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Sammanfattning

Den södra El Niño-oscillationen, temperatur och nederbörd för regionen
Centralamerika

Ulrica Sievert

I syftet att utöka individuell kunskap om de viktigaste klimatsystemen som påverkar
temperatur och nederbörd över den tropiska kontinenten Centralamerika, gjordes en
studie. Komponenter såsom den karibiska lågaltituds-jeten (CLLJ The Caribbean Low
Level Jet), den intertropiska konvergenszonen (ITCZ The Intertropical Convergence
Zone) och västra halvklotets varmvattenspool (WHWP The Western Hemisphere
Warm Pool) är huvudsakliga system som påverkar det regionala klimatet och dessa
interagerar med topografin. I sin tur delar den upp Centralamerika i Stilla havssidan
samt Karibiska sidan, två skiljda regioner ur ett meteorologiskt perspektiv.

Dygnsdata, för temperatur och nederbörd inom en tidsperiod av 35 år
(1981-2015) för 9 olika meteorologiska stationer, har undersökts för att identifiera
mönster kopplat till den södra El Niño-oscillationen (ENSO The El Niño Southern
Oscillation). Avsaknad data beräknades med rutinfunktionen rellenaf, som har
utvecklats av universitetet i Costa Rica - Centret för geofysisk forskning. Funktionen
estimerar datavärden utifrån principiella komponenter -och autoregressiv metod. Från
den kompletta datan kunde det identifieras att Stilla havssidan är huvudsakligen
kännetecknat av en torrperiod och en regnperiod, medan säsongsvariationerna i
nederbörd för Karibiska sidan är mindre. Den årliga temperaturcykeln för hela
regionen erhåller små skillnader i amplitud, med andra ord är temperaturen mer eller
mindre konstant genom årets gång. Med undantag för de mer nordliga stationerna
Belize och Puerto Barrios där lägre temperaturer förekommer under norra halvklotets
vintermånader som är orsakat av kallfronter.

ENSO är ett lågfrekvent atmosfäriskt system som har påverkan på det regionala
klimatet genom att interagera med de tidigare nämna CLLJ, ITCZ and WHWP. De
starka faserna El Niño och La Niña observerades och jämfördes med anomalier för
temperatur, nederbörd och vindfält på 925 hPa nivå (huvudsakligen fokus på CLLJ).
En majoritet av negativa (positiva) anomalier för nederbörd kunde observeras under
El Niño (La Niña) fenomen för Stilla havssidan. Dock fanns inte denna relation för den
Karibiska sidan. Det fanns heller ingen koppling mellan temperatur och ENSO. Det
kunde även ses att CLLJ är starkare (svagare) i februari för la niña (el niño) och
starkare (svagare) i juli för el niño (la niña).

Nyckelord: Centralamerika, El Niño, nederbörd, temperatur
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Handledare: Jorge A. Amador och Anna Rutgersson
Institutionen för geovetenskaper, Uppsala universitet, Villavägen 16, 752 36 Uppsala 
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Abstract

El Niño Southern Oscillation, Temperature and Precipitation over Central
America
Ulrica Sievert

This study aims for knowledge about the most important climate features that affect
the temperature and precipitation in the continental area of Central America. Systems
such as The Caribbean Low Level Jet (CLLJ), The Intertropical Convergence Zone
(ITCZ) and The Western Hemisphere Warm Pool (WHWP) components are major
contributors to regional climate that strongly interact with the topographical features
dividing the Pacific and Caribbean slopes of Central America.

Daily data within a 35 year long (1981-2015) time-series of precipitation and
temperature for 9 different meteorological stations along both slopes have been
investigated to identify their relationship with El Niño Southern Oscillation (ENSO)
phases. Missing data were filled in using rellenaf, a routine function developed at the
Center for Geophysical Research of the University of Costa Rica. The function
estimates data values with principal components and autoregressive methods. Data
show that the Pacific slope is mainly characterized by a remarkable contrast between
the dry season and the rainy season. The seasonal variations in precipitation are less
important for the Caribbean slope. The annual cycle of temperature (for all of the
stations) has small differences in amplitude and is rather stable throughout the year,
except at the northernmost stations, Belize and Puerto Barrios, where relatively low
temperatures dominate the winter months due to cold air intrusions.

The low frequency atmospheric mode ENSO, impacts the regional climate and
interacts with the earlier mentioned CLLJ, ITCZ and WHWP. Strong ENSO episodes
of El Niño and La Niña were compared with anomalies in temperature, precipitation
and winds at 925 hPa (mainly focusing on CLLJ). A contribution of negative (positive)
anomalies in precipitation was observed during El Niño (La Niña) events for the
Pacific slope. This relationship was not present for the Caribbean slope. No
connection between the temperature and ENSO could be revealed. It was also shown
that CLLJ is stronger (weaker) in February for La Niña (El Niño) and stronger (weaker)
in July for El Niño (La Niña) events.

Keywords: Central America, El Niño Southern Oscillation, Precipitation, Temperature
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1 Introduction

The low latitude land mass of Central America is a thin pier connecting the two
sub-continents of North and South America which is situated in between the Eastern
Tropical Pacific (ETP) and the Caribbean Sea (CS) to the west and east (seen in
figure 1), respectively (Amador & Alfaro, 2014). The tropical climate on this
continental area is strongly affected by climatological systems found over the
surrounding seas. In fact there are many sources of precipitation, tropical storms can
be mentioned as an example. Some of the climatological systems are not yet
well-known and have only been documented for a relatively short time, so the topic is
of big interest for more research from a meteorological perspective (Amador et al.,
2006). As an example, the specific trade wind’s current at 925 hPa called the
Caribbean Low Level Jet (CLLJ), which is known for being a important source of
moisture, was first documented as a climatic feature in the work of Amador (1998).

In order to describe the climate of Central America it is necessary to divide the
area into the Pacific and the Caribbean slopes as the experienced weather is different
(Amador & Alfaro, 2014). The topographical shape of the region forms a border
between the slopes, where the mountains are relatively high in altitude. Incoming
trade winds from the Atlantic Ocean are being prevented from reaching the Pacific
slope. What mainly differentiate the climates on the continental area is the
intraseasonal pattern in precipitation. The Pacific slope is characterized by a clear
contrast between dry and rainy season, whereas the Caribbean slope’s intreasonal
pattern in precipitation is relatively constant (Amador & Alfaro, 2014). It has been
found that the particular tropical climate of Central America shows an extra-ordinary
behavior, one of these special features is the Midsummer Drought (MSD), a reduction
of the amount in precipitation during July-August. This pattern is mostly experienced
at the Pacific slope (Magana et al., 1999).

