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A LAGRANGIAN IDENTIFICATION OF MAJOR SOURCES
OF MEDITERRANEAN REGION MOISTURE

1. Purpose of the visit

It is now widely accepted that there are different approaches to identify
geographical sources or sinks of moisture over a given region, however, in general,
these method present some limitations and caveats. Generally speaking, previous
studies are capable of providing full 2D or 3D details of where the air mass originated
(e.g. Eltahir and Bras, 1996; Tremberth, 1999; Numaguti, 1999; Bosilovich et al., 2003;
Chen et al., 1994; Liu and Stewart, 2003; Fernandez et al., 2003; Crimp and Mason,
1999 or Knippertz and Martin, 2005). Nevertheless most of these methodologies
provide no information on how the moisture increases and decreases along the trajectory
affects the moisture in the target region, so the identification of sources is qualitative.
Inter-comparison studies of different techniques are rare and difficult to undertake. At
least one dozen of papers were published using different methodologies and input data
and those results can vary significantly among authors according to the specific
methodology applied (Mariotti et al., 2002). Most of these studies were done using
some type of Eulerian methods.

In this preliminary work the applicant of this MedClivar grant applied a new
sophisticated and robust 3-D Lagrangean method to determinate and rank, the major
moisture sources and sinks affecting the Mediterranean area. This work applied the
Lagrangian diagnosis method developed by Stohl and James (2004, 2005) and adapted
recently by Nieto et al. (2006, 2007) to identify the main net uptake of moisture in air
masses residing over an extended Mediterranean area and the main sinks of moisture
over Mediterranean Basin.

Mariotti et al., (2002) performed a budget analysis to study contributions to the
freshwater flux into the Mediterranean Sea, including atmospheric as well as river
discharge inputs, during the last 50 years using recent atmospheric reanalyses and
observational datasets. Their analysis reveals a moisture flux from west to east year-
round, but with a southward component during summer, from the eastern Mediterranean
into northeast Africa and the Middle East. A different approach was employed by
Fernandez et al. (2003) that have based their approach on integrating the atmospheric
moisture fluxes across the region boundaries. These authors have clearly shown that the
precipitation variability within the Mediterranean basin is closely related to the structure
of the vertically integrated moisture transport fluxes, inside the domain and at the
borders.

It is evident that this type of analysis with Eulerian methods or using moisture
divergence flux are capable to identify preferable directions of moisture advection but
they are not able to locate them with high precision, in part because they do not imply
real trajectories of atmospheric particles. This lack of information can be solved through
the use of Lagrangean methods. In order to address the differences between these two
methodologies we will perform both here. The Lagrangian approach used in the
numerical methodology will contrast with the Eulerian approach, and comparisons will



provide interesting information. It gives a complementary approach to the simulation of
the atmospheric transport on the Mediterranean basin.

2. Description of the work carried out during the visit and first results
2.1 Method

The method is based on the calculation of a large number of trajectories with the
Lagrangian particle dispersion model FLEXPART [Stohl et al., 1998; Stohl and James,
2005]. FLEXPART uses data from the European Centre for Medium-Range Weather
Forecasts [ECMWEF, 2002] (P. W. White (Ed.), IFS documentation, European Centre
for Medium-Range Weather Forecasts, Reading, UK, 2002, available at
http://www.ecmwf.int) to calculate both the grid-scale advection as well as the turbulent
and convective transport of so-called particles. The atmosphere is divided
homogeneously into a large number of particles and then these particles are transported
by the model using 3D winds, with their positions and specific humidity (q) being
recorded every 6 hours. The increases (e) and decreases (p) in moisture along the
trajectory can be calculated through changes in (q) with time (e-p = m dq/dt), (m) being
the mass of the particle. When adding (e-p) for all the particles residing in the
atmospheric column over an area, we can obtain (E-P), where the surface freshwater
flux (E) is the evaporation and (P) the precipitation rate per unit area. The method can
also track (E-P) from a region backward in time along the trajectories, choosing
particles appropriate for finding sources of moisture and precipitation.

In this work I used the tracks of 1,398,801 particles over a 5-year period (2000-2004)
computed using ECMWEF operational analysis available every six hours (00, 06, 12 and
18 UTC) with a 1°x1° resolution and all 60 vertical levels.

A data base with the trajectories was performed from the model FLEXPART for several
sub-regions within the extended Mediterranean basin. The integration of the data from
ECWMEF analysis determined the spatial and temporal position of the particles and the
value of their moisture was computed.

I’ve traced (E-P) backwards or forwards from the extended Mediterranean region
(50°N-28°N lat, 10°W—40°E lon). It must be stressed that the Mediterranean sea varies
considerably between the west and east parts as well as between the northern European
shore and its African counterpart. Therefore any serious study on the location of major
moisture sources must take this variability into consideration. I assessed the location of
the most important sources of moisture for eleven sub-regions (Fig. 1) for the period
with available data (2000-2004). I’ve tracked the origin of air-masses residing over 7
continental sub-areas surrounding the Mediterranean Basin and, additionally, I’ve
tracked also the forward trajectories over 3 areas over the Mediterranean Sea. All the
particles residing over these 7 + 3 regions were identified every 6 hours and tracked
limiting the transport times to 10 days.

