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10. WIND WAVES ON THE DEAD SEA

Artur HEcsT Tar Ezer Avrasam Huss, AND AVIV SHAPIRA

There is very little documented information on wind waves on
the Dead Sea. The information we have was contributed by
Neev and Emery (1967), who based their report solely on visual
observations. In general, they report a diurnal cycle during
which the sea is calm and mirror-like until about 1000 hours.
This is followed by a gradual intensification of the wave field,
which reaches its peak at about 1500 hours and then dies out to
become calm again at about 2000 hours. According to their
report, northerly storms in the autumn, winter, and spring pro-
duced higher waves, which reached a maximum height of 1.1
m, a length of 10 m, and a period of a few seconds. They com-
pare the wave field on the Dead Sea to that on Lake Kinneret,
where, for similar winds but much shorter fetches, waves of 2
or even 3 m high were reported. Neev and Emery (1967)
attribute this paradox to the higher density of the Dead Sea.
Direct wave measurements on the Dead Sea were taken, for
the first time from October 1982 to January 1983. These mea-
surements were taken by the Israel Oceanographic and Limno-
logical Research Ltd. (IOLR) and are the subject of the present
investigation. Subsequent wave, wind and current data are
presented in Sirkes et al. (chapter 9, this volume).

DATA ACQUISITION AND ANALYSIS

Wave heights were measured with an Environmental Devices
Corporation (ENDECQ) buoy deployed in 45 m of water, about
3.5 km east of the mouth of the Mishmar River (Fig. 10-1). The
buoy measured vertical accelerations induced by the waves,
integrated the measurements twice, and transmitted the result-
ing wave heights ashore, where they were recorded. The buoy
did not measure wave directions. The accuracy and character-
stics of the ENDECO wave-measuring buoy are described in
Middleton et al. (1976) and Brainard (1980). The resolution and
accuracy of the measurements were 6 cm.  The buoy did not
respond significantly to waves of less than 10 em in height;
therefore, our definition of calm seas included waves of up to
10 cm high. The response of the buoy to waves with periods of
3.3 to 143 s did not affect the measurement of the wave height.
For waves with periods of less than 3.3 s, wave amplitudes
were attenuated. The attenuation was as much as 7 dB (that s,
%) tor 1.5-second waves, and as much as 12 dB (that is, 75%)
tor 1-second waves. The attenuation was corrected according
to tables provided by the manufacturer. However, our esti-
mates indicate that the contribution of waves shorter than 2 s
was insignificant. The buoy response also attenuates the ampli-
tudes of waves with periods larger than 14 s. However, this is
irrelevant because, as we will show, such waves could not pos-
sibly develop on the Dead Sea.

We carned out two series of wave measurements. During the
first series, October 19, 1982, to January 4, 1983, the analﬂgtdata
trom the ENDECO buoy were recorded for 5 minutes every 4
hours. From February 1983 to November 1983, the data from
the same buoy were recorded digitally for 10 minutes every
hour. The length of the record and the intervals between
records were a compromise determined by the minimum
length and time interval required for a reasonable analysis ver-

us the capability of the available recording instrument
:nalog papI:il' recorder being far more limited than the dlgtlt
magnetic tape).

As far as Eele analog data are concerned, the diurnal distriby.
tion of the measurements, the length ::}f each record, and the
length of the entire series are not suitable for sophisticated
mathematical analysis and for a full description of the wave cJj.
mate in the Dead Sea. Moreover, there are gaps in the reco it
ings resulting from power failures on shore at the recordi
station. Far more data were collected during the series of digita]
measurements; however, we were still plagued by power fail-
ures and transmission errors. Unfortunately, some of the power

failures occurred during storms, when wave development was

particularly interesting. ;

Some of the transmission errors resulted in wave records that
were obviously impossible, such as wave heights larger than 10
m. It was easy to weed out and ignore such erroneous records.
However, some marginal occurrences were more difficult to
decide on. For instance, although everyone would agree that a
10-m wave could not develop on the Dead Sea, what about a 4-
m wave? We felt it was necessary to formulate a criterion to
eliminate records showing waves that were not obviously
wrong but were practically impossible. We decided to base this
criterion on the wind climatology of the Dead Sea and the wave
prediction method of the Coastal Engineering Research Center
Shore Protection Manual, CERC-S5PM (Coastal Engineering
Research Center, 1984).