Economic problems in Central America can occur due to intraannual variations
in climate, such as delays in onset of the rainy season (Newsroom - Panamá, 2016a)
and an increase in tropical storm activity. An extended dry season can cause
problems in agriculture (Newsroom - Panamá, 2016b) and also an increase in wildfires
(The Tico Times, 2015), whereas more frequent hurricanes can cause destruction of
human homes and infrastructure, flooding and landslides (BBC News, 2011). All the
countries in the region are still in a developing phase and the costs of rebuilding from
destruction can prevent regional economic growth. In the work of Amador & Alfaro
(2014) it is stated that some of the World Heritages Sites situated in Central America
are critically impacted by hydrometeorological phenomena. The damage of Copan
Ruins in Honduras due to the hurricane Mitch was mentioned as an example. In order
to protect the exposed Central American World Heritages Sites, which are important
for the countries’ tourism, specific constructions are needed, like better control of
run-offs for hydrological systems (Amador & Alfaro, 2014). The tourism has been of
great help reducing the poverty of the countries during recent years (Cañada, 2010).

Table 1 below summarizes the regional notable events 2002-2014 of Central
America that have been described in the yearly journals In State of the Climate by
Bulletin of the American Meteorological Society (Lyon, 2003; Grover-Kopec, 2004,
2005, 2006; Arguez et al., 2007; Ramírez, 2008; Frutos & Gordon, 2008; Amador et
al., 2009, 2010, 2011, 2012, 2014a, 2014b, 2015). The yearly journals are based on
work from hundreds of scientists (NOAA - National Centers Environmental

1



Information, 2016a). In general destructive Tropical Cyclones (TC) causing intense
precipitation, which further can lead to events such as landslides and flooding, are
common. Amador & Alfaro (2014) also included in their work the yearly economic
costs and number of deaths due to TC and Other Hydrometeorogical Events (OHE)
during the period 2002-2012. Images from their work is republished in this document
and can be viewed in figure 2. As can be noted during 2010-2011 the destruction of
Tropical Cyclones costed approximately 2000 million USD. During 2011 it was also
notable that a tropical depression was responsible for many human lives taken (table
1). One can say that 2010-2011 were two notable years regarding socio-economic
impacts due to anomalies in weather.

ENSO is a low frequency mode of the atmospheric global climate. The cycle has
two extreme phases known as El Niño and La Niña. With prior knowledge of how
strong ENSO events can change the ETP’s sea surface temperature (the delimiting
region to the Pacific coast of Central America) normal state (Enfield et al., 2006), it is
believed that this global pattern can have impacts on intraannual atmospheric
variations in Central America (Amador et al., 2016a). In fact the earlier mentioned
costs of TC:s during 2010-2011 was during a strong cold phase of ENSO, referred to
as a La Niña event.

Previous meteorological research has also shown that ENSO interacts with
some of the climatological systems surrounding Central America (Amador, 2008;
Amador et al., 2016a). El Niño and La Niña should mainly have effects on the
precipitation on both the Pacific and Caribbean slopes. This was stated as a
hypothesis for the study. In this work, an investigation of intraannual variations in
temperature, precipitation and partly winds due to the strong ENSO events has been
carried out. The following discussion only focuses on ENSO as a source of
intraannual variations. Other low frequency modes, such the Pacific Decadal
Oscillation and the North Atlantic Oscillation, and high frequency modes such the
Madden Julian-Oscillation, are outside of the scope of this research.
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Figure 1. The figure shows the continental area and oceans within the longitudes 65-95◦W
and latitudes 0-20◦N. The picture in the upper right corner describes the position of this
smaller domain between North and South America in larger perspective. Central America is
within the dark gray lines. The altitude of the continental area is also marked out according to
scale in the left corner. The red dots show the positions of the 9 meteorological stations
investigated in Central America. The numbers are listed in table 2 where more information
about the positions can be found, the stations 1-4 are situated on the Caribbean slope and 5-9
on the Pacific slope. Picture has been imported and modified from the work of Amador et al.
(2016a) by permission.

1.1 The Intra American Sea

The climate in Central America is strongly influenced by interactions between the sea
surface and the atmosphere in both the ETP and the CS. Features in weather
systems are therefore often investigated in the Intra American Seas (IAS), which
contains the Gulf of Mexico, the ETP, the CS and the land mass of Central America
(Amador et al., 2016a). The dynamical systems affecting the weather are many and
complex, and have variations due to intraseasonal variabilities and interannual low
frequency modes (Amador, 2008; Amador et al., 2016a). The climate in Central
America is also influenced by its topography, as it interacts with atmospheric systems
(Durán-Quesada et al., 2010). As can be seen in figure 1, the elevation of the land
area is much higher in some places such as the middle of Costa Rica, Honduras,
Nicaragua, Guatemala and some parts of Panama. This pattern impacts and partly
causes differences between the Pacific slope and the Caribbean slope, in regard to
atmospheric response (Amador & Alfaro, 2014).

By introducing some of the physical phenomena in the region: Caribbean Low
Level Jet (CLLJ), Western Hemisphere Warm Pool (WHWP), the migration of the

3



Table 1. A summary of notable events from 2002-2014 according to past annual reports State
of the Climate by the Bulletin of the American Meteorological Society (BAMS). In the journals
average climate conditions have been calculated for the period 1971-2000.

Year Notable events of corresponding year
2002 - Both 2001-2002 had been abnormally dry overall. This had bad impacts

on the harvests of food, especially in Honduras, Guatemala, Nicaragua and
El Salvador. In some areas 50-90 % of the growth was lost.
- TC:s wasn’t a remarkable problem.
- The behavior of precipitation was irregular which caused floods in some
places.

2003 - Relatively dry conditions.
- Heavy rainfall occurred in May in Costa Rica and Panamá that affected
60.000 of the population. Landslides troubled the northern part of the re-
gion.

2004 - Relatively dry conditions. The proportion of the annual accumulated pre-
cipitation for Costa Rica and Panamá was 35% and 40% respectively.
- Eastern Nicaragua effected by mudslides June-July.

2005 - Relatively dry conditions.
- The temperature was generally a little more than normal conditions.
- TC:s caused heavy precipitation. The hurricane season in the tropical At-
lantic was intense. Flooding and landslides happened due to the hurricane
Adrian and gigantic mudslides berried the cities Panabaj and Tzanchal.

2006 - Relatively dry and warm conditions.
- The TC activity was below the mean.

2007 - Mostly abnormally warm and wet conditions.
- Costa Rica experienced flooding due to heavy rains, which also led to de-
struction of houses and roads.
- Belize had a intensified dry period and wild fires occurred and 100 of acres
was burned.
- Nicaragua had more than 100 deaths because of the hurricane Felix, re-
building of infrastructure costed approximately 30 million USD.

2008 - The temperature was below normal conditions, there was a lot of missing
data in precipitation although reduced precipitation was experienced.
- Tropical storms were abnormally frequent 2008. It’s rare that developed TC
in the Pacific Sea landfalls in Central America, this year the tropical storm
Alma invaded into Nicaragua and 25.000 people needed evacuation and
homes were damaged due to floods.
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2009 - Warmer than average, in general 2000-2009 has been abnormally warm.
- The Pacific slope experienced a lack in precipitation. Because of dry con-
ditions in Costa Rica, The National Electricity Board of Costa Rica had to
pay 5 million USD extra in thermal electricity.
- The storm activity was less frequent than normal. Although Hurricane Ida
developed. Floods and landslides occurred in El Salvador, which caused
192 deaths, and Hurricane Ida was believed to be the main source.

