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Prediction of MJ rainfall season using CCA models

ERIC J. ALFARO1,2,3, HUGO G. HIDALGO1,2, NATALIE P. MORA1

Abstract

The prediction of the May-June (MJ) precipitation as the first peak of the rainy season is important in the Central 
American isthmus because wetter (drier) MJ seasons tend to be associated with early (late) onsets of the rainy season 
on the Pacific slope. Having a late start of the rains, followed by a drier season in MJ in conjunction with a deep 
Mid-Summer Drought (MSD), would affect significantly key socioeconomic sectors in the isthmus like hydropower 
generation, water supply for human consumption (as main cities in the isthmus are located on the Pacific slope) and 
agriculture. Using 162 gauge stations, we built skillful Canonical Correlation Analysis (CCA) prediction models for MJ 
season as the first peak of the rainy season, using as predictands monthly rainfall accumulations and Standardized 
Precipitation Index (SPI) values over Central America. Sea Surface Temperature anomalies (SSTA) were used as 
predictors handling a domain bounded by 63° N-10° S and 152° E-15° W, along with the Palmer Drought Severity 
Index (PDSI) values covering the isthmus. Leading times from December to April were explored in the predictor 
fields. CCA models, using February´s SSTA and April´s PDSI showed significant skill values for the prediction of MJ 
accumulations and the SPI over an important portion of Central America. Models´ loadings showed that warmer 
(cooler) Eastern equatorial SSTAs in the Pacific along with cooler (warmer) SSTAs in the Tropical North Atlantic 
(TNA) during February, tend to be related with drier (wetter) conditions in almost all the isthmus during the next 
MJ season. It is suggested that Sea Surface Temperature (SST) mode could modulate MJ precipitation in Central 
America influencing the position of the Intertropical Convergence Zone (ITCZ) and the strength of the trade winds. 
Additionally, it was observed that drier (wetter) soil moisture (PDSI) in April tends to be related with drier (wetter) 
precipitation conditions in almost all the isthmus during next MJ season.

KEYWORDS: SEASONAL CLIMATE PREDICTION, CENTRAL AMERICA, STANDARDIZED PRECIPITATION INDEX, 
STATISTICAL MODELS, PALMER DROUGHT SEVERITY INDEX

Resumen

Predecir la precipitación durante mayo-junio (MJ), como primer pico de la estación lluviosa en el istmo de América 
Central, es muy importante ya que se ha observado que condiciones más o menos húmedas durante MJ tienden a 
estar precedidas por inicios tempranos o tardíos de la época lluviosa. Un inicio tardío de las lluvias, por ejemplo, 
seguido de condiciones más secas que lo normal durante MJ y por un periodo posterior de veranillo o canícula intensa, 
puede afectar significativamente sectores socioeconómicos clave en el istmo como la generación hidroeléctrica, el 
abastecimiento de agua potable o la agricultura. En este trabajo se usaron los datos de 162 estaciones pluviométricas 
para construir modelos predictivos para MJ como primer pico de la estación lluviosa, usando el Análisis de 
Correlación Canónica (ACC). Los aspectos a predecir durante MJ son los acumulados de lluvia y el Índice Normalizado 
de Precipitación (INP) en América Central. Se usaron dos campos como predictores. El primero fue las anomalías 
de la temperatura superficial del mar (TSM) observada en el dominio 63° N-10° S y 152° E-15° W. El segundo fue el 
Índice de Severidad de Sequía de Palmer (ISSP), cubriendo la totalidad del istmo. Se estudió el potencial predictivo 
de estos dos campos desde diciembre hasta abril. Los modelos del ACC, usando las anomalías de la TSM en febrero 
y el ISSP en abril, evidencian una buena habilidad predictiva de los acumulados y del INP durante MJ, en una región 
importante de América Central. Los resultados mostraron que condiciones más cálidas (frías) en las anomalías de 
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1.  Introduction

Amador, Alfaro, Lizano, and Magaña (2006); 

Amador et al. (2016a); and Taylor and Alfaro 

(2005), describe extensively the key drivers of the 

CeŶtƌal AŵeƌiĐaŶ ĐliŵaiĐ ǀaƌiaďilitǇ. Those ǁoƌks 
eǆplaiŶ that the ŵost doŵiŶaŶt sǇŶopiĐ iŶlueŶĐe 
is the Noƌth AtlaŶiĐ suďtƌopiĐal high. SuďsideŶĐe 
assoĐiated ǁith the spƌeadiŶg of the Noƌth AtlaŶiĐ 
subtropical high to the North American landmass 

dominates during boreal winter, as do the strong 

easteƌlǇ tƌades fouŶd oŶ its eƋuatoƌǁaƌd laŶk. 
Coupled with a strong trade-winds inversion, a 

cold ocean and reduced atmospheric humidity, 

the ƌegioŶ is geŶeƌallǇ at its dƌiest ĐoŶdiioŶ 
during the winter. With the onset of boreal spring, 

hoǁeǀeƌ, the suďtƌopiĐal high ŵoǀes ofshoƌe aŶd 
trade wind intensity decreases, with downstream 

ĐoŶǀeƌgeŶĐe. The ǀaƌiaioŶ iŶ the stƌeŶgth of the 
trades is an important determinant of climate 

throughout the year for Central America. There is 

also a ǁeak tƌade-ǁiŶds iŶǀeƌsioŶ ǁith alitude, 
the ocean warms and atmospheric moisture 

is abundant. The region is consequently at its 

ǁetest iŶ the ďoƌeal late spƌiŶg-suŵŵeƌ-eaƌlǇ 
autumn half-year. Besides the subtropical high, 

otheƌ sigŶiiĐaŶt sǇŶopiĐ iŶlueŶĐes iŶĐlude: 

a) The seasoŶal ŵigƌaioŶ of the IŶteƌtƌopiĐal 
CoŶǀeƌgeŶĐe )oŶe ;ITC)Ϳ – ŵaiŶlǇ afeĐiŶg 
the PaĐiiĐ side of southeƌŶ CeŶtƌal AŵeƌiĐa 
(Hidalgo, Durán-Quesada, Amador, & Alfaro, 

2015). 

b) The intrusions of polar fronts, originated at 

ŵid-laitudes, ǁhiĐh ŵodifǇ the ďoƌeal dƌǇ 

winter and early spring climates of the northern 

Caribbean and north Central American regions 

(Zárate-Hernández, 2013).

c) The ǁestǁaƌd pƌopagaiŶg tƌopiĐal 
disturbances (Amador, Alfaro, Rivera, & 

Calderón, 2010) – a summer seasonal feature 

associated with much rainfall, especially over 

the Caribbean region. 

IŶ addiioŶ, the ǁaƌŵ pools of the AŵeƌiĐas 
ĐoŶsitute aŶ iŵpoƌtaŶt souƌĐe of ŵoistuƌe foƌ 
the North American Monsoon System (Wang & 

EŶield, ϮϬϬϭ, ϮϬϬϯͿ.

Alfaro (2002) calculated the mean dominant 

annual cycles in the Central American region using 

EŵpiƌiĐal OƌthogoŶal FuŶĐioŶs ;EOFsͿ aŶalǇsis 
foƌ ϵϰ dailǇ ƌaiŶ gauge staioŶs dataset. This 
alloǁed the deteƌŵiŶaioŶ of soŵe iŵpoƌtaŶt 
aspects of this cycle such as the start and end of 

the rainy season and the Mid-Summer Drought 

(MSD; Magaña, Amador, & Medina, 1999). 

