




TÓPICOS METEOROLÓGICOS Y OCEANOGRÁFICOS
3

5 Muerte de monos Congo (Alouatta palliata) en Costa Rica 

durante la sequía producto del evento El Niño 2015-2016

JOSÉ ALBERTO RETANA

14 El régimen pluviométrico en áreas montañosas de Costa 

Rica: Análisis del régimen de precipitación en la sección 

Suroccidental de la Cordillera de Tilarán, zona de influencia 

de la Reserva Biológica Alberto Manuel Brenes

MARVIN E. QUESADA

21 Variabilidad y conexiones climáticas de la zona de 

convergencia intertropical del Pacífico Este

EVELYN QUIRÓS, HUGO G. HIDALGO

37 Assessment of Central America Regional Climate Outlook 

Forum maps, 1998-2013

ERIC J. ALFARO,,, HUGO G. HIDALGO1,2,  

NATALIE P. MORA1, PAULA M. PÉREZ, BERNY FALLAS

53 Comportamiento histórico de la emisión de gases con 

efecto invernadero del sector agropecuario de Costa Rica

JOHNNY MONTENEGRO

CONTENIDO

Pág. AƌíĐulo



TÓPICOS METEOROLÓGICOS Y OCEANOGRÁFICOS
37

Assessment of Central America Regional 

Climate Outlook Forum maps, 1998-2013

ERIC J. ALFAROП,Р,С, HUGO G. HIDALGOП,Р,  
NATALIE P. MORAП, PAULA M. PÉRE), BERNY FALLA“Т

Abstract

“taƌtiŶg ϭϵϵϳ, the RegioŶal Cliŵate Outlook Foƌuŵs oƌ RCOFs haǀe takeŶ plaĐe iŶ diffeƌeŶt LatiŶ AŵeƌiĐaŶ ĐouŶtƌies, 
as aŶ effoƌt to geŶeƌate ĐliŵatiĐ pƌediĐtioŶ pƌoduĐts. “iŶĐe ϮϬϬϬ, the Foƌuŵ is oƌgaŶized iŶ CeŶtƌal AŵeƌiĐa ďǇ 
the RegioŶal Wateƌ ResouƌĐes Coŵŵittee ;CRRHͿ, ǁhiĐh is the teĐhŶiĐal seĐƌetaƌiat of the CeŶtƌal AŵeƌiĐaŶ 
IŶtegƌatioŶ “Ǉsteŵ, oƌ “ICA, ƌespoŶsiďle foƌ the ĐooƌdiŶatioŶ of aĐtiǀities ƌelated to ǁeatheƌ foƌeĐasts, Đliŵate, ǁateƌ 
ƌesouƌĐes aŶd Đliŵate ĐhaŶge assessŵeŶt. “iŶĐe ϮϬϬϳ aŶd afteƌ eǀeƌǇ RCOF, ŵeetiŶgs aƌe ďeiŶg held ǁith diffeƌeŶt 
stakeholdeƌs iŶ oƌdeƌ to studǇ the possiďle Đliŵate iŵpaĐts oŶ ǀaƌious soĐio-eĐoŶoŵiĐ seĐtoƌs of the Isthŵus. IŶ this 
ǁoƌk, ϰϭ Đliŵate pƌediĐtioŶ ŵaps of pƌeĐipitatioŶ pƌoduĐed ďǇ the foƌuŵs ǁeƌe eǀaluated. Foƌ this puƌpose, ϭϱϲ 
ƌaiŶ gauge statioŶs ǁeƌe used aloŶg ǁith ϲϴϵ aŶd ϭϳϭϱϴ gƌid poiŶts fƌoŵ TRMM aŶd CHIRP“ data sets ƌespeĐtiǀelǇ. 
The Đuŵulatiǀe seasoŶal ƌaiŶfall ǁeƌe also Đoŵpaƌed ǁith otheƌ thƌee peƌspeĐtiǀes: the outputs of the Cliŵate 
PƌediĐtaďilitǇ Tool ;CPTͿ; the pƌediĐtioŶ ďased oŶ the peƌsisteŶĐe of the ĐoŶditioŶs oďseƌǀed iŶ the pƌeǀious ŵoŶth 
of the foƌuŵ ;RCOFͿ; aŶd aŶotheƌ oŶe alǁaǇs pƌediĐtiŶg Ŷeutƌal ĐoŶditioŶs. The ƌesults shoǁed that the RCOFs ŵaps 
haǀe a ǀalue added foƌ deĐisioŶ-ŵakeƌs, as ŵost of the tiŵe theǇ shoǁŶ skilled pƌediĐtiǀe aďilitǇ. The pƌospeĐts 
ďased upoŶ the pƌediĐtioŶ of alǁaǇs-Ŷeutƌal ĐoŶditioŶs shoǁed the least pƌediĐtiǀe aďilitǇ, ŵeaŶiŶg that ŵakiŶg 
deĐisioŶs ǁithout takiŶg iŶto ĐoŶsideƌatioŶ the Đliŵate outlook iŶfoƌŵatioŶ is ǁoƌse thaŶ usiŶg the RCOF ŵaps. 
Moƌeoǀeƌ, the iŶĐlusioŶ of oďjeĐtiǀe tools aŶd giǀiŶg theŵ a ŵoƌe speĐifiĐ ǁeight iŶ the ĐoŶseŶsus ŵap pƌoduĐtioŶ 
Đould ďe a faĐtoƌ that iŶĐƌeases the pƌediĐtiǀe aďilitǇ of the foƌuŵs.