2010 - The Caribbean side was warmer than average and the opposite occurred
on the Pacific side.
- The Caribbean Sea experienced a increased frequency of TC:s. The trop-
ical storm Agatha did a landfall in Guatemala and caused damage in north-
ern countries in Central America.

2011 - The Caribbean side was warmer than average.
- A tropical depression in the Pacific made Guatemala, El Salvador, Hon-
duras, Nicaragua and Costa Rica suffer in economic costes and also caused
117 deaths.
- Hurricane Rina caused landslides and floods in Belize, Guatemala, Hon-
duras and Nicaragua. Although the tropical storm activity had an average
frequency.

2012 - Dry conditions in Guatemala during July-August caused economic costes
of 10 million USD.
- Hurricane Ernesto was landfalling in Belize and then moved further to
Guatemala. Intense precipitation occured and 150 humans had to evac-
uate.
- In the Pacific sea hurricane Sandy developed and had impacts on 3000
people in Costa Rica and also caused intense precipitation in Panamá,
which led to destruction of 922 houses and two deaths during this event.
This year had a normal condition in tropical storm activity.

2013 - Below normal tropical storm activity in the Caribbean basin.
- Warmer than normal conditions in general.
- Precipitations caused landslides in Panamá and Guatemala that had two
and three deaths respectively.
- Honduras and Nicaragua experienced intense precipitation during August-
September which led to a death toll of 28 and 13 people respectively.

2014 - The start of the year was affected by droughts in Guatemala, El Salvador
and Nicaragua. In Guatemala it was estimated that the drought effected 80-
90% of the yearly bean and corn harvests.
- A tropical wave caused 5th of July floods in Nicaragua which impacted
1000 people and 200 homes being destructed and 18-19th of August 9 hu-
mans died of intense rainfall in Panamá.
- Landslides occurred due to convective storms in Guatemala, 5000 people
were affected and 9 casualties.
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Figure 2. Number of deaths and economic costs (with no regards to inflation) due to Tropical
Cyclones (TC) and Other Hydrometeorological Events (OHE). The upper pictures are total
amounts for the whole timeperiod 2002-2012, whereas the pictures below show annual
numbers. Picture has been republished (by permission) in this paper from the work of Amador
& Alfaro (2014).

Table 2. Information about the meteorological stations and their dataset. The station numbers
in the left column can be seen in figure 1. For each station the latitude, longitude and altitude
can be found. The two right columns contain the information of missing data, in precipitation
and temperature, for each station. The stations are situated at either the Pacific slope or
Caribbean slope which is also marked with a P or a C, respectively.

Sation number Latitude Longitude Altitude Missing data Missing data
(Station name/Slope) [m] precipitation temperature

[%] [%]
1 (Belize/C) +17.533 -88.300 5 0.94 7.46
2 (Puerto Barrios/C) +15.717 -88.600 1 1.26 22.25
3 (Lempira/C) +15.217 -83.800 13 23.09 17.93
4 (Puerto Limon/C) +9.967 -83.017 3 3.76 22.89
5 (San José/P) +13.917 -90.817 2 8.94 0.85
6 (Choluteca/P) +13.317 -87.150 48 21.39 16.73
7 (Liberia/P) +10.600 -85.533 80 3.47 26.4
8 (David/P) +8.400 -82.417 26 3.06 20.39
9 (Tocumen/P) +9.050 -79.367 45 17.84 16.76
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Figure 3. Monthly mean wind vectors at 925 hPa with contours for the time period 1981-2010.
The wind vector data is from NCEP/NCAR reanalysis (Kalnay & Coathors, 1996). The images
were provided by the NOAA/ESRL Physical Sciences Division, Boulder Colorado from their
Web site at http://www.esrl.noaa.gov/psd/. Left picture: Mean wind vectors for the month of
February. Right picture: Mean wind vectors for the month of July. The black arrows at specific
grid points indicate the mean direction of the winds and the mean magnitude is given by the
colors in [m/s]. The area comprises the longitudes: western-most: -105, eastern-most:-65 and
the latitudes: lowest: 0, highest: 25.

Intertropical Convergence Zone (ITCZ) some of the patterns in climate can be
described in the IAS. (Amador et al., 2016a)

1.2 Objectives

This study has been done in order to learn about low latitude tropical climate, focusing
on the region of Central America. The goal has been to summarize the most important
climatological systems effecting the intraseasonal behavior. In order to reach this first
stated objective, investigations of spatial distribution of temperature and precipitation
were done for the region. It was accomplished through accessing daily data for a 35
year time period for nine different meteorological stations (table 2 and figure 1).

Another goal was to increase individual knowledge about ENSO and how its
different phases are characterized regarding the ocean and atmosphere along the
tropical Pacific, which has been achieved by literature studies. An observation of
regional effects on Central America was carried out by a comparison between an
ENSO index and monthly anomalies in temperature, precipitation and wind fields at
925 hPa level.

2 Theory

2.1 Caribbean Low Level Jet

In the western Atlantic sea at midlatitudes there is a anticyclone system called the
North Atlantic Subtropical High. Due to the low pressure belt at tropical latitudes air
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accelerates toward the south from midlatitudes. The developed winds flowing from
this anticyclone towards the equator change to westward direction caused by the
rotation of the Earth. The easterly converging winds are what we call the trade winds.
These easterlies are great in magnitude in the region 11◦–17◦N, 70◦–80◦W at 925
hPa level. The wind speed in this area are sometimes up to 16 m/s during the year
and is defined as CLLJ (Amador, 1998; Martin & Schumacher, 2011).

CLLJ is an important feature as it transports a lot of moisture towards the
western part of the Caribbean Sea and Central America (Durán-Quesada et al.,
2010). The seasonal variation of CLLJ is bimodal, which means that the annual cycle
have two periods of maxima and two minima; February, July and May, October
respectively (Amador, 2008). CLLJ can be observed in figure 3 for the two months of
maxima. It can be viewed that July reveals the strongest period for CLLJ with mean
winds exceeding 14 m/s for the 30 year timeperiod 1981-2010 (Kalnay & Coathors,
1996).

2.2 Western Hemisphere Warm Pool

A much convenient parameter for studies of Earth’s climate is the Sea Surface
Temperature (SST). Heat interactions with the atmosphere depends on SST (Minnett,
2014).

The tropics receives more incoming solar radiation compared to the rest of the
world (Amador et al., 2016a). The sea surface is warmed by the radiation and one can
expect world’s maximum SST to be situated at low latitudes (Sarachik & Cane, 2010).
Convection, formation of water vapor and tropical storms develop where the sea
surface is warm enough and the SST has an intraseasonal behavior which can be
linked with hurricane season (Wang & Enfield, 2001).

Sea surface warmer than 28,5◦C in the IAS is defined as Western Hemisphere
Warm Pool (WHWP) (Wang & Enfield, 2001). Such warm SST is related to
convection, development of tropical storms and low level currents (Amador et al.,
2016a). Mapping of the SST with isotherms in the IAS has been of interest in the work
by Amador et al. (2016b) where WHWP is highlighted.

WHWP was named by Wang & Enfield (2001) and after the Western Pacific
Warm Pool it is the second most warm region in the world. During the boreal winter it
doesn’t exist anywhere in the region and the pool starts forming in boreal spring.
Firstly the ETP warms up and later WHWP can also be found in the CS. Although it
must be rembered that the SST on each side of the Central American continent aren’t
linked with each other. Which means that one warm pool develops in the ETP and
one in the CS.

Due to the warming of ETP the easterlies weaken, the amount of heat and
moisture in the atmosphere rise and the sea level pressure is reduced. That is when
the rainy season on the Pacific side will begin, which is mostly in May (Amador &
Alfaro, 2014). A higher frequency of tropical storms has also been found during this
period. Thereafter the warm pool widens and reaches the CS and the Gulf of Mexico
in July. Development of tropical storms from the latter area is mostly frequent between
July and August. WHWP then migrates even more south and the incoming tropical
storm systems from the Atlantic Sea occur most often from August to September. But
beside WHWP there are more systems to be considered in foretelling patterns in
tropical storm activity. For example there’s a second peak of hurricanes in the
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Caribbean Sea in September-November that can’t be explained by WHWP. (Wang &
Enfield, 2001)

As WHWP develops, from the Caribbean basin further out to the Atlantic, there’s
an interaction between the ocean and the atmosphere. The warm surface water is a
source of moisture and the winds, among them CLLJ, transports the humid air
towards the continental area. (Amador et al., 2016b; Durán-Quesada et al., 2010)

2.3 Intertropical Convergence Zone

The surface trade winds from NH and SH will converge and form a low pressure belt
around the globe. The belt is defined as the Intertropical Convergence Zone (ITCZ)
and is related with convection activity, rainfall, cloudiness, low pressure and thunders.
The position shifts slowly during the year, one can say it follows the sun. When it’s
winter in the NH ITCZ is at its southernmost position and will slowly start to move in
the northward direction. In the ETP region the position of the band is always north of
the equator. When ITCZ is situated like this the winds along the equator are from the
south, which provides warm SST to the ETP region, whereas cold water upwells in
the Eastern Equatorial Pacific. This information about ITCZ was collected from the
book Tropical Meteorolgy in the particular section about ITCZ (pp. 35-46)
(Krishnamurti et al., 2013).

On the Caribbean side ITCZ will not migrate in a way affecting precipitation on
the Caribbean slope. The northernmost position will be along the coast of Venezuela
(Peterson & Haug, 2006). ITCZ migration in the ETP however is linked to precipitation
on the Pacific slope (Amador & Alfaro, 2014).

2.4 El Niño Southern Oscillation

The equatorial Pacific, stretches from Indonesia and eastern Australia to the western
coast of South America. This area of the sea has significant features looking into the
SST, winds, pressure and sea level temperature. Mostly, the SST is relatively warm
(cold) in the western (eastern) equatorial Pacific and the experienced climate in the
coastal areas of eastern Australia and Peru are not the same due to the difference in
SST. (Sarachik & Cane, 2010)

The radiation from the sun warms the surface water in the equatorial Pacific.
Due to the trade winds warm surface water is pushed from east to west, which makes
the western Pacific warmer than the eastern Pacific, along the equator. Warm SST is
linked to deep convection activity, which leads to formation of rain clouds
(Cumulonimbos). Therefore the western equatorial Pacific is more humid compared to
the east. Air rises in the west, due to the warm surface. Once it reaches the
tropopause it’s moving eastward until it descends in the eastern Pacific. In other
words, there is a low surface pressure in the west and a high in the east. (Sarachik &
Cane, 2010)

Since surface water from the east is being moved, it must be replaced by
upwelling water from underneath. The rising mass of water is cold. The opposite is
happening in the west, since a lot of warm surface water assembles in one area the
cold water is being pushed down. This lead to introduction of the concept thermocline
(Sarachik & Cane, 2010). One can think of a border between warm and cold water.
This border will be on a greater depth in the west compared to the east. Regarding the
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Figure 4. The figure shows the three different phases of ENSO: La Niña (left), Neutral
(middle) and El Niño (right). The image was collected from SMHI (2015) with permission from
the institute. They illustrate the Tropical Pacific Ocean ranging from longitude 120◦E to 60◦W.
The contours are the SST where the red (blue) color marks the position of the warmest
(coldest) sea surface in the area. The depth of the thermocline can be viewed observing the
dark blue plane beneath the sea surface. The convective activity is also illustrated by the black
arrows pointing in upward direction in the atmosphere. These arrows together with the dashed
lines describe the Walker circulation. General La Niña, neutral and El Niña conditions can be
observed in the left, middle and right picture respectively.

whole equatorial Pacific, the thermocline is tilted like an uphill from west to east. The
thermocline is shallower in the east because the depth of the cold water is close to the
surface. In the west the thermocline lies on a greater depth due to the gained warm
water pushing down the cold water. The latter described pattern is the neutral state of
the equatorial Pacific and is also illustrated in figure 4. (Sarachik & Cane, 2010)

During March-April the cold eastern equatorial Pacific is at its warmest state in
SST. Sometimes the warming keeps on going until the SST is almost constant across
all of the equatorial Pacific. In this moment the trades will weaken, with a negative
anomaly in winds and the pushing of the warm surface water from east to west will
also weaken. Upwelling of the cold water in the east will stop and the position of the
thermocline will be deeper. As the SST become abnormally warm in the eastern
equatorial Pacific convective activity, related to low surface pressure, will take place in
this area and also the central equatorial Pacific. This described abnormally warm
pattern is known for being a warm phase of ENSO, when these conditions are
extreme the state is called El Niño (Sarachik & Cane, 2010). The name of the
phenomena was given by a fisherman in Peru, the translation of El Niño from spanish
to english is little boy (SMHI, 2015). The maxima of the event is often reached around
Christmas, meaning that the little boy refers to the child of Christ. In fact it is common
that Peru experiences intense precipitation during El Niño phenomena and this
country is mainly used to have dry conditions. In some cases floods have occured. As
an example 1997/1998 was characterized as a very strong El Niño event, Peru had
2100 mm in precipitation between 12/1997-5/1998 and the normal accumulated mean
precipitation for this period is 200 mm (Burt, 2014). The country is also used to their
cold nutrient fishing waters as it makes perfect conditions for marine life, during El
Niño this wildlife transfer due to the abnormally warm sea (Gulf Times, 2015). The
opposite feature usually happens in eastern Australia, where intense droughts occur
instead due to the weakened trade winds that don’t transport as much moisture to the
area (Sarachik & Cane, 2010). Every 2-7 year El Niño seems to be present, it’s an
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irregular cycle (SMHI, 2015).
El Niño has a sister phenomenon called La Niña, meaning little girl (SMHI,