Soŵe laitudiŶal ǀaƌiaioŶs ǁeƌe fouŶd iŶ these 
variables. The region is dominated by one mean 

annual cycle that captures 72% of the variance. 

This ĐǇĐle iŵplies ŵaiŶlǇ a ĐoŵďiŶaioŶ of sǇsteŵs 
aŶd paƌaŵeteƌs that iŶǀolǀes the laitudiŶal 
ŵigƌaioŶ of the ITC), the seasoŶal ǀaƌiaioŶ of 
solaƌ ƌadiaioŶ that iŶlueŶĐes lateŶt heat luǆ, aŶd 
the loǁ leǀel ǁiŶd aŶd its iŶteƌaĐioŶ ǁith loĐal 
orography. The second annual cycle in importance 

explains only 8% of the variance, and it dominates 

iŶ staioŶs loĐated oǀeƌ the CaƌiďďeaŶ Coast of 
Honduras, Costa Rica and Panama. In the inter-

aŶŶual sĐale, the ǁetest ;dƌiestͿ Ǉeaƌs iŶ the 

la TSM del Pacífico ecuatorial del este, junto con condiciones más frías (más cálidas) en el Atlántico Tropical Norte 
durante febrero, tienden a estar correlacionadas con periodos más secos (húmedos) durante el siguiente bimestre de 
MJ en prácticamente todo el istmo. Lo anterior sugiere que la TSM podría modular la lluvia durante MJ en América 
Central al influenciar la posición de la Zona de Convergencia Inter-Tropical y la magnitud de los vientos alisios. En 
forma adicional, se observó que condiciones más secas (húmedas) en la humedad del suelo (ISSP) durante abril, 
tendieron a estar relacionadas con periodos de lluvia más secos (húmedos) en casi todo el istmo durante el siguiente 
periodo de MJ.

PALABRAS CLAVE: PREDICCIÓN CLIMÁTICA ESTACIONAL, AMÉRICA CENTRAL, ÍNDICE NORMALIZADO DE 
PRECIPITACIÓN, MODELOS ESTADÍSTICOS, ÍNDICE DE SEVERIDAD DE SEQUÍA DE PALMER.
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region are dominated, in general, by warmer 

(colder) sea surface temperatures in the tropical 

AtlaŶiĐ Đoŵpaƌed to the easteƌŶ tƌopiĐal PaĐiiĐ.

Regularly, in Central America, Regional Climate 

Outlook Forums (RCOFs) have taken place in an 

efoƌt to pƌediĐt pƌeĐipitaioŶ aĐĐuŵulaioŶs foƌ 
the following target seasons: May-June-July (MJJ), 

August-September-October (ASO) and December-

January-February-March (DJFM) (Donoso & 

Ramírez, 2001; Garcia-Solera & Ramirez, 2012). 

Currently, the RCOFs also include Outlooks for the 

StaŶdaƌdized PƌeĐipitaioŶ IŶdeǆ oƌ SPI ;WMO, 
ϮϬϭϮͿ. Ouƌ oďjeĐiǀe is to ďuild skillful CaŶoŶiĐal 
CoƌƌelaioŶ AŶalǇsis ;CCAͿ pƌediĐioŶ ŵodels foƌ 
the MaǇ-JuŶe ;MJͿ seasoŶ, the iƌst peak of the 
rainy season (Alfaro, 2002), using as predictands 

monthly rainfall accumulates and SPI values over 

CeŶtƌal AŵeƌiĐa. The pƌediĐioŶ of the MJ as the 
iƌst peak of the ƌaiŶǇ seasoŶ is iŵpoƌtaŶt ďeĐause 
ǁeteƌ ;dƌieƌͿ MJ seasoŶs teŶd to ďe assoĐiated 
with early (late) onsets of the rainy season. 

The early summer rainfall tends to be rather 

heteƌogeŶeous spaiallǇ aĐƌoss the CaƌiďďeaŶ 
(Alfaro, 2002; Jurya & Malmgren, 2012). 

So, having a late start of the rains, like in 2015 

;Aŵadoƌ et al., ϮϬϭϲďͿ, folloǁed ďǇ a sigŶiiĐaŶtlǇ 
dƌieƌ thaŶ Ŷoƌŵal seasoŶ iŶ MJ, iŶ ĐoŶjuŶĐioŶ 
with a deep MSD in July and August (Alfaro, 

2014; Hernandez & Fernandez, 2015; Solano, 

2015; Maldonado, Rutgersson, Alfaro, Amador, 

& Claƌeŵaƌ, ϮϬϭϲͿ, ĐaŶ afeĐt sigŶiiĐaŶtlǇ keǇ 
socioeconomic sectors in Central America. Some 

of these socioeconomic sectors are hydropower 

geŶeƌaioŶ, ǁateƌ supplǇ foƌ huŵaŶ ĐoŶsuŵpioŶ 
;as ŵaiŶ Điies iŶ the isthŵus aƌe loĐated oŶ the 
PaĐiiĐ slopeͿ aŶd agƌiĐultuƌe. 

PƌeǀiouslǇ, Alfaƌo ;ϮϬϬϳͿ used a staisiĐal ŵodel 
based on CCA to explore the predictability of the 

rainfall season in Central America, including MJJ. 

EǆplaŶatoƌǇ ǀaƌiaďles ǁeƌe seasoŶal AtlaŶiĐ aŶd 
PaĐiiĐ OĐeaŶ Sea SuƌfaĐe Teŵpeƌatuƌe ;SSTͿ foƌ 
the region inside 112.5° E-7.5° W and 7.5° S-62.5° 

N, during 1958-98. He found that for the early 

ƌaiŶfall seasoŶ, MJJ, posiiǀe ;ŶegaiǀeͿ tƌopiĐal 
AtlaŶiĐ SST aŶoŵalies ǁeƌe assoĐiated ǁith 
posiiǀe ;ŶegaiǀeͿ ƌaiŶfall aŶoŵalies oǀeƌ a ďƌoad 
area located at the north of the studied region. 

The model results were cross-validated, showing 

sigŶiiĐaŶt skill ǀalues oǀeƌ aŶ iŵpoƌtaŶt poƌioŶ 
of the studied region. 

Fallas-López aŶd Alfaƌo ;ϮϬϭϮaͿ used the staisiĐal 
teĐhŶiƋue of ĐoŶiŶgeŶĐǇ taďle aŶalǇsis ;Alfaƌo, 
SoleǇ, & EŶield, ϮϬϬϯͿ to pƌoduĐe pƌediĐiǀe 
schemes associated with rainfall in Central 

AŵeƌiĐa. As a iƌst step, a pƌiŶĐipal ĐoŵpoŶeŶt 
analysis was used to produce indices, using daily 

ǁeatheƌ ƌeĐoƌds fƌoŵ ϭϰϲ staioŶs. Tǁo ƌaiŶfall 
components associated with Central American 

PaĐiiĐ aŶd CaƌiďďeaŶ slopes ǁeƌe oďtaiŶed. 

