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This volume is the thirtieth issue of the Mediterranean Action Plan
Technical Report Series.

This series contains selected reports resulting from the various
activities performed within the framework of the components of the
Mediterranean Action Plan: Pollution Monitoring and Ressarch Prcgramme
(MED POL), Blue Plan, Priority Actions Prograwme, Specially Protected
Areas and Regional 0il Combating Centre.
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- tc formulats and carrv cut a co-ordinated poliution monitcring and
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Medizerransan  Acticn ?lan and the c:panili,ies of the
Mediterranean research centres to participate in it

- tc assist  national ressarch centres in desveloping their
capak:ilities to participate in the programme;
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ana lyse the sources, amounis, 1levels, pathways, trends and
s of pollutants relevant to the M;dlte ‘ranean Sea;
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Zovernrents o particiszits in MED POL (83 research centrss from 15
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St
Magditerranesn States and the EEC), the diverszitw of the programme and

itz geTgrs *ha  demereczive nmumber of  Meditorrznasn
grientisiz {a2cut 200 =2 the number of -c-cperating
agerciss =nd copreriing crosnizations involved din it goalifisz MED DO
3z ceritzinly ons of iz largest =and wost  conpler  co-opsrative
godientific proprmmmer ik specific and  well-defined =im ever
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The oerzl! co-nrdinstion and gridance for MED POL - Phace T was

vrovided by UNEP, 3

Plan {MAP), C(Cc-ope lized United WNationz 3Agencie

T Agencies (BCT
IWIDC, Fa0, THESCO, W, IARA JOC) were r?sgrngibla Lor the
technicel dmplementatior and dav-to-dary co-ordirnztion ~f  the work of
naticnzl recszrch czntres participating in the pilot grodects,
MED POT ~ DPhase TT {103]1-1990)

Tha rzovsTamentsl Revias Meoting of  Msditsrranean Coasta
States r&v Meeting ¢f ths Contracting Parties o the Convention
for the Prorsciicn of “he Meditsrranesn Sea against Polloticr, and ite
relateld protocols (Gensra, 5-10 Fehruzary 1972), having examined the
etatus of M DOL - Phaze I, reccommended that during ths 1272/230
biennivy a Tong-term pollition monitering and research progjramme should

he formslated.

Bazed on ths rscomendations made at sriozs  expert and
intergovernmentsl mestings, a draft Long-term {1081-1920) Programme for
pollution Moritoring arnd Research in the Mediterranean (MED PCL-
Phasze TT) was formulated by the Secretariat of the Barcelona
Convention (UNEP), in co-operation with the TUnited Nations Agencies
which were respongibla for the technical implementation of MED POL-
Phase I, and it waz formally approved by the Second Meeting of the
Contracting Partiss of the Mediterranean Sea against pollution and ites
related protccsls and Intergovernmental Revisw Meeting of Mediterranean
Coastal States of the Action Plan held in Cannes, 2-7 March 198821
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farther the gozls of the Bzrcslcona Conventicn by azwisting the Fartiss
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- indicztors aad sevaluation of the effectivensss of the poliuti
prevention asasures taken under the Convention and the protocols;
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The monitcring of, and ressarch on, poliutants affscting the
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Mediterransan marine envirooment refliects primar.ly ths ediate and
long-term regu-rements of the BSarcelona Comvention and ite protcccls,
but alszo takes into account factors nesded for the understanding ¢f the
relationshis betwesn the socic-econcidc develozament of tThe region and
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the polivtion of the Mediterransan Sea.
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For this purpose, monitoring was oryanized on several lsvels:

- monitoring of sources of pollution providing information cin the
type and ancunt of  peliutants relessed  dirsctly diante the
SNV1ronmens ;

ieg,
direct dinfluence of pollutants from identifiabls primary
(outfalls, dischargs znd coastzl dumping points) or secondary
(rivers) sources;

- monitoring of nearshore arsas, inciuding estuariss, under the
w

- monitoring of offshore arsas  (reference areas) providing
information on the gensral trends in the level of pollution in the
Mediterranean;

- monitoring of the trarsport of pollutants to the Mediterranean
through the atmosphers, providing additional information on the
pollution load reaching the Mediterranean Sea.
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szsarch  aad  ETLLy woglcs Lncludsi initially a1 the MED Z0L-

development of sampling and  analytical technigues for monitoring
the sourcss and levels of pollutants. Testing and hexmonization of
these metheds at the Mediterranean scale znd their foomulation as

sference methods. u*Aor;:y wiil be given to the substances
lizzed in the amnexss of the Protocel for the pravention of
pollution c¢f the Mediverranszn Sea by dumping frcm ships and
aircrzft and the Frotocol for the protchion of the Mediterranean
Sea against poliucticn from lancd-bazed sources {activity A);

developmant of eporuén formats requirsd according to the
Dumping, Emergency znd nané-zased Sources Protocols {activity Bj;

formulation of the scient:f:zc rationale for the eovirommental

Quaiity criteria o bes v=sd in ths developmsnt uf emission

standards, standards of us guidelines for substances listed in

annsxes I and I of th -Based Sources Protocol in accorﬁance
L .

L Protocol (activity C);

epideniological studiss reiatsd —o the confirmation (or eventual
rayision) f =he opropesed enflronmental quality criteria
(standards of use) fcr bathing waters, shellfish-growing watsrs
ané edible marine crsanisms (activity D),

davelopment of propogacs for guideslines and criteria govern 1ng the
app7lcatlon of the Land-3ased Scources frotocol, as reguested in
Article 7 of that Frotocol (activity E);

FZL‘

rsssarch on  oceancgraphic zrocesses, with particular emphasis on
surface circulation and wvertical transport. NResded for the

understanding of the distribution of pollutants through the
Mediterranean and for the dEVclOpment cf contingency plans for
casss of emergency (activity F);

ressarc on ths temicity,  gs srsistence, bioa ccumulatlon,
uarc1noben¢c:*? zné muLagen¢c*ty of se;ECted substances listed in
annexes of the Land-Based Sources Protocol and the Dunmping

Protocol (activity G);

research on sutrophicaticn and concemitant plankton blooms. Needed
to asssss the Ifeasibility of alleviating the consequences and
damage from such recurring blcoms {activity H);

study of ecosystem modifications in  areas  influenced by
pollutants, and in areas where ecosystem modifications are caused
by large-scale coastal or inland engineering activity {activity
I);

effects of thermal discharges on marine and coastal ecosystems,
including the study of associated effects (activity J);
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Some resulis of thiz regsawch were presented =t the WMO/U
Workzhop on Airborne Pollution of the Mediterrsnsan fez (Bslgrade,
Yogoslavie, 10-12 Novembsr 1927), Ths procsedings of the workshop
wcntaining all  papesrz presented are being publiched az the MAP
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Techniczl Pepcrts Serisz No 21, Taling ints account the gzrezt amount of
dats collectad for ths present revisw znd pregented in the form of
tabler and fizures convenient for their further modelling application,
the ahove Workshop recommendsd that the review should be published as 2
gseparste isgue in the MAP Technica?! Reports Seriss. This gublication is
believed to be a wgefil reference bool for *hoge who deal with

t21ling atmospheric transport and deposition of pollutants into the
Mediterranean Sez and with the inverpretation of corresponding
measurement resulte,
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ABSTRACT

An overview 1isg presented of the meteorological measurements that
are pertinent in describing the transport and deposition of pollutants
into the Mediterranean region. Procedures such as an imnovative
statistical method for mapping trajectory flow climatology are applied.
For evaluations of convection processes in the Mediterranean region,
long-range transport model outputs of boundary layer heights are
analyzed along with Heffter's independent method. Routinely measured
meteorclogical parameters also provide information to determine the
relative dimportance of the dry and wet deposition processes. Thevy
include monthly average precipitation amounts, duration and intensities
of precipitation, cloud amounts, etc. Suggestions are made for
further analvees of meteorclogical data that would help in
understanding pollution of the Mediterranean via the atmosgphere.



