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Response and Multiscale Interaction

Range of response on various spatial and
temporal scales

e Spatial
Busin scale thermohaline cell
Sub-basin scale gyvres
Current systems

Algerian, AIS, MMJ highly
\fesoscale eddies energetic
Submesoscale and

convective chimney variable

e Temporal

Permanent

Recurrent

Transient

[Long term trends and changes
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Table 1. Estimation of the long-term average Mediterranean heat budget (in W m~?).

Q, T Q T @
Bunker et al. (1982) 202 52 101 13 36
- ' 202 68 101 13 20
202 68 130 11 —7T%
Garrett et al. (1993) 202 67 99 7 20 ¥
' 166 67 99 7T -7 v
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Gilman and Garrett (1993) 186 77 99 7 3 *c*
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(b)

MESQSCALE

Figure 12: Schematic of the scales of circulation variabilities and interactions in, a) Western
Mediterranean, b) Eastern Mediterranean.
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10°E Permanent Features ’ Systemn —- Two Interacting Gyres with 36'E
- - ~ - - Transient and Recurrent Features ) _Encircling Swirl
—--— Configuration of August/September 1987 Recirculation Zone — Several Gyres
with Encircling Swirl
Fig. 2. (a) Schematic upper thermociine gencral circulation. Dashed features are recurrent or
transient (Rosinsox er al., 1991). {b} Schematic upper thermocline general circulation extended
from melding of data and dynamics.
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Circulation and hyvdrography of the Lovantine Basin 1051
(a) OCT-NOV 35 BILIM & SHINMONA surface analvsis
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Fie. 2. (a) Surface and (b) 300 db dvnarnic height (in em) refzrenced 10 800 decibar level of no

motion. October-November 1985, The one degree square letter coding used in station naming
convention is also shown along the latitude and longitude divisions.
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Fig. 3. North-south cross-section (north to the left) of temperature through the eddy: (a) April

1988: (b) February 1989; (c) May 1989; (d) November 1989; (e) April 1990 and (f) October 1990.

Contour interval is 0.5°C up to 17°C, followed by 1°C up to 20°C, and 2°C above 20°C. Station
positions are indicated along the top border.
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lode] behaviour depend on modellers skill as much as on models
odel is here undersiood as the mathematical model and 11s compu-
implemeniations, without specificd parameters) :

“hough the oceanographic relevance of the experiment is not opli-
d {due to the forcing), at least the models exhibit a similar drift, and
: know how 1o correct it ;

\dditional calibrations of models (strait adaptations, vertical diffu-
n and modified surface relaxation) could improve “Tealistic” beha-
aur, as shown by some additional simulations of some partners :

vost of the differences in the hydrographic structures can be explai-
d by the different vertical diffusion parameterisation ;

vo model performs clearly betier then the others, some give @ better
mal of the variability, some conserve deep waler caracteristics bet-
: etc. and no real oullyers are visible, except a strong drift in ULB-
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:d correcting, a real benchmarking and skill assessment was not pos-
5le, a classical drawback of most intercomparison projects, because
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ies, due to the lack of appropriate knowledge of adequate methodo-
cies. For gualitative comparison and improving of models beha-
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WU AND HAINES: GENERAL CIRCULATION OF THE MEDITERRANEAN 1125

Mean Surface Pressure in Winter
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Figure 2. Seasonal mean surface pressure averaged from the last 40 years of the 120-year climatological
simulation. Seasons are defined as (top) winter (January, February and March), and (bottom) summer
(July, August and September).
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Figure 22: The weakly stratified chimney simulation at day 2, Cooling of 800 Wm™? is
applied for 2 day period over a 16 km disk, and then the cooling was turned off to allow the
model ocean to geostrophically adjust. a) horizontal currents at 200 m. b) an enlargement
of the north-east corner of (a). c) horizontal currents at 1000 m. d) an enlargement of the
north-east corner of (b). ) An east-west cross section through the middle of the developing
chimneys {Jones and Marshall, 1992},
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F?gure 23: A high resolution 3-D numerical study of deep water formation in the Gulf of
Lions with time variability in the thermohalineforcing (Madec et al., 1991). a} day 30,
b) day 120.
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Two way air-sea interaction
e mainly through surface heat tluxes
o important mainly in winter

e deep and intermediate water formation

e cyclone tracks
e influence on precipitation

Mediterranean circulation -
Interannual and long term variability

o Response 1o foval and/or remote forcing

o Response (o changes i1 tocal forcing

e [IW — NADW - (L&l‘i_wbal conveyor belt
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Fig. 1. Twelve-day TUNNING mean rainfal] in
region 20°-50°N. 20°45°E. Solid line

dashed line — anomaly forecasts.

mm day- over the
control forecasts:
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In Fig. 2 we show the total rainfall in mm day' forthe
entire 44 days of the 11 control forecasts. There are three
regions where the precipitation field exhibits relative
maxima. The most intense is located in the northwest
corner of the map off the Aulantic coast of France. This
is associated with North Atlantic storms which cross
central and northern Europe. In general, these storms do
not affect the eastern Mediterranean region. The sec-
ond magimum appears as a tongue of precipitation
greater than 3 mm day™' over the Adriziic Sea and
Yugoslavia, The third maximum 0CCl™5 OVel the east-
ern end of the Mediterranean (valuss greater than 2 mm
day™") and extends eastward into Iraq (off the edge of the
map). For comparison, Fig. 3 shows the climatological
precipitation for the months of October, November, and
December from Jaeger (1976). From these two figures
it can be seen that the model-produced precipitation is
quite reasonable in both amount and location. Much of
the difference between the model and climatology can
be auributed to interannual variability. This result is
quite encouraging considering the coarse resolution of
the model.
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Fig. 2. Total rainfall in mm day for the cntire 44-day period
of the 11 conwol forecasts. The contour imerval ts 1 mmday-.
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Fig. 3. Climatological rainfall in mm day~ for the months of
Ociober, November, and December (from Jaeger, 1976). The
contour interval is 1 mm day™.

