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Summary 

After an extended critical evaluation of a wealth of historical 
sources. the history of the Dead Sea level Ouctualions is 
reviewed with accuracy since 1800 (Klein. (961). Earlier data 
since 1100 AD based on landmarks and tree-ring data (Klein. 
1982. 1985) arc also summarized. Si nce 1930 interannual Ouc
tllations are compared with area-averaged rainfall data from 
the western and eastern part of the catchment. as well as with 
rainfall records from Jerusalem and Amman. Correlation 
analysis lead to two linear regression equations for the period 
1930/1931-1962/1963 (undisturbed) and 1963/1964-1983/ 
1984 after diversion of water from Lake Tiberias and Jordan 
River. From these equations. the average annual effect of 
this diversion results to about - 24 cm: in very moist years 
this effect is insignificant. 

'-' Zusammenfassung 

Beitr!ige zur Kenntnis der Spiegelschwankungen des Toten 
Meercs 

Auf der Grundlage einer kritischen Auswertung einer Flille 
von Quellcn werden zunachst die Spiegelschwankungen des 
Toten Meeres seit 1800 genau bchandcit (Klein. 1961). Eine 
ZlIsammenfassende Darstellung der Schwankungen ab 1100 
A. D. wird aus historisehen Quellen liber die Landmarken 
des Secufers und Baumringdaten (K lein. 1982. 1985) abge
leite\. Die interannuliiren Sehwankungen des Seespiegels seit 
1930 werden verglichen mit Gebietsmitteln des Niederschla
ges vom westlichen wie vom ostlichen Teil des Einzugsge
bietes. ebenso mit den Niederschlagsreihen von Jerusalem 
und Amman. Eine Korrelatiollsanalyse fiihrt zu zwei linearen 
Regressionsgleichungen fUr die ungestorte Periode 1930/1931 
bis 1962/1963. sowie fiirdie Peri ode 1963/1964 bis 1983/1984. 

naeh der Ableitung von Wasser zu Bewasserungszwecken aus 
dem See Genezareth und dem Jordan-FluB. Eine Abschiit
zung des mittleren Effektes nus dicsen Gleichungen ergibt 
etwa 24 em pro Jahr: in sehr feuchten Jahren ist der Effekt 
unbedeutend. 

1. Introduction 

In the arid zones of the globe, terminal lakes pro
vide natural climatic gauges integrating the fluc
tuations of the hydrological budget within the 
catchment under natural conditions and-in many 
.cases-now modified by man. Former higher (or 
lower) levels serve as markers for climatic change, 
and palaeohydrological models allow quantitative 
estimates of the climatic variations. However, 
there are only a few lakes, whose fluctuations can 
be traced back on the base of so many historical 
sources as the Dead Sea. 

It is situated in the northernmost branch of the 
Great African Rift, reaching from the Taurus Mts. 
(LaL 37° N) down to the Sambesi river and (as an 
escarpment) to the southern tip of Africa-nearly 
everywhere as a main climatic divide. In its area 
several other terminal lakes exist, whose fluctua
tions have been extensively studied: Lake Abhe 
in the Afar, Lakes Ziway-Shala in the Ethiopian 
Rift (Gasse, Rognon and Street, 1980), Lake Tur
kana (former Lake Rudolf; Butzer, 1971), the East 
African Rift Lakes (Butzer et aI., 1972). 
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Fig. I. Map of the Dead Sea with isobaths from -400 to 
728 m. Hatched area = evaporation pans 

The Dead Sea is composed of two basins, a 
deep northern one with its bottom just below 
- 730 01 below sea surface, and the shallow south
ern one (- 403 01) which should be dry now (since 
1981) but for the large evaporation pans operated 
in the Israel and Jordan parts of this basin. As a 
long-term normal value of the lake level 395 01 
has been used. All heights in this paper have been 
obtained from the Dead Sea Works Ltd.; related 
to the more recent Precise Levelling Benchmark 
(referring to the Mediterranean Sea Level) they 
should be corrected by + 2.571 01, such as 395 01 
is equivalent to - 392.42901 MSL. The lake area 
varies substantially with the height of the sea level: 
it is 1 015 km2 at 395m, but only 686 km2 at 

40301, when the southern basin is dry (Fig. I). 

The area of the catchment is 40650 km": only a 
part is drained by permanent rivers. 