1.0 INTRODUCTION

The oceans, in spits of their great size and depth, are vulnerable
to hazardous pollutants through either inputs from rivers or deposition
from the atmosphere. Thiz vulnerabilityv is even more accentuated when
one deals with inland water bodies such as the Mediterranean Sea.
Initially scientists believed that the mzin source of contamination to
inland seas was through direct discharge of waste into coactal waters,
but now they realize that the atmospheric path may be equally or more
important for certain pollutants. The main question dis what
meteorolcgical factors control atmospheric transport and deposition of
potentizlly harmful substances. To answer this question, this report
sumnarizes the essential melecrological parameters requirsd to
understand transport of pollutants to the Mediterranean. This
constitutes 3 contribution to the activities of the Joint Group of
Expertz on the Scientific Aspects of Marine Pollution (GESAMP) Working
Group on the Interchange of Pollutants between the Atmesphere and the
Ocezans.

Meteorological data that are used in  describing long-range
transport and deposition of pollutants can be obtained frem two
gources. The firet and obvicus 1is the surface and vupper air
measurements made on 2 routine basis around the region. A second
source ie a derived data set from numerical weather forscasting models,
which supply horizontal and vertical winds with other pertinent fields
(Klug, 1984), In this paper, only data from the first scurce ars usged.

To assess the contribution of different source areas to the
pollutant concentrations and their deposition in the region, the
meteorclogical data must not only be analvoed but must also be input
into models whose calsulations can be used for a more sophisticated
evaluation.

1.1 Gecgraphiczl Features

The Mediterranean Sea lies betwesen 30°N and 456°N, and between
5.5°W and 36°E as shown in Fig. 1. Jts east-west extent is
approximately 4000 km, and its average north-south extent is only sbout
800 km. The western outlet to the Atlantic through the Strait of
Gibraltar is less than 15 km wide at its narrowest point. The sea is
enclosed by mountains except along the North African Coast east of
Tunisia; the whole coastline i1s wvery irregular, having many
indentations. It is commonly divided into two mejor gecgraghical
areas:

(1) the western basin--from Gibraltar to Italy, and
(2) the eastern basin--from Italy to the Syrian Coast. These divisions
will be used in discussing the flow climatology of the region.
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The *opegraphy behind the coastline of the Mediterranean is
complez:: it provides both barrisrz tc and channels for air flow that
bring at times extremely Jifferent air masses to the region. Strong
winds, which are funnellsed through gaps in the mountain ranges that
surround the Mediterrsnean Basin, are among the best known
metacroclogical features of the region: {1) the north-westerly mistral
through the Alps-Pvrenees gap; (2) the northeasterly bora through the
Triecte gap; (2) the easterly levanter and the westerly vendaval
through the Strait of Gibraltar; and (4) the warm southeasterly to
southwasterly scircceo, ¢hibli, or Khamsin from Africa (Air Ministry,
Metecrological Office, 1%962; Reiter, 1975).

In the vertical, mixing heights are usually at an elevation of
about 1000 m above the sea surface. In general, this is what would be
expected over a large body of water and is further dJdocumented in this
repors by calculations made at more than 100 radicsonde stations along
the Mediterranean Sea coast and within the bkasin, Howsver, the
frictional drag of air along the rough surface of the hills surrounding
the coast causes a proncunced inflow across the isobars towards the
lower prassure and may affect the mixing heights. This departure from
the gsos*rophic wind may force an ageostrophic flow over the orograghic
obstacles surrounding the bssin and promote verticzl mixing,

Thus, the topographic features chown in Fig. I may interact with
large-geoale atmospheric flow within the boundary laver by influencing
both the horizontal transport and the verticzal mixing of the pollutants
in verv ccmplex ways. These factors must be taken into account in
descriking the atmospheric input into the Mediterranean, especially on
the zeales of hundreds of kilometers.

1.2 Eynoptic Weather Patterns

Eurcopean metscrolcgists have been very succsssful in classifyving
individuzl large-scale synoptic patterns or CGrosswetisrlagen (Hess and
Bre-owski, 1289}, These can be used as analogs against which
dav-to-dav weather can he compared. The statistics of occurrence of a
given tvpe and its evolution are very useful in understanding the
overall flow configurations. This analcg type of approach has been
frequently applied and cited in the literature (e.g., Air Ministry,
Meteorolegical Office, 1962; Topel et al., 1986). Although this
classification of eynoptic situaticns into distinct patterns cannot be
applied in all cases, it enables us to describe in general terms the
more prevalent and therefore important situations.

A modified Grosswetterlagen classification is applied to the
Mediterranean Basin using Hess and Brezowski, 1969 as a guide. It is
baced mainly on the positions of the anticyclones and their influence
on the development and positions of major low-pressure systems
surrounding the area. Brief descriptions of the five main synoptic
weather patterns are the following:



T™pe A: An anticyclons or ridge £ high prezsurs
northeastern Atlantic or the Br-tich Igles. During the
this blocking anticyclons, a guasi-permanent low-pressure trough in
the mid-+troposghere (about 500 hPa) extends along the zxis of the
Mediterranean Basin. The trough line lsads to cyclogenezis when
vorticity maximz move dinto itz region of influerce. This
cyclogenssis in the Bay of Geaovs and the subssquent cyclons's
movement eastward especially during the winter pericd constitute a
major synoptic pattern (Miller et al., 1987) (Fig. 2}.

Type B: Northern Eurcpe is dominated by an anticyclone. Pressurs
iz relatively low cover the Mediterranean (Fig. 3).

Trpe C: Westerly tvee. A deep depression (or a zgeguence of
epressione) dominates the middls latitudes of Burope, and westerly

winds prevail over rost of the Mediterranesn (Fig. 4).

Typs D: Easterly tvpe. An anticyvcleone dominates central and

southern  Eurcpe, irhimksl zsterly  winds cver most of the

o5
Mediterranean. Pressure is relatively low over northern Europe

{Fig. 5).

Trse E: MAnticvcionis type. An anticyclone or ridge of hish
pressure covers the grezisr pz-t of the Mediterranesn =rsz, giving
generally light winds, mainly westerly in the north, easterly in
the couth, and ncrtherly in the east. Preszure iz relatively low

over central or northern Europe (Fig. 8).

Tvpez A, B, and C are the most common tyvpes during winter in the
edlterranesn Basin., Tvpes D and E, which are the most frequent during
sumer in the Mediterransan, are classified az a chort-feotch,
northwesterly ftvpe in ths ezgtern Mediterranean Basin (Davan, 1985).
When tvpes D or E prevzil, the high pressure over the Mediterranean
dacressegs toward the east, fhe prevailing wind iz northwecterly, and
the weather i warm. These easterly patterns are almost continuous in
July and Augmet, buf very infrsguent from Movember to Agril,

Although the Grosswetterlagen clascifications are very useful to
form the overall picturs, each individuzl weather system has its own
uniigue characteristics and may greatly influence the transport of
pollutants to the regicon., Thus other more specific metheds must be
applied. Some of these are described in Section 2.0.
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.1 Hori-ontal Transport and Dispersion

One of the problems encountered with long-range transport and
dispersion calculatione is that not only must the ghysical movement of
the materials bhe accounted for but also the chemical transformations
must be described. Fortunatelyv, in the case of the Mediterranean Basin,
the pollutants of interest such as heavy metals, and
chloroflucrcmethane and other anthropogenic organic substances behave
mcre or less as  inert cubstances. For example, the pilot substance
that was chosen for initial study by the GESAMP working group is
cadmium. This material is transported by the atmosphere with no
chemical reactions expectad to take place during transit., Thus, the
observed concentration patterns of cadmium and other materials of
interest should Le solely due to the influence of the winds and mixing
as well as to precipitation scavenging and/or dry depositicon.

2.1.1 Monthly averaged winds over the sea surface

To give the simplest picture of the flow in the basin, the charts
shown in Figes. 7-18 depict the general air movement at 10 meters above
aea level (a.s.l.) The arrows in each 1° sguare are the msan vector of
all cbsgerved winds. Length and thiclkness of the arrows represent the
relative constancy of the general wind pattern in four intervals.
Relative constancy means the ratio of the force of the mean resultant
wind +o the mean wind force regardless of direction, that is, the ratio
of the vectorial mean to the scalar mean.

In regions where the wind has about the same direction, the ratio
will be near 100%, hut when congtancy is small, the direction of the
wind arrow depends on variable winds. Notewcrthy is the strong
stability of the wind in summer (Figs. 12-14) in the eastern part of
the Mediterranean (KNMI, 1957).

2.1.2 Monthly horizontal flow patterns at the 850 hPa level

Ancther method of viewing the transport is to look directly at the
data from the upper air scundings. The 850 hPa (approximately 1500 m)
standard level was chosen as the nmost representative of the top of the
transport laver. Thiz level dis taken as the approximate boundary
between the surface wind regime and the regime of the upper winds
relatively free from lecal surface effects.

One of the most obvious features of upper air data is the small
number of observations that are available compared with surface data.
It is essential therefore that all the available data be used,
especially in areas such as the Mediterranean where there are so few
soundings. For this reason we used the following two different data
bases to construct the monthly horizontal £low patterns at 850 hPa,
expressed as averaged § and % values, the zconal and meridional
components respectively: (1) radiosonde data collected for the pericd
1957-1964 (Newell et al., 1972); and (2) radiosonde data collected for
the period 1945-1950 (Air Ministry, Meteorological Office, 1962).



The i component ic the major one in these latitudes, and it is the
seascnal and spatial distrikuticon of this valve as influenced by large
weather patterns at this altitude that iz dimportant to understand
(Figs. 19-303}. During winter and spring wmonths (Figs. 1%a-23a}, a
low-pressure region cr trough is leocated over the western Mediterranean
Basin, vyielding relatively high positive values in the & component.
During summer months {Figs. 24a-27a), anticyclonic flow prevails over
the western Mediterranean and a weak Trough over the esastern basin.
The extension of this anticvclonic high pressure from the Azores into
Central Europe and North Africa and the low-pressure region located
over the eastern Mediterranean produce hicgh positive values for @ in
the central Mediterranean region and weak or even negative values in
the eastern hasin.

2.1.3 Single back-trajectory analysis

8ince the wind field is known to bhe the most important factor
affecting the transport of pollutants (over distances on the order of
500 knm), flow climatclogies bhased on 2 one-layer backward trajectory
model were constructed to represent the seasonal transport paths in the
pastern and westem parts of the region., Studies of Iagrangian models
for long-rangs transport of pollutants are numercus in the scientific
literature {Eliassen, 1284), The gridded trajectorv model cof the Rir
Resources ILaboratory (ARL) (Harris, 1982) wars used to develop these
climatologies for the Mediterransan. Such flow studies have been
constructed in the past for remote sites such as the island of Bermuda;
Barrow, Alaska; and Mauna Loa, Hawaii (Miller, 1981a,b; Miller and
Harris, 1985} and for some receptor locations within the Mediterranean
region (Dayan, 1986; Miller, et al. 1987). The ARL operational model
uses wind data acguired from the National Meteorological Center. These
data consist of gridded wind components at standard pressure levels
from 1000 hPA to 100 hPa, twice a day over the whole globe. The 850 hPa
standard level was chosen as the transport laver. Though the 925 hPa
lavel would have been preferred, in these studies only the standard
levels were available. The 850 hPa level can be thought of as the
approximate boundary between the surface sea-level regime and the
regime of upper winds relatively free from loczal surface effects. At
that level, the surrounding complex topography would begin to lose its
influence especially during strong svnoptic flow.

The ARL medel was designed specifically for the forward and
backward trajectory calculations that can be used in understanding
atmospheric transport. It employse the average observed 850 hPA winds
and applies an inverse-distance-squared wind weighting with the
modified Euler advection technique (Heffter and Taylor, 1975). This
technique calculates the center-line trajectory for the trajectory's
duration (40 individually computed 3-hour trajectory segments placed
end to end) using the modified Euler advection technique for each
segment (Carnahan et al., 196%). First the latitude and longitude
coordinates of the endpoint of the previous trajectory segment are
converted to grid units (x,y). Bilinear interpolation is wused to
calculate the winds at (x,v) from the winds at the four grid points
surrounding (x,y). A first-guess trajectory segment is then computed
assuming that this wind persists from 3 hours before to 3 hours after



crrervation time. At the midpoint of the first-guess segment (xm, vm),
tha winds are again calculated by bilinear interpolation. These latter
winds are then used to compute the final trajectory segment beginning
a- (x,y), Trecause they are assumed to be more reprssentative of winds
f-r the 3-hour segment. The mcdel has been used for meny applications
gince its completion over a decade ago {Miller, 1987).

For the western Mediterranean, Lrajectories of 5-10 davs' duration
were calculated at 40°N, 6°E for January 1975 to Decembsr 1984 (Miller
et al., 1987). The eastern Mediterranean region was represented by
trajectories to a receptor site located in Israel (33°N, 35°E) for
January 1978 to December 1982,

The most interesting feature of frequency distributions of air
parcel trajectories to both the western and eastern sites is the
relatively high freguency of trazjectories arriving from the west
during the wintsr months and trajectories arriving from the
north-northwest during the summer seacson. This feature is mors
accentuated in the eastern part of the Mediterranean Basin.

2.12.3.1 Flow climatoleogy of the eas-ern Mediferranean

The c¢lassificetion for the eastern Mediterranean (Israel)
trajectory (33°N, 35°E) is shown in Fig. 31 (Davan, 1986). The
trajectory direction was divided into five distinctive categories: (1)
My, the long fetch of maritime air masses from northwesterm Eurcge
crogsing the Mediterranean Sea, evenly distributed throughout the whole
year; (2} NE, northeastern continental flow originating in eastern
Furope, most frequent during the summer season; (3} SE, southeastern
flow from the Arabian Peninsula, infreguently observed and occurring
mainly during the fall; (4} &W, southwestern flow along the North
African coast, most frequent during late winter and spring; and (5)
SSW, south-southwestern flow from inland North Africa, most frequent
during winter and spring. These five air flow patterns were evaluated
in conjunction with seasonal weather types featuring the Mediterranean
Pasin. TFrom the aspect of polluticn transgort within this region, the
flow pattern that exerted a rather long fetch transport (mostly from
northwestern FEurope along the Mediterranean) was the most fregquent
trajectory path, and predominated in the winter; the northeast
continental flow <crossing Asia Minor and reaching the eastern
Mediterranean was the second most frequent trajectory path, and
predominated during the summer season. These features are displayed
in Section 2.1.4.

2.1.3.2 Flow climatology of the western Mediterranean

Trajectories for the 10-year period were calculated from a point in
the western Mediterranean {Med Pol, 40°N, 6°E) and were visually
categorized according to the scheme shown in Fig. 31 (Miller et al.,
1987). There were six dJdifferent categories: (1) N-—-trajectories
coming from the north would conceivably bring the most pollution with
them; (2) E--trajectories rarely come from the east; (3) $--the flow
pattern from the south brings air from the Sahara with accompanying



desert dust; (4) W--trajectories from the west could be expected to be
the cleanest; (5) Misc--the miscellaneous category includes both the
times when the trajectories show strong cyclonic motions and the times
during very weak flow when categorization is impossible; and (6).
Miss--missing. A summary of the frequency expressed in percents for
each category is shown in Fig. 31. One can see the prevailing westerly
and northerly flow.

2.1.4 gtatistical flow climatology of single back trajectories in
the Mediterranean Basin

Although the visual classification method for single back
trajectories is commen and has been used among the atmospheric
scientific commmity for over the last decade (Pack st al., 1978;
Miller, 1981a,b; Miller and Harris, 1985; Billman~Stunder et al., 1986;
Dayan et al., 1985; Davan, 1986), this categorization method is rather
slow and complicated for long data records. Miller et al. (1987)
descrike in their study a comparison between two categorization
methods: the wvisual conventional c¢lassification methed and an
automatic analvsis scheme for a concurrent time {10 years) at the same
location using two different long-range transport models. These two
models show similar results, which gives us confidence in the use of
-autcmatic categeorization methods.

For the present study, the authors used a program developed by
Heffter (personal commnication} to analyze the trajectory positions
statistically in time and space for climatological use. The program
takes into account both the trajectory position and horizontal
diffusion about that position using a ouff radius R, in meters, defined
(Heffter, 1965) as:

R=0.5¢t

where %t is the transit time in seconds. The results of these
calculations are shown in Figs. 32 to 35.