2015). The equatorial Pacific also has a cooling process, sometimes its reduction in
temperature is stronger than normal. This will cause stronger trade winds and the hot
surface water will be extra-pushed towards the west and the cold water will be forced
to move deeper. As for the eastern tropical Pacific the up-welling process of the cold
water strengthen and it can be observed in figure 4 that the thermocline is much more
tilted in the latter described phenomena referred to as La Niña. For this event it’s more
common finding a rise in precipitation in eastern Australia. (Sarachik & Cane, 2010)

ENSO does have effects on the earlier described systems: ITCZ, WHWP, CLLJ
(Enfield et al., 2006; Krishnamurti et al., 2013; Amador, 2008). One must remember
that these climatological systems are important sources for development of
precipitation for the IAS.

ITCZ is in general always situated north of the equator, due to warmer SST
northward. But when the equatorial eastern Pacific warms during El Niño ITCZ
changes its position onto lower latitudes, meaning that one source of precipitation will
move farther away from the Pacific region delimiting the Pacific slope of Central
America . During La Niña ITCZ will instead migrate even more north compared to the
normal conditions. (Krishnamurti et al., 2013)

It has been found out that some El Niño events have caused a growth in WHWP
according to the work of Enfield et al. (2006), the greatest positive anomalies have
been found in the year 1958, 1969, 1983, 1987 and 1998 (timeperiod 1950-1999)
where the phenomena El Niño was present. Then it can mostly be seen that the warm
pool grows in the Caribbean basin. Though it is claimed when El Niño has an early
end anomalies in size of WHWP can’t be found. (Enfield et al., 2006)

The earlier mentioned maxima in CLLJ found in February and July are affected
differently by the strong ENSO events. During El Niño (La Niña) the winds are
weakened (strengthened) in February and the other way around during July (Amador,
2008). This is further investigated in this paper.

3 Methods

The climate in Central America has been investigated for nine different meteorological
stations, using daily data for temperature and precipitation within a 35 year period
(1981-2015). The position of the stations can be viewed in table 2. By using the
number of the stations, the positions can also be seen graphically in figure 1. There
are some data missing for the different stations, which is represented in table 2.

For some of the stations there’s a lot of missing data, as it can be seen in table
2. For that reason the routine function rellenaf in the program Scilab has been used to
fill the gaps. The function includes auto regression and principal component methods.
The principal component method demands that the stations have similar time series
of the same parameter and the locations must be relatively close to each other so
correlations can be found. In this case these criteria are fullfilled. Auto regression
method doesn’t depend on the spatial distribution of data, it looks into the stations’
time series separately and fill the missing data gaps by calculated values based on
the data that already exist. The auto correlation in the program is included by the Burg
estimator and ”the one proposed by Ulrych and Clayton” as mentioned in the paper of
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Alfaro & Soley (2009). For this data, the Burg estimator, that suits parameters
evaluating in stochastic processes, has been used. (Alfaro & Soley, 2009)

With a complete dataset a calculation of the monthly means for precipitation and
temperature was done for the 9 stations for the 35 year period, noting that the
precipitation had to be calculated in accumulated monthly means. In this way
intraseasonal behavior could be observed. There were two different kinds of spatial
analysis, one for the stations at the Pacific slope and one for the Caribbean slope.

In order to define the ENSO evaluation for the investigated timeperiod, the
Multivariate Enso Index (MEI) values were collected from NOAA - National Centers
Environmental Information (2016b). The values have been calculated according to the
works of Wolter & Timlin (1993, 1998). The index is weighted using six different
parameters for the tropical Pacific; Sea Level Pressure (SLP), Zonal and Meriodonal
surface winds, SST, Surface Air Temperature and Total Cloudiness. Principal
component method is used in order to combine the different parameters into one
index, the method is described in the work of Wolter & Timlin (1998).

The values are bimonthly, which means that the timeperiods are Dec-Jan,
Jan-Feb, etc. But since there is a relaxation in atmosphere response to variations in
SST, the data can be compared to single monthly data. For example, in this case the
MEI-index for Dec-Jan can be compared to precipitation in Jan due to the delay in the
weather systems in the atmosphere. Then these values can be compared with the
whole monthly 35 year timeseries for the temperature and precipitation. (Wolter &
Timlin, 1993)

Observing the magnitude and sign in MEI leads to definition of different states.
In this work thresholds of strong positive and negative ENSO events were defined by
calculation of the standard deviation of MEI. The MEI has a complete time series
starting from 1950 to the last month of present time. In the calculations of the different
thresholds the whole timeseries for MEI was used. Although the datavalues before
1981 weren’t taken into account in the other investigations, such as observing El
Niño/La Niña episodes and compare phases to the anomalies in temperature and
precipitation. This dataset of MEI was imported from the webpage of (NOAA -
National Centers Environmental Information, 2016b) and two different standard
deviations were calculated, one for all the positive values and another one for all the
negative values, the obtained results is shown below:

σEN = 0.6571
σLN = (−) 0.5301

Where σEN is one standard deviation for the positive values and a threshold,
meaning that MEI exceeding this threshold are defined as strong positive ENSO
events. The negative values’ standard deviation and threshold σLN were calculated
analogously, in this case notice the negative sign in the parenthesis. The threshold is
negative, though a standard deviation can’t be. The MEI containing a magnitude in
between these thresholds are defined as neutral state. Moreover, to define El Niño
and La Niña an observation of the length of periods exceeding σEN and σLN was
done. If a MEI-period containing data exceeding the thresholds for six months or more
that particular episode was defined to be strong El Niño or La Niña events.

For the same time series as for the data containing precipitation and
temperature, ENSO events were evaluated. The feature of the oscillation can be
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Figure 5. The evolution of ENSO (1981-2015) according to MEI. The curve is red when it
exceeds σEN and blue when it exceeds σLN . In between these thresholds (stated as neutral
state) the curve is black.

Table 3. Time periods (expressed in MM/YYYY) of El Niño and La Niña events. The strongest
El Niño (La Niña) events are marked in red (blue) text. The number in the paranthesis to the
right of the time period indicate the length of the espisodes in months.

El Niño events La Niña events
5/1982-7/1983 (15) 5/1988-4/1989 (12)
7/1986-1/1988 (19) 8/1998-4/1999 (9)
4/1991-7/1992 (16) 7/1999-3/2000 (9)
9/1992-11/1993 (15) 8/2008-2/2009 (7)
4/1994-2/1995 (11) 6/2010-3/2011 (10)
3/1997-5/1998 (15) 8/2011-1/2012 (6)
4/2002-10/2003 (19)
5/2006-12/2006 (8)
5/2009-4/2010 (12)
4/2014-11/2015 (20)
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viewed in figure 5. The specific episodes El Niño and La Niña have been collected in
table 3.