KeepiŶg iŶ ŵiŶd that oŶe of the ǁoƌk oďjeĐiǀes 
ǁas to suppoƌt the RCOFs pƌoĐess; the pƌediĐiǀe 
schemes used by Fallas-López and Alfaro (2012a) 

iŶ the ƌaiŶfall pƌediĐioŶs iŶĐluded the MJJ 
tƌiŵesteƌ. DifeƌeŶt Đliŵate iŶdiĐes ǁeƌe used as 
predictors, which were associated with several 

Đliŵate ǀaƌiaďilitǇ souƌĐes that iŶlueŶĐe the 
Đliŵate pateƌŶs iŶ CeŶtƌal AŵeƌiĐa. This ǁas 
doŶe usiŶg a lead-iŵe of oŶe oƌ tǁo ďiŵesteƌs 
previous to the predicted season. 

Useful pƌediĐiǀe sĐheŵes ǁeƌe fouŶd ďǇ Fallas-
López aŶd Alfaƌo ;ϮϬϭϮaͿ foƌ pƌaĐiĐallǇ all the 
ƌelaioŶships pƌeǀiouslǇ ŵeŶioŶed. NoiĐe that 
most of the Central American climate variability 

could be explained by the El Niño – Southern 

OsĐillaioŶ ;ENSO; e.g. iŶteƌ-aŶŶual ǀaƌiaďilitǇͿ 
aŶd ďǇ the AtlaŶiĐ MulideĐadal OsĐillaioŶ 
iŶdiĐes ;AMO; EŶield, Mestas-Nuñez, & Tƌiŵďle, 
ϮϬϬϭ, ŵaiŶlǇ, e.g. ŵulideĐadal ǀaƌiaďilitǇͿ. 

Also, Fallas-López and Alfaro (2012b) elaborated 

a seasoŶal Đliŵate pƌediĐioŶ sĐheŵe foƌ CeŶtƌal 
America based on CCA, for the same seasons 

used by Fallas-López and Alfaro (2012a). SSTs 

from the oceans around the isthmus were used as 
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pƌediĐtoƌs. PƌeĐipitaioŶ aĐĐuŵulaioŶs ǁeƌe used 
as the pƌediĐtaŶd ield, usiŶg ϭϰϲ ŵeteoƌologiĐal 
staioŶs loĐated iŶ MesoaŵeƌiĐa ǁith ŵoŶthlǇ 
records from 1971 to 2000. The sea surface 

temperature area used is 60° N - 60° S and 270° 

E - 0° W. In general, the SST associated with the 

previous quarter was used for every predicted 

seasoŶ, iŶĐludiŶg MJJ. Soŵe of the ideŶiied 
ŵodes iŶ the aŶalǇsis displaǇ spaial pateƌŶs 
associated with known climate variability sources 

as ENSO, AMO aŶd PaĐiiĐ DeĐadal OsĐillaioŶ 
(PDO; Mantua, Hare, Zhang, Wallace, & Francis, 

1997), meaning that CCA is useful for seasonal 

pƌediĐioŶ iŶ CeŶtƌal AŵeƌiĐa. The pƌediĐtoƌ 
pateƌŶs Đould ďe eǆplaiŶed ďǇ studǇiŶg theiƌ 
assoĐiaioŶ ǁith difeƌeŶt Đliŵate iŶdiĐes.

As explained by Maldonado, Alfaro, Fallas, and 

Alǀaƌado ;ϮϬϭϯͿ, ŵeeiŶgs iŶ CeŶtƌal AŵeƌiĐa 
ǁith difeƌeŶt soĐioeĐoŶoŵiĐ stakeholdeƌs takes 
plaĐe ateƌ eǀeƌǇ RCOFs to tƌaŶslate the pƌoďaďle 
Đliŵate iŵpaĐts fƌoŵ pƌediĐioŶs. Fƌoŵ the 
feedďaĐk pƌoĐesses of these ŵeeiŶgs, it has 
eŵeƌged that eǆtƌeŵe eǀeŶt pƌediĐioŶs, like 
dƌoughts oƌ loods, aƌe ŶeĐessaƌǇ foƌ difeƌeŶt 
sectors. As shown by their work of the ASO season, 

these pƌediĐioŶs ĐaŶ ďe tailoƌed usiŶg CCA, 
showing that extreme events in Central America 

aƌe iŶlueŶĐed ďǇ iŶteƌaŶŶual ǀaƌiaďilitǇ ƌelated 
to ENSO and decadal variability associated mainly 

ǁith AMO aŶd PDO. The pƌeǀiouslǇ ŵeŶioŶed 
soĐioeĐoŶoŵiĐ seĐtoƌs, ƌegulaƌlǇ paƌiĐipate at 
RCOFs ŵeeiŶgs, iŶ the Đalled AppliĐaioŶs Foƌa. 
Therefore, providing them with an Outlook based 

on the SPI can help in the managing and planning 

aĐiǀiies foƌ the upĐoŵiŶg seasoŶ. 

2.    Methodology

A dataset of ϭϲϮ gauge staioŶs ǁith ŵoŶthlǇ 
oďseƌǀaioŶs of pƌeĐipitaioŶ pƌoǀided ďǇ the 
meteorological services of Central America 

ǁeƌe used. Theiƌ loĐaioŶ is shoǁŶ iŶ iguƌe ϭ. 
SiŶĐe eaĐh ŵeteoƌologiĐal staioŶ has disiŶĐt 

iŵe Đoǀeƌage, a ĐoŵŵoŶ iŵe seƌies leŶgth 
is deteƌŵiŶed aĐĐoƌdiŶg to the staioŶs’ data 
aǀailaďilitǇ. Theƌefoƌe, the seleĐted iŵe seƌies 
length covers from January 1979 to December 

ϮϬϬϴ ;ϯϬ ǇeaƌsͿ. Gaps iŶ the iŵe seƌies ǁeƌe 
illed usiŶg the ŵethodologǇ desĐƌiďed ďǇ Alfaƌo 
and Soley (2009), which combines autoregressive 

models and EOFs methods.

Fƌoŵ the gauge staioŶs data, ǁe ĐalĐulated 
the ŵoŶthlǇ ƌaiŶfall aĐĐuŵulaioŶs aŶd the 
SPI. According to the World Meteorological 

OƌgaŶizaioŶ ;WMO, ϮϬϭϮͿ, the SPI is ďased oŶ the 
pƌoďaďilitǇ of pƌeĐipitaioŶ oŶ aŶǇ iŵe sĐale. The 
pƌoďaďilitǇ of the oďseƌǀed pƌeĐipitaioŶ is theŶ 
transformed into an index. The SPI was designed 

to ƋuaŶifǇ the pƌeĐipitaioŶ deiĐit foƌ ŵuliple 
iŵe sĐales. These iŵe sĐales ƌeleĐt the iŵpaĐt of 
dƌought oŶ the aǀailaďilitǇ of the difeƌeŶt ǁateƌ 
ƌesouƌĐes. Soil ŵoistuƌe ĐoŶdiioŶs ƌespoŶd to 
pƌeĐipitaioŶ aŶoŵalies oŶ a ƌelaiǀelǇ shoƌt sĐale. 
GƌouŶdǁateƌ, stƌeaŵloǁ aŶd ƌeseƌǀoiƌ stoƌage 
ƌeleĐt the loŶgeƌ-teƌŵ pƌeĐipitaioŶ aŶoŵalies 
;WMO, ϮϬϭϮͿ. The SPI ĐalĐulaioŶ at aŶǇ loĐaioŶ 
is ďased oŶ its loŶg-teƌŵ pƌeĐipitaioŶ ƌeĐoƌd oǀeƌ 

Figuƌe ϭ. LoĐaioŶ of the ƌaiŶ gauge staioŶs used 
(red dots).
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a desiƌed peƌiod of iŵe. This loŶg-teƌŵ ƌeĐoƌd is 
ited iŶto a pƌoďaďilitǇ distƌiďuioŶ, ǁhiĐh is theŶ 
tƌaŶsfoƌŵed iŶto a Ŷoƌŵal distƌiďuioŶ, so that 
the ŵeaŶ SPI foƌ the loĐaioŶ aŶd desiƌed peƌiod 
is zeƌo. Posiiǀe SPI ǀalues iŶdiĐate pƌeĐipitaioŶ 
totals gƌeateƌ thaŶ the ŵediaŶ pƌeĐipitaioŶ, 
aŶd Ŷegaiǀe ǀalues iŶdiĐate totals less thaŶ 
the ŵediaŶ pƌeĐipitaioŶ. BeĐause the SPI is 
Ŷoƌŵalized, ǁeteƌ aŶd dƌieƌ Đliŵates ĐaŶ ďe 
represented in the same way; thus, wet periods 

can also be monitored using the SPI (WMO, 2012).

As stated by Maldonado et al. (2016), the extended 

reconstructed sea surface temperatures were used 

(ERSSTv3b; Xue, Smith, & Reynolds, 2003; Smith, 

Reynolds, Peterson, & Lawrimore, 2007). The SST 

aŶoŵalies aƌe ĐoŶstƌuĐted usiŶg a ĐoŵďiŶaioŶ 
of observed data along with models and historical 

sampling grids. This global database has a 

hoƌizoŶtal ƌesoluioŶ of Ϯ.ϱ° ďǇ Ϯ.ϱ°. The doŵaiŶ 
bounded by 63° N - 10° S and 152° E - 15° W is 

taken into account in order to capture the signal 

of the most important climate variability modes of 

the Central American isthmus, such as ENSO, PDO, 

AMO, the Noƌth AtlaŶiĐ OsĐillaioŶ ;NAO; Huƌƌell 
& Deseƌ, ϮϬϬϵͿ, aŶd the TƌopiĐal Noƌth AtlaŶiĐ 
;TNA; EŶield, Mestas, MaǇeƌ, & Cid-SeƌƌaŶo, 
1999). These modes have shown to be relevant in 

terms of rainfall variability during the MJ season 

(Fallas-López & Alfaro, 2012a, 2012b).

As a predictor, we used also the monthly Palmer 

Drought Severity Index (PDSI), calculated 

according to Dai, Trenberth, and Qian (2004). To 

build the PDSI, Dai et al. (2004) used the Climate 

Research Unit (CRU) surface air temperature 

data aŶd the pƌeĐipitaioŶ data ǁeƌe aĐƋuiƌed 
fƌoŵ the NaioŶal CeŶteƌs foƌ EŶǀiƌoŶŵeŶtal 
PƌediĐioŶ ;NCEPͿ Cliŵate PƌediĐioŶ CeŶteƌ, aŶd 
ǁeƌe Đƌeated ďǇ gƌiddiŶg data usiŶg the opiŵal 
iŶteƌpolaioŶ sĐheŵe. Foƌ ield ǁateƌ-holdiŶg 
capacity (awc), they used a soil texture–based 

water-holding-capacity map (Webb, Rosenzweig, 

& Levine, 1993). This global database has a 

hoƌizoŶtal ƌesoluioŶ of Ϯ.ϱ° ďǇ Ϯ.ϱ°. Fƌoŵ this PDSI 

database, we selected the grid points covering the 

Central American isthmus. 

The PDSI and SST anomalies are used as predictors 

iŶ the CCA ŵodels. CCA is used as a pƌediĐiǀe tool 
iŶ a ĐlassiĐ sĐheŵe, i.e. pƌediĐtoƌ ields lead to the 
predictand ones. 

Consequently, following Maldonado et al. (2013, 

ϮϬϭϲͿ, CCA is eŵploǇed to iŶd the ƌelaioŶship 
between SSTs monthly anomalies (SSTA) and PDSI 

Ŷoƌŵalized ields ;ield XͿ ǁith the MJ seasoŶal 
ƌaiŶfall aĐĐuŵulaioŶs aŶd SPI ields of eaĐh gauge 
staioŶ used iŶ this studǇ as pƌediĐtaŶds ;eaĐh iŶdeǆ 
ǁould ďe the ield Y, foƌ the ĐoƌƌespoŶdiŶg ŵodelͿ.

IŶ otheƌ ǁoƌds, ǁe looked foƌ a staisiĐal 
ƌelaioŶship ďetǁeeŶ the laƌge aŶd the ƌegioŶal 
scale features of the SSTA or PDSI, and the 

ĐhaƌaĐteƌisiĐs of the ƌaiŶfall aĐĐuŵulaioŶs 
oƌ SPI iŶ eaĐh of the staioŶs ;loĐal sĐaleͿ. 
EǆpeƌiŵeŶts usiŶg the juŶĐioŶ of SSTA aŶd PDSI 
were conducted, but they did not provide any 

addiioŶal iŶfoƌŵaioŶ Đoŵpaƌed to usiŶg the 
pƌediĐtoƌ ields sepaƌatelǇ. We also ĐoŶduĐted 
eǆpeƌiŵeŶts spliiŶg the pƌeĐipitaioŶ data iŶ 
a ŵodel ĐaliďƌaioŶ peƌiod ;depeŶded peƌiodͿ 
aŶd iŶ aŶotheƌ oŶe to ǀeƌifǇ the pƌediĐioŶs 
(independent period), but in this case the results 

also did not show improvement, mainly because 

the ƌeĐoƌds aƌe ƌelaiǀelǇ shoƌt ƌeĐoƌds foƌ the 
ŵodels ĐaliďƌaioŶs. 

The above CCA methodology is based on 

Maldonado et al. (2013, 2016) and is implemented 

aŶd suŵŵaƌized as folloǁs: the ields ;SSTA oƌ 
PDSI as pƌediĐtoƌs, aŶd aĐĐuŵulaioŶs oƌ SPI ields 
as pƌediĐtaŶdsͿ aƌe iƌst ƌeduĐed ďǇ ŵeaŶs of EOFs 
analysis to ensure stability of the CCA parameters. 

A maximum of 10 EOFs and CCA modes in the 

ilteƌiŶg stage aƌe alloǁed. This thƌeshold is 
suggested heƌe to aǀoid oǀeƌ-paƌaŵeteƌizaioŶ. 
The opiŵal ĐoŵďiŶaioŶ of EOFs aŶd CCA ŵodes 
are calculated by means of the goodness index 
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;ŵeaŶ KeŶdall τͿ. NoiĐe that aŶǇ set of EOFs ǁill 
pƌoduĐe uŶiƋue CCA ŵodes foƌ that speĐiiĐ set. 
OŶĐe the ďest ĐoŵďiŶaioŶ of EOFs is deteƌŵiŶed, 
that set of EOF is capturing the maximum 

ǀaƌiaďilitǇ iŶ eaĐh ield ;X aŶd YͿ, sepaƌatelǇ, foƌ 
eaĐh speĐiiĐ CCA ŵodel ;MJ aĐĐuŵulaioŶs aŶd 
SPI).