KEYWORDS: “EA“ONAL CLIMATE PREDICTION, CENTRAL AMERICA, REGIONAL CLIMATE OUTLOOK FORUM“

Resumen

Desde el año ϭϵϵϳ, se haŶ lleǀado a Đaďo eŶ difeƌeŶtes países de LatiŶoaŵéƌiĐa los Foƌos RegioŶales de PƌediĐĐióŶ 
CliŵátiĐa ĐoŶ el oďjetiǀo de geŶeƌaƌ pƌoduĐtos de pƌediĐĐióŶ ĐliŵátiĐa. EŶ AŵéƌiĐa CeŶtƌal, este foƌo es oƌgaŶizado 
desde el año ϮϬϬϬ poƌ el Coŵité RegioŶal de ReĐuƌsos HidƌáuliĐos o CRRH, el Đual es la seĐƌetaƌía téĐŶiĐa del “isteŵa 
de IŶtegƌaĐióŶ CeŶtƌoaŵeƌiĐaŶo o “ICA, eŶĐaƌgada de ĐooƌdiŶaƌ las aĐtiǀidades ƌelaĐioŶadas al pƌoŶóstiĐo del 
tieŵpo, Đliŵa, ƌeĐuƌsos hídƌiĐos Ǉ Đaŵďio ĐliŵátiĐo. A paƌtiƌ del año ϮϬϬϳ, se ƌealizaŶ ƌeuŶioŶes luego del foƌo 
de pƌediĐĐióŶ ĐliŵátiĐa, Ƌue tieŶeŶ Đoŵo fiŶalidad estudiaƌ los posiďles iŵpaĐtos ĐliŵátiĐos eŶ distiŶtos seĐtoƌes 
soĐioeĐoŶóŵiĐos del istŵo. EŶ este tƌaďajo se eǀaluaƌoŶ ϰϭ ŵapas de pƌediĐĐióŶ ĐliŵátiĐa de pƌeĐipitaĐióŶ 
pƌoduĐidos poƌ el foƌo, usaŶdo uŶ ĐoŶjuŶto de ϭϱϲ estaĐioŶes pluǀioŵétƌiĐas, así Đoŵo ϲϴϵ Ǉ ϭϳϭϱϴ puŶtos de 
ƌejilla de los ĐoŶjuŶtos de datos TRMM Ǉ CHIRP“, ƌespeĐtiǀaŵeŶte. Los aĐuŵulados estaĐioŶales de la pƌeĐipitaĐióŶ 
taŵďiéŶ fueƌoŶ Đoŵpaƌados ĐoŶ otƌas tƌes peƌspeĐtiǀas: las salidas de la HeƌƌaŵieŶta de PƌediĐtiďilidad CliŵátiĐa o 
CPT, la pƌediĐĐióŶ ďasada eŶ la peƌsisteŶĐia de las ĐoŶdiĐioŶes oďseƌǀadas el ŵes pƌeǀio al foƌo Ǉ uŶa ďasada sieŵpƌe 
eŶ la pƌediĐĐióŶ de ĐoŶdiĐioŶes Ŷeutƌales. Los ƌesultados ŵostƌaƌoŶ Ƌue los ŵapas del foƌo tieŶeŶ uŶ ǀaloƌ agƌegado 
paƌa los toŵadoƌes de deĐisióŶ, Ǉa Ƌue ŵostƌaƌoŶ haďilidad pƌediĐtiǀa la ŵaǇoƌía de las ǀeĐes. Las peƌspeĐtiǀas 