In Figure 33b, using the trajectory statistics for December as an
example, the depiction shows the percentage of the boundary layer
(1000 tc 850 hPa) at the receptor R (Israel) that had traversed a
location on the map. About 70% of the boundary layer air at Israel
traversed Cyprus, about 20% of the air traversed northern Italy, but
less than 1% traversed Spain. These percentages were determined as
follows. Constant-level backward-in-time trajectoriss from the two
Mediterranean vreceptor sites were computed between 1000 and 850 hPa
using archived gridded wind fields (Harris, 1982) for the 5-vear
period (1978-1982) at these two sites. Then each trajectory of 5 days'
duraticn, was identified by segment and end-point positions (40 3-h
positions per 5-day trajectory).

Hefftar's (1986) program also determines the first time of arrival
at the receptor {in days) from any location on the map. Maps shown in
Figs. 34 and 35 depict the first time of arrival at a receptor., They
are valusble for emergency planning following an accidental release of
pollutants in the atmosphere abkove the Mediterranean Basin or for
general planning for source-receptor relationships in this region.
2gain using Decsmber as an example (Fig. 35b), one can see that the
first time of arrival at Israel from Cyprus is about half a day, from
Greece less than 2 davs, and from Spain about 5 days.



2.2 Convactive DProcegsez--The Fffect of Thermal Stratification on
Vertical Transport in the ILower Atmosghere

For the calculation of long-range transport of pollutants during a
given episode in the Mediterranean region, the daily and even hourly
mixing-height values would be very useful (Maul, 1982; Bhumralkar et
al., 1981; Eliassen, 1984). However, due to 1lack of data, we could
calculate only selected monthly climatological mixing height values.
To obtain these values, data from more than 100 radiosonde stations
around the Mesditerranean area were proceszsed on a vearly basis
according to Heffter's method (1883). The lowest stable layer was
defined ag the 1id of the mixing height. Its magnitude at local ncon
time was calculated using the 100 radiosonde soundings within and
around the Mediterranean BRasin. The criteria for defining the
inversion are

(1) AS/AZ » 0.005°K/m
(2) 87 - 63 » 2°K

where 48/AZ is the change of potential temperature (8) with height (Z)
and 8r and €3 are defined at the top and base of the inversion. A
default value of 3000 m d1is assumed when no critical inversion is
detected.

Examples of the average estimated mizing height for the winter
seascn (January 1984) and for a typical summer wmonth {July 1984) are
precented in Figs. 36 and 37, respectively. 2As one might expect, the
mixing height was found tc be generally larger over land and probably
at its minimum thickness above the Mediterranean Sea. It is noteworthy
to mention that all sites that had less than 31 soundings (one per dav)
were excluded in the calculation of these mixing height values.
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3.0 DEPOSITION

Many organic compounds and heavy metals entering the Mediterranean
area, such as cadmium, and chlorinated and petroleum hydrocarbons, are
currently of greatest ccnoern (Duce et 31,, 1976; GESAMP, 1985; Pacyna,
1985; Dulac, 1986), After these trace constituents are mixed into the
atmecsphere and transported by the winds, there is the final stage of
removal cr deposition. This process can be broken down into two types:
dry deposition and wet deposition. Wet deposition includes both the
rainout (within-cloud scavenging) and washout {(below-cloud scavenging).
The routinely measured meteorclogical parameters that can help in
understanding deposition include distribution of cloud types and their
amounts, plus duration and amount of precipitation.

3.1 Clouds of the Mediterranean and Their Asscciated Adr Massec

One of the most notable featurss of the Mediterranean cloud cover
is that the area is nearly cloudless during the summer and about 50%
gvercast during ths winter. From November to February, the central
regicns, including Italy, Greece, and the Asgean Sea, are 50-60%
coversd and eastern Spain and Egvpt are 35% covered. In spring, the
cloud area gradually retreats northward, and in Mav a mean cloudiness
of 50% is found only over northern Italy and ncrth of northern Greece.
During the summer, northern Italy retains a 40% cloud cover, while all

other sections enioy nearly clcudless skies. In Septamber, the
overcast begins to increase again, but is not appreciable until
October. In that month, a 50% cover will be found over Italy and

Sicily, while sastern Spain and Egypt are still nearly clear. The
wedges of cloudiness, which has spread south, then extends itself east
and west in returning to winter conditions. The distribution of
mountain ranges, the changes of air-mass stability and moisture
content, and the original air-mass characteristics determine which
cloud types will form., Air wmoving over the Mediterranean from North
Africa iz warmer than the sea at all seasons, espescially in winter,
whereas air reaching it from the northeastern Atlantic is cooler at all
seasons, but especially in the summer. Continental air reaching the
Mediterranean from FEurope is heated from below in the winter, but
cooled in the summer (Air Ministry, Meteorological Office, 1962; Biel,
1944; Conrad, 1872).

3.1.1 Clouds in the winter

In mPa air, which is the most common air mass using the Bergeron
classification scheme (Table 1), the same cloud sequences are found
behind cold fronts as in the Atlantic: cumuilconimbus slowly decreasing,
becoming broken usually 160 km to the rear of each front, but cften
persisting for davs in the mPa air due to the steep lapse rates and
persistent cyclonic curvature of isobars behind the fronts. As the
air becomes stagnant mPm, fog or low stratus is frequently found over
land in the mornings, whereas scattered cumulonimbus is still reported
in the afternoon. The cPe air arriving from Burope with a north-west
to northeast trajectory is shallow, 2-3 km in depth; an extensive
overcast altostratus or altocumulus forms in mPm air, which is underrun
by the cPe air. Low stratus found over the Balkans during an advance of



cPe air from the east or ncrtheast dissipates along the Dalmatian
coast, as the cPe air dascends about 700-900 m to the Mediterranean.
The ¢Ps air iz c¢loudless over rica, but develops low stratus while
paseing cver the Mediterranean. The amcunt of stratus depends upon the
pericd of time the cPs air has spent over the water as well as upon the
surface temperatures of the air mass as it leaves the North African
coast. When the stratus lifts along the mountain ranges bordering the
northern Mediterrvanean, especially the Dalmatian coast, middle clouds
and rain remain (Brady and Nestor, 1980; KNMI, 1968).

3.1.2 (louds in the summer

The mTm air ({Table 1), which is most commonly present, is
characterized by instability in the lower levels, but moderate
gtability in upper levels. This fair-weather cumilus is observed over
the sea, but cumulonimbus is rarely observed except during occasional
frontal passages. Greater frequency of cumilus clouds is found over
the land, especially in the mountainous regions. High and middle
clouds appear to be almost absent., The mPa air occasionally reaches
the Mediterranean in summer behind a cold front. Behind the front, low
stratocumulus is  soon followed by cumulonimbus, the instability
resulting from the fact that the Mediterranean is about 3-4°C warmer
than the Atlantic in summer. The ZTe air rsaches the Mediterranean only
with nertherlv flow. Since itz lower part is cooled over the sea, and
davtime heating is negligible over the water, only scattered cumilus
clouds with high bases and lacking of wvertical dJdevelopment are
observed.

The appearance of altostratus and cirrostratus is associated with
mTa air arriving from the southwest and preceding a cold front from the
Atlantic. When mTa air zreaches the surface of the Mediterranean, it
picks up moisture from below, resulting in low stratocumilus. The ¢Ts
air mass is cooled from below, during this season, and acquires
moisture in passing northward. Altoccumulus clouds are fairly common in
this air mass moving north, because of the excessive instability aloft.

3.2 Monthly Data of the Mean Cloud Amount over the Mediterranean Sea

Monthly mean cloud amounts are given in Figs, 38-49 uging oktas or
eights (8 = overcast). The first striking feature of this
representation is the relative clearness of the skies throughout the
Mediterranean in summer as compared with winter. The Ionian Sea, in
particular, should be noted for clear gkies in summer. Also, in the
Mediterranean the amount of c¢loud at a given station wvaries
considerably and often irregularly in the course of a day; days of
persistent overcast skies are rars.

In many places ashore, the diurnal variation of clouds in winter
gives a maximum in the early morning because of low stratus, which
usually dissclves after sunrise. There is a second maximum in the
afternoon caused by the development of cumulus. The modeler should
however keep in mind when simulating transport and diffusion of
pollutants on a diurnal basis, that the clearest time is the evening.
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Coastal waters zre commonly affected by the Jdiurnal changes of
cloud amount over the neighboring coast. However, convection is often
suppressed and the sky clears completely over the offshore waters up to
about 15-25 km from the coast, when cumulus develcogment growe over the
land. Thie fact should ke taken into consideration in parameterization
of wet deposition of pollutants aslong the Mediterranean coast by
scavenging efforts in convective cloud atmosphere (KNMI, 1957).

3.3 Monthly Precipitation Amcunts

The monthly average amount of precipitation is difficult to
determine, since direct measurement of precipitation is monitored by
ships only. As a part of the meteorological data, distribution of
precipitation intensities are displaved im Figs. 50 and 51, and menthly
amounts and duraticn of precipitation are given in Tables 2 and 3. The
summer dry season znd the wet season from late autumn to early sgring
are noticeable features nearly everywhere in this basin except in the
northern part of the Adriatic and Ligurian seas where summer
thunderstorms are gquite freguent, amounting to about 25% of the total
annual rainfzll. Elsewhere in the northern Mediterranean, summer
rainfall is only about 10% of the annual total. South of about 40°N,
the summer precipitation amounts represent barelvy 5% of the total
anmmual amount. Ia the southeast and south-central Mediterranean there
is practically vo rain during thesse summer months (Adr Mindstry,
Meteorological Office, 1962},

3.3.1 Geograghical distribution of precipitation

As one goes southward, the month of greatest precipitation occurs
later in the year, in general, because of the progressive penetration
of polar air massss southward into the Mediterranean. Therefore, north
of a 1line from north-east Spain through the center of the western
basin, the center of Italy, northern Greece, and north of the Aegean
Sea, the month with maximum rainfzall is October. Retween this region
and a line from the Strait of Gibraltar through Sardinia, the socuth of
Ttaly, and the central BRegean, the month of greatest rainfall is
November. South of this second line, the month of greatest rainfall is
vsually December and sometimes January. The general pattern can be
seen in the rainfall intensity maps (Figs. 50 and 51) and in Table 3.
There are, of course, many local exceptions to this general pattern
(Air Ministry, Metecrological Office, 1962).

3.4 Indirect Methods for Evaluation of Precipitation Amounts and Rates

There are several indirect methods to evaluate precipitation
amounts and  occurrence. For example, one method uses radar
reflectivity data to assess intensity rates and integral rain amounts.
Another method, suggested by Goossens (1985), wuses a principal
component analysis followed by a cluster analysis technique (Fig. 52).



Goossens' methed allows the classification of Mediterranean
rainfall sites intc homcgenecus regicnal groups. These climatic
regions may be characterized as follows: Group 1: Northwestern
Spain, northern Portugal, northern Italy, eastern Mediterranean coast
of France; characterized by a west Buropean rather than a Mediterranean
coastal climate with a vyearly rainfall distribution exceeding 700 mm
over much of the region. Group 2: Northeastern and southern Spain,
southern Portugal, western Mediterranean coast of France; characterized
by rainfall in winter and very little rain in summer months. Group 3:
Balsaric Islands, <central and scuthern TItaly, northwest Africa,
northern Greece, part of Yugoslavia; most of the rainfall occurs during
the winter half vyear, but summer is not rainless; the amount and
duration of rain, however, decrease progressively towards the south.
Group 4: Yugeslavia, Albania, and southeastern Italy; characterized
by a single maximum of rain in winter, summer being almost but not
quite rainless. Group 5: Southern Gresce; characterized by
considerably less precipitation, and dry and dusty 1lands throushout
the long summer months. All these features can be sesn by reviewing
Figs. 50-52 and Tables 2 and 3.
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4.0 SUMMARY

This report reviews the needed parameters for understanding the
atmospheric transport of pollutants to the Mediterranean Basin. The
main goal of the report is to answer one of the questions raised by the
GESAMP Working Group (GESAMP, 1985); that is, what are the major
atmospheric pathways for contaminants reaching the Mediterranean?

Beginning with a description of well-known geographical and
synoptical features of the Mediterranean climate, special studies are
presented that use the meteorological data in models for a more
sophisticated analysis. The use of trajectory climatoleogies and
statistical studies are examples of such approaches.

To assese the efiect of thermal stratification on wertical
transport, temperature profiles were extracted from a global, upper-air
data base for the Mediterranean region from which average values of
boundary layer heights were mapped. The authors also describe some
important parameters affecting two possible types of deposition: dry
deposition and wet deposition (consisting of within cloud scavenging
and below-cloud scavenging). The routinely measured metecrological
parameters necessary for such processes include distribution of cloud
types and their amounts as well as duration and amount of
precipitation. These data are displaved in the most practical way for a
potential user on a 1° square resolution. An extensive reference list
is provided.
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Thig section presents a selected biblicgraphy arranged by topic,
and references for this paper. The bibliography is not intended to be
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Table 1

Bergeron classification of air masses over the
Mediterranean (Bergeron, 1928)

Identifier Definition
Winter
cTs Continental Tropical Saharan
cPs Continental Polar Saharan
cPe Continental Polar European
mPa Maritime Polar Atlantic
mem Maritime Polar Mediterranean
Summer
cTs Continental Tropical Saharan
cTe Continental Tropical European
mTa Maritime Tropical Atlantic

mTm Maritime Tropical Mediterranean
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Fig. 1 - Topographical map of the Mediterranean area
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Fig, 3 - Syroptic weather patcepp type 4
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Fig. 4 - Synoptic weather pattern type C
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Fig. 32(a) - Trajectory statistics at the western Mediterranean (Med Pol)

point for January-June, 1975-1984. The values shown are the percentages of

boundary layer trajectories (1000-850 hPa) that had arrived at Med Pol
and had traversed a given location on the map.



Fig. 32(b) - Trajectory startistics at the western Mediterranean (Med Pol)
point for July-December, 1975-1984. The values shown are the percentages of
boundarv layer trajectories (1000-850 hPa) that had arrived at Med Pol
and had traversed a given focation on the map.
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Fig. 33(a) - Trajectory statistics
boundary layer trajectories

point for January-June,



Fig. 33(b) - Trajectory statistics at the eastern Mediterranean (Israel)
peint for July-December, 1978-1987. The values shown are the percentages of
boundary layer trajectories (1000-850 hPa) that had arrived at Israel
and had traversed a given location on the map.
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ABETRACT

esults are given of a detailed study to determine the spatial and
tempcral {seasonal} distributions of the planetary boundary layer
depths* (PBLD} over the Mediterranean Basin, Mora than 45,000
upper-air measurements from 45 rawinsonde stations in the basin were
compiled and analyzeld for two consescutive years from spring 1986
through winter 19883, A methodology using hoth t*tes*ed and newly
developed criteria was applisd to determine PRID values., As expected,
the vslues prove 0 ke gensrally higher over land and are probably
minimum over the sastern and western ends ¢f the Mediterransan Sea.
Factors influencing *his spatial distributicn sre mainly topographic,
the distance from the shoreline, and *c z lesser extent, synoptic

weather systsme. The wmost strilking temporal effect on PBLD
diztribution over *he Mediterranszn Basin ig caused by larger scale

sanptic weather syttems; sectrdary iz the diurnal cycle, which has ifts
largest effects mainly for the summer months.

ps; “ypical
valies wer acted from these maps and are presented in tabular
form. The main purpose of thiz paper is to make =zvailable seasonal
input values for dynamiczl meteorological modsls so that trarnsport and
disperzion cver the Mediterranean Basin czn be hetter assessed.

B values sre displaved as analyoed sezscnzl
re! exur

¥  Planetary boundary layer = Atmospheric layer extending from the
earth's surface and of depth about 600 to 800 m, within which air
motion is affected significantly by surface friction (WMO, 1966).



1.0 INTROCDUCTION

In Part A an overview of the meteorological measurements
appropriate for the description of transport and dispersion of
pollutants in the Mediterranean region is presented. In the conclusion
section suggestions are made for further analyses of metsoroleogical
data that would help in understanding pollution of the Medi*srranean
area via the atmosphers.