Thereafter the phenomena El Niño and La Niña were compared to monthly
anomalies in precipitation and temperature 1981-2015. The anomalies were simply
obtained by subtraction of the 12 monthly means, from each corresponding monthly
value. This procedure was applied to all stations. Then all the anomalies in
temperature and precipitation for each El Niño/La Niña episode were regarded in
order to observe the total contributions of every strong event.

In order to observe the wind field, six specific timeperiods of El Niño/La Niña
were chosen and the anomalies for the months of February and July were included.
This could be done using images, showing the wind vector field in the area 0-20◦N,
65-105◦W, provided by the NOAA/ESRL Physical Sciences Division, Boulder
Colorado from their Web site at http://www.esrl.noaa.gov/psd/ (Kalnay & Coathors,
1996). The contour pictures can be obtained giving inputs at their web page, like
information about latitude and longitude of area, year and month of analysis period,
type of parameter etc. In this particular product the anomalies in wind field can be
observed in magnitude and direction.

4 Results and Discussion

4.1 The mean climate of Central America, regarding temperature
and precipitation

In the hypothesis it was stated that the climates between the Pacific and the
Caribbean slopes are different. Therefore the figures 6 and 7 are in two columns,
where each column is a subfigure. The left ones are for the measurements on the
Pacific slope and the right for the Caribbean slope, named as A and B, respectively.

In figure 6A it is observed that there is a clear contrast between dry and rainy
seasons for the Pacific slope. The dry season generally lasts from December to April
and the rainy season from May to November. It can also be viewed that the rainy
season ends earlier for the stations with greater latitude, in this case San José,
Choluteca and Liberia. For these particular stations there is almost no precipitation in
December. The mean accumulated precipitation in April for the more southern
stations Tocumen and David is greater than for the others. As mentioned earlier, ITCZ
migrates from south to north and is at its northernmost position during NH summer
and the other way around. Which partly explains the feature in difference in
precipitation between the latitudes, although there are many other factors.
(Krishnamurti et al., 2013; Amador & Alfaro, 2014)

One other remarkable feature for the Pacific is that the annual distribution of
precipitation is bimodal. In other words, there are two maxima in the annual cycle.
Between the maxima there’s a reduction in precipitation that can be observed in figure
6A, which is referred to as the MSD (Magaña et al., 1999).

The precipitation on the Caribbean slope is more seasonally distributed, as can
be seen in figure 6B. Meaning that no dry season is experienced and the climate is
relatively humid all the months on the Caribbean slope. That can especially be seen
for the Caribbean meteorological stations Barrios and Limón.

CLLJ is an important climate system for the Central America’s precipitation,
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(a) The Pacific slope (b) The Caribbean slope

Figure 6. Monthly mean accumulated precipitation [mm/month] for the 35 year period
(1981-2015). The meteorological stations in each subfigure are in latitudinal order with the
northernmost station’s graph in the upper position.

these winds bring a lot of moisture from the sea into the continental area. The high
mountains prevent winds from the Caribbean reaching the Pacific slope, and if they
do, they act as an adiabatic drying process. The winds blowing downhill from the
mountain tops towards the Pacific slope become warm and dry, due to the Föhn
effect. (Durán-Quesada et al., 2010)

A period of more intense precipitation can still be observed, except for the
meteorological station of Limón. According to Wang & Enfield (2001) WHWP exists in
the Caribbean Sea during July-November, which enhance convection activity and
development of tropical storms. From September the trades become weaker and
remain this way until the beginning of November, the activity of hurricanes is
prominent during this period.

As can be seen in figure 7, the temperature for this low latitude climate overall
has a relatively small seasonal oscillation for all the meteorological stations. In
subfigure 7A Choluteca and Tocumen reveal the warmer climate comparing with the
other stations on the Pacific slope. Looking back at figure 1 and table 2, they show
that the elevation is greater and position is a little further from the coast for these two
stations. The temperature maxima occur in March, the incoming radiation is relatively
great during the period February-March (Amador et al., 2016a).

Some of the northernmost stations San José, Belize and Barrios have a
distinguished minima in temperature during January. In fact it is common that cold
fronts from the north penetrate into the tropics during the middle of NH winter, more
seldom these systems reach further south (Amador & Alfaro, 2014). For the
southernmost stations the annual cycle has much smaller variations in temperature,
as they are less impacted by systems from the north.
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(a) The Pacific slope (b) The Caribbean slope

Figure 7. Monthly mean temperature [◦C] for the 35 year period (1981-2015). The
meteorological stations in each subfigure are in latitudinal order with the northernmost
station’s graph in the upper position.

4.2 El Niño/La Niña and anomalies in temperature and
precipitation

As described in the method, the anomalies describe how a variable for a specific
period of time differs from the mean state. For example a positive anomaly in
precipitation means that it has rained more than normal for that particular time. El
Niño and La Niña episodes were compared to the corresponding time period of
anomalies for temperature and precipitation.

Observing the monthly anomalies in precipitation for the Pacific slope in figure 8,
it can be seen that the majority of the black bars are negative for El Niño events and
the other way around for La Niña events. That can especially be seen for El Niño
events during 5/1982-7/1983 and 4/2014-11/2015. In order to state these results more
clearly, the contribution of all the anomalies for each particular event were calculated,
these values can be viewed in table 4. As it can be seen almost all the numbers are
negative (positive) for all the stations during El Niño (La Niña) events. Though not all
the anomalies contribute this way. As earlier stated the Pacific slope may get a lot of
its rain from ITCZ, which is affected by ENSO. Also easterly waves traveling from
Africa can reach that region and contribute to precipitation (Amador, 2008).
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Figure 8. Anomalies in precipitation for the Pacific slope and El Niño/La Niña events. Black
bars: anomalies in monthly mean accumulated precipitation [mm]. Red (blue) straight lines:
markings of El Niño (La Niña) events according to table 3.
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Figure 9. Anomalies in precipitation for the Caribbean slope and El Niño/La Niña events.
Black bars: anomalies in monthly mean accumulated precipitation [mm]. Red (blue) straight
lines: markings of El Niño (La Niña) events according to table 3.

This feature isn’t the same for the Caribbean slope, in fact it is hard to see a
frequent pattern in the contributed anomalies in precipitation (table 6). The
meteorological stations also show different kinds of anomalies (figure 9). For example,
during 5/1982-7/1983 Belize and Barrios contributed to negative values while Lempira
and Limón didn’t. Here it can be observed that each El Niño/La Niña event is different
compared to others. It must be kept in mind that Lempira had the largest amount of
missing data (23,09%) in precipitation (according to table 2). The results in table 6
only contains information of the contributed anomalies for the whole ENSO events. If
one look into figure 9 one can observe relatively great anomalies in precipitation, both
positive and negative, during El Niño/La Niña events. In El Niño event 97/98 it can be
seen for Barrios and Limón that the majority of the anomalies are positive in the onset
of the event but later on there’s a shift to a large amount of negative values. At the
same time it must be considered that there are other low frequent modes and climate
systems affecting intraannual variations, the Pacific Decadal Oscillation is one of them
(Zhang et al., 1997).