ϭ CeŶteƌ foƌ GeophǇsiĐal ReseaƌĐh, UŶiǀeƌsitǇ of Costa RiĐa.
Ϯ “Đhool of PhǇsiĐs, UŶiǀeƌsitǇ of Costa RiĐa.
ϯ CeŶteƌ foƌ ReseaƌĐh iŶ MaƌiŶe “ĐieŶĐes aŶd LiŵŶologǇ, UŶiǀeƌsitǇ of Costa RiĐa.
ϰ HǇdƌologǇ DepaƌtŵeŶt, Costa RiĐaŶ IŶsitute foƌ EleĐtƌiĐitǇ.
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1.  Introduction

As MaldoŶado, Alfaƌo, Fallas, aŶd Alǀaƌado ;ϮϬϭϯͿ 
eǆplaiŶ, CeŶtƌal AŵeƌiĐaŶ NaioŶal MeteoƌologiĐal 
aŶd HǇdƌologiĐal “eƌǀiĐes ;NMH“Ϳ hold peƌiodiĐ 
RegioŶal Cliŵate Outlook Foƌuŵs ;RCOFͿ to 
disĐuss seasoŶal pƌeĐipitaioŶ pƌediĐioŶs 
pƌoduĐed ďǇ all ĐouŶtƌies. “iŶĐe ϭϵϵϳ, RCOFs haǀe 
takeŶ plaĐe iŶ ǀaƌious LaiŶ AŵeƌiĐaŶ ĐouŶtƌies, iŶ 
aŶ efoƌt to pƌoduĐe seasoŶal pƌediĐioŶ pƌoduĐts 
;IRI, ϮϬϬϭͿ. TheǇ haǀe ďeeŶ fuŶded ďǇ seǀeƌal 
iŶteƌŶaioŶal ageŶĐies ǁith the assistaŶĐe of 
loĐal aŶd ƌegioŶal eŶiies suĐh as the RegioŶal 
Wateƌ ResouƌĐes Coŵŵitee ;CRRHͿ iŶ CeŶtƌal 
AŵeƌiĐa ;DoŶoso & Raŵiƌez, ϮϬϬϭ; GaƌĐia-“oleƌa 
& Raŵiƌez, ϮϬϭϮͿ. “iŶĐe ϮϬϬϬ, the Foƌuŵ is 
oƌgaŶized iŶ CeŶtƌal AŵeƌiĐa ďǇ the CRRH, ǁhiĐh 
is the teĐhŶiĐal seĐƌetaƌiat of the CeŶtƌal AŵeƌiĐaŶ 
IŶtegƌaioŶ “Ǉsteŵ oƌ “ICA, aŶd is ƌespoŶsiďle foƌ 
the ĐooƌdiŶaioŶ of aĐiǀiies ƌelated to ǁeatheƌ 
foƌeĐasts, Đliŵate, ǁateƌ ƌesouƌĐes, aŶd Đliŵate 
ĐhaŶge assessŵeŶt iŶ Belize, Costa RiĐa, El 
“alǀadoƌ, Guateŵala, HoŶduƌas, NiĐaƌagua aŶd 
PaