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Abstract

An inter-comparison of the clearness indices for the solar UVB, UVA and global radiation for Beer
Sheva and Neve Zohar (Dead Sea) are presented utilizing radiation data measured from January 1995
through December 2001 for which there is a one-to-one correspondence between the measurements, viz.,
any day for which a hourly value for one of the sites was missing is rejected and not included in the
analysis for that particular radiation type. Beer Sheva is located ca. 65 km to the west and is approx-
imately 700 m above Neve Zohar, which is located on the western shore of the Dead Sea. The Dead Sea
is the lowest terrestrial point on the earth, approximately 400 m below mean sea level. The relative mag-
nitudes of the global, UVB and UVA radiation intensities at the two sites can be attributed to the
enhanced scattering at the Dead Sea due to the longer optical path length the solar radiation must tra-
verse at the Dead Sea. The degree of attenuation due to scattering phenomena is inversely proportional to
the wavelength raised to some power and, consequently, it is greatest for UVB and very small for global
radiation. The UVB and UVA solar constants were determined from the extraterrestrial radiation values
tabulated by Fröhlich and Wehrli [Spectral distribution of solar irradiance from 25000 nm to 250nm, in:
M. Iqbal, An introduction to solar radiation, Academic Press, New York, 1981, Appendix C, pp. 380–
381]. The clearness indices for global and UVA radiation were of similar magnitude, whereas those for
UVB radiation were of two orders of magnitude smaller. In addition, the monthly average hourly UV
Index at both sites has also been determined and an inter-comparison of the values has been performed
for all available hourly values from January 1995 through August 2002 for both sites. It is observed that
the monthly average hourly UV Index values at the Dead Sea are never in the extreme range.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent years, there has been growing interest in the monitoring of terrestrial solar ultra-
violet radiation due to the increasing evidence of global depletion of stratospheric ozone. Any
reduction in the thickness of the stratospheric ozone layer will result in an increase in the ultra-
violet radiation intensity reaching the earth’s lower atmosphere and incident on its surface.
Ultraviolet radiation affects many chemical and biological processes and any increase in the
radiation intensity is of concern, because of the potential deleterious effects on the biosphere,
tropospheric air quality and on materials such as wood and polymers. The Dead Sea is a salt
lake located between Israel and Jordan. It is one of the saltiest bodies of water known (345 g
mineral salts per liter) and is situated at the lowest terrestrial point on earth, about 400 m below
mean sea level. The solar radiation intensity at the Dead Sea is of interest due to the uniqueness
of this site. Stanhill [2,3] and Stanhill and Ianetz [4] have reported upon global radiation inten-
sity measurements at the Dead Sea basin. Kudish et al. [5,6] have reported upon ultraviolet,
both UVB and UVA, and global radiation measurements at the Dead Sea. These ultraviolet
radiation measurements are of special interest since the Dead Sea region is an internationally
recognized climatotherapy center for the treatment of psoriasis, atopic dermatitis, vitiligo and
other skin and rheumatic diseases (cf. [7–10]).

Kudish et al. [5] studied the relative attenuation of the UVB and UVA radiation intensities
between the Neve Zohar (located in the Dead Sea basin) and Beer Sheva. The Beer Sheva site is
located ca. 65 km to the west of and is approximately 700 m above the Dead Sea. The results of
the study showed that the ultraviolet radiation measured at the Dead Sea was attenuated rela-
tive to that measured at Beer Sheva. The UVB radiation was attenuated to a much greater
degree than the UVA radiation. The attenuation of solar radiation caused by scattering by air
molecules, water vapor and aerosols has been the subject of numerous studies and approximate
correlations have been developed to estimate the magnitude of the effect (cf. [11,12]). Air mole-
cules are small compared with the wavelengths (k) of the radiation significant in the solar spec-
trum. Consequently, the scattering of solar radiation by air molecules is in accordance with the
theory of Rayleigh, which predicts that the degree of scattering varies approximately as k�4.
The scattering of solar radiation by water molecules is a function of the amount of precipitable
water (the amount of water vapor in the air column above the observation site) and an empiri-
cal scattering coefficient for water vapor that varies as k�2 has been proposed. Moon [11]
developed an empirical scattering coefficient for aerosols, which varies approximately with
k�0.75. In all cases, the degree of attenuation by the three scattering phenomena is an inverse
function of wavelength. Bener [13], Reiter et al. [14], Blumthaler [15] and Piazena [16] have
reported similar findings for the attenuation of ultraviolet radiation intensity with decreasing
altitude in the Alps and Andes mountains and that the UVB is attenuated much more than
the UVA.