The minimum number of EOFs between both 

ields, hoǁeǀeƌ, iƌst deteƌŵiŶes the ŵaǆiŵuŵ 
possible number of CCA modes. Then, with the 

goodness skill, the maximum number of CCA 

ŵodes is fouŶd foƌ the ďest it to aǀoid aŶǇ oǀeƌ-
paƌaŵeteƌizaioŶ iŶ the ŵodel Y1 = bT·X, where 

the elements of b are the ordinary least-squares 

ƌegƌessioŶ ĐoeiĐieŶts Đoŵputed ǁith CCA, aŶd 
Y1 is the pƌediĐted ǀalue of Y. The KeŶdall τ is 
Đoŵputed usiŶg Đƌoss-ǀalidaioŶ ŵodels ǁith 
a 5-month window from 1979–2008 for each 

staioŶ iŶ all the ŵodels. This ŵetƌiĐ also alloǁs 
ideŶifǇiŶg the ďest ŵoŶth to pƌediĐt aŶǇ of 
the MJ aĐĐuŵulates aŶd SPI ields. It is ǁoƌth 
ŵeŶioŶiŶg that the ƌesuliŶg ŵodels ǁould 
not necessarily have 10 EOF and CCA modes. 

MoŶthlǇ SSTA oƌ PDSI ields fƌoŵ DeĐeŵďeƌ to 
Apƌil ǁeƌe aŶalǇzed as poteŶial pƌediĐtoƌs; thus, 
4 months before the MJ season were studied 

foƌ a ĐlassiĐ pƌogŶosis sĐheŵe ;lead iŵeͿ. EaĐh 
experiment was conducted with and without the 

persistence observed in March-April (MA), prior 

to MJ accumulates and SPI. The CCA models were 

calculated using the Climate Predictability Tool 

oƌ CPT, elaďoƌated ďǇ the IŶteƌŶaioŶal ReseaƌĐh 
IŶsitute foƌ Cliŵate aŶd SoĐietǇ ;IRI; MasoŶ 
& Tippet, ϮϬϭϲ, htp://iƌi.Đoluŵďia.edu/ouƌ-
eǆpeƌise/Đliŵate/tools/Đpt/). The CPT tool was 

ĐhoseŶ ďeĐause it is ĐuƌƌeŶtlǇ iŶ use foƌ opeƌaiǀe 
seasoŶal Đliŵate pƌediĐioŶ iŶ CeŶtƌal AŵeƌiĐa. 
The peƌfoƌŵaŶĐe of the CCA ŵodel pƌediĐioŶs 
was evaluated using the LEPS score (Wilks, 2011).

One of the main concerns about the former 

pƌediĐiǀe sĐheŵes ďǇ Alfaƌo ;ϮϬϬϳͿ, aŶd Fallas 
and Alfaro (2012a, 2012b), is that they included 

the month of July in the predictand. Compared 

with May and June as a season, the extra month 

(of July) is associated with reinforcement of the 

trade winds and of the Caribbean Low Level Jet 

oƌ CLLJ ;Aŵadoƌ, ϮϬϬϴͿ iŶ addiioŶ to the MSD iŶ 
the EasteƌŶ TƌopiĐal PaĐiiĐ ;Magaña et al., ϭϵϵϵ; 
Herrera, Magaña, & Caetano, 2015; Maldonado et 

al., 2016). For this reason, here we do not include 

JulǇ iŶ the pƌediĐiǀe sĐheŵes assoĐiated ǁith the 
iƌst peak of the ƌaiŶǇ seasoŶ, ŵaiŶtaiŶiŶg just -MJ 
as the predictand target season. Another important 

difeƌeŶĐe is that Alfaƌo ;ϮϬϬϳͿ aŶd Fallas-López 
and Alfaro (2012a, 2012b) used the previous two 

or three monthly average, as the leading predictor, 

and what we propose here is to use the monthly 

ǀalues sepaƌatelǇ, to ďeteƌ ideŶifǇ the poteŶial 
sources of variability. Nevertheless, results from 

Alfaro (2007) and Fallas-López and Alfaro (2012a, 

2012b) showed that the use of CCA models in 

Central America could also help in the RCOF 

tasks, pƌoǀidiŶg aŶ oďjeĐiǀe aŶalǇsis tool foƌ the 
pƌediĐiǀe ƌelaioŶships fouŶd iŶ the ƌegioŶ.

The Niño 3.4 index (Trenberth, 1997) was obtained 

fƌoŵ the NaioŶal OĐeaŶiĐ aŶd AtŵospheƌiĐ 
AdŵiŶistƌaioŶ ;NOAA; htp://ǁǁǁ.ĐpĐ.ŶĐep.
Ŷoaa.goǀ/data/iŶdiĐes/sstoi.iŶdiĐes) as well 

as the AMO index (htp://ǁǁǁ.esƌl.Ŷoaa.goǀ/
psd/data/ĐoƌƌelaioŶ/aŵoŶ.us.loŶg.data). The 

PDO index was provided by the University of 

WashiŶgtoŶ ;htp://ƌeseaƌĐh.jisao.ǁashiŶgtoŶ.
edu/pdo/PDO.latestͿ. We also used hoƌizoŶtal 
wind data at 925 hPa, provided by the NCEP and 

the NaioŶal CeŶteƌ foƌ AtŵospheƌiĐ ReseaƌĐh 
(NCAR) reanalysis (Kalnay et al., 1996; Kistler et 

al., ϮϬϬϭͿ, ǁhiĐh has a hoƌizoŶtal ƌesoluioŶ of 
2.5° by 2.5°. The wind data is used to calculate 

the CLLJ index, as in Amador (2008), Amador et al. 

(2010), and Maldonado et al. (2016).

3.  Results and Discussion

The ƌesults fƌoŵ the difeƌeŶt ŵodels adjusted 
peƌfoƌŵaŶĐe aƌe suŵŵaƌized iŶ iguƌe Ϯ. It 
presents the box plots of the MJ season LEPS 

http://iri.columbia.edu/our-expertise/climate/tools/cpt/
http://iri.columbia.edu/our-expertise/climate/tools/cpt/
http://www.cpc.ncep.noaa.gov/data/indices/sstoi.indices
http://www.cpc.ncep.noaa.gov/data/indices/sstoi.indices
http://www.esrl.noaa.gov/psd/data/correlation/amon.us.long.data
http://www.esrl.noaa.gov/psd/data/correlation/amon.us.long.data


TÓPICOS METEOROLÓGICOS Y OCEANOGRÁFICOS
11

Đross ǀalidaioŶ at the difereŶt staioŶs shoǁŶ 
iŶ Fig. ϭ. Froŵ this igure, soŵe poiŶts Đould ďe 
eŶhaŶĐed ďased oŶ the oďserǀed ŵediaŶ ǀalues. 
IŶ geŶeral, Đoŵpared ǁith MJ aĐĐuŵulaioŶs 
;Figs. ϭa, ĐͿ, ďeter Đross ǀalidaioŶ results ǁere 
oďtaiŶed for MJ SPI ;Figs. ϭď, dͿ. The iŶĐlusioŶ of 
the MA persisteŶĐe iŵproǀed the prediĐtaďilitǇ 
of the ŵodels ;Figs. ϭĐ, d ǀs. Figs. ϭa, ďͿ. Models 
adjusted iŶ Fig. ϭd, shoǁed that usiŶg PDSI as 
prediĐtor iŶĐreases prediĐtaďilitǇ for shorter 
lead iŵes, ǁith April haǀiŶg the highest ŵediaŶ 
ǀalues. Beter prediĐioŶs ǁere aĐhieǀed usiŶg 
SST as prediĐtor iŶ ďoreal ǁiŶter, ǁith FeďruarǇ 
haǀiŶg the highest ŵediaŶ ǀalues. A deĐrease iŶ 
the ŵediaŶ prediĐtaďilitǇ iŶ MarĐh ǁas oďserǀed 
iŶ all ŵodels adjusted usiŶg SSTA as prediĐtor.

Fig. ϯ shoǁs the spaial distriďuioŶ of LEPS sĐores 
usiŶg SST iŶ FeďruarǇ as the prediĐtor ield. Fig. ϯa 
is for the MJ aĐĐuŵulaioŶs, aŶd Fig. ϯď is for MJ 
SPI. The ďest ĐoŵďiŶaioŶ of X, Y aŶd CCA ŵodes 
for aĐĐuŵulaioŶs aŶd SPI ǁere ϭϬ, ϱ, ϭ aŶd ϭϬ, 
ϲ, ϭ, respeĐiǀelǇ. Both ŵodels ĐoŶsidered the 
persisteŶĐe oďserǀed iŶ MA aŶd ǁere opiŵized 
for ϭ CCA ŵode. CorrelaioŶs for the CCA leadiŶg 
ŵodes are Ϭ.ϴϵ aŶd Ϭ.ϴϴ respeĐiǀelǇ, ǁith aŶ 
assoĐiated p-ǀalue < Ϭ.Ϭϭ iŶ ďoth Đases. EǆĐept for 
soŵe feǁ staioŶs loĐated Ŷear the El Salǀador-
Guateŵala ďorder aŶd iŶ NiĐaragua PaĐiiĐ Ŷorth 
Đoast, posiiǀe ǀalues ǁere oďserǀed aĐross the 
isthŵus, shoǁiŶg good prediĐtaďilitǇ skill for the 
adjusted ŵodels.

Figure Ϯ. Boǆ plots of the MJ seasoŶ ŵediaŶ LEPS sĐores for the difereŶt adjusted CCA ŵodels, ĐoŵpariŶg 
the use of SST aŶd PDSI ields as prediĐtors. Values are froŵ the Đross ǀalidaioŶ at the difereŶt staioŶs 
preseŶted iŶ Fig. ϭ. Results iŶ aͿ aŶd ďͿ do Ŷot ĐoŶsider the persisteŶĐe oďserǀed iŶ MA, as ĐͿ aŶd dͿ do. 
Let paŶels, aͿ aŶd ĐͿ, are for MJ aĐĐuŵulates aŶd the right paŶels ďͿ aŶd dͿ, are for MJ SPI as prediĐtaŶd 
ǀalues. The ďoǆplots represeŶt the ǀariaďilitǇ of the LEPS sĐores for the ϭϲϮ staioŶs.
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Đoast, posiiǀe ǀalues ǁeƌe oďseƌǀed aĐƌoss the 
isthmus, showing good predictability skill for the 

adjusted models.

Figuƌe ϰ is the eƋuiǀaleŶt of iguƌe ϯ, ďut foƌ LEPS 
sĐoƌes usiŶg PDSI iŶ Apƌil as pƌediĐtoƌ ield. As foƌ 
iguƌe ϯ, ďoth ŵodels ĐoŶsideƌed the peƌsisteŶĐe 
oďseƌǀed iŶ MA aŶd ǁeƌe opiŵized foƌ ϭ CCA 
ŵode. The ďest ĐoŵďiŶaioŶ of X, Y aŶd CCA 

modes for both, accumulates and SPI, were 2, 7, 

ϭ. CoƌƌelaioŶs foƌ the CCA leadiŶg ŵodes aƌe Ϭ.ϳϴ 
aŶd Ϭ.ϳϳ, ƌespeĐiǀelǇ, ǁith aŶ assoĐiated p-ǀalue 
< Ϭ.Ϭϭ iŶ ďoth Đases. Posiiǀe LEPS sĐoƌe ǁeƌe also 
oďseƌǀed foƌ alŵost all the staioŶs iŶ CeŶtƌal 
America. 

The loadiŶgs foƌ the iƌst CCA ŵodes that opiŵized 
the ŵodels aƌe shoǁŶ iŶ iguƌe ϱ, usiŶg FeďƌuaƌǇ 

Figuƌe ϯ. Spaial distƌiďuioŶ of LEPS sĐoƌes usiŶg SST iŶ FeďƌuaƌǇ as pƌediĐtoƌ ield foƌ MJ aͿ aĐĐuŵulates 
aŶd ďͿ SPI. Both ŵodels ĐoŶsideƌed the peƌsisteŶĐe oďseƌǀed iŶ MA. Models assoĐiated KeŶdall´s τ ǁas 
Ϭ.ϭϯϴ aŶd Ϭ.ϭϮϲ ƌespeĐiǀelǇ. 

Figuƌe ϰ. Spaial distƌiďuioŶ of LEPS sĐoƌes usiŶg PDSI iŶ Apƌil as pƌediĐtoƌ ield foƌ MJ aͿ aĐĐuŵulaioŶs 
aŶd ďͿ SPI. Both ŵodels ĐoŶsideƌed the peƌsisteŶĐe oďseƌǀed iŶ MA. Models assoĐiated KeŶdall´s τ ǁas 
Ϭ.ϭϴϱ aŶd Ϭ.ϭϴϯ ƌespeĐiǀelǇ.
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;easteƌŶ-ŶoƌtheƌŶͿ posiioŶs, ofshoƌe ;ŶeaƌshoƌeͿ 
of Central America, decreasing (increasing) the 

stability over the isthmus, and this does not 

faǀoƌ ;faǀoƌsͿ the foƌŵaioŶ of   deep ĐoŶǀeĐiǀe 
mesoscale systems in the region (Hidalgo et al., 

2015). This response could be enhanced during 

the posiiǀe ;ŶegaiǀeͿ phases of the Noƌth PaĐiiĐ 
SST ŵodes of ǀaƌiaďilitǇ ;GeƌshuŶoǀ & BaƌŶet, 
ϭϵϵϴ; Muñoz, WaŶg, & EŶield, ϮϬϭϬ; Fallas-
López & Alfaro, 2012a; Hartmann, 2015). So, this 

ŵode Đould ŵodulate MJ pƌeĐipitaioŶ iŶ CeŶtƌal 
AŵeƌiĐa, iŶlueŶĐiŶg the posiioŶ of the ITC) aŶd 
the strength of the trade winds.

As iŶ iguƌe ϱ, iguƌe ϲ shoǁs the loadiŶgs foƌ the 
iƌst CCA ŵodes that opiŵized the ŵodels, usiŶg 
Apƌil PDSI as pƌediĐtoƌ aŶd MJ aĐĐuŵulaioŶs 
aŶd SPI as pƌediĐtaŶd. NoiĐe that ĐoƌƌelaioŶs 
ďetǁeeŶ loadiŶg iŵe seƌies aƌe Ŷegaiǀe iŶ Figs. 

SSTA as pƌediĐtoƌ aŶd MJ aĐĐuŵulaioŶs aŶd SPI 
as pƌediĐtaŶds. Please Ŷote that ĐoƌƌelaioŶs 
ďetǁeeŶ loadiŶg iŵe seƌies aƌe Ŷegaiǀe iŶ Figs. 
5a,c and 5b,d. It is observed that warmer (cooler) 

EasteƌŶ eƋuatoƌial SSTAs iŶ the PaĐiiĐ, aloŶg ǁith 
cooler (warmer) SSTAs in the TNA during February, 

teŶds to ďe ƌelated ǁith dƌieƌ ;ǁeteƌͿ ĐoŶdiioŶs 
in almost all the isthmus during next MJ. Warmer 

;ĐooleƌͿ TNA ĐoŶdiioŶs aƌe assoĐiated ǁith 
weaker (stronger) trade-winds, and this favors 

;does Ŷot faǀoƌͿ the foƌŵaioŶ of deep ĐoŶǀeĐiǀe 
mesoscale systems in the region (Alfaro, 2007, 

ϮϬϬϮͿ. AddiioŶallǇ, this ŵode also shoǁs that 
SST loadiŶgs iŶ the easteƌŶ eƋuatoƌial PaĐiiĐ aƌe 
posiiǀelǇ Đoƌƌelated ǁith the phases of the Noƌth 
PaĐiiĐ ŵodes of ǀaƌiaďilitǇ, aĐĐoƌdiŶg to HaƌtŵaŶŶ 
(2015). Hidalgo et al. (2015) explain that warmer 

;ĐooleƌͿ ĐoŶdiioŶs iŶ the eƋuatoƌial PaĐiiĐ delaǇ 
and maintain the ITCZ in western-southern 

Figuƌe ϱ. LoadiŶgs foƌ the iƌst CCA ŵodes that opiŵized the ŵodels, usiŶg FeďƌuaƌǇ SSTA as pƌediĐtoƌ ;a 
and c) and MJ b) accumulates and d) SPI.
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ϲ a,Đ aŶd ϲ ď,d. It is oďseƌǀed that dƌieƌ ;ǁeteƌͿ 
soil moisture in April tends to be related with 

dƌieƌ ;ǁeteƌͿ pƌeĐipitaioŶ ĐoŶdiioŶs iŶ alŵost 
all the isthmus during next MJ, except for those 

staioŶs loĐated at the Costa RiĐaŶ CaƌiďďeaŶ 
coast which have the opposite behavior. It is 

iŶteƌesiŶg to Ŷote that Hidalgo, Alfaƌo, aŶd 
Quesada-Montano (2016) also found the opposite 

behavior of the Caribbean Coast of Costa Rica 

Đoŵpaƌed to the PaĐiiĐ slope ǁheŶ ĐoƌƌelaiŶg 
the strength of the trade-winds represented in 

the CLLJ IŶdeǆ ;Aŵadoƌ, ϮϬϬϴͿ aŶd pƌeĐipitaioŶ 
in Central America. Very close to the Caribbean 

slope of Costa Rica there is a high mountain 

ƌaŶge, alŵost peƌpeŶdiĐulaƌ to the diƌeĐioŶ of 
the easterly trade-winds. As the warm and humid 

winds encounter the mountain, orographic 

pƌeĐipitaioŶ is faǀoƌed ;theƌefoƌe theƌe is a 
posiiǀe ĐoƌƌelaioŶ ďetǁeeŶ the stƌeŶgth of the 
ǁiŶd aŶd pƌeĐipitaioŶ iŶ the CaƌiďďeaŶ slopeͿ. 
This efeĐt oŶlǇ oĐĐuƌs iŶ Costa RiĐaŶ Đoast, as the 
others countries in Central America do not have 

high mountain ranges as close to the Caribbean 

Coast as Costa Rica. Conversely, the opposite 

efeĐt oĐĐuƌs iŶ the PaĐiiĐ slope of CeŶtƌal 
AŵeƌiĐa, as the ĐoƌƌelaioŶ ďetǁeeŶ pƌeĐipitaioŶ 
and the CLLJ reverses (stronger easterly winds 

fƌoŵ the CaƌiďďeaŶ ƌesult iŶ dƌieƌ ĐoŶdiioŶs iŶ 

Figuƌe ϲ. LoadiŶgs foƌ the iƌst CCA ŵodes that opiŵized the ŵodels, usiŶg Apƌil PDSI as pƌediĐtoƌ iŶ aͿ 
aŶd ĐͿ, aŶd MJ aĐĐuŵulaioŶs iŶ ďͿ aŶd SPI iŶ dͿ as pƌediĐtaŶd.
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the PaĐiiĐ slopeͿ. IŶ this Đase, the ŵeĐhaŶisŵ is 
ƌelated to the litiŶg of the tƌades at the CLLJ eǆit, 
aŶd suďseƋueŶt suďsideŶĐe iŶ the PaĐiiĐ slope 
that suppƌesses ĐoŶǀeĐioŶ. This ŵeĐhaŶisŵ is 
explained in detail by Hidalgo et al. (2015). 

Taďle ϭ shoǁs the PeaƌsoŶ ĐoƌƌelaioŶ ǀalues 
ďetǁeeŶ the SST aŶd PDSI CCA ŵode ϭ iŵe 
series, from Figs. 5a,c and 6a,c and some climate 

variability indices during February and April. 

NoiĐe that iŶdiǀiduallǇ, the ďest ĐoƌƌelaioŶs 
were obtained between the leading CCA modes 

aŶd Niño ϯ.ϰ; hoǁeǀeƌ, all the ĐoƌƌelaioŶs 
improved when SSTA were compared with the 

ĐoŶdiioŶ iŶ the AtlaŶiĐ usiŶg the Ŷoƌŵalized 
difeƌeŶĐe ďetǁeeŶ Niño ϯ.ϰ aŶd AMO. 
CoƌƌelaioŶs suggest that posiiǀe ;ŶegaiǀeͿ Niño 
ϯ.ϰ SSTAs, aloŶg ǁith Ŷegaiǀe ;posiiǀeͿ SSTAs iŶ 
the AMO during February and April, tends to be 

ƌelated ǁith dƌieƌ ;ǁeteƌͿ ĐoŶdiioŶs iŶ alŵost 
all the isthmus during the next MJ. It is observed 

that ĐoƌƌelaioŶ sigŶs teŶd to ďe the saŵe duƌiŶg 
FeďƌuaƌǇ aŶd Apƌil, suggesiŶg it´s peƌsisteŶĐe iŶ 
the CCA models. Our models also suggest that 

Apƌil´s soil ŵoistuƌe ĐoŶdiioŶs iŶ CeŶtƌal AŵeƌiĐa 
Đould ďe ĐoŶdiioŶed ďǇ the pƌeǀious SSTA of 
the surrounding oceans during February, and by 

iŶtegƌaiŶg the oďseƌǀed ƌaiŶ aŶoŵalies fƌoŵ 
FeďƌuaƌǇ to Apƌil that ŵodulate the pƌeĐipitaioŶ 
ĐoŶdiioŶs duƌiŶg MJ aloŶg the isthŵus.