One of the rmoct important meteorological parameters affecting the
dispersion of primary, secondary, and radiocactive pollutants in the
atmospheric boundary layer 1is the vertical thermal strocture of air
from the ground up to about 1500 m (Benaris, 1980). In the
Mediterranean Basin, reliable data regarding the wvertical thsrmal
ztructure along the Mediterranean shoreline and the inland variations
ars requirsed for variocus purposes such as the f£clleowing:

(1) Input to atmospheric flow pattern simulation models such as
sea and land breerze circulations (Neumann, 1977; Mshrer, 1985).

(2) Input to pollution dispersion simulation models  for the
coastal plain surrounding *he Meditsrranean Basin {Segzal et
al., 1922; Grzber eL al., 1984).

2) Determination cof the height of power plant stacks sited aiong

the Mediterranean shoreline (Graber et zl., 1%%4) or inland
(Dayan et al., 1988).

(4) Studies and assessments of air pollution potentizl
(R;ndaberg-_, 1976; Tadmor and Manes, 12973; bayan and Koch,
1023},

For *these reasons, and Van Dop's (1986} finding *hat =ir pollut:on
simalation models are mest sensitive to changez in the mizing depth
parameter, the ohiect of this second part of the review is to develop a
methodology to analyze the daily routine upper-zir data mezasured above
the Mediterranean Basin and aleng the shoreline in order to ectahlich
the spatial and tempcral behavior of the mixed layer ovsr the whole
watar body.

2.0 EFFECT OF VARIATIONS IN MIXING HEIGHT ON ATMOSPHERIC DISPERION
CALCULATIONS

The height of atmospheric temperature inversions is well
correlated with the depth of the mixed layer above an enclosed wakter
body such as the Mediterranean Sea, the latter being usually governed
by large-scale synoptic patterns (Holzworth, 1267; Dayan et al., 1988).
Also, as discussed below, changes 1in the depth of the marine mixed
layer are related to the formation, duration, and destruction of
temperature inversions.
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The problem of the stability of the atmosphere near the seacshors,
over the water body has been discussed by McRae et al. (1981) and Hamna
et al. (1984; 1985)., Since the summer daytime water temperature is
generzlly lower than the adjacent land temperature, the mixed layer
over the water is much thimmer than over the land (Hanna et al., 1984).
On the cother hand, since thermal conditions as well as the sea breeze
wind direction are reversed at night (Neumann, 1%77), ne can expect a
mirror image of the daytime situation for the mixed layer at night,
that is, a developed mixed layer over the water and a thimer mizxed
laver over the land (McRae et al., 1981}.

(I

The practical impact of finite mixing depth above the Meditsrrane=zn
.
ot

can ke geen in "fumigation" and "trapping" of a plume above thiz hasin.
In fumigation, the plume is initially emitted zbove the boundary layver

ffrom a coastal high stack at night, sav) and travels above the water
undispersed until ths late-svening mixing laysr grows above water to
zufficient depth.  Thersaftsr, rapid downwsrd mixing can lead te high
gsea-gurface-level concentrations at appreciable disgiaznces cffchors
downwind of the coastal source,

The *erm *ragping is zpplied to the mcre general situzticn in
which vertical mixing is impeded beczuse of the finite depth of the
miving layer =hove the gea, whizh iz formed by ths distinct interface

atiween the inflow and the cutflow layers (Fiy. 1). This maintzineg
gea-level pollutant concentrations that are higher than *hzs2 that
would prevail under conditions of unlimited vertical mixing. RBeyond
some distance offzkore, in the open sea, the transportsd pollitant can
e considered to be spread uniformly throughout the mizing layer.

The zbove discussion on the effect of wvariztions in the wiring
layer on ,atmcspheric dispersion above the Mediterranean Sez iz very
idezlized and gloszss over many complexities and uncertaintisz tecause
dzts on the temperature profiles over the open sea ars not yet
available. Therefors, no attsrpt is made in this part of the rsview to
quantify precisely the changes of the mixed laver over the *ransition
arsz from the open sea to the coastal surroundings of the Mediterranean
Bagin; rather, the mixed layer is characterized on a seascnal bagics
over “he whole water body, =as analyvzed from svnoptic radiosonde data.

3.0 CHARACTERISTICS CF TRANSPORT AND DISPERSION OVER WATER BODIES AND
ATONG THE MEDITERRANFAN LITTORAL FEGIONS

No distinction is made here between different forms of industrial
pollutants emitted from the Mediterranean coastal environments,
because, from the point of view of over-water and coastal dispersion,
no distinction is necessary between the emissions of nuclear, chemical
or other industries.
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2.1 Specific Features of Over-Water Dispersicn and Transport

The over-wakter meteorological data necessary for charzctarizing
cffchore dispersion are different from over-land meteorological éata.
Tor example, categories of over-land turbulence levels, which hzve bse
successfully parameterized as a function of solar radiation =zd wind
zpeed only, can be used without considering surface temperztire or
Fumidity. This ic not the case for the boundary layer over water
surfaces where diurnal temperature changes ars @uite small hut responss
timez make turbulence heat fluxes important. Over-watsr turbulence
levelg are largely governed by the alr-water temperaturs diffsrsnce,
cver-water wind speed, and specific humidity.

The data compiled and analyzed in part A of this review lead o the
generzl conclusion that dispersion over water is less than that over
2=nd sround the Mediterranean Sea. This iz primarily bLeczuse of the
rzduction in mechanical turbulence due to the smoother water zurfacs.
The actuzl magnitude of over-water diffusion is influenced Ly *he
*hermzal stratification of layers above the sea-surface. For exampls, in
*ro sprirg, relativelvy warm air iz advected offshore from the Yorth
Xrica Coast to ths Mediterransan cooler watsrs; the resuliing
nversion conditions act to  reduce any  mechanically gzsnerate
“orhulence and therefore to minimize dispersion. In the early worning
hours of the fall, if relatively cool air iz advectsd ovor warmer
zhallow Mediterranean waters, the situation is reversed. Nevertheless,
~cet studies indicate that for the same atmospheric stability
condition, as specified by the thermal lapse rate, dispersion over-
wataexr 15 gensrslly less than that over lznd, becavse of the smoother

. e b o~
~ater surface.

A further consequence of the smoother water surface iz that the
wznd speed iz veuzlly greatsr., Such intensification above the sea was
sheervaed in' Section 2.1.1 of Part A of this review, in which monthly
averaged winds over the sea-surface were displayed =zc arrows in each 1°
zquare representing the mean vector of all observed winds. The reduced
surface frictional effect reduces the wind speed shear and so increases
“he low-level wind speed. Noteworthy is the corresponding change in
wind direction shear, as displayed in Figs. 12-14, Part A, resulting in
3 wind dirsction shift as air traverses the Mediterranean coastline,



3.2 Dependence of Over-Water Diffusion on the Over-Water Temperature
Profile

The dependsnce ©f over-water diffusion on the over-water
temperature profile has been demonstrated by Prophet (1961). He
computed vertical eddy diffusivities from 2z nurber of experiments
reported in the literature, as a function of the water-air temperature
differsnce., In Fig. 2, the strong dependence of vertical diffusion
rates over water on the temperaturs difference can be sesn. The
Mediterranean Sea, heirg a small and almost enclosed water body, is
relatively warm; therefore the water-air temperature difference is
expected to be emall, not mors than 3°-5°C, the positive value
indicating that water iz warmer than air. This is trus even in the
spring, when the sea reaches its coldest wabter temperzture. This small
temperature difference assures usually reduced valuss of vertical eddy
diffusitivity. Hence, warkaed ccnvechive turhulence is noh sxpected
over the Mediterranean Sea. It is clear that under these weak
turhulent conditions, disgersion would be quite rsduced, although as
mentioned in Part A, no data exist to allow this to be quantified above
the Mediterranean Zacin.

In conclusion, therefore, transpert cver water g=zems to be
characterized by increased wind speeds and reduced dicpersicn, when
compared with over-land transport., The gquantitative nature of these
effects is governed by the over-water temperature profils; therefore an
analyveis of radiosende profiles above the Basin is given here in Part B
in order to calculate noontime monthly c¢limatological values of the
mizing depth for the vhols Yediterranean regicn.

4.0 DESCRIPTION OF THZ UPPER-AIR DATA BASE

The planetery boundary laver depth (PBLD) wvalues in the present
study are derived from observed upper-air rawinsonde datz in the
Mediterranean Basin. The socurcs for this data base is a NORA Aix
Resources ILaboratory upper-air observation archive for the
Mediterranean Basin.