It should be noted that the absorption of solar radiation in the atmosphere is due mainly to
ozone in the ultraviolet range and water vapor, in specific bands in the infrared range
(k > 780 nm) of the solar spectrum. Three types of ultraviolet radiation have been defined as a
function of their wavelength range: (i) UVC, with a spectral range from 100 to 280 nm, which
is completely absorbed by the stratospheric ozone layer, (ii) UVB, with a spectral range from
280 to 320 nm, which is mostly absorbed by the stratospheric ozone layer and virtually no solar
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radiation below 290 nm is incident on the Earth’s surface, (iii) UVA, with a spectral range from
320 to 400 nm, where stratospheric ozone layer absorption is minimal. Ozone absorption
decreases with increasing k and above 350 nm there is no absorption. There is, also, a weak
ozone absorption band in the visible range (380 < k < 780 nm) of the solar spectrum, at about
600 nm.

Kudish and Evseev [6] have analyzed the data from Neve Zohar and Beer Sheva to determine
if the ultraviolet radiation could be correlated with the global radiation both on a monthly and
a seasonal basis. They had a much broader database available than in the abovementioned pub-
lication, viz. [5], as a result of the ensuing time interval. Their analysis was based upon 7 years
of measurements, whereas the first publication was based upon only 2 years of measurements. It
was observed that the hourly global and UVA radiation at both sites were highly correlated. In
the case of the UVB radiation, the correlations were found to be poor. This is not unexpected,
since the UVB radiation is attenuated significantly by the scattering phenomena, whereas the
global radiation is attenuated by to a much lesser degree. The good correlations between UVA
and global radiation are explained by the fact that the UVA radiation is affected by the scatter-
ing phenomena to a much lesser degree than the UVB.

In the present study, we have extended our analysis of the data for these two sites beyond the
inter-comparison of the ultraviolet radiation intensities, i.e., relative attenuations, and spectral
selectivity of the attenuation processes as presented in Kudish et al. [5]. We have based the
inter-comparison of the ultraviolet radiation databases on the concept of clearness index. We
have used the extraterrestrial UVB and UVA radiation as tabulated by Fröhlich and Wehrli [1]
to calculate daily clearness indices for both types of ultraviolet radiation. Martı́nez-Lozano et al.
[17,18] have used a total UV clearness index to analyze the data for Valencia, Spain, based
upon the same tabulated values.

In recent years, the improvements in the quality of life of the people living in the developed
countries have changed their behavioral patterns to a significant degree. They now have much
more free time for recreation and vacations, which, in general, translates to an increased
exposure to solar radiation and its UV components with increasing availability of outdoor lei-
sure time. This is especially so with regard to vacations, the majority of which are taken in
regions having relatively high UV radiation environments. These two factors, viz., the enhanced
UV radiation intensity due to global depletion of stratospheric ozone and the increased cumu-
lative sun exposure of the public, are of major concern due to the deleterious health-associated
effects of increased exposure to UV radiation.

The solar UVB, or erythemal UV, radiation is most sensitive to the changes in the total ozone
content of the atmosphere. It is generally assumed that an increase in UVB radiation at the
earth’s surface would be detrimental to the well being of both plant and animal life. The prob-
lems of increased sunburn, skin cancer (melanoma and non-melanoma) and eye diseases (cata-
racts, melanoma) are usually emphasized for humans, while the general destruction of plant
tissue and living cells are also being investigated. The annual growth rate of the incidence of
malignant melanoma cases has been estimated at 4%, since 1973 ACS [19]. The harmful effects
of exposure to UVB radiation are partially compensated for by some beneficial factors, which
include germicidal action, the production of vitamin D for the prevention of rickets and the
photoclimatherapy treatment of various skin diseases such as psoriasis, atopic dermatitis and
vitiligo.
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The health-associated effects of UVA exposure include photo-ageing of the skin, immuno-
suppression of the skin immune system and potential enhancement of the negative effects of
UVB exposure. The treatment of psoriasis by UVA radiation in conjunction with psoralen
(PUVA) has also been widely used in the past but has recently come under scrutiny as poten-
tially increasing the risk of cancer [20].

In view of the above, atmospheric scientists and medical practitioners have become aware of
the necessity of generating public awareness to the dangers of excessive exposure to solar radi-
ation. Their task was to present the UVB radiation intensities on a scale that could be easily
translated by the public-at-large to suggested maximum time intervals for sun exposure or, more
important, when to avoid sun exposure. The solution was the development of an ultraviolet
index for informing the general public, through the media, of the levels of the UV radiation,
which is intended to help them plan their outdoor activities such as to prevent overexposure to
solar radiation. This index is based upon the erythemal action of the UVB, but both the scale
and index name were defined in a number of ways by different countries where it was utilized to
inform the general public. The necessity of arriving at a universally accepted UV Index was
recognized and the International Commission on Non-Ionizing Radiation Protection (ICNIRP)
in collaboration with the WHO, WMO and UNEP has produced recommendations for defining
such an index. They referred to it as the ‘‘UV Index’’ (UVI) and it is determined from the inte-
grated erythemally weighted radiation to all wavelengths up to 400 nm, in units of W m�2, i.e.,
the measured UV irradiating flux in the UV spectral range is weighted by the erythema action
spectra [21], multiplied by 40.

Martı́nez-Lozano et al. [22] reported on their measurements of the UVI at two locations on
the Spanish Mediterranean coast during 2000, where a large proportion of summer tourism of
the country is concentrated. They recorded the UV radiation at half hour intervals. They found
that the UVI achieved a value of 10 on only three occasions but a value of 9 was reached
repeatedly during the summer. In a more recent publication, Martı́nez-Lozano et al. [23]
reported on the UVI measured during the years 2000 and 2001 at 16 stations comprising the
Spanish broadband UVB radiometric network. They found that the maximum UVI values dur-
ing the summer were around 9, though they frequently exceeded this value at the inland
measurement stations. The WHO classifies UVI values of 9 or greater as extreme risk (only
integer values are used in reporting the UVI). They also observed that, in 90% of the cases, the
maximum daily value of the UVI deviates from that at solar noon by at most one unit. A differ-
ence of a single unit in the UVI corresponds to a difference of 0.025 W m�2 in the ultraviolet
erythema radiation intensity. Consequently, they suggested that it would be acceptable to deter-
mine the UVI based upon solar noon in the absence of experimental values for the maximum
daily erythema radiation intensity.

It was the need to provide the dermatologists of the medical spas located in the Dead Sea
region with both an ultraviolet database and on-line radiation intensities values that gave the
impetus for these measurements. The goal of the research was to optimize the photo-
climatherapy treatment protocol by minimizing the exposure to solar radiation without sacrific-
ing treatment efficacy. This is being accomplished by correlating the cumulative UVB radiation
dose to treatment efficacy (cf. [24]). It is also of interest to analyze these data with respect to the
UVI, especially with regard to the popularity of the Dead Sea region as a resort area.
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2. Measurements

The radiation data on which this study is based are being monitored at two meteorological
stations: one located in the Dead Sea basin at Neve Zohar; and the other in Beer Sheva, on the
campus of the Ben-Gurion University of the Negev. Neve Zohar is situated in the Judean desert
and is on the western shore of the Dead Sea. Beer Sheva is located in the southern Negev region
of Israel, a semi-arid zone, at a distance of ca 65 km to the west of the Dead Sea and situated at
315 m above mean sea level. The site parameters for the two stations are listed in Table 1. The
instrumentation utilized to measure the UV radiation at both sites is identical and consists of a
Solar Light Co. Inc., Model 501A UV-Biometer for the measurement of UVB and a Solar Light
Co. Inc., analog UVA version of Model 501A UV-Biometer for the measurement of UVA.
The global radiation is measured by a Kpipp & Zone, Model CM11, at Neve Zohar and by an
Eppley, Model PSP, at Beer Sheva.

A Campbell Scientific Instruments data-logger, located at each site (a Model CR21 at Neve
Zohar and a Model CR10 at Beer Sheva), monitors and stores the data at 10-min intervals (i.e.,
the meters are scanned at 10 s intervals and average values at 10-min intervals are calculated
and stored). The data are downloaded via modem periodically from the data-loggers to a desk-
top computer in Beer Sheva.

The UVB and UVA measurements were initiated at Neve Zohar in February 1995 and the
radiation has been monitored continuously except for interruptions; both scheduled to enable
annual factory calibration checks (the meters also undergo, at this time, side-by-side inter-com-
parisons) and random ones caused by power failures. The UVB measurements were inaugurated
at the Beer Sheva site in May 1994 and that for UVA in June 1995 and have been monitored
continuously except for the abovementioned interruptions. The global radiation measurements
were initiated at Neve Zohar in January 1995, whereas in Beer Sheva the global radiation has
been continuously monitored since September 1976. The global radiation instruments undergo
annual field calibration checks by the Israel Meteorological staff using an absolute standard.
These two meteorological stations are part of the national network of meteorological stations
and are connected via modem to the Israel Meteorological Service, located at Bet Dagan.