According to Figure 20 in Neev and Emery (1967), the stron-
gest winds, 5.5 m/s, were observed during the evening hours
of June, July, and August, whereas toward the end of the year
and the beginning of winter, the wind maxima diminished to
about 2.5 m/s. These results were based on winds measured
inland at the northern and southern ends of the Dead Sea,
which may be affected by local topography and may not be rep-
resentative of the wind field at sea. The only wind measure-
ments concurrent with wave measurements were acquired on
shore at En Gedi. However, these measurements, in addition to
being ashore, were sporadic and sometimes inaccurate. These
measurements indicated maximum wind speeds of at most 8
m/s.

Between January 1984 and November 1988, the IOLR mea-
sured meteorological parameters at sea. These measurements
were acquired by Aanderaa transducers, from a buoy 10“}9‘5
about 3.5 km east of En Gedi (Fig. 10-1). The meteorological
data were averaged over 30-minute intervals and o
into a continuous time series. Technical difficulties caused
many interruptions in the continuity of these measurements

and, at present, not all the data are available. However, in spite
of its limitations, this is the longest and the most detailed set
at sea” meteorological measurements presently availab
Some of the data were interpreted and reported by Weiss et al

(1987), as well as Weiss and Cohen (1988). In the present inves=

tigatim we will use some of this meteomlogical data (i.e, the
winds at two levels, at 3.5 m and 6 m about the sea surface, air

temperatures, and sea surface temperatures) for clima "

information relevant to the analysis of the waves measured o
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Figure 10-1 Location of the wave buoy off the Mishmar River bed and the meteorological station off En Gedi.

the Dead Sea. The information on the mast height enabled us
to compute wind factors compensated for a standard height.
The simultaneous air and sea temperature measurements
enabled us to compute the air instability factor as required for
the wave prediction nomogram of the CERC-SPM (Coastal
Engineering Research Center, 1984).

These meteorological data show that, occasionally, the winds
reached velocities of 16 m/s at the lower wind gauge and 17
m/s at the higher one. These particular peaks were westerly
winds associated with depressions that crossed Israel in the
winter and early spring. However, any analysis of the relation
between the wave pattern and the coincident weather pattern
has to take into consideration that the buoy was located closer
to the western and southern shores of the Dead Sea than to its
northern and eastern shores (Fig. 10-1). Therefore, with respect
to the buoy, winds from the northern quarter (i.e., 0° £30°) have
the largest fetches (about 35 km) and could produce far larger
waves than winds of eiual speeds from other directions. Thus,
intensive western winds do not \;:.mduce high waves, at least
not at the site of the buoy. Very strong northerly winds
occurred as well during the winter and early spring. These
winds were of the order of 11 m/s (once, even as high as 12.2
m/s). At the time, the air to sea temperature difference was
about - 2°C. From the Coastal Engineering Research Center
(1984), we find that given these winds, a fetch of 35 km, and a
duration of 4 hours, the significant waves and the significant
periods are expected to be 1.7 m and 5.5 s (a significant length
of 47 m), respectively. e O T £
~ We must stress that the correction factors and the no
In the manual are intended for the open ocean, which 1S
tainly not the case in the Dead Sea. Moreover, the
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Laercg;thanam Obviously, to some degree, this is an arbitrary
on.

Subject to this criterion, out of a total of 251
12 had to be rejected .Outoftmlofmwmmm%
had to be rejected. Of the rejected records, only five indicated
significant wave heights between 3 and 4 m, and another six
indicated significant wave heights between 5 and 6 m. The rest
of the rejected records showed wave height that exceeded 10 m
and thus were certainly wrong. Moreover, because we man-
aged to acquire only some sporadic measurements since mid-

ay 1983, we limited our investigation to the data obtained
from February to May 1983, that is a total of 18% digital

Data were analyzed according to Tucker (1963; see also
Draper, 1966, mgfedmmm | £1 were deter-
mined for every record: f, the exact duration of the record in
seconds; N the number of crests; N, , the number of upward
zero ; H;, the sum of the highest crest and the lowest
trough; H,, the sum of the second highest crest and the second

lowest trough; and T, = N /1, the mean zero crossing period;
and T¢ = N¢ /t, the mean crest period. If we assume that the
Dead Sea wave heights, like open sea wave heights, are Ray-
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118 PHYS Table 10-2 Diurnal variations of analog waye data (

During this particular wave heights in cm)

i signiﬁcam WIND WAVES ON THE DEAD SEA
d tha
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- M.
defined as waves lower than 10 cn

1 . I-S Sh[‘}'t"'a"t_‘ gl . : : = . . . : .
riod, the autumn of 1982, our measuremen han 10 cm and . is also indicated by the spectral width distribution (Fig. 10-9),
period, e | icant heights lower than AyErage In the zero Crossing dlstnbuhnn a number of d DEAD SEA WAVES - DIGITAL DATA
30% of the waves had significant heig e heights larger than 70 N +St. D 890) indicated even longer wavec. h shacs PO outof i i gL S st frovs
that 5% of the waves had significant wn;: ‘ 'ltv“ﬁ calm, and 5% Hour . ey, 1, Yo B sinc‘egaﬁ hﬂVES‘ nhfeve:!', these were dis.
: T:. : D 30% of the hme, the 5« ¢ ‘. ; : : 65 3 4 — caraed c c ; sNown prE?l(}uS Y, NO such wa 3 e
cm (Fig. 10-2). About 3( aves were generally short 0000 23 + 20 could develop on the Dead Sen ves ‘

. b F
of the time the sea was rough. "!h*T 'ﬂ; !
that is, they had average crest periods O

£ 2.5 seconds and aver- 0400 68 28 + 20

ave lengths of 0 65 30 + 20 .. e
. g _ seconds (wave l**“bth",' b 080 - ave climate during different -
10-2¢ m, 83 dete pﬂrm:ii hf“f :Eﬂnjk?ﬂ;e:}ﬂw WeYR Ciape aion 1200 67 25 + 20 gl;rﬁﬁf:d May. We did not E;?si?;rfligsﬁtl 'Si}ii:;ﬁr};}%imh’
10-14 m, as determined from the R , . mea- 63 14 gy T R agns i J S between
t.quﬂm: ! t (¢/2m)T?, Figs. 10-3 and 10-4). For mub; i‘-'_f t;;cﬁi;g 16?3 t’;4 ]lzi 17 the mﬂn.thsd An Investigation of the diurnal variation of the 7
about 0.5, indic: 20( 15 wave heights (Table 10-4) showed once more that the highest s 4G

:i"lb

[n view of the data distribution (Table 10-3), we Investigated

1

it - ter 18

surements, the spectral width parame 2ves (Fig. 10-5). o ,

a balanced combination of short and long way o .(f Ifg'tl; me )(E £ waves occurred aftt:.er mldmghtr between 0100 and 0300 hours,
In general, calm seas lasted for long periods 0 e whereas the lowest waves occurre d during the b,

Table 10-1, November 17-21), as L:ppnsud to rnugh seas, which between 1400 and 1600 hours.

1 e, that 18 2 hours of high + ) h nt of digital data enabled ys | =
asted short periods of time, that is, 8 to 1 _ k or of 10-minute d ; The amou 8 ala enabled us to test in greater detail
::ta ﬁ}r 1I';:d-:\:ﬁkJIE,fm]{.l-‘lL on October 29, November 9, 16, 28, and  Table 10-3 Number of 10-mi '8ital records Per day, 1983 another feature that appeared in the analog data, namely, the

* ively calm seas to rough brupt change from calm to rough seas T bl :
December 24). The change from relatively ca 5 : av Tun — abrup ang &N seas. Table 10-5 shows
seas could be rather abrupt. For instance, the sea was com-  Day Feb Mar Apr May ] u Aug Sep Ot Noy selected cases of wave development in the Dead Sea. For every

letely calm at 1600 and at 2000 hours of October 28, 1982. Four — occurrence, the table shows the hour by hour significant wave
E{HH‘H}}’I;ET by midnight of the same day, the significant wave (] . S height increase from the minimum to the maximum height = DR - -
hei rhtal nm:-wi!;rud 76 cm, and by 0400 hours, the significant (2 24 24 24 Thus, 00 hours is not the time of day but the starting point of Soucum Wiawa € "
watu ﬁ{'igfliﬁ ri.-:ufhed 87 ::m, with individual waves as high as ()3 28 28 24 17

the minimum wave field. Apparently, very rough seas charac-

) ¢ Tma=1.6 *H;). Again, on November 9, we mea- ()4 24 24 24 24 07 terized by significant waves higher than 2 m (maximum indi- ogure 109 Digital cata measurements; histogram of spectral width
jjiniim(,gi:rtj&‘;t IUSUU E‘fuur: and 80-cm significant wave (5 24 24 23 24 11 vidual waves higher than 3 m) could develop in as short a time fﬁi’mﬁﬁﬂmplm it o o 100, the e o el s v
heights 4 hours later as 2 or 3 hours (e.g., Table 10-5, February 10, March 13, April 1).

The observed rough seas could not be associated with a par- 2% 24 11 24 05
ticularly intensive weather pattern. At the time of the rough 07 24 24 24
seas, the synoptic maps showed the presence of a trough 53 24 24 24 12 SUMMARY AND CONCLUSIONS A number of factors are not taken into account by either the
extending from the Arabian Peninsula toward the {T{}ﬂlht of 09 24 24 24 2 CERC-SPM (Coastal Engineering Research Center, 1984) or the
Israel. During the periods of rough seas, the winds meabu{'ed 10 24 24 24 03 The wave measurements we analyzed comprise a unique series  Leenknecht et al. (1992) nomograms. One such factor is the
on shore at En Gedi were moderate (4-8 m/s) northerlies. in the sense that, on the Dead Sea, no wave measurements have orography of the two lakes and, in particular, the vertical com-
Given a wind of 7 m/s, a fetch of about 35 km, and a duration of 1 10 previously been recorded. However, since they are a very lim- ponents of the winds, which could be significant but find no
about 4 hours, the CERC-SPM (Coastal Engineering Research 11 24 2 ited series, they could, at most, be viewed as a display of the expression in the wind measurement records. Other factors
Center, 1984) nomogram predicted significant wave heights of ] ‘¢ 4013 phenomena that occurred during a limited period of time and  could be short-period wind variations (wind measurements are
about 75 cm and significant wave periods of about 4 seconds (a . 3 24 24 | an indicator of what can occur. The analog and the digital usually integrated over a time span), gusts, or currents at sea.
significant wave length of about 25 m). As a corollary, we 14 24 24 series complement each other in time. They present us witha One particularly well-known factor, and the one mentioned by
looked at the sea state on the Dead Sea during the time that 15 24 24 relatively low wave field in the autumn and a far higher one  Neey and Emery (1967), is the density difference between the
fronts and depressions crossed Israel (for example, December 5, 16 24 24 during the winter and the spring. In view of the connection two lakes (Lake Kinneret, essentially 1; the Dead Sea, essen-
8, and 31, 1982). We could ex pect some fairly strong westerly 17 24 24 between the waves and the weather pattern, this is hardly sur- tially 1.3) and the open sea (essentially 1.02). Huss et al. (1986)
winds to be associated with these weather patterns. However, 18 24 24 08 prising, and indeed it was already reported as such by Neev  show that, for a given wind, the transfer of energy to the sur-
as we pointed out previous] ¥, western winds do not have much 19 24 24 24 and Emery (1967). Our measurements showed that the size of face currents results in a slower current in the Dead Sea than in
of a fetch on the Dead Sea. Indeed, as expected, at the site of the 20 24 24 24 the waves is much higher than that reported by Neev and the open ocean. Similarly, we may ex intuitively that, for
wave gauge, these depressions did nof seem to have a signifi Emery (1967). Whereas, they reported the largest waves as 1.1  the same conditions wind force, f , duration, and water
cant effect on the wave heights of the Dead Sea 21 24 24 06 m high and 10 m long (i.e,, 2.5 s), we found waves that can  depth), the waves developed in the Dead Sea should be lower
By averaging the data for a particular time, regardless of the 2 5% o 5 reach a height of at least 3 m and have periods of up to 85 (i.e., than those developed in the open ocean or in Lake Kinneret,
date (e.g., average of all the data measured at 1400 hours), we 73 24 24 24 100 m long). Therefore, their statement that the waves on the since the pﬂtenlfial energy for a given wave height depends on
attempted to find out whether there js a consistent diurnal pat- 2& % 2% 5 Dead Sea are lower than those on Lake Kinneret is incorrect. the water density. Neev and ery (1967) attempt to relate

tern in the wave regime. Indeed, the resylts (Table 10-2) appear 25 A4 U8 U
to Indicate a diurnal cycle with a peak in the morning and sig- ‘
nificantly lower waves in the afternoon and evening,