Station location with respect to the sea chore, and station
elevation have an important rolz in determining thermal stratification
of the atmosphere above the Mediterranean Sea. Fig, 3 gives the
station locations for this study; Fig. 4 presents stabtion elevations.

There were 45 rawinsonde stations included in this data bacse.
gynoptic rawinsonde weasurements are taken according to WMO protocols
each 6 hours for szome western stations along the Mediterranean Basin
and at least every 12 hours {(at 0000 and 1200 GMT) for all sites.
Therefore, the PBLDs were calculated for these two latter observation
times (i.e., midnight and midday). PBLD values were calculated and are
displayed as seasonal maps for two consecutive years from spring 1986
through winter 1988,
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Fig, 2: Vertical eddy diffusivity for over-water flow (Kz) as a function
of the over-water temperature difference (AT), as computed by
Prophet (1961),
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5.0 DETERMINATICN OF PLANETARY BCUNDARY LAYER DEPTH (PBLD)

The vertical extent of mixing for long-range transport and
dispersion models is not necessarily confined to the depth of the
boundary laver. Furthermore, numerocus methods for estimating mixing
depths with application to diffusion are cited in the literature
(Hamna, 1969; Holzworth, 1967; Nieuwstadt, 1980; Nieuwstadt and Van
Ulder, 1978; Van Ulden and Holtslag, 1585). This diverzity of methods
is egpecially emphasized when the nature of dispersion is nonbuovant or
mementum driven, such as dispersion of passive contaminants released
from a continuous and wide area source in the atmospheric surface layer
zbove the Mediterranean Basin. Therefore we thought it most
appropriate here to use the PBLD as determined for rawinsonde
temperature profiles around and within the Mediterranean Sea. This
PBLD value was calculated bv a methodology in which two criteria were
used (Fig. 5):

1) The lapse rate: A8/AZ 3 0.005°K/m.
2} The temperature change in the inversion: 8rtop - fsottom 3 2°K.

= potential *emperzture and 7 = height. The maximum PRID value
t to a default of 3000 m whenever bcth criteria could nct be met.

nee vertical resolution for transport in mwost models is equal to or
greater than 300 m, this value was adopted as the minimum PEID value.

M

I
H

o}

h @

as =
1

To assure reliskle PBID comparisons within the Meditsrranean
in, the PBELD climstological averages wsre incorporated in the
analyszes only if =zt least 45 soundings were available during each

6.0 MAPZ OF SEASCNAL DISTRIBUTIONS OF THE PELD

Seazonal maps of the planetary boundary layer dJdepths {m) follow
for spring 1986 through winter 1988 over the Mediterrarean Basin at
0000 GMT and 1200 GMT where SPRG = March, April, May; SUMR = June,
July, August; FALL = Septamber, Octcher, November; and WNTR = December,
January, February.

Bach mep is identified at upper left.



3000

£
o ? CRITICAL INVERSION
I L4
o | 4
(]
* |
|
|
I
| 3
| &
|
|
i
SFC o
POTENTIAL
TEMPERATURE
@

CRITICAL INVERSION CRITERIA:
(1) A@/AZ = 0.005 KIM
(2) 91’ - GB = 2K

Fig, 5: Method used for determining PBLD values from rawinsonde data.



- 112 -

0002 i .‘. ;

\ m.mmv

- H "
A

0002 oot V)

0081 v
.

0081 Sew %

0002 2902
0081 D

TN\
009t et
00bE T e )

(=4
(=]
™~
e v

abe, Laeensesereabatitasare
P TN
*s,
geasresrranenee oo

repd
c-"'".
¥

(4400

6¥9L

- Seeerraiee,
!

ooy e

ol 1BEL

-\ 658t
A * !
00b1

“, oS W
g’ &
o
!

N &

s,

d

s
%, %

'ras ™,
.,

1WD0 98DHdS
1 den




S —
I 000t H
1

Sesnenny,

I 11EL o i~ ~. P g Seel

N s951¢ ° svzi A levi 5 P 62V L

- A

et rrey &

\
t

¢
i
H

- 113 -

a)
1= 0091 661

e, €081

1WD0 L8DYUdS
? dew



- 114 -

gz

00z
000t

R e L ]

RN

964t i 6622z '
", 8 . X - &
\ 3 _~ 008}

tene,,
.,

o'

"
gt

mreaus 0t”

i-.
med Ty

Fa,,
o,

r'd 1

LA T PP,

¢ deg



- 115 -

b
[~
<

Coogt LT TNy
o

18

008

SISty nren

P TN TTPICPPIN

Y
o e )17 i L SI6L
: > ., .
i, ; %, 0091 ..J
v, , M K . »~ .m.s.
% & F ’
-... L e, -.n..o...n -.“-‘....l.l .* .-._.-.M.-n
Sred’ prens H
otmagges™ H
\a Foen,,,
- 'ctlticuo-
o ...l......
V <
(Y
kS
$
H
i,
i3
s
7
B
’ [
1.!
kA
b,

L
",

Pesssncnus

Y W
Ltinoo 284Wns
Y dey



sgressassorten
Y,
",

o,

",

. e
S L
W

Cosasnunssenarnsbebitutatisen

rarberareRrIYS 990

ey, e
et s e

\

-

- 116 -

RS
e u

Tatbesecssnsnns,

Woe 981IVs
¢ deR

4



- 117 -

presenane
e

P e T L

*
i

wort P oray, et
e oot

 a
2151

Sttt

Fidneensing,, . .
H 0091
98
e e . \..2» 9L 1
)\ i * 1L W
‘ & -...-. . S Ted W
[

s’

e Ll )

Gl

votteaveanngy,

..\...-..
-_— & w
LWD0 1877V
9 dey




- 118 ~

[
.

P
srusbisataseces oon

9gzZ1 0021

a
Q
- I
coolL arLLY 8821l f oz} v} 8061
- . -
)

109}
V)
268 s A\ 8151 /
88z 1 — 6861 H

. ’ £661 war

e T Stitneen,
...n.......

 artes,

N nit

- and®
Sagen e .
* e,

",
s

~

e,

H
H
1
i

K
7

.
£,

LIWOD0 LZ8HINM
[ dey




- 113 -

e

oozt

&
.

resraree & saes ebiL

ooy}

o
o
@©
L g

podnT ey

1001

ob

JULTT P

., e
Foy painet

. \ ‘oLt

_‘\.‘ g
g

7~

LT PONPY
L

b
-.o-

LWD0 BRULNM
g dey



420 -

/

s
Ta, o, m
-oc-ofqnum
% cememsr
3
P
-
H
H
i
11112

-

1

S
"\

i rag
o
e

-

-

nnE T

vren,

1
_persananmevre
e

.t B, e

bt

n(-(s R
i by,
R St
e e
w7 » 3
P D- m
s e i \a
5, | :
%, ; ¢
w o~ A
:
n..? :
r
1

»

g aanamisssn ety

t
I A8




<«
4

|

5

.
wptadens?™y

penaresesssttt e

-

o

crsenefesreacer T
]
D
E

ey
»

)
.

’J

Vibay maveh




- 1")"1

sqaransatasines

PRCLLR ML,

3

e\
»r L

SHTT }

R

L
aases’

o . BHZ ~opsz, N
S e A )

£ 0022 oovz /
: g A 0002

-.-.'-‘o...;.n.....u: aw:

ot

P

y

9

ERCTTL N
- > -,
&

.
" .
|00 .
P4 w .
o ooy, Foater,
ra . -"
7 !-u :
k 3
.. 3
[
i
e
ocu
o
)
%
® I4 I
.
“a,

eeorassinnenas,

o~

LWOZL 98HINS
1T dex



- 123 -

., ~

. !

0, et
e,

m ‘NN“Q!..'-.!.-
o ek H
000
008t /-, 1 .
009t Jov* =) . H o
00zt :

oot

o
o

\

”»

., e,
Yoy quet et

.o,
o’ QLIPS

e
s r
Jy ST

*,

¢
H

Vs

K
o+

rerevansunitbae,

<

WDZ1 L8YWNS
71 Al



0002
0081
0091

‘ / ool

o
0

EY

ooyt 0081

0002

v’

01 ey, ot SIS et a s sas pes e aa by
o
o
@
-
C R N §

A

oovL

x
AN

v ooz

anttiy, ot e, 3 -
R ORI ',

00zz . . 0

N\
- — Y
\V) ’ ’ f% 9 ‘
000z w -
8912 .
0081 Pl o AN [/ / C
0591

EbvL (YN TR

08.1  9g61

- 124 -
\\

"
oV, p—et]

e aappannty
>

1

;o X
N} ,.hw.W

LADZL 98T71Vd

£1 dey



- 125 -

arrrsessarenss
=,

e,

.
o

0001

LT LT YT PP,
3

0002
008t 0091

0002

o
H
:
H
H
:
H
4
H
i}

s ) ] EEzt
N H
A il 00Z4
g 6291

{

N
) 8zl Zivl
. Q 5451

r

A w

le)
661

40Ge

1851

Sensrian,

N

e, BOBE
- ..vn-\\ .*...
——— 111

b

ol

"

ey,

o
192t LB7Ivd
%1 dey



0021 000t
ooy 008+ oovt

s#IsEesntseesrrastrnnnennpntens

~106
.M — €scl
RS S G
081 ’y
O. - S8EL |
§ - -
0092 vezL " .
u
(9]
-l
| oot i

(4
. 0021

LWOZL LBHINM
¢1 dey



AV

s
'

vl

o
.-1"

] TIY.

a¥
2

pperarentrsrme?

gy

¥ Frane gy

Ve, i S, r e
.V o aan
o -
i & s . OO0
[ALM : { e
i H . %
H H e . k)
§ ¢
N ., - I Ratiilie By -
= ", ? - 1 pusor o
(d L , _— T 4 P
Y \v.nr-.na.-. -, I Senvumsenner "
“, o “pransenne’ ",
H A P
L. o e, U U Aol
1 ., e i, S o
) e o
i--A e aul' . R L-I s
# ey e )
Ny § ioge 1
ﬂt -ﬂ ‘!l‘
£y ] o
=, % " 3

—.o..
...a.... / ! .\ﬁ \ -

5,
pnarers

—



7.0 DISCTSSION CN THE 3ERT(NAL PELD DISTRIBUTIONS

The spatial and temporal behavior of ths PBID over the
Yediterranean Basin wers svaluated and are dizplayed as seasonal maps
(Maps 1-16) and a summary table (Table 1). Two sets cf maps were
charted, for midnight (0000 GMT)} and wmidday (1200 GMT), for eight
consecutive seasons (spring 1986 through winter 1988). Seasonal
averages are precented in order to give the potential user insight into
the variation of the PBID values from one vyear to the following for
each sesson.

Frcm analyees of calculated values and their distributions in the
Mzditerranean Basin, the most striking elements that seem to govern the
patterns are the leocation of rawinsonde gites and the orientation of
the sites with respect to the Mediterranean Sez {(altitude, rate of
axzposurs to ses brsezs, ztco.).

7.1 Altitudes of the Rewinsonde Sites

icn 5, the upper and lower values for depths of
the PBL wers =sst abt 3000 and 2300 m respectively {see Fig. 5).
Therefors, the topegraphicsl height of the station was fovn? to have a
direct impact on characterimation of the PBID (aside from indirect
effaectz caused by toposraphical festures), This effect iz ezpecially
gvident in the esactern Mediterranean under subsiding conditions caused
by the presence of 3z subtropical high barometric pressure, which
dominatss the southern part of the sea during certain seasons.
Therefore, for example, the two elevated sites in Turkev (stations
171230 and 17240 in Fig. 2} might be above the PBID of the Mediterranean
Basin. This is especially the case Jduring the summer, which is
characterized by relatively low PELD values (i.e. 800 to 1000 m) in the
Eastern Mediterranean Basin (Table 1). This <chould thersicre he noted
when applyving the PBID values given on the maps in Secticn 6 or thoss
given in summary Table 1.

7.2 Distances from the Mediterranean Shoreline

The significant varistion observed in the PBLD values with inland
penetration ic mainly determined by the strength of the sea breeze. The
sea breece can act as 3 weak cold front, splitting the boundary laver
into twe distinctive lavers: a shallow, cool, moist marine layer above
ground and =a relatively warm, dry subsiding layer aloft (Halevy and
Steinberger, 1274}, The PBLD seasonal means increase inland due to the
disappearance, moving inland, of this shallow marine inversion
intrusion. This effect is well illustrated for the eactern part of the
Mediterransan in the summer PBID distribution maps (Maps 3, 4, 11, 12),
for which orientation of the PRID isocpleths follows the predominant
onshore wind direction.



Tabls 1. Typiczl sgsascnal PEIT Valuss {(m) for ths Wesharn (W),
Central {(C), aznd Eastern (E) Mediterransar Bazin
Sprirg PRLD Summer PBID Fall PBLD Winter PEID
Time W C E W ¢ B W C E W C E

OGO GMT | 130C 1500 1300 | 080C 1000 0800 | 1300 150C 1300 | 1500 180C 1700
1200 GMT | 1800 1700 1600 | 150G 1500 1000 | 1600 1800 1400 | 1700 1900 1900

7.3 Diurnal Effecte on the PELD Distributions

Tamporal behavicr of the PBLD near the Mediterranean sea surface is
governed mainly by ftwo distinct features: (1) the diurmal cycle
Mmectarnal weal convection abovs relatively lukewarm water ve. daylight
stability confined to the cooled surface laver asbove the water) and (2)
the larger-scnle synoptic weather cystems. Heat capacity of the sea;
being of greater value than that of the ground, causses a lag in heating
and cooling cof the water. This produces & difference in the sea-
temperature in the laver interface just above the &
temperaturs in this same laver above ground. These Lhenn_l
raach extrsme values for the central and western = rts of the
Mediterranean Basin during the spring and beginning of the summer
(reflected by the PBLD in Table 1) when the northern coast of Africa is
alrsaldy wzrmer than its adjacent shores and close sea water. In
general, ac an overall average of the Mediterranean Sez, the largest
day-night PBLD differences (approximately 500 m) are shown for the
summer months (Maps 3, 4, 11, 12).

7.4 Seasonzal/Smoptical Effects on the PRID Distrikutions

Seaconal effects on the PEID distribution above the Mediterranean
Bazin are mainly governed by the climatologiczl positions of the most
prevalent gynoptical svstems, which follow, on a seasonal hagis, the
latitudes of strongest solar radiation.

A way to emphasize these synoptical/climatological influences on
the PELD values isg by observing the distribution of these wvalues for
the eastern part of the Mediterranean Sea for summer 1987, 1200 GMT
(Map 12). The most outstanding feature ie the gradient of the PBLD
value along the Eastern Mediterranean Coast, showing a sharp decrease
to the south. This phenomenon is explained by the increased distance
from the cyclonic center of the Persian Trough to the northeast (which
persists in surmer) and the decreased distance from the North African
anticyclonic high to the southwest (which persists during the whole
year). This feature was confirmed in a recent study (Dayan et al.,
1988) in which an analvsis of the temporal and spatial behavior of the
PBLD values above Israel was performed on the basis of intensive
upper-air measursaments.



*r conclusion, thie study shows that factors influencing spatial
variztions in the PBID are, mainly, topography and the distance from
shoreline, and to a lesser extent, cynoptic weather systems and the
distances to their centers. The most striking feature of the PBID
distributions is the predominant pattern in all the maps dicsplayed
(Section 6) in which the values at the center of the Mediterranean Sea
are consistently higher than those at the eastern and western tips of
thiz basin. Temporal behavior of the PBID was found to be mainly
governed by seasonal cycles, as determined by large-scale synoptic
weather systams, rather than by diwrnal effects (see Table 1).

The values given in this report (Maps 1-16 &and Table 1) should be
used with care, being aware of the assumptions, methods, and
limitations mentioned in earlier sections. Of particular concern are
the interpoclated contours drawn between widely spaced rawinsonde
statione, many of which mavy represent only local effects.
Nevertheless, it dis the authors' belief that the stringent quality
assurance employed for decisions on how these data should be treated
and which stations should be included (Section 5) together with the
consistency of seasonal patterns from yvear to vyear should give
confidence that the values presented here are appropriate for input to
long-range transport models in the Mediterranean Sea region.
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