The Model 501A UV-Biometer measures UVB radiation in units of Minimum Erythema
Dose per Hour (MED/H). This unit is calculated by the cross-multiplication of the irradiating
flux in the UVB spectral range and the Erythema Action spectra (cf. [21]). Consequently, the
UVB biometer has a spectral response normalized to that at 297 nm (i.e., the normalized spec-
tral response at 297 nm is equal to unity) and the logarithm of the normalized spectral response
degrades linearly with wavelength and is ~0.01 at 320 nm and ~0.001 at 330 nm. One MED/H
is defined as that dose which causes minimal redness of the average skin type 2 after 1 h
of irradiation. The effective power of 1 MED/H is equivalent to 0.0583 W m�2 for an MED of
Table 1
Site parameters for the two meteorological stations
Site L
atitude L
ongitude
 Altitude (m m.s.l.)
Neve Zohar 3
1
v
120 N 3
5

v
220 E
 �375
Beer Sheva 3
1
v
150 N 3
4

v
450 E
 +315
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21 mJ cm�2. This effective power of 1 MED was utilized to convert the measured UVB radi-
ation to W m�2 when calculating the corresponding clearness and UV Index. The accuracy of
the measurement is �5% for the daily total.

The analog UVA version of Model 501A UV-Biometer measures the irradiating flux in the
UVA spectral range in units of W m�2. The relative spectral response is normalized to that at
~370 nm and is >0.2 in the range of 320 nm � k � 390 nm; decreasing rapidly outside this
range. The accuracy of the measurement is also �5% for the daily total.

The individual databases have undergone an extensive analysis to give statistical evidence to
the correctness of the calculated monthly average daily values. This was done by determining
the coefficient of autocorrelation function and then using these values to determine the standard
errors of both the monthly average daily values and the monthly average daily standard devia-
tions. It was determined that the standard errors are less than the inherent measurement for all
instruments in this study. Consequently, the monthly average daily and hourly radiation inten-
sities are representative of the two sites (cf. [25]).
3. Data analysis and results

3.1. Clearness indices

The database utilized in this study consists of essentially six independent databases, viz., a set
of three databases corresponding to global, UVB and UVA for each site, containing hourly
measurements from January 1995 through December 2001. The databases for each type of radi-
ation were then narrowed to include only those days for which a one-to-one correspondence
between measurements at each site existed, i.e., any day for which a hourly value for one of the
sites was missing is rejected, only for that particular radiation type, and not included in the
analysis for that particular radiation type. Consequently, the number of days for each month
varies from one type of radiation to another.

The daily clearness indices for the UVB and UVA radiation are defined in the same manner as
that used for global radiation, i.e., the ratio of daily radiation on a horizontal surface to the
corresponding extraterrestrial radiation. The extraterrestrial global radiation was calculated using
the accepted solar constant value, viz., ISC ¼ 1367 W m�2. The solar constants corresponding to
extraterrestrial UVB and UVA radiation were determined from the Fröhlich and Wehrli [1]
tabulated values, corresponding to the wavelength range of the UVB and UVA meters utilized in
this study. The ultraviolet solar constants values used in this analysis are as follows:
i. U
VB solar constant-ISC-UVB ¼ 19:02 W m�2 for 290 nm � k � 320 nm.

ii. U
VA solar constant-ISC-UVA ¼ 70:64 W m�2 for 320 nm � k � 390 nm.
The hourly UVB radiation values, which are measured by the meter in units of MED/H,
were first converted to W m�2 using the effective power of 1 MED prior to calculating the cor-
responding clearness index.

The results of the analysis of the six databases are reported as monthly average daily radi-
ation, coefficient of variation (reported as a percentage, Cv), mean and median clearness indices
for global, UVB and UVA radiation at both sites (cf. Tables 2–4). The number of days within
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each monthly database is reported within the parentheses in column 1 of the tables. The coef-
ficient of variation, which is defined as the ratio of the standard deviation to the mean value,
gives an indication of the dispersion of the values, whereas the difference between the mean and
median values gives an indication of the degree of symmetry of the distribution around the
mean value within an individual database. In addition, the monthly average daily radiation and
clearness indices values at both sites for the three radiation types are also presented graphically
in Figs. 1–3 to facilitate an inter-comparison.