The feature is unclear for temperature, both for the Pacific and the Caribbean
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Figure 10. Anomalies in temperature for the Pacific slope and El Niño/La Niña events. Black
bars: anomalies in monthly mean temperature [◦C]. Red (blue) straight lines: markings of El
Niño (La Niña) events according to table 3.
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Figure 11. Anomalies in temperature for the Caribbean slope and El Niño/La Niña events.
Black bars: anomalies in monthly mean temperature [◦C]. Red (blue) straight lines: markings
of El Niño (La Niña) events according to table 3.
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Table 4. The contributed anomaly in precipitation [mm] for the particular episode. Upper
panel: El Niño episodes. Panel below: La Niña episodes.

Pacific slope San José Choluteca Liberia David Tocumen

5/1982-7/1983 -629 -450 -467 -565 -611
7/1986-1/1988 -995 -1382 -1041 29 -397
4/1991-7/1992 -375 -287 -526 -924 -672
9/1992-11/1993 261 -129 -139 61 -233
4/1994-2/1995 -453 -414 -571 211 -357
3/1997-5/1998 243 -901 -810 -672 -468
4/2002-10/2003 -216 295 -167 -152 -322
5/2006-12/2006 20 -252 -444 -121 201
5/2009-4/2010 -21 -91 -141 130 140
4/2014-11/2015 -279 -1211 -1245 -668 -150

5/1988-4/1989 -133 158 350 -213 215
8/1998-4/1999 1112 1034 571 670 315
7/1999-3/2000 288 451 951 235 149
8/2008-2/2009 -45 523 832 586 386
6/2010-3/2011 905 834 500 831 928
8/2011-1/2012 375 659 168 -21 -227
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Table 5. The contributed anomaly in temperature [◦C/(number of months)] for the particular
episode. Upper panel: El Niño episodes. Panel below: La Niña episodes.

Pacific slope San José Choluteca Liberia David Tocumen

5/1982-7/1983 0.2 0.2 0 0 -0.1
7/1986-1/1988 -0.2 -0.6 -0.1 0 0.4
4/1991-7/1992 -0.1 0.4 0.1 0 -0.6
9/1992-11/1993 -0.4 -1.0 0 0 0
4/1994-2/1995 -0.5 -0.3 0 0 -1.7
3/1997-5/1998 -0.2 0 0 0 0
4/2002-10/2003 -0.1 0.1 0 0 0.1
5/2006-12/2006 -0.2 0.4 0.3 0 -0.2
5/2009-4/2010 0 0.2 0 0 0.1
4/2014-11/2015 0 0.2 -0.1 0 0.1

5/1988-4/1989 0 -0.2 0 0 0.5
8/1998-4/1999 -0.1 0.6 0 0 0.6
7/1999-3/2000 0 -0.1 0 0 0.1
8/2008-2/2009 0.2 0.9 -0.1 0 0
6/2010-3/2011 0.2 0.6 0 0 0.1
8/2011-1/2012 0.3 1.0 0 0 -0.1
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Table 6. The contributed anomaly in precipitation [mm] for the particular episode. Upper
panel: El Niño episodes. Panel below: La Niña episodes.

Caribbean slope Belize Barrios Lempira Limón

5/1982-7/1983 -1425 -339 417 901
7/1986-1/1988 527 -652 -790 988
4/1991-7/1992 456 444 -231 725
9/1992-11/1993 378 1497 5 -73
4/1994-2/1995 -126 0 -554 657
3/1997-5/1998 -399 -104 -251 -932
4/2002-10/2003 -705 -756 -1023 692
5/2006-12/2006 360 503 -668 -466
5/2009-4/2010 -763 -325 171 -145
4/2014-11/2015 -364 -341 133 1680

5/1988-4/1989 654 567 338 783
8/1998-4/1999 834 468 217 -208
7/1999-3/2000 -20 -300 229 382
8/2008-2/2009 -507 204 -169 -1100
6/2010-3/2011 -283 -289 643 -768
8/2011-1/2012 19 272 280 -288
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Table 7. The contributed anomaly in temperature [◦C/(number of months)] for the particular
episode. Upper panel: El Niño episodes. Panel below: La Niña episodes.

Caribbean slope Belize Barrios Lempira Limón

5/1982-7/1983 0.1 -0.1 -0.1 -0.4
7/1986-1/1988 0.2 0.5 0.2 0.3
4/1991-7/1992 -1.0 -1.0 0 -0.1
9/1992-11/1993 0 0.4 -0.1 0.4
4/1994-2/1995 0 -1.3 0.4 0.1
3/1997-5/1998 0.3 -0.3 0.1 -0.1
4/2002-10/2003 0.1 0.3 -0.1 -0.1
5/2006-12/2006 -0.1 -0.1 -0.1 -0.1
5/2009-4/2010 0.1 0.3 -0.1 0.1
4/2014-11/2015 0 0.2 -0.1 0

5/1988-4/1989 0.5 0.5 -0.1 -0.1
8/1998-4/1999 0 1.5 0 -0.3
7/1999-3/2000 0.1 0.1 -0.2 -0.2
8/2008-2/2009 -0.1 0 -0.1 0.1
6/2010-3/2011 0.1 0.1 -0.1 0
8/2011-1/2012 -0.1 -0.2 1.0 0.2
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slopes (figure 10 and 11, table 5 and 7). Excluding El Niño and La Niña episodes one
can see that the intraannual variations are relatively small for the southern part of
Central America, looking into the results of Tocumen, David, Lempira and Limon. For
those stations the mean annual cycle for the 35 year period of temperature doesn’t
oscillate the same way as for the other stations (figure 7). In that case, this southern
climate doesn’t experience a lot of intraseasonal variations in temperature. The
northern part on the other hand can experience early or late starts of minima
temperature periods for example, which causes relatively great anomalies.

ENSO doesn’t seem to be a main source of intraannual variations in temperature
and precipitation for the Caribbean slope, for this investigation ENSO has been the
only low frequent mode causing intraannual variations. It can be seen in table 7 that
contributions of the anomalies for each El Niño and La Niña event are relatively small.

4.3 El Niño/La Niña and anomalies in wind vectors focusing on
the Caribbean Low Level Jet

As the anomalies in precipitation had a lot of variations, mostly for the Caribbean
slope, the wind field in the IAS region at 925 hPa was also observed for some of El
Niño/La Niña events. This kind of investigation mostly focused on CLLJ and its
maxima (February and July). Thenceforth six different events (three El Niño and three
La Niña events), regarding the variations in the contributed anomalies in precipitation,
were chosen to be compared to each other. In order to view the disparities (and
similarities) between the specific events table 8 can be used. As two examples it can
be seen that the signs in anomalies for El Niño 82/83 and 92/93 are not similar and in
La Niña events 99/00 and 10/11 are almost similar in the signs but not La Niña during
88/89.