For the backward trajectories for the first time step, all the target particles resided over
the Mediterranean region and (E-P) is the region-integrated net freshwater flux. For
subsequent trajectory time steps, (E-P) represents the net freshwater flux into the air
mass travelling to each sub-region. It was calculated (E-P) on a 1°x1° grid and averaged
over seasonal, annual and five year periods. (E-P) values for specific days are labelled



(E-P)" here, so (E-P)* shows where the moisture over each sub-region as received or lost
on the second day of the trajectory. Additionally the total (E-P) integrated over days 1
to n is labelled (E-P)'", so (E-P)"'° is the sum of days 1 to 10. The analysis of (E-P)
values tells where and when the moisture over the Mediterranean was received or lost.
For the forward trajectories the nomenclature is done using sub-indices in the same
way, i.e. (E-P), shows where the moisture over each sub-region as received or lost on
the second day of the forward trajectory and the total (E-P) integrated over days 1 to n is
labelled (E-P); ., so (E-P) 10 is the sum of days 1 to 10.

The analyzed areas are represented in figure 1, where the backward trajectories (red) are
the Iberian Peninsula (IbP), France (F), the Italian Peninsula (ItP), the Balcanic
Peninsula (BP), Eastern Mediterranean (EM), and three regions over North Africa,
Western, Central and Eastern Africa (WA, CA and EA). The complementary analysis
with forward trajectories (blue) correspond to the Western, Central and Eastern
Mediterranean Sea basins (1, 2, and 3, respectively). These three oceanic regions were
selected based on those selected by Mariotti et al., (2002) work (see their FIG. 8 that
provides the climatological atmospheric moisture flux and moisture divergence).
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Figure 1: Selected areas over the Mediterranean region to calculate (E-P) backward
(in red) and forward (in blue).

2.2 Results:

A large amount of time was spent to track the air masses residing over the regions
indicated in figure 1, both backward and forward in time to see where the moisture
originated. As an example I present the result for the Iberian Peninsula with more detail
(figure 2). This figure shows the annually (E-P)" fields for the Iberian Peninsula on the
first, third, fifth, and tenth days of transport, and figure 3 the averaged over all 10 days
(E-P)'°. These patterns of the (E-P) fields were very robust, in such way that very
similar structures appeared when the analysis was done on a seasonal basis. Figure 4
shows the seasonal (E-P)""'* averaged over all 10 days of transport (winter, January—



March; spring, April-June; summer, July—September, and autumn, October— December)
for the Iberian Peninsula.

For all continental regions surrounding the Mediterranean Sean the difference (E-P) was
calculated backward in annual and seasonal basis. Figures 5 to 11 show the annual (E-P)
averaged over all 10 days for the remaining sub-areas identified in figure 1.

In the same way for the three sea areas (figure 1 in blue) the forward tracks were
calculated. Figure 12 to 14 show the annual (E-P), ;o averaged over all 10 days forward.

D10

-1.00 -040 -020 -010 -002 002 010 020 040 100

Scale: mm™1 0!‘day2

Figure 2: Annually average (E-P)" fields of the Iberian Peninsula
region from the backward tracking: (E-P)', (E-P)’, (E-P)’ and (E-P)"’.



Figure 3: Annually average (E-P)"'’ field of the Iberian Peninsula
region from the backward tracking (averaged over 10 days back).
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Figure 4. Seasonal average (E—P)I’w fields of the Iberian Peninsula region from the
backward tracking (winter, January—March; spring, April-June; summer, July—
September, and autumn, October-December).
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Figure 5: Annually average (E-P)"'" field of the France (F) region
from the backward tracking (averaged over 10 days back). Scale
mm/day.
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Figure 6: Annually average (E-P)"'° field of the Italian Peninsula
(ItP) region from the backward tracking (averaged over 10 days
back). Scale mm/day.
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Figure 7: Annually average (E-P)"'’ field of the Balcanic Peninsula
(BP) region from the backward tracking (averaged over 10 days
back). Scale mm/day.



Figure 8: Annually average (E-P)"' field of the Eastern
Mediterranean (EM) region from the backward tracking (averaged
over 10 days back). Scale mm/day by 10.
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Figure 9: Annually average (E-P)"'° field of the Eastern Africa (EA)
region from the backward tracking (averaged over 10 days back).
Scale mm/day by 10.
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Figure 10: Annually average (E-P)""" field of the Central Africa (CA)
region from the backward tracking (averaged over 10 days back).
Scale mm/day.



Figure 11: Annually average (E-P)"'"’ field of the Western Africa (WA)
region from the backward tracking (averaged over 10 days back).
Scale mm/day by 10.
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Figure 12: Annually average (E-P); 19 field of the Western
Mediterranean Sea (1) region from the forward tracking (averaged
over 10 days forward). Scale mm/day.

Figure 13: Annually average (E-P); 9 field of the Central
Mediterranean Sea (2) region from the forward tracking (averaged
over 10 days forward). Scale mm/day by 10.
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Figure 14: Annually average (E-P); ;9 field of the FEastern
Mediterranean Sea (e) region from the forward tracking (averaged
over 10 days forward). Scale mm/day.