3.2. UV Index

The database utilized in this analysis consists of all available hourly values for UVB radiation
from January 1995 through August 2002 for both sites. The hourly UVB radiation values were
first converted to W m�2 and then multiplied by 40 to determine the corresponding UVI values.
The monthly average hourly UVI values throughout the day are reported in Figs. 4 and 5 for
Neve Zohar and Beer Sheva, respectively. The UVI values on the ordinates have been separated
into four ranges according to the generally accepted classification of the UVI values, viz.,
extreme �9; 7 < high < 9; 4 < moderate < 7 and low < 4 (a UVI < 2 is considered negligible).
In terms of sun exposure time to achieve incipient redness of a type 2 skin (sometimes burns,
sometime tans), these four ranges of UVI values translate into <15, 20, 30 min and more than
1 h, respectively.

The monthly average midday hourly UVI values for Neve Zohar (NZ) and Beer Sheva
(BS) are reported in Table 5. The midday hours are defined as between 10:00 and 14:00 Israel
Fig. 1. Monthly average daily global radiation and clearness index, KT.
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Fig. 2. Monthly average daily UVB radiation and clearness index, KTUVB.
Fig. 3. Monthly average daily UVA radiation and clearness index, KTUVA.
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Fig. 4. Monthly average hourly UVI values for Neve Zohar.
Fig. 5. Monthly average hourly UVI values for Beer Sheva.
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Standard Time. The number of hourly measurements in each individual monthly database is

cited in column 2 within parentheses after the station name. The coefficient of variation is

reported together with the corresponding UVI value. We have departed from standard conven-

tion for reporting UVI values in integers in order to emphasize the differences in the hourly val-

ues at the two sites. In addition, the table includes the difference between solar and local

standard time on the 15th day of each month. It is observed from the table that the local stan-

dard time lags behind solar time throughout the year (the actual minimum and maximum values

are 5 min from February 3–24 and 36 min from October 30 through November 8, respectively).

We have limited this analysis to the peak solar radiation time interval, i.e., 10–14, since this is

the time interval most relevant with regard to solar exposure. All the hourly data refer to Israel

Standard Time (GMT þ 2), since the UVI is intended to provide information to the public-

at-large.
Table 5
Monthly average midday hourly UVI for Neve Zohar and Beer Sheva
Month Dka S
ite (h)
 10–11
 11–12
 12–13 1
3–14
January N
Z (174)
 2.3 (27%)b
 2.7 (29%)
 2.5 (33%) 1
.9 (33%)

10 min B
S (210)
 2.5 (30%)
 2.9 (35%)
 2.8 (35%) 2
.0 (37%)

February N
Z (151)
 3.3 (30%)
 3.8 (32%)
 3.7 (35%) 2
.8 (37%)

9 min B
S (196)
 3.5 (32%)
 4.1 (33%)
 3.9 (36%) 3
.1 (35%)

March N
Z (241)
 5.0 (39%)
 5.7 (39%)
 5.4 (40%) 4
.5 (43%)

10 min B
S (244)
 4.9 (34%)
 5.7 (32%)
 5.5 (31%) 4
.4 (32%)

April N
Z (240)
 5.7 (29%)
 6.4 (26%)
 6.0 (27%) 4
.8 (26%)

19 min B
S (227)
 6.6 (26%)
 7.4 (26%)
 6.9 (27%) 5
.5 (27%)

May N
Z (248)
 7.0 (19%)
 7.5 (20%)
 7.1 (20%) 5
.7 (20%)

23 min B
S (247)
 8.2 (17%)
 8.9 (18%)c
 8.4 (16%) 6
.8 (19%)

June N
Z (240)
 7.8 (11%)
 8.5 (11%)
 8.1 (11%) 6
.6 (11%)

29 min B
S (235)
 9.2 (8%)
 10.0 (7%)
 9.5 (7%) 7
.8 (8%)

July N
Z (247)
 7.3 (12%)
 8.0 (12%)
 7.7 (12%) 6
.4 (12%)

23 min B
S (248)
 8.8 (8%)
 9.7 (9%)
 9.2 (10%) 7
.7 (8%)

August N
Z (248)
 6.9 (11%)
 7.6 (11%)
 7.1�1 (1%) 5
.8 (13%)

15 min B
S (228)
 8.2 (9%)
 9.0 (9%)
 8.5 (9%) 6
.9 (11%)

September N
Z (180)
 6.0 (11%)
 6.5 (11%)
 6.0 (11%) 4
.6 (13%)

23 min B
S (196)
 7.0 (9%)
 7.7 (10%)
 7.1 (11%) 5
.5 (13%)

October N
Z (217)
 4.4 (18%)
 4.7 (19%)
 4.2 (19%) 3
.0 (21%)

33 min B
S (202)
 5.2 (18%)
 5.6 (19%)
 4.9 (22%) 3
.5 (23%)

November N
Z (191)
 3.0 (20%)
 3.3 (20%)
 2.8 (20%) 1
.9 (21%)

35 min B
S (162)
 3.5 (20%)
 3.8 (19%)
 3.3 (21%) 2
.2 (23%)

December N
Z (133)
 2.1 (27%)
 2.4 (27%)
 2.2 (25%) 1
.5 (26%)

24 min B
S (113)
 2.4 (28%)
 2.8 (25%)
 2.5 (26%) 1
.8 (23%)
a Difference between solar and local standard time on 15th day of the month.
b Coefficient of variation of the average hourly UVI values.
c UVI values in the extreme range, i.e., integer values � 9, are presented in boldface type.
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4. Discussion

4.1. Global radiation

The magnitudes of the monthly average daily global, UVB and UVA radiation intensities
reported in Tables 2–4 for the two sites are similar to those reported previously by Kudish et al.
[5,6]. The small variation in individual values is due to the different, broader, database utilized
in this study.

The magnitude of the monthly average daily global radiation intensity at both sites is similar.
The global radiation intensity ratio of Neve Zohar to Beer Sheva exceeds 1.05 for only 2
months, January and February, where it is 1.06. It is �1.02 from April through September. The
occurrence of ratio values �1.05 is most likely due to differences in local climatic conditions,
i.e., the clouds move eastward from Beer Sheva and may be broken up as they pass over the
Judean mountains prior to reaching the Dead Sea basin and Neve Zohar, since attenuation of
global radiation due the difference in altitude between the two sites by scattering phenomena is
negligible. The coefficients of variation values for the individual months are of similar magni-
tudes at the two sites. They are less than 10%, from June through September and greater than
20% from November through March. This reflects the relatively narrow distribution of the daily
global radiation intensities observed during the summer months and, in contrast, the variability
observed during the winter months.

The monthly average daily clearness index values, KT, at both sites always exceed 0.5 and
from May through September they are greater than 0.65, viz., indicating clear days. It is also
observed that all the monthly median values at both sites are greater than the mean values. This
indicates that more than 50% of individual daily values are greater than the corresponding
monthly mean value. The difference between the median and mean values for the months June
through September is <0.08. This observation, together with the previously noted relatively low
coefficient of variation values, indicates the relative stability of the daily global radiation inten-
sity during these months and prevalence of clear days.
4.2. UVB radiation

The relative magnitude of the monthly average UVB radiation intensities at the two sites is
mainly a result of their difference in altitude and the resultant enhanced scattering due the lon-
ger optical path length for the solar radiation incident at the Dead Sea basin. It should be noted
that the aerosol loadings at both sites are of similar magnitudes based upon sporadic measure-
ments using a Microtops II Ozone Monitor & Sun Photometer, Solar Light Co., Inc., which
measures aerosol optical depth made at 1020 nm [26]. The monthly variation in the relative
attenuation, especially during the winter months, is probably due to the local climatic
conditions mentioned previously with regard to global radiation. The UVB radiation intensity
ratio of Neve Zohar to Beer Sheva varies between 0.83 and 0.88 during the months April
through November and between 0.91 and 0.96 from December through March. The monthly
coefficients of variation values at both sites are greater than the corresponding values for the
global radiation. The monthly coefficients of variation values are <10% for only June through



1637A.I. Kudish et al. / Energy 30 (2005) 1623–1641
August in Beer Sheva. They exceed 20% from December through April for Neve Zohar and
from November through April in Beer Sheva.

The monthly average daily UVB clearness index, KTUVB, values are two orders of magnitude
less than corresponding values for both global and UVA radiation. This is the result of the very
high attenuation of UVB radiation by stratospheric ozone and the scattering phenomena. In
fact, almost no UVB radiation with a k < 295 nm is incident upon the earth’s surface. The
much greater degree of attenuation of the UVB relative to the global radiation is evidenced by
the fact that the ratio of the annual daily average of the radiation intensities of UVB to global
is of the order of 0.03%, whereas the ratio of the respective solar constants, ISC-UVB=ISC, is
1.21%. The monthly average daily KTUVB values are lowest from November through January at

both sites. The lowest values are observed in December, i.e., 0:378 � 10�2 and 0:422 � 10�2 for
Neve Zohar and Beer Sheva, respectively. The lower KUVB values during these months are not
unexpected and can be attributed, in part, to the fact that the solar altitude is lower during
these months, which results in a longer optical path length. Also, this behavior is also observed
for both global and UBA radiation. It is also affected by local climatic conditions.