The anomalies in winds can be seen with help of contours in figure 12 and 11,
for the months February and July within El Niño and La Niña episodes according to
table 8. Reviewing figure 3 one must remember that CLLJ contains the strongest
winds for 925 hPa, which makes it interesting to observe anomalies on this altitude in
the area of CLLJ. In the following text below, descriptions of observations for each
column are done for figure 12 and 11.

• Left column, figure 12: These are three El Niño events during February. The
greatest magnitude in anomaly for CLLJ was during the strong El Niño event
97/98. In general, the direction of the arrows indicate that there’s a reduction of
CLLJ as they are pointing in the opposite direction comparing to the mean state
of these winds in figure 3. Beside this, it can also be seen that there was a
strong reduction of the winds in the ETP region during 82/83 and especially
97/98 where the magnitude exceed an anomaly of 4 m/s at many places, which
mean that the winds could have been in the opposite direction.

• Right column, figure 12: In general most of the anomalies in July are pointing
in the opposite direction compared to February of El Niño events. Though the
direction of the arrows aren’t similar in the area of CLLJ, during the events
82/83, 92/93 and 97/98 they are pointing westward, southward and
north-westward respectively. To sum up, CLLJ is stronger in July.
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Table 8. Three El Niño and three La Niña events, same episodes can be found in figure 12 for
anomalies in wind field. The sign of the contributed anomaly in precipitation are represented
for each meteorological station. The names of the stations are marked in red (blue) color
where the contributed anomaly is positive (negative).

El Niño 5/1982-7/1983
Pacific slope San José, Choluteca, Liberia, David,Tocumen
Caribbean slope Belize, Barrios,Lempira,Limón
El Niño 9/1992-11/1993
Pacific slope San José, Choluteca, Liberia, David,Tocumen
Cariebbean slope Belize, Barrios,Lempira,Limón
El Niño 3/1997-5/1998
Pacific slope San José, Choluteca, Liberia, David,Tocumen
Caribbean slope Belize, Barrios,Lempira,Limón

La Niña 5/1988-4/1989
Pacific slope San José, Choluteca, Liberia, David,Tocumen
Caribbean slope Belize, Barrios,Lempira,Limón
La Niña 7/1999-3/2000
Pacific slope San José, Choluteca, Liberia, David,Tocumen
Caribbean slope Belize, Barrios,Lempira,Limón
La Niña 6/2010-3/2011
Pacific slope San José, Choluteca, Liberia, David,Tocumen
Caribbean slope Belize, Barrios,Lempira,Limón
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• Left column, figure 13: This month during La Niña events seem to be similar to
El Niño during February. The anomalies were stronger in magnitude during
88/89, table 8 also show that the behavior in precipitation is different for this
episode compared to the two other La Niña events.

• Right column, figure 13: During July the variations were most dramatic for the
strongest La Niña event 10/11.

Overall this particular study in wind fields corresponds to the earlier described
theory, warm (cold) ENSO events cause a reduced (increased) CLLJ during NH
winter and increased (reduced) CLLJ during NH summer.

5 Summary and Conclusion

On the continental area of Central America the climate (regarding temperature and
precipitation) is different comparing the Pacific slope with the Caribbean slope. It was
shown by an investigation of data from 9 different meteorological stations in the area.
It could be observed at that the Pacific slope is characterized by a dry period and an
intense rainy season and the Midsummer Drought. The Caribbean slope doesn’t show
any feature of a remarkably dry period, although a rainy season is still present most of
year round. These observations agree with earlier stated facts described in the theory.

Regarding the investigations of temperature, it was identified that cold fronts
invade more frequent at the northernmore stations during boreal winter. Hence the
intraseasonal variations in temperature are small, also the intraannual, that is a
feature for low latitudinal climate and one can compare with mid latitudinal
intraseasonal variations that have a big contrast annual cycle with great differences in
amplitude.

The study also showed that there’s a connection between the precipitation on
the Pacific slope and the strong ENSO events El Niño and La Niña. During El Niño a
majority of negative anomalies appear, a reduction in precipitation could mean intense
droughts and according to table 1 some of the dry events may had a lot of
socio-economic impacts, like problems in agriculture. When La Niña occurs most of
the Pacific meteorological stations experienced a larger amount of precipitation, once
again referring to table 1 intense precipitation can lead to hydrometeorogical effects
like landslides and floods. In worst cases those kind of events take human lives. The
table has been created in order to give a general picture what intensified events, in
especially precipitation, can cause in the society of Central America.

In this work a pattern between temperature for all of the meteorological stations
in the area and El Niño/La Niña couldn’t be found, also precipitation for the Caribbean
slope and the strong ENSO events. This may partly be explained in the investigations
of the wind patterns, each event doesn’t behave exactly in the same way. It was also
observed that in general the Caribbean Low Level Jet was weaker (stronger) in
February and stronger (weaker) in July during El Niño (La Niña) events. There are
also other modes effecting intraannual behavior and in this work only ENSO was
considered. A natural expansion of this work is to include other high and low
frequency modes, such as the Madden/Julian Oscillation and the Pacific Decadal
Oscillation.
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Figure 12. Anomalies in windfield at 925 hPa during El Niño events 82/83, 92/93 and 97/98
for the months of February and July. The 30 year climate time series from 1981-2010, was
subtracted from these particular periods in order to calculate the anomalies. The colors and
the black arrows show the magnitude and the direction of anomalies, respectively. Images
provided by the NOAA/ESRL Physical Sciences Division, Boulder Colorado from their Web
site at http://www.esrl.noaa.gov/psd/ (Kalnay & Coathors, 1996).
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Figure 13. Anomalies in windfield at 925 hPa during La Niña events 88/89, 99/00 and 10/11
for the months of February and July. The 30 year climate time series from 1981-2010, was
subtracted from these particular periods in order to calculate the anomalies. The colors and
the black arrows show the magnitude and the direction of anomalies, respectively. Images
provided by the NOAA/ESRL Physical Sciences Division, Boulder Colorado from their Web
site at http://www.esrl.noaa.gov/psd/ (Kalnay & Coathors, 1996).
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7 Abbreviations

CLLJ - The Caribbean Low Level Jet
CS - Caribbean Sea
ENSO - The El Niño Southern Oscillation
ETP - Eastern Tropical Pacific
IAS - Intra America Sea
ITCZ - The Intertropical Convergence Zone
MEI - Multivariate ENSO Index
MSD - Midsummer Drought
NH - Northern Hemisphere
OHE - Other Hydrometeorological Events
SST - Sea Surface Temperature
TC - Tropical Cycone
WHWP - The Western Hemisphere Warm Pool
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