The salt content of the Dead Sea water is 276 g/ 
kg-in comparison to 35 g/kg of the global 
ocean-with a density of 1.233 g/cm3 (ocean 
1.025 g/cm3

). During early 1979 the former density 
stratification of the lake overturned (Weiss, 1983; 
Steinhorn-Gat, 1983) and the strong vertical gra
dients of temperature and other parameters dis
appeared. Only seasonally a quite shallow low
density, low-salinity surface layer reappeared, an 
event which may occur also in the future, after 
high winter rains. 

2. Fluctuations During the Last Millenium 

Since about 30 years one of the authors collected 
all available historical sources (Klein, 1961,1981, 
1985); in addition to that geomorphological evi
dence on earlier lake levels has been presented 
(Klein, 1982). Fluctuations of the lake level have 
been reconstructed, based on emergence or sub
mergence of several landmarks. Among these 
landmarks the following are particularly essential: 

(a) the ford connecting Lashon (= Lisan) pen
insula (Fig. I) across Lynch straits to the western 
shore, passable at a lake level near 402 m. 

(b) A small island (Ma'aganit ha-Melah) near 
the northwestern shore, with its top at - 39501
now an insignificant heap of stones covering an 
(excavated) ruin, at - 399 01 the tip of a narrow 
peninsula; this was formerly a famous attraction 
for pilgrims. 

(c) A building at a former landing site near the 
Qidron delta, also at the NW shore, with its top 
at - 385.6 m. 
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Fig. 2. Variations of the Dead Sea level 1800-1982. Straight 
dashed lines see Fig. 3, triangles observations ofMa'aganit 
ha-Melah as indicating Dead Sea level (see text), F Ford 
across Lynch Strait passable 
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Fig. 3. Variations of the Dead Sea level 1115-1800. Dots at -365 m (8): St. John the Baptist's monastery visited; dots at 
-325 m (A): Sl. Jeromes monastery visited; S = shore of Mt. Sedom. Z = shore of Zoar mentioned 

Further landmarks of significance for sea-level 
fluctuations have been described by Klein (1981). 

Reliable data for a reconstruction of the lake 
level exist since about 1800 (Klein, 1961, 1981). 
Fig. 2 shows that the low level of 1977-1980 (see 
Chapter 3) was identical with that during a 20 year 
period in the early 19th century. The representa
tive rainfall record of Jerusalem (Old City), start 
ing 1846 and evaluated by N. Rosenan (1955), has 
been also used for some details (seasonal values 
until 1984/1985: Klein, 1985). 

Fig. 3 (Klein, 1981) shows a reasonable recon
struction of the fluctuations between 1100 and 
1800. The dots above the curve demonstrate the 
wealth of historical records of the monasteries of 
St. John the Baptist (- 365 m) and also (top row) 
of St. Jerome's monastery (- 325 m), both be
tween Jericho and the Dead Sea. During this time 
the level stood permanently lower than - 365 m 
and mostly higher than - 402 m, so far as the 
shore of Mt. Sedom (SW of the southern basin) 
or the site of the biblical town Zoar (SE of the 
southern basin, - 395 m) have been mentioned 
(marked by S or Z). Another source of data are 
aragonite crusts of variable thickness at other 
dated places. A very important source of data, 
however, are the tree-rings of an old Juniperus 
Phoenica tree cut at Jebel Hillal in the Sinai desert 
(400111,30° 40 N, 33° 13 E, nearly 140 km WSW 

of Mt. Sedom), published by Waisel and Liph
schitz (1968). They allow the distinction of quite 
humid and rather dry periods; comparative figures 
have been given in Klein (1981, Figure p, 47) for 
irregular periods between 5 and 18 years. As an 
approximative measure a correlation coefficient 
for these subperiods (with some weight according 
to their length) can be estimated. The results are 
for tree-rings versus lake level change (1898/1899
1962/1963, number of degrees of freedom 11 = 8) 
+ 0.86, for tree-rings versus Jerusalem rainfall 
(1846/1847-1962/1963,11 = 15) +0.56, bothsta
tistically about significant to the 95 percent level. 
Especially the first of these estimates gives addi
tional confidence into the substance of the recon
struction of Fig. 3. Unfortunately a gap exists 
between 1470 and 1560; the extremely wet periods 
of 1179-1204 and 1559-1571 may be mentioned, 
In our context the data before 1800 are not used, 
and the authors withstand the temptation to com
pare them to other known records. 

It should be mentioned, however, that more 
recent findings of thin aragonite crust at Qumran 
monastery ( - 330 m) (Klein, 1982, 1985) indicate 
an even higher level of the Dead Sea, reached 
during the government of King Herod (I st century 
BC). Another very high Dead Sea level at about 
- 350 m occurred during the 10th or II th century 
of the Christian era. Historical records verify these 
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exceptionally high stands (Klein. 1985). An ex
ample or a recent rapid risc under natural con
ditions is the 8.5111 rise (Klein. 1961) during the 
14 years 1883/1884-1896/1897. while rainfall at 
Jerusalem was, in the average. only 19% higher 
than during the reference period (1937/1938-1953/ 
1954), when the lake level remained practically 
constant. 

