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Abstract: We used the Lagrangian model FLEXPART to identify the moisture sources of 110 tropical
cyclones with cyclogenesis within an area comprised between 15 – 45 W and 8 – 20 N. The model
computes changes in the specific humidity from a 10-day period before the day of cyclogenesis of
each tropical cyclone is and its contribution to the moisture budget of the region of interest. We
calculated the values of the anomalies of the moisture budget to identify the main regions of
moisture sources: the African coasts in the North Atlantic, the continental region over western
Africa and along the South African coast. We also calculated the contribution of moisture sources
from the South Atlantic to the cyclogenesis. The frequency distribution of these percentages shows
two main peaks, one in ~20% and other in ~50%. The path of tropical cyclones with ~50% of moisture
contribution from the South Atlantic made landfall more often than those with ~20%.
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1. Introduction
The North Atlantic basin is delimited by the north hemisphere of America, Europe and Africa,
and includes the Gulf of Mexico and the Caribbean Sea. It is characterized by providing the adequate
environment for tropical cyclogenesis, particularly between 5° and 15° lat. The warm ocean waters of
these basin provide the energy source for the tropical cyclone. Evaporation (latent heat flux) and heat
transfer (sensible heat flux) from the ocean surface warm and moisten the tropical storm boundary
layer. The heat and moisture fluxes and the potential energy comprise the moist static energy of the
air. Conversion of this moist static energy into kinetic energy via convection is the mechanism by
which a tropical cyclone intensifies [1].
Then, water vapor is an essential factor to the tropical cyclones development, and the
identification of the sources of this moisture might be an improvement for forecasting.
Through the study of moisture transport from ocean sources that contribute to the cyclogenesis
and development of tropical cyclones (TCs), we will approach the characterization of their
climatology, particularly for those reaching extra-tropical latitudes, from both, zones where the
cyclogenesis is carried out, and the areas that cover the TCs main path.
The identification of moisture sources can be performed through lagrangian analysis, where
changes in the amount of moisture of an air parcel due to evaporation or precipitation, are assessed
along an air parcel trajectory from one point of interest to another, identifying those places where
moisture is gained or lost [2]. The main tool that we used to analyze moisture sources is the method
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developed by Stohl and James [3], the Flexible Particle dispersion model (FLEXPART) is a Lagrangian
transport and dispersion model suitable for the simulation of a large range of atmospheric transport
processes, and has proven to be highly efficient to diagnose changes in specific humidity along
several trajectories related to sink regions [4 - 7].
Previous studies describe moisture sources and TCs [8][9], however, scarce studies on
lagrangian analysis has been applied [10].
In this paper, we describe the TCs data base that we used and its characteristics, as well as the
areas of interest of moisture sources, and further, we discuss the obtained results from the lagrangian
model.
2. Experiments
The selection of the TCs for this study, was performed by consulting the data from the National
Hurricane Center, HURDAT 2nd generation, available from http://www.aoml.noaa.gov/hrd/hurdat/
hurdat2-2051-2014-022315.html.
The ERA-Interim Reanalysis Data coupled to our FLEXPART software for the moisture sources
calculations was available from 1979 to 2012, then the HURDAT records where examined at the same
time span. We selected events with maximum sustained winds > 40 knots and with cyclogenesis
located inside the region comprised between 15° - 45° W and 8 – 20° N, obtaining 110 events shown
in Figure 1.

Figure 1. Location of the 110 events selected for the study

We performed the Lagrangian approach based on the FLEXPART model [3] to find the moisture
sources associated with the cyclogenesis developed within the area of interest. The model divides the
atmosphere homogeneously into a large number of virtual elements or “particles” with constant mass
m. These particles are then advected using 3D winds dataset and superimposed stochastic turbulent
and convective motions. For each particle, the increases through evaporation (e) and decreases
(through precipitation, p) in moisture can be calculated from changes in (q) with time e − p = m(dq/dt).
When adding (e − p) for all the particles in the atmospheric column over an area, we can obtain
sources and sinks of moisture (E - P), where (E) is the evaporation and (P) is the precipitation rate per
unit area. The method calculates (E - P) from any specific region backwards or forwards in time. Here,
we are interested on the evaporation areas defined as moisture sources.
The regions were calculated from six by six-degree boxes centered at the cyclogenesis point
given by the records. The information needed to run the FLEXPART model were the geographic
location of the four corners that define the boxes, as well as the corresponding day and month of each
event. Then, we obtained the sum of all values of specific humidity from the moisture sources related
to the particles inside each box 10 days before the day of cyclogenesis each year from 1979 to 2012.
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Using these results, we calculated the anomalies of moisture sources related to the day and month
when the TC occurred.
3. Results
Figure 2, shows the sum of anomalies calculated for the 110 events. The moisture sources for the TCs
originated in the region of interest, are identified by the areas colored in yellow, orange and red,
indicating the values of the anomalies.
In Figure 2a, the higher values are found in two main areas: in the north Atlantic front to the African
coast, over west Africa, possibly due to the easterly African jet [10], and the area extended along the
south Atlantic from the equator through the southern African coast. The gap between regions of
moisture sources seems to be divided by the intertropical convergence zone.

Figure 2. Accumulated anomalies of moisture sources from the 110 TCs with cyclogenesis stage inside the area
defined by the black line. The moisture sources from the South Atlantic comprise the area under the 0° latitude
(dotted line) between the South American and African coasts.

We calculated the percentage of the contribution of the moisture sources coming from the South
Atlantic area and we also determine the frequencies distributions of these results (Figure 3).

Figure 3. Frequency distribution of the percentage of contribution of the moisture sources from the South
Atlantic.
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The graphic in Figure 3 shows two prominent peaks at around 20 and 50 percent, we delimited the
number of events to two groups according to these main values and Figure 4 shows the tracks of each
one of the events, Figure 4a with 20 percent and Figure 4b with the 50 percent of contribution of
moisture sources from the South Atlantic, which also shows higher occurrence of landfalling
hurricanes compared to Figure 4a.
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Figure 4. a) Track of tropical cyclones with 20% of moisture sources from the South Atlantic, b) Track of tropical
cyclones with 50% of moisture sources from the South Atlantic, c) and d) number of events by category according
to the contribution of 20% and 50 % respectively.

Figures 4c and 4d shows the number of events by hurricane category. According to it, we could
characterize the group of 20% with 24 events and higher number of tropical storms and less major
storms (hurricanes categories 4 and 5) compared with the group of 50% that comprises 28 events and
higher number of category 1 and major hurricanes as well as landfalling events.
4. Discussion and conclusions
We were able to establish several areas of the possible origin of moisture sources modeling the
patterns of the anomalies related to the specific TCs selected for this study.
The South Atlantic area has a complex dynamic that seems to play an important role in the North
Atlantic tropical cyclogenesis. The use of FLEXPART on the identification process shows to be a novel
tool. Few studies have been conducted on the moisture sources of tropical cyclones. According to
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Wang et al [9], the large Atlantic warm pool, associated with a decrease in sea level pressure and an
increase in atmospheric convection and cloudiness, corresponds to a weak tropospheric vertical wind
shear and a deep warm upper ocean, making a favorable environment for hurricane development,
although it is not suggested the origin of the moisture sources of the convection and cloudiness,
which as we can see from the results, at the stage of cyclogenesis , the South Atlantic near the African
coast, represents an important area for moisture sources and in higher contribution to the
cyclogenesis it seems to enhance the maximum wind velocities as well as to reach an eastward track,
increasing the possibility of landfalling. The mechanisms of these possible interactions will be studied
in future work.
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The following abbreviations are used in this manuscript:
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