The CERC-SPM (Coastal Engineering Research Center, 1984)  their observation that the waves on the Dead Sea are lower than
nomogram predicted significant wave liuﬂ*ights of 1.7 m, signifi-  those on Lake Kinneret to the higher density of the waters of
cant periods of 5.5 s, and wave lengths of 45 to 47 m. Thus, the the Dead Sea. However, as we have shown previously, the

2 3 aa nomogram-computed waves were much lower and much waves in the Dead Sea are in fact higher than thoa_e on Lake

Digital Meas | &2 shorter that the ones we measured directly. The same nomo-  Kinneret. Moreover, Neey and Emery (1967) did not take into

5 casurements 8 U % sram was also used to predict the waves on Lake Kinneret account all the factors related to the growth of the wave field
In general, the second series Of measurements (Tab| w2 24 20 (Boguslavski et al., 1988), which had a maximum height of 14  (fetch and water depth, in particular), which, as a rule, would
though still Incomplete, provided a better a lh \ able 10-3) 30 4 24 M, periods of 4.3 s, and lengths of 29 m. Once more, these were  result in smaller waves in Kinneret. Thus, although the
on the Dead Sea. Climat. logicall l these f B s Yeve 31 24 far below the wave heights of 3 m reported by Neev and Emery  density of the waters may affect wave development in the Dead
first series of measurements f‘qqﬁm IﬁL : ;td SR lement DR e —— (1967). However, there appear to be no records of wave mea- Sea, this was not vambme and Em'ﬂ%ﬂ‘
vided information on the wtl}.:-.: ; {. gl mg””l,d"”“ Pro- surements of Lake Kinneret. Because the population on the The abrupt development of themughm,ﬂm
parts of the winter and aprif;g quii)i:;;. ® 0F the Dead Seq during | shores and the surface of Lake Kinneret is gl‘ Ta_rger than that /), as well as adndlnmm

During the winter and °PTINgG of 1983, the Dead & heights of as much as 4 m, The average crest periods (Fig: 107 | on the shores and the surface of the Dead Sea, the visual reports N e R b T
to be very active (Fig. 10-6). No {:almr Seas (Fd} .‘wg PPeared  shoyy that most of the w 1;.r -k l: > *iﬁrt%‘? 5to3s(10to 1{!!1 % from Lake Kinneret are far more frequent. Introducing correc- Aravss 6
than 10 cm) were obsery ed, and almoe; é{jwl.tf, waves lower long)—a o h; rL.h Wf_rt_l:? ( re present. The averge tions for the "closed sea effect” (e.g. Leenknecht et al,, 1992) w M e
.r::r;ﬂ;::] -:_'nmi:-..jt;d of waves with significant h:j };;“:h; :"::.‘mi.ur’:;::--~ 2810 Crossing Pl‘rli:,d,i (Fi;h'jl'{'}";;“iv’;;:::t? tFl?\ﬂt 839 of the wavé resulted in a marginal increase in the Dead Sea wave heigh s as well JF‘?‘%’%"“ local
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nificant h“"?%ﬁtf}:t[n:;:ﬂ]t]r£1t}:¥u-rm”rd5 Indicated wayes wii;:lnw.:i r[.} beriods were between 2.5 and 55 (10 to 39 m long), by ?‘:* ﬂl?d Iffngth:?.. raus, tha nnmommsw;f Llh {innere | SRR

M, 5% above 2 m an 8 some V&L the wave field on the Dead Sea as well as on

d 0.759%, above 25

m. The Jast group includes Individyal Wave

. . {} ¥ as . - 1 .
S With Maximum "8 as 8 s (100 m). Thus, we observe a sea €0

| “f Incidentally, this makes our criterion forthiﬂdmﬂ ke
m ;' wave measurements more conservative. =

short waves ridine « : situa on 3 f‘hqs‘
» HUINg on top of some long waves, a TN &
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Table 10-4 Diurnal variation of digital wave data (significant
wave heights in cm)