The changes in the precipitation field for the entire
44-day period are shown in Fig. 4 where we have
plotted the values of ANOM - CONT. The shading
indicates statistical significance ator above the 5% level
based on a (-test for paired comparisons. The significant
increase in precipitation is confined mainly 10 the
Levantine Sea and the surrounding area. Maximum
increases of 0.6 mm day™' or maore appear as a band
which follows the coast of Turkey. Over central and
northern Israel and Lebanon, the increase of 0.4 mm
day™' corresponds to 15-20% of the total rainfall for that
area. There is a slight decrease in the rainfall across
castern Europe, over Algeria, and over parts of Spain
and France. However these decreases are not statisti-
cally significant.
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Fig.4. ANOM ~ CONT rainfall difference for the same period
as in Fig. 2. Shading indicates the 5% statistical significance
level. The contour interval is 0.2 mm day~.

In order to further understand the physical processes
responsible for this increase in precipitation we com-
pared the mean circulation for the control and anomaly
runs in the lowest model layer. We found that the wind
components and the height field did not differ substan-
tially (e.g., ANOM — CONT differences in the wind
components were at most a few tenths of a meter per
second). However, the temperature of the lowest model
layer did show significant changes, as indicated in Fig.
5. Over the area of the imposed sea surface lemperature
anomaly, the mean temperature for the 11 anomaly
forecasts was at least 0.5.°K warmer than in the corre-
sponding control cases. This is due to the change in the
sensible heat flux from the warmer sea in the anomaly
runs. The maximum sensible heat flux to the south of
Cyprus increased from 44 W m~* for the control runs Lo
67 W m-2in the anomaly runs. The lapse rate from 1000
10850 mb increased from 7 °K/km in the control runs to
7.5 °K/km in the anomaly rums.
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Fig. 5. ANOM - CONT difference in the temperature of the

lowest model layer for the entire 44-day period. The contour
interval is 0.2 °K.

The resulting decrease in the static stability led us to
suspect that the convective activily increased in the
anomaly runs. We were able to check thig easily since
the model computes the large-scale and convective
rainfall scparately. Fig. 6 shows the convective compo-
nents of the totat control rainfall. Recalling the three
precipitation maxima that appeared in Fig. 2, we can
now see that the maximum in the northwestcorner of the
map is due mainly 10 large-scale precipitation. The
land-based part of the high rainfall tongue that appearcd
over Yugoslavia is mainly due to the large-scaic con-
densation, while the partof this tongue over the Adriatic
Sea is due to convective activity. It appears that the

i o w0 Fe £y
Fig. 6. Convective rainfall for the entire 44-day period of the
cleven contrel runs. The contour interval is 0.5 mm day~'.

former is related to orographic lifing while the latter 1s
related 10 convective activity over the relatively warm
sca. The third maximum which extended from the
Levantine Sea across Israel, Lebanon, Syria, and into
irag is due almost exclusively 10 convective rainfall.
The convective rainfall occursina band that is oriented
along the major axis of the eastern Medilerrancan.
Apparently the convective activity is wriggered by the
lemperature contrast between the relatively warm sca

S Brenner. Response of a large-scale model 129

and the cold land surfaces to the north. We also note that
of the increase in total rainfallin the anomaly runs (over
the shaded arca in Fig. 4), roughly 80% of the change 15
due 1o the increase tn convective precipitation and 20%
is duc 1o the increase in the large-scale condensation.
In order to determine the primary cause of the in-
crease in rainfall (i.e., enhanced evaporation or desta-
bilization), three additional experiments were run from
cach of the 11 sets of initial conditions. The resuits of
these experiments are summarized in Table 1. For com-
parison we have also included the control (first line of
Table 1} and anomaly (last line) results. Each of these
experiments isolated a different aspect of the anoma-
lous surface fluxes as follows: ANSH —the SSTanom-
aly wasallowedto affect the sensible heat flux only (i.e.,
no enhanced evaporation); ANLH —the SST anomaly
was allowed o affect the latent heat flux only; and
LAND —- all eastern Mediterranean grid points were
wreated as land so that evaporation was effectively cul
off. From the table we can see that over the region of
significant change, the rainfall in the anomaly runs
increased by 0.22 mm day™' or by 17%. Two-thirds of
this increase was due 10 the destabilization of the lower
atmosphere by the anomalous sensible heat {lux, as

Table 1. Average rainfall over the region 29°_A4(°N,
20°-38°E

Experiment’ Rainfall Inerease™ Increase’
(mmday") {(mmday") (%)
CONT 1.28 ---
ANSH 1.43 +0.15 +12
ANLH 1.32 +0.04 +3
LAND 1.10 —0.18 -14
ANOM 1.50 +0.22 +37

* See text for explanation of experiments.
** Increase relative to the control (CONT) experiment.

indicated by the ANSH results. The additional moisture
inroduced by the enhanced evaporation (ANLH) ac-
counted for only a small part of the total increase. The
sum of the ANSH and ANLH increases was less thanthe
tolal anomaly increase due 10 the nonlinearity of the
processes involved. Finally, removing the castern
Mediterranean as 2 moisture source (LAND experi-
ments) led Lo a reduction in the rainfatl of 0.18 mm day”’
or only 14%.

CONCLUSION

Results have been presented froma series of numerical
experiments designed to study the influence of the
eastern Mediterranean Sea on the precipitation of the
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