Once again, it is observed that all the monthly median values, with the exception of August
and September at Neve Zohar, are greater than the mean values. In addition, the two values are
essentially identical during June at Beer Sheva. The difference between the median and mean
values for the months June, October and November is <0.09 at Neve Zohar. In the case of Beer
Sheva, the two values are essentially identical for June and September and is 0.05 for August.
These observations indicate that the daily UVB radiation intensities during a month vary to a
greater extent than the corresponding global radiation but, nevertheless, more than 50% of indi-
vidual daily values are greater than the corresponding monthly mean value with the exception
of the months of August and September at Neve Zohar.
4.3. UVA radiation

The relative magnitude of the monthly average UVA radiation intensities at the two sites are
also affected by their difference in altitude but to a much lesser extent than that for the UVB
radiation. The variation in the relative magnitude of the average monthly values is, once again,
also a function of local climatic conditions. The monthly average daily UVA radiation intensity
ratio of Neve Zohar to Beer Sheva varies between 0.94 and 0.99 throughout the year, with a
minimum in July and maximum in January. The variation of the monthly coefficient of vari-
ation values at both sites is very similar to that for the global radiation. The monthly coef-
ficients of variation values are <10% from June through September at both sites. They exceed
20% from December through March for both sites. The similarity between the observed behav-
ior of the UVA and global radiation intensities gives further credence to the analysis of these
data as reported by Kudish and Evseev [6].

The monthly average daily UVA clearness index values, KTUVA, are somewhat lower than the
corresponding monthly average daily global radiation, KT values. This observation can be
explained by the fact that the lower wavelengths within the UVA radiation spectrum range,
nevertheless, undergo attenuation as a result of scattering phenomena. The monthly average
daily KTUVA values exceed 0.5 for all months at both sites with the exception of January and
December. The difference between the median and mean values for the months June through
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September are <0.08 at both sites, with the exception of month of August at Beer Sheva, i.e.,
they are essentially identical.

4.4. Global, UVB and UVA radiation

It is observed from the monthly average daily coefficient of variation values reported in
Tables 2–4 that a maximum value is observed for the month of February for all radiation types
at both sites. A possible explanation for this observation may be the occurrence of a maximum in
cloud cover at these sites during the month of February. This is supported by the previously
reported observation of a maximum value for the ratio of daily diffuse to daily global radiation,
Hd=H, for Beer Sheva (cf. Table 6 in [27]), since this ratio is an indirect indication of cloud cover.

The calculated individual average daily clearness indices for all months within each radiation
type database at both sites were also utilized to determine their degree of correlation. The
results of this analysis, as expressed by the regression equations, are as follows:

Global radiation
ð82 monthsÞ KT ðNeve ZoharÞ ¼ 0:945KT ðBeer ShevaÞ þ 0:042; R ¼ 0:97

UVB radiation
ð77 monthsÞ KTUVB ðNeve ZoharÞ ¼ 0:779KTUVB ðBeer ShevaÞ þ 0:065; R ¼ 0:95

UVA radiation
ð74 monthsÞ KTUVA ðNeve ZoharÞ ¼ 0:949KTUVA ðBeer ShevaÞ; R ¼ 0:96

The correlation coefficients for the regression equations for all three types of clearness indices
are relatively high. It is apparent from the regression equations that the global and UVA radi-
ation exhibit very similar behavior, viz., their respective slopes are both very close to unity. On
the other hand, the markedly different behavior observed with regard to the UVB radiation,
viz., the slope of the linear regression equation, is as expected in view of its much stronger
dependence on the optical path length.

4.5. UV Index

It is observed from Fig. 4 that the monthly average hourly UVI values for Neve Zohar are
never in the extreme range, despite the fact that the Dead Sea is located in the Judean desert
and is well known for its extreme ambient temperatures (e.g., the monthly average maximum
ambient temperatures are >35

v
C from June through September and >30

v
C for May and

October) and relatively dry climate. In fact, only during 4 months of the year, viz., May
through August, does the UVI enter the high range during the midday hours of 10–13. This is
in marked contrast to the findings presented in Fig. 5 for Beer Sheva, located in the semi-arid
Negev region, which exhibits UVI values in the extreme range from 10–13 for June and July
and 11–12 for May and August. In addition, the UVI is in the high range for June and July
from 9 to 10 and 13 to 14, for May and August from 10 to 11 and 12 to 14 and for April and
September from 11 to 13. The relatively low UVI values for the Dead Sea region are a result of
the fact that the Dead Sea is located at the lowest terrestrial point on the earth and the conse-
quent wavelength selective attenuation of the UVB radiation by the scattering phenomena [5].
The wavelength selective attenuation of the solar radiation by the scattering phenomena is fur-
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ther highlighted by an inter-comparison of the monthly average daily global radiation intensities
at the two sites as reported in Table 2, viz., they are of similar magnitudes.

