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Based on the potential of the weather types classification method to study synoptic

features, this study proposes the application of such methodology for the identification

of the main large scale patterns related with weather in Central America. Using ERA

Interim low-level winds in a domain that encompasses the intra-Americas sea, the

eastern tropical Pacific, southern North America, Central America and northern South

America, the K-means clustering algorithm was applied to find recurrent regimes of

low-level winds. Eleven regimes were identified and good coherency between the results

and known features of regional circulation was found. It was determined that the main

large scale patterns can be either locally forced or a response to tropical-extratropical

interactions. Moreover, the local forcing dominates the summer regimes whereas mid

latitude interactions lead to winter regimes. The study of the relationship between the

large scale patterns and regional precipitation shows that winter regimes are related

with the Caribbean-Pacific precipitation seesaw. Summer regimes, on the other hand,

enhance the Caribbean-Pacific precipitation with contrasting distribution as a function of

the dominant regimes. A strong influence of ENSO on the frequency and duration of the

regimes was found. It was determined that the specific effect of ENSO on the regimes

depends on whether the circulation is locally forced or lead by the interaction between

the tropics and the mid-latitudes. The study of the cold surges using the information of

the identified regimes revealed that three regimes are linkable with the occurrence of cold

surges that affect Central America and its precipitation. As the winter regimes are largely

dependent of mid-latitude interaction with the tropics, the effect that ENSO has on the Jet

Stream is reflected in the winter regimes. An automated analysis of large scale conditions

based on reanalysis and/or model data seems useful for both dynamical studies and as

a tool to support forecasting. The application of the approach implemented in this study

may be promising to improve current understanding on how large scale conditions affect

regional weather.
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Introduction

Central America is a narrow portion of land surrounded by the Caribbean Sea and the Eastern trop-
ical Pacific (ETPac). Regional weather and climate are strongly influenced by warm SSTs, easterly
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FIGURE 13 | Same as Figure 12 for 500hPa fields. (A) shows fields typical for the day previous to the onset. (B–D) show fields typical of days 1, 2 and 3

respectively.

With the application of the weather types approach, the diag-
nostics of CACS from large scale patterns was also possible. A
comparison of overlapping events detected with a previous cli-
matological study and the present work, showed an agreement of
78%. The WNWS regime was used to study the features, evolu-
tion and effect on precipitation of CACS entering Central Amer-
ica. The main features of the pattern that characterizes this evolu-
tion can be listed as: (A) west limit NASH east of the Hispaniola
island, (B) trough off the United States east coast, (C) geopoten-
tial maximum east of the Sierra Madre, (D) weak trade winds and
(E) enhanced gapwinds at the Yucatan Peninsula and northerlies.

It was determined that the development of CACS reaching
Central America is composed of a transition between WGCS
and WNWS conditions. For such CACS to fully develop, a 3 day
persistent WNWS following WGCS was found on average.

Conclusions

This work presents the application of a weather typing approach
to determine the main large scale regimes within the IAS region
using publicly available data. The k-means clustering algorithm
was applied to find recurrent regimes of low-level winds in this
region. The number of clusters for data partitioning was selected
using a criterion that measures dependency on initialization and
reproducibility of the partition and 11 regimes were selected.
There are recurrent low-level circulation regimes in the ERA-
Interim data for the study region. Most of the regimes found were
consistent with known features of the regional climate (CLLJ,

MSD, and CACS), their spatial and temporal distribution as well
as their relationship with ENSO. Some of these regimes are result
of regional forcing while others respond to tropical-extratropical
interactions. Winter regimes are more sensitive to mid latitude
forcing while summer regimes are mostly locally forced. The
influence of ENSO on the regimes comes both from the tropi-
cal and extratropical response to ENSO. Winter regimes related
to CACS are modulated by the effect that ENSO has on the
Jet Stream, while summer regimes respond to ENSO effects on
WHWP and CLLJ.

A strong link between the identified regimes and precipita-
tion was found.Winter regimes tend to dry the Central American
Pacific slope and increase precipitation on the coastal area of the
Caribbean slope. Summer precipitation is highly dependent on
the dominant regime; SMWR (SLLJ) favors wetter (drier) condi-
tions to the Pacific slope while the opposite effect was found for
the Caribbean. Regimes related to easterlies or North easterlies
reaching Central America, produce wetter (drier) conditions on
the Caribbean (Pacific). Meanwhile, regimes related with wester-
lies or south westerlies have the opposite effect on precipitation.
Friction-induced convergence and topographic interactions are
the dynamical mechanisms behind this behavior.

Three of the found regimes reflect the effect CACS have on
the low-level circulation over the IAS and therefore, on precipi-
tation. A comparison with a previous CACS climatology (Reding,
1992) was made and despite the differences found, there is a good
agreement in the number of events identified as well as their
duration. The identification performed in this work detected less
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FIGURE 14 | Composited TRMM 3B42 precipitation estimates [mm/day] for the time evolution of a canonical 3-days WNWS event. (A) shows fields

typical for the day previous to the onset. (B–D) show fields typical of days 1, 2 and 3 respectively.

days with CACS, these differences could be due to disparities in
the data nature, spatial-temporal resolution and spatial-temporal
research domain. For instance, it is known that the temperature
drop precedes the arrival of the anticyclonic winds in CACS.
Hence, a detection method based on sub daily station data could
make an earlier detection of CACS, nevertheless, an automated
based on reanalysis (model) data can be used for dynamical
studies and forecasting support.

The use of a weather types approach for studying circulation
in the analysis domain was determined to be reliable. However,
this method is largely dependent on the availability of daily
data for the region and moreover, on the availability of in
situ observations for validation. With the advent of new daily
regional datasets in the future, we expect the application of
such methods to be extremely valuable to support forecasting.
Further, work is proposed to study in more detail the rela-
tionships between the large scale patterns, local forcing such as
orography and observed precipitation from the point of view

of the interannual variability features mentioned in the intro-
duction. The next step of this research would be to tag the
large scale features of the tropics-extra tropics interaction via
CACS development, the development of forecasting tools based
on the circulation types and a proper study on the response of
regional precipitation to the effect ENSO has on the large scale
patterns found.
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