Average
Hour + St. Dev.
00 77 +62
01 81 +66
02 81 +65
03 81 +64
04 77 +60
05 77 +62
06 71 +56
07 66 +56
08 59 +51
09 62 +54
10 62 +57
11 58 +50
12 51 +45
13 44 +45
14 38 +38
15 34 £33
16 38 +38
17 40 +42
18 40 +40
19 47 +42
20 50 +45
21 53 440
22 57 +44
23 66 +57
All 59 454

about OO0 huum fe ’“i’lWl-:d by 5
, : — y a gradual 4
wave field, which reaches its puak’?at albtrutl?;flgmﬁ

dies out to become calm again at about 2000 hoyrs [tis not ¢]
- LIS not clear

from their report whether the sea stays calm throughout the
night, i.e., between 2000 hours and 1000 hours the followin
day. The questions is, what is the reason for this periodicityg
One obviously periodic driving force could be the sea breeze
Neev and Emery (1967) report that the winds over the Dead Sea
are diurnally periodic: calm in the morning until 1000 hours, jn-
creasing to 1500 hours, and dying out by 2000 hours. Accorciin
to Neumann and Stanhill (1978, p. 53), "One of the nutstanding
meteorological features of the Jordan Rift in summer is the arriv.
al “in force’ in the afternoon hours of the Mediterranean sea
breeze." Their investigation shows that the Mediterranean sea
breeze arrives at Lake Kinneret in the afternoon hours and be-
cause of the orography of the region surrounding Lake Kin-
neret, it is amplified to twice and even two-and-a-half times the
velocity near the Mediterranean shores. Thus, the breeze can
reach speeds of 10 to 15 m/s and is the driving force behind the
daily summer afternoon storms on Lake Kinneret. Weiss et al.
(1987), as well as Weiss and Cohen (1988), mention that the high
€vening air temperatures on the Dead Sea, as well as the wind
peaks occurring between 1700 and 1900 hours, are due to the
Mediterranean breeze, but present no analysis to demonstrate
their statements.

However, as we have seen, although our measurements
show that the wave field is diurnally periodic, we observed the
calmest seas in the afternoon and the highest seas past mid-
night at about 0200 hours, contrary to Neev and Emery (1967).
Therefore, we decided to analyze the available wind measure-
ments on the Dead Sea (i.e., November 8, 1983 to August 19,
1984). The data suffer from many gaps, and as a time series,
they are not suitable for spectral analysis. A simpler and more

il;rerﬁcial approach is to average the wind velocity for every

Fhour of the day, regardless of the date of the measurement. |

(similar to the procedure we applied to the wave measure
ments). Our results (Fig. 10-10) show that the wind

reaches a maximum around midnight and a minimum during |

:'liéate .aﬂurm”’“ hours. Thus the diurnal variations in

for Lai?;f{q over the Dead Sea do not resemble those re

i mneret, and, climatologically, fit in with the i
Tv; eight as reported herein,

" present investigation has indicated a number of

ANC1es v e :
(196;’; : ;qu.n the wave field as reported by Neev and

UUr Own measurements. Far from trying to BESEE

i
:
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Table 10-5 Examples of the rate of wave development in the Dead Sea (significant

wave heigths in cm)

Rt R B | TR

Date 00 01

09 Feb 14 15 15 24 50 92 112 201
10 Feb 12 15 20 66 208 185 215 28]
13Mar 16 19 197 224 240 243

20Mar 14 19 23 %3 43 188 282

169 195 220
110 155
160 157 219
216

98 228

&

29Mar 14 17
30Mar 15 20
31 Mar 17 20
01 Apr 17 17
30Apr B89

o
)

-y

SREEB
2
5

01 May 27 58 151
02May 16 18 9% 115 188
05May 19 19 26 54 58 168 231
09 May 22 23 43 168 255

197 226 240
245 219 283 219 286

the pioneering work of Neev and Emery (1967), to whom we
are deeply indebted, we intend to stress the importance of
objective prolonged measurements as opposed to sporadic
observations. Therefore, we expect that an even longer and
more precise series of wave measurements on the Dead Sea

may yield different results than those we have presented.
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