3. Correlations Between Lake Level, Evaporation 
and Rainfall Fluctuations 

In a Mediterranean climate with dry summers and 
winter rainfall the evaporation of a deep lake
depending mostly on net radiation-is nearly con
stant from year to year. This is caused by the weak 
interannual variability of global and net radiation 
during the summer seasons: at Bet Dagan the 
standard deviations (0') of global radiation and of 
Class A Pan evaporation during the summer half
year are in the order of 2-3 percent of the average 
(M) only. Furthermore, during the winter rains 
(here only December-February) global radiation 
and rainfall (Bet Dagan, 12 years) are negatively 
correlated (- 0.71); the coefficient of variation (0'/ 
M) is for global radiation 6 percent, for rainfall 
38 percent. Thus we ha ve to expect a high, positive 
correlation between annual rainfall (R) averaged 
over the catchment and the lake level fluctuations 
in the Dead Sea region. In contrast to this, the 
variability of evaporation plays a minor role. 

The water budget of a closed lake (Index L) 
can be written (E = evaporation, D = discharge 
into the lake, I'l L lake storage): 

I'lL=D+RL-EL (1) 

The area of the Dead Sea depends on its level. 
If the shallow southern part (south of Lisan pen
insula) falls dry (below -403 m), the evaporating 
area would be reduced. However, the area of the 
salt pans filled by pumping from the northern lake 
must be added to the evaporating area; during the 
years 1980-1984 (see the satellite photos given by 
Hall, 1984) the evaporating area was nearly equal 
to the earlier one. Under such conditions the lake 
area remains, between the levels - 392 and 
- 405 m, between I 058 and about 900 km2

; here 
we disregard (as a first approximation) these vari
ations. While EL (about I 600 mm/yr: Neumann, 
1958) varies hardly from year to year, rainfall at 
the lake RL is insignificant, in the order of 50 mm/ 
yr, probably positively correlated with D. 

The stepwise sinking (Fig. 2) or the lake level 
from its peak around - 392 m (between 1897 and 
1928) to the present level below 406 m (autumn 
1985) is to a large extent due to natural changes, 
alleast until 1963/1964 ( 399m December 1963). 
Two long drought periods (I954i1955-1962/1963 
and 1969/1970-1978/1979) contributed largely to 
this drop. For an approximate estimate of the 
anthropogenic contribution we may use the high 
correlation between area-averaged rainfall at the 
western part of the drainage area and sea-level 
changes (Klein, 1985) expressed by a linear regres
sion equation. 

In earlier papers (K lein. 1981, 1985) the 17-year 
period 1937/1938 to 1953/1954 has been used as 
a standard reference period, in which the area
averaged rainfall was about normal (100 percent 
of a 35 year average) for the eastern part (Jordan) 
of the drainage basin as wen as for the western 
part (Israel). During this period the lake level rose 
only 55 cm (including 1954/1955 only 13 cm), To 
make full use of the available data, standard sta
tistical techniques shall be used, based on the (un
checked) assumption of a Gaussian distribution 
for both rainfall and changes of the lake level. 

Assuming no man-made diversion of water 
from the Dead Sea catchment before the inau
guration of the National Carrier in Israel from 
Lake Tiberias (i.e. before June 1964), the relation 
between the interannual lake level changes of the 
Dead Sea (I'l L. observed on September 30 of each 
year) and the area-averaged rainfall in both parts 
of the catchment (RW and RE) was quite close, 
as expected (Table I), and very nearly linear. After 
1965. the eastern source rivers of the Jordan have 
also been used for irrigation in a chain of oases 
along the eastern (Jordan) flank of the rift valley, 
and the Dead Sea water in a chemical factory 
opposite Sedom. 

