.664
II I J'lll 148*012 1'3°1 13.836 9.759 162.671 172.420 158.593
II I A'*11 5A'C92 1-889 15.652 0.740 75.113 75.853 6C.7CC
52 5 -10.966 41.933 2.603 20.645 0.016 54.200 54.217 3->571
52 6 -14.340 36.022 2.699 24.217 0.000 48.600 48.600 24.382
f27 ~35'326 .44.288 _2.603 27.871 0.000 39.437 39.437 11.566
52 8 -61.884 64.372 2.913 34.1720.000 39.575 39.575 5.402
52 9 -66.9C1 57.416 3.389 29.323 0.000 23.228 23.228 -6.C95

51/52 66.629 '621.022 24.043 261.249 81.200 891.745 972.946 711.696

52 10 -46.694 44.938 1.704 28.922 2.748 26.123 28.871 -C.C5C
52 11 -34.C54 42.743 1.799 23.465 3.993 29.961 32.955 1C.489
52 12 14.950 19.351 1.704 19.563 7.669 47.901 55.571 36.CC7
53 1 83.360 7.915 0.588 18.078 27.741 82.202

119.600

109.944

132.926

91.865

116.C6C
53 2 1C2.C25 13.222 0.811 16.865 13.326
53 3 62.24C 112.439 1.301 13.736, 20.370 169.349 189.719 175.982
53 4 -19.401 136.310 1.889 15.395 2.844 131.350 134.194 118.799
53 5 -2.53C 43.954 2.603 24.027 0.000 68.056 68.056 44.C28
53 6 6.748 27.055 2.699 26.976 0.000 63.480 63.480 36.5C4
>A / -34.51Z 44.744 _ _2.603 _.35.739 0.000 48.575 48.575 12.836
53 8> -45.158 51.441 2.913 46.595 0.000 55.792 55.792 9.197
53 y -51.848 54.169 3.389 37.641 0.000 • 43.353 43.353 5.711

52/53 ~ 35.123 598.292 24.014 307.010 78.693 88 5.746 964.440 657.43C

53 10 -56.C3C 71.7C9 1.704 26.574 0.100 43.858 43.958 17.384
5J 11 -22.466 8C.870 1.799 23.740 21.218 62.726 83.945 60.204
bi 12 0.830 9C.252 1.704 18.515 14.867 96.436 111.304 92.788
b4 1

2

1G1.C80
131.724

80.690

134.431

0.588 14.476 20.340

'25.461
176.496

251.911
196.836

277.372

182.360
54 0.811 10.404 266.967
54 3 -36.272 145.265 1.301 13.852 3.712 120.435 124.148 110.295
54 4 3.374 115.793 1.889 13.109 3.209 130.958 134.167 121.057
54 b -55.339 11C.830 2.603 21.941 0.000 80.036 80.036 58.095
54 6 -29.269 63.198 2.699 29.385 0.000 66.014 66.014 36.629
54 / -35.123 49.850

47.780

2.603 34.505

37.044

0.000

0.000

51.836

56.797

51.836

56.797
17.331

54 8 -3C.942 .2.913 19.752
54 9 -33.450 46.917 3.389 33.527 0.183 50.200 50.384 16.856

53/54 -61.884 1037.595 '24.014277.076 89.094 1187.707 1276.801 999.725=



a innoj

YR MN VOLUME DGANIA CCNS EVAPCR RAIN n Q+P Q+P-E
(DV) (UG) (C) (E) (P)
MCM MCN MCM MCM MCM MCM MCM MCM

54 1C -44.852 62.403 1.704 30.690 0.249 49.697 49.947 19.25*54 11 ' -0.83C 45.192 1.799 25.944 9.910 62.196 72.106 46. 162
54 12 18.272 54.358 1.704 20.574 23.238 71.673 94.911 74.23c55

55

55

55

1 24.917 15.072 0.588' 13.626 0.566 53.639 54.2C6 40.575
2 45.978 9.583 0.811 11.428 4.851 62.950 67.802 56.371
3 44.322 4.960 1.301 10.076 7.436 53.225 60.661 5C.585
4 3C.1C5 8.351 1.889 14.564 2.192 52.719 54.912 40.34755

55

5 7.526 12.504 2.603 24.491 0.066 47.059 47.126 22.635
6 -14.216 16.373 2.699 34.672 0.000 39.529 39.529 4.851

55 7 -22.579 19.164 2.603 41.273 0.000 40.463 40.463 -0.81C55 8 -32.614 19.920 2.913 38.836 0.000 29.056 29.056 -9.775
55 9 -29.269 21.823 3.389 31.558 0.000 27.502 27.502 -4.055