The monthly average midday hourly UVI values for Neve Zohar and Beer Sheva are reported
in Table 5. It is observed that from April through October the average hourly UVI values for
Beer Sheva are greater than the corresponding values for Neve Zohar by at least a single unit,
i.e., when they are rounded off to the nearest integer. In addition, the monthly average hourly
UVI values are observed to be asymmetric with regard to noontime, i.e., the magnitudes of the
UVI from 10 to 11 and 11 to 12 are greater than those for 13–14 and 12–13, respectively. This
asymmetry is also observed in Figs. 4 and 5. This asymmetry is mainly due to the fact that the
local standard time lags behind the solar time throughout the year, as is seen for the 15th day of
each month as reported in column 1 of Table 5. The time lag between standard time and solar
time also explains the observed relatively large differences between the average hourly UVI val-
ues for the monthly pairs February–November and March–October after noon Israel standard
time (Figs. 4 and 5) i.e., the mid-month time lag for February and March is 9 and 10 min,
respectively, whereas for November and October it is 35 and 33 min, respectively.

The scatter of individual hour values around the average value for a particular midday hour
database can be approximated by the magnitude of the coefficient of variation. It is observed
from Table 5 that the midday average hourly coefficient of variation values can be, more or less,
grouped into three sets based upon their magnitude, as follows:

. %CV < 15: June through September

. 15 < %CV < 25: May, October and November

. %CV > 25: January through April and December (with the exception of Beer Sheva between
13 and 14, 23%)

The observation that the summer months are characterized by the lowest coefficient of vari-
ation is to be expected due to the relatively high stability of the local climate during this time
interval, viz., there is very little variation in climatic conditions from one day to another. Simi-
larly, the high coefficient of variation group is due to the relative instability of the local climate
during those months.
5. Conclusions

An inter-comparison of the solar UVB, UVA and global radiation at two sites, Neve Zohar
and Beer Sheva, based upon monthly average daily radiation intensity, clearness and UV indices
was presented. The results of this study can be summarized as follows:

1. The global radiation at both sites is very similar with regard to monthly average daily inten-
sity, clearness index, coefficient of variation and dispersion of individual daily values around
the mean values.

2. The UVB radiation intensity is significantly greater for Beer Sheva relative to Neve Zohar
throughout the year. This is in accordance with radiation scatter theory, viz., the radiation
attenuation is inversely proportional to the wavelength raised to a power, k�n. This is also
emphasized by the corresponding KTUVB values, viz., they are two orders of magnitude less
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than the corresponding values for global and UVA radiation. The UVB radiation exhibits the
largest coefficient of variation for the monthly average daily values relative to the correspond-
ing global and UVA radiation values. This indicates that there is a greater variation in daily
UVB radiation intensities during a particular month relative to global and UVA radiation.

3. The UVA radiation and the KTUVA values for Beer Sheva are higher than those for Neve
Zohar throughout the year but to a much lesser degree than that for the UVB radiation. The
observation that the relative attenuation of the UVA lies in between that for global and
UVB radiation, albeit much closer to the global, is in agreement with radiation scattering
theory. The behavior of the UVA radiation intensities at the two sites is shown to be very
similar to that for the global radiation as indicated by the similarity of the regression equa-
tion developed to correlate the radiation data. This reflects the minimal effect that the scat-
tering phenomena have within these two spectral ranges.

4. The monthly average hourly UVI values for Neve Zohar (Dead Sea) and Beer Sheva have
been calculated and analyzed with emphasis on the midday hour values. It is apparent from
the results that exposure to solar radiation at the Dead Sea is relatively safer than that in
Beer Sheva throughout the year. In fact, due to the wavelength selective attenuation by the
scattering phenomena, the UVI values at the Dead Sea will be lower, in general, than any
other terrestrial site under similar global radiation intensities. This is a result of its location
at the lowest terrestrial point on the earth. These findings are especially relevant with regard
to the Dead Sea region, since it both an internationally recognized photoclimatherapy center
and a popular resort area.
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