Fig. 4 shows the relationship between I'l Land 
RW for the period 1930/1931-1962/1963. Begin
ning in 1964 increasing water use by both countries 
lead to an increasing drop of the lake level, which 
is described also in Fig. 4 with similar data for 
1963/1964-1983/1984 (Klein, 1985). Table 1 gives 
some selected results from the statistical calcula
tions. The correlation between I'l Land RE for a 
29-year period is - 0.82, significant at the 90% 
level. Since REis not available since 1967, we have 
selected two long rainfall records from individual 
stations. Rosenan's now classical record is no 



,
'it 

Contributions 10 the Knowledge or Ihe Pluetuations or the Dead Sea Level 155 

Table I. S/ar;slical Pa/,all/f'ler.\· and Corre/a/iolls 

Parameter Reference Period 
1930!1931 1962/1963 1963/1964-1983/1984 1937,193S1953;1954 

Lake level change (LL) 
Slandard deviation 
Rainfall West Basin (RW) 
Coefficient of variation I 
Rainfall Jerusalem (RJ) 
Coefficient of variation I 
Rainfall Amman (RA) 
Coefficient of variation I 
Correlation coefr. LL x R W 

LLx RJ 
LLx RA 

Number of years 

18.7 cm/yr 31.1 cm/yr +3.2 cnvyr 
40.3 em 49.3 em 27.4 em 
90.0% 98.7% 100% 
27.2% 23.3% 25.3% 

4!DJ mm/yr 582.4 mm/yr 553.8 mm/yr 
32.7% 25.4% 27.0% 

27B.6 mm/yr 288.4 mm/yr 2 309.3 mm/yr 
35.6% 35.0%2 29.5% 

+0.88 +0.80 
+0.80 +0.60 
+0.73 +0.65 2 

33 21 17 

I (j/M in percent «(j = standard deviation. M = mean). 
2 Only 1963/1964-1982/1983. 

longer maintained and here estimated (c. K.) 
from nearby urban stations-the horizontal rain
fall gradients in Jerusalem, situated at the bound
ary between the semihumid western slope of the 
Judaean hills and the arid Jordan rift, are quite 
large. Fig. 4 shows that in years with heavy rainfall 
(about 140 percent of normal) the man-made di
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version has no visible effect; but in years with 
subnormal rainfall this effect is quite important. 

Assuming a linear relationship for the years 
since 1963/1964,6. L for normal rainfall (RW = 
100 percent) would be - 24.3 cm/yr; this value, 
estimated from the regression lines (Fig. 4), is a 
reasonable approximation for the cumulative an
thropogenic effect on the Dead Sea level. How
ever, an extrapolation of this value to a time when 
the southern basin would be really dry is not al
lowed. Further calculations need a hydrological 
model of the water budget of the catchment and 
the lake. Discharge data are apparently lacking, 
but most other parameters are either known or 
can be estimated-such as evaporation for the 
Dead Sea brine (Salhotra et aI., I 985)-from em
pirical data, including solar (global) radiation. 
Linear approximations can only serve as a first 
guess . 

4. Conclusions and Outlook 

Unlike other terminal lakes, the Dead Sea has 
aroused the interest of many pilgrims and visitors 
from abroad during many centuries. This, together 
with the existence of the landmarks mentioned 
above is the background from which the first au
thor (c. K.) could evaluate a precise history of 
the fluctuations since 1800 and a fairly detailed 
history since about 1100 AD. Numerical obser
vations during the present century allow quanti
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talive estimates of the relationship between the 
fluctuations of rainfall and of lake level for the 
undisturbed period between 1930 and 1963 and 
for the period 1964--1983, with increasing use of 
freshwater inflow by man. Man's impact is cer
tainly large, but in about the same order of mag
nitude as the natural fluctuations observed in the 
last centuries. In humid years it is hardly felt, in 
sunny dry years with a short rainy season and 
increased evaporation it aggravates the situation. 
It has been mentioned that in a winter rain climate 
evaporation-mainly depending on net radiation 
and inversely correlated with rainfall-varies very 
little from year to year. 

In the course of history, the Dead Sea under
went larger natural fluctuations, much beyond the 
16 m range of the last 300 years. During the 12/ 
13th and 16th Century (Fig. 3) it rose to - 380 
or 375 m, during the last two millenia (or so) 
to - 350 m and even to - 330 m, evidenced at the 
famous Qumran monastery (Klein, 1982, 1985). 
Adding to this the giant Lisan lake of the early 
Holocene, with a level at about - 200 m (see Ho
rowitz, 1979; Gat and Magaritz, 1980), there is 
some evidence available for the design of a pa
laeohydrological model, taking into account the 
non-linear variability of the surface area, the var
iations of salinity affecting evaporation, the bio
sphere changes in the catchment indicating rainfall 
variations, and several other climatogenetic fac
tors. 

Here it was only intended to call attention to 
this unique lake, which represents the vagaries of 
climatic history in an area, which impresses every
one by its unusual wealth of historical evidence. 
How far these fluctuations are representative for 
a large area, remains to be investigated. 
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