54/55 26.76C 289.714 24.014 297.738 48.512 589.715 638.228 340.485

55 1C -45.864 37.722 1.704 31.280 0.849 23.994 24.844 -6.43*
55 11 3.322 2C.283 1.799 28.971 18.581 35.796 54 .,§77 25.40c
55 12 35.C15 69.074 1.704 21.627 18.756 108.666 127 .,4 2 2 105.795.56 1 '54.357 85.874 0.588 11.570 17.994 134.397 152.391 140.821
56 2 51.849 3e.384 0.840 11.616 4.435 98.256 102.691 91.C75
56 ' 3 9C.739 8.C72 1.301 16.966 11.076 106.004 117.081 ICC. 111
56 4 21.088 32.189 1.889 19.467 2.964 71.671 74.635 55.16J
56 5 -12.653 46.948 2.603 25.644 0.623. 61.920 62.543 36.89S
56 6 -39.646 57.558 2.699 30.278 0.000 50.390 50.890 20.612
56 7 -3.3.6C4. 5C.284 2.603 31.471 0.000 50.756 50.756 19.281
56 €'. -58.539 66.284 2.913 36.672 0.000 47.331 47.321 10.659
56 9 -56.866 5C.127 3.389 35.594 0.000 32.246 32.246 -3.34«

55/56 9.199 562.810 24.043 301.161 75.281 821.932 897.214 5S6.C52

56 10 -25.924 35.905 1.704 36.472 0.000 48.158 48.158 11.68c
56 11 -24.155 39.274 1.799 27.002 1.333 42.537 43.921 16.919
56 12 -1C.797 54.251 1.704 19.308 16.127 48.340 64.463 45.159
57 1 33.28C 17.171 0.588 15.475 20.941 45.576 66.517 51.041
57 2 ICC.353 3.534 0.811 12.198 •12.099 104.799 116.898 104.7CC
57 3 115.899 9.334 1.301 10.643 16.406 120.773 137.180 126.536
57 4 -11.8C9 65.628 1.889 14.894 6.901 63.701 70.603 55.7C9
57 5 5.C61 36.453 2.603 21.450 2.390 63.178 65.569 44.119
57 6 -25.3C6 4C.472 2.699 30.783 0.000 48.650 46.650 17.866
57 7 -38.687 4C.667 2.603 33.567 0.000- 38.172 38.172 4.604
57 8 -4C.141 39.107 2.913 36.670 0.000 38.551 38.551 i.esc
57 9 -4C.141 36.344 3.389 34.381 0.000 33.974 33.974 -C.406

56/57 37.631 418.171 24.014 292.847 76.200 696.464 772.665 479.817



a inuoj

YR MN VOLUME DGANIA CONS EVAPCR RAIN Q Q +P Q+P-E

(DV) (DG) (C) (E) (P)

MCM MCM MCM MCM
i

i KCM MCM MCM MCM

57 10 -46.831 50.401 1.890 29.983 2.388 33.057 35.445 5.461

57 11 -2C.906 39.996 2.009 21.767 6.672 36.195 42.867 21.100

57 12 28.432 63.482 1.890 20.432 20.818 93.420 114.239 93.806

58 1 38.468 88.747 0.712 17.055 18.739 126.245 144.984 127.929

58 2 1C.871 88.122 0.895 8.563 1.521 106.932 108.454 99.890

58 3 44.322 9.634 1.394 10.682 2.041 63.992 66.034 55.352

58 4 27.597 5.371 2.189 16.850 0.335 51.623 52.0C9 35.159

58 «; 1C.871 5.610 2.913 24.243 1.594 42.045 42.639 19.396

58 6 -7.526 7.765 3.089 32.720 0.000 36.050 36.050 3.329

58 7 -16.725 11.984 2.913 32.719 0.000 30.892 30.892 -1.826

58 8 -15.888 18.715 3.285 40.625 0.000 46.738 46.738 6.113

58 9 -3C.942 27.170 3.809 35.164 0.000 35.202 35.202 0.038

57/58 21.743 '417.CC8 26.999 290.807 54.162 702.395 756.558 465.751

58 1C -35.959 4C.273 2.107 28.463 1.203 33.681 34.885 6.422

58 11 -46.831 51.726 2.309 28.048 0.651 34.602 35.253 7.2C5

58 12 14.216 22.360 2.107 17.714 9.655 47.244 56.899 39. IS*.

59 1 41.813 7.78Cn?,I 0.712 13.456 13.207 50.556 62.764 5C.3C7

59 2 65.229 7.251N?,*? 1.007 10.342 18.060 65.771 83.831 72.489

59 3 8C.689 8.5551.9,2. 1.611 14.096, 6.173 98.781 104.954 90.857

59 4 3C.367 9.913.1,6 2.399 17.948 1.397 59.232 60.630 42.681

59 5 -5.9C5 29.146 V 3.285 25.681 1.348 50.860 52.209 26.521

59 6 -25.3C5 28.379 lo,o 3.389 30.572 0.000 37.036 37.036 6.464

59 7 -27.e37; 28.798 JjO.y 3.285 34.692 0.000 38.940 38.940 4.241

59 8f." -31.938 28.798 167 3.595 35.653 0.000 36.109 36.109 C.45«

59 9 -29.269 26.999i.tj6 4.199 31.177 1.675 • 31.431 33.107 1.93C

58/59 29.269 29C.489 30.016 287.847 53.375 584.247 637.622 349. 75

59 10 -29.269 29.294 3f> 2.510 27.994 0.133 30.396 30.530 2.53<

59 11 -11.707 25.589 ,26/2.699 22.587 2.861 36.308 39.169 16.582

59 12 -4.181 10.787 ll,** 2.510 21.775 2.926 27.966 30.893- 9.111

60 1 65.229 6.6C2 J,} 0.898 15.778 20.165 68.344 88.510 72.731

60 2 26.797 4.494 G,i 1.188 14.579 • 3.253 43.806 47.060 32.48(

6C 3 36.272 4.494 6,v 1.890 16.145 13.354 45.449 58.8C4 42.651

60 4 21.C88 7.SCO 1.3 2.909 17.176 2.104 46.570 43.674 31.49!

60 5 C.CCC 8.493 lo,! 3.905 28.572 0.168 40.804 40.972 12.395

60 t -16.C27 7.199 %* 4.109 33.092 0.000 28.375 28.375 -4.711

60 7 -26.149 7.5,C1 '/• 3.905 35.196 0.000 20.455 20.455 -14.741

60 8 -33.116 8.710 )o,'-< 4.308 37.233 0.000 17.137 17.137 -20.09(

60 9 -29.771 6.989 :•$ 5.009 35.453 0.000 17.682 17.682 -17.771

59/'6C -C.836 127.662 ' 35.851 305.586 44.968 423.296 468.264 162.671



_ 3 IHDD3

YR MN

60 10

60 11

60 12

VOLUME

(DV)

MCM

-19.234

8.363

1C.C35

21.743

82.47C
22.775

5.9C5

C.CCC

-22.775

-26.993

-41.646

-34.789

DGANIA

(DG)

MCM

CCNS

(C)
MCM

6.385 1° 3.688
1.4C9 7 I 2.909
1.704 ?,y 2.510
1.334 -, 1.084
18.C75li^ 0.895
12.159VM' 2.107
29.578 U.J& 3.089
11.058 M. 8 4.184
lC.9C3/2.f 4.709
11.373 ",,^4.494
14.589 '<iV 4.898
13.493 ff'° 4.709

EVAPCR

(E)

MCM

30.308

26.871

26.211
14.428

9.879

12.556

18.225

26.479

31.367

34.988

36.727

31.441

RAIN

(P)

MCM

0.200

10.681

3.115

11.260

24.326

3.94 5

6.141

1.518

0.000

0.000

0.000

0.083

MCM

20.948

28.873

37.347

27.331

86.996

45.655

50.65 j*

40.205

24.205
23.864

14.569

14.772

Q+P

MCM

21.149

39.554

40.462

38.591

111.322
49.600

56.799

41.723

24.205

23.864

14.569

14.856

Q+P-E

MCM

-9.159

12.682

14.251

24.163

101.442

37.C43

38.574

15.243

-7.161

-11.124

-22.158

-16.585

4

,i

u
61

61

61

61

61

61

61

61

61

1

2

3

4

5

6

7

8

9

60/61 5.853 132.C71 39.286
299.487 61.273 415.426 476.699 177.212=

61 10

61 11
61 12

13.695 ".4 4.092
8.952 io,« 3.299

17.525 1^.5,1.580
81.462 fi,° 1.487
91.221 n,° 1.511
25.506JT/U 2.789

5.723 /,'' 3.899
8.460 lo,1,5.300

1C.829 ii/4.289
14.389 }&,* 5.300
19.450 7,< 5.393
21.850; V'5. 099

29.527

25.359
21.259

13.218

9.903

16.791
18.992
25.730

30.898

35.302
37.567

34.249

0.602

6.577

31.881

20.567
9.530

0.286

2.515
0.827

0.000

0.000

0.000

0.000

24.969

33.544

97.407

89.098

109.133
69.263

43.815
39.508

28.303
24.626
28.670
26.716

25.572
40.121

129.288
109.666
118.664

69.550

46.331
40.336

28.303

24.626
28.670
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