4.  Conclusions

Our methodology suggests that MJ rainfall 

pƌediĐioŶs ĐaŶ ďe tailoƌed usiŶg ǀeƌǇ siŵple CCA 
models (1 CCA mode in the two cases presented 

heƌeͿ, shoǁiŶg that ǁeteƌ oƌ dƌieƌ eǀeŶts iŶ 
CeŶtƌal AŵeƌiĐa aƌe iŶlueŶĐed ďǇ iŶteƌaŶŶual 
variability related mainly to ENSO and TNA, 

aŶd the pƌeǀious soil ŵoistuƌe ĐoŶdiioŶs. CCA 
models, using February SST and April PDSI, 

shoǁed sigŶiiĐaŶt skill ǀalues foƌ the pƌediĐioŶ 
of MJ aĐĐuŵulaioŶs aŶd SPI oǀeƌ aŶ iŵpoƌtaŶt 
poƌioŶ of CeŶtƌal AŵeƌiĐa. It ŵeaŶs that seǀeƌal 
soĐioeĐoŶoŵiĐ seĐtoƌs, ǁhiĐh paƌiĐipate ƌegulaƌlǇ 
at RCOFs ŵeeiŶgs iŶ the Đalled CeŶtƌal AŵeƌiĐaŶ 
AppliĐaioŶs Foƌuŵs, ĐaŶ use this iŶfoƌŵaioŶ 
foƌ ŵaŶageŵeŶt aŶd plaŶŶiŶg aĐiǀiies foƌ the 
upcoming MJ season.

IŶ geŶeƌal, ďeteƌ Đƌoss ǀalidaioŶ ƌesults ǁeƌe 
obtained for MJ SPI when they were compared 

with MJ accumulates. The inclusion of the 

MA persistence improved the predictability 

of the models. Predictability using PDSI as 

pƌediĐtoƌ iŶĐƌeased foƌ shoƌteƌ lead iŵes, ǁith 
April having the highest median values, while 

ďeteƌ pƌediĐioŶs ǁeƌe aĐhieǀed usiŶg SSTA as 
predictor in boreal winter, with February having 

the highest median values. In other words, the 

ĐliŵaiĐ pƌediĐtaďilitǇ pƌeseŶt iŶ SSTA is loŶgeƌ 
thaŶ the ĐliŵaiĐ pƌediĐtaďilitǇ pƌeseŶted iŶ the 

Table 1. Pearson correlation between the SST and PDSI CCA mode 1 time series from 
Figs. 5a,c and 6a,c and some climate variability indices during February and April.

Index Niño 3.4 AMO PDO Niño 3.4 - AMO Niño 3.4 + PDO CLLJ

SST-Feď, aĐĐuŵulaioŶs ŵodel 0.57*** -0.28 0.08 0.63*** 0.38** -0.20

SST-Feb, SPI model -0.60*** 0.36** -0.15 -0.72*** -0.45** 0.25

PDSI-Apƌ, aĐĐuŵulaioŶs ŵodel 0.53*** -0.16 0.15 0.54*** 0.40** -0.32*

PDSI-Apr, SPI model -0.54*** 0.17 -0.15 -0.54*** -0.40** 0.32

The difeƌeŶĐes ďetǁeeŶ Niño ϯ.ϰ aŶd AMO aƌe ĐalĐulated usiŶg theiƌ ƌespeĐiǀe Ŷoƌŵalized iŶdeǆ as ǁell 
as the suŵ of Niño ϯ.ϰ aŶd PDO. The sigŶiiĐaŶĐe leǀels aƌe giǀeŶ ďǇ a p-ǀalue Ϭ.ϭϬ – Ϭ.Ϭϱ ;*Ϳ, Ϭ.Ϭϱ - Ϭ.Ϭϭ 
(**) and < 0.01 (***).
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soils. It should ďe ŵeŶioŶed heƌe that ǁe aƌe 
Ŷot suggesiŶg that the soil ŵoistuƌe, at a ĐeƌtaiŶ 
lead-iŵe, ĐaŶ pƌoduĐe a pƌeĐipitaioŶ feedďaĐk 
iŶto the futuƌe atŵospheƌiĐ ĐoŶdiioŶs ;as ǁe 
ĐaŶŶot ideŶifǇ the ĐoŶtƌiďuioŶ of this efeĐt 
using the data). Instead, we assumed that the 

pƌediĐiǀe sigŶal iŶ the soils is ŵaiŶlǇ a ƌeleĐioŶ 
of the ŵeteoƌologiĐal ;pƌeĐipitaioŶͿ peƌsisteŶĐe 
aŶd/oƌ ĐliŵaiĐ pƌediĐtaďilitǇ fƌoŵ otheƌ souƌĐes, 
including the oceans. 

Warmer (cooler) Eastern equatorial SSTAs in 

the PaĐiiĐ, aloŶg ǁith Đooleƌ ;ǁaƌŵeƌͿ SSTAs 
in the TNA during February, tend to be related 

ǁith dƌieƌ ;ǁeteƌͿ ĐoŶdiioŶs iŶ alŵost all the 
isthmus during next MJ. It is suggested that SST 

ŵode Đould ŵodulate MJ pƌeĐipitaioŶ iŶ CeŶtƌal 
AŵeƌiĐa, iŶlueŶĐiŶg the posiioŶ of the ITC) aŶd 
the stƌeŶgth of the tƌade-ǁiŶds. AddiioŶallǇ, it is 
oďseƌǀed that dƌieƌ ;ǁeteƌͿ soil ŵoistuƌe iŶ Apƌil, 
teŶds to ďe ƌelated ǁith dƌieƌ ;ǁeteƌͿ pƌeĐipitaioŶ 
ĐoŶdiioŶs iŶ alŵost all the isthŵus duƌiŶg Ŷeǆt 
MJ. Therefore, it is suggested that April soil 

ŵoistuƌe ĐoŶdiioŶs iŶ CeŶtƌal AŵeƌiĐa Đould ďe 
ĐoŶdiioŶed ďǇ pƌeǀious SSTA of the suƌƌouŶdiŶg 
oĐeaŶs iŶ FeďƌuaƌǇ aŶd iŶtegƌaiŶg the oďseƌǀed 
rainy anomalies from February to April that can 

ŵodulate the oďseƌǀed pƌeĐipitaioŶ ĐoŶdiioŶs 
during MJ along the isthmus.

Alfaƌo et al. ;ϮϬϬϯͿ also ŵeŶioŶed that sĐieŶiiĐ 
aŶd aĐadeŵiĐ ĐoŵŵuŶiies haǀe disĐussed ĐeƌtaiŶ 
problems that arise during the development of 

the forums and how the research results can be 

ďeteƌ used to iŵpƌoǀe the foƌuŵs’ pƌoduĐts. 
OŶe of the ideŶiied pƌoďleŵs aƌisiŶg duƌiŶg the 
RCOFs is that, because there is not a standardized 

methodology for producing the forecast, the 

ĐoŶtƌiďuioŶs fƌoŵ difeƌeŶt ĐouŶtƌies ĐaŶ ƌesult 
iŶ a disjoiŶted ƌegioŶal foƌeĐast that soŵeiŵes 
is phǇsiĐallǇ iŶĐoŶsisteŶt aĐƌoss poliiĐal ďoƌdeƌs. 
Moƌeoǀeƌ, it appeaƌs that the staisiĐs ďehiŶd 
the tools used in the forums are not familiar to 

soŵe of the paƌiĐipaŶts, ƌesuliŶg iŶ the pƌoďleŵ 
that the ŶaioŶal Đliŵate foƌeĐasts soŵeiŵes aƌe 

ďased oŶlǇ oŶ suďjeĐiǀe eǀaluaioŶs. This ǁoƌk 
showed that CCA usage in Central America could 

also help iŶ the RCOF tasks, pƌoǀidiŶg oďjeĐiǀe 
aŶalǇsis iŶ theiƌ opeƌaioŶal ǁoƌk foƌ the pƌediĐiǀe 
ƌelaioŶships fouŶd iŶ the ƌegioŶ.
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