3. Future collaboration with host institute

As expected, the three months were a too short time, to finish the entire project. The
first results obtained and presented here should be analysed with more detail.

The next steps of this project include a testing of different precipitation data base to
analyze moisture sources associated with precipitation, even heavy precipitation events.
During these months a first comparison with previous studies was performed, but we
need put more emphasis on the comparison of the new results with Eulerian previous
studies.

The collaboration between the University of Lisbon and the Universidad of Vigo in
Ourense will therefore continue, first for finishing this project, and thereafter also for
future collaboration within this topic, potentially investigating in more detail some
aspects arisen by this study.



4. Publications and presentations

During the stay in Ourense (University of Vigo) a poster was presented in the 2™
HyMex (HYdrological cycle in the Mediterranean EXperiment) Workshop in Palaiseau,
France (http://www.cnrm.meteo.fr/hymex/) during 2-4 June 2008.

The abstract can be obtained in:
(http://www.cnrm.meteo.fr/hymex/index.php?lan
=83) and the poster is attached below.

=english&page=view_abstract&num

A LAGRANGIAN IDENTIFICATION OF MAJOR SOURCES
OF MEDITERRANEAN REGION MOISTURE

ﬁ:ﬂr'ﬁ R Nieto™ [me@iculpt, L. Gimene® and B. Trigo*? %
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Tha Meditsmansan is posifionsd at the bordsr betwesn the tropics]
climats zons and the midatisds cimats belt. The tempersts climaie of
this ragion is charactensed by mild and humid winier months follosed
oy hot and mostly dry summer months. The hydrological oyde is
sapacially sensifive to the timing and the location of the winter storma
a8 they mowe inte the region (Trigo et al, 2002). Thers iz 8 strong
mlationship betwssn 8 fow major largs-scals stmospheric circul afion
modes such as the MWAQ, the EA and the SCAN paittems and
pracipitation over this ares In fact, thess large-scale hEve
osan shown 0 be sssodaed with pecipiaton rends and varisbility ot
decadal (Trigo et al, 2004) and centsnnial (Luerbacher at al, 2006)
and scales. Futhermom the pedpkstion regime hss chengsd in
several sub-areas of Medierransan Sea during the last lew decades,
with & decressing tend prevailing in wintsr m

Past and future globsl dimse changes nf'hcu'ng stomn treck
characknstics 88 well as changses in the land surface conditions, may
be Enked to signficant changes of the hydrological cyce i the
Mediterransan mgien (Bethous and Gentll 19249). Given thess
obssrvad and prediced trends, it is imporEnt to undsrstand the
mlevant prepikstion probesses in the Meditemansan, including fhose
=latad with the robust location of the sveporstive sources of the waber
wapour that are ukimately responsitle for the pecipitation over the
Ml rrans-an.

The study wses the Lagrangian particle dispersion modal
FLEXPART (STOHL =t al., 1923) and metorological analysis dats
from the ECMWF [1%x1% resglufion, 63 werfical lewals) to track
atmaspheric moisture along trajpctories.

The amasphers is divided into & lange numbsr of paricles (1.4
millions) and then thoss am transporied using 30 winds, with their
positions and 1’ being recordad svery & hours,

The incmesses e’ and decreases P in moisturs along the rajedoy
can be calculsed through changes in g’ with the tims s—pm-dg'dt
baing m" the parficke’'s mass. When adding ‘s—p’ for all the paricles
residing in the atmosphenc column over an ama we can obiein ‘E-F,
that is the surfacs freshwater flue whers °E is the svaporstion and “F°
the precipitation rats per unit ama

The meathod can track ‘E-P from & region back and forward in
time.

M - backward trajectories

-» forward trajectories

In this work we have applied the 3-0 Lagrangian method
FLEXPART to determinste and rank the main nst uptake of
moisture in air masses residing over an axtandad Maditeranasn
window [S02H-28°H lat, 10%W—402E lon), limiting the transport
timas to 10 days.

We will assess the location of the most impertant sources of
maoisture for several sub-regions within the Meditarransan basin.

We tracked the origin of air-masses mesiding over 11 aress

argund and over the Mediemransan Sea during 20002004

[ CA: Cantral Notthern Africe  EA: East Northarn Africa

1P lperian Paninsula F: France
ItP: ltalien Peninsula EF: Balcanic Peninsula
EM: Esstern Mediermansan  WA: West Northern Africa

HOTE for the trajectories’ figures below:
Baddish sreas indicate where parficles gain moisture
Bluish areas indicate whems paricles lost moisture




I’'m currently preparing all the material obtained during my period in Ourense. It is
expected that, after some further analysis of the results, to submit a scientific paper in a
ISI journal in the climatology field containing the main results obtained.
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6. Travel Cost

The travel was by car Lisbon to Ourense and Ourense to Lisbon.
The distance between both cities is 524.1 Km (see map below)
Total distance 524.1 x 2 = 1048.2 Km

I assume that the cost of diesel is 0.25 euros/Km, so, the total cost was: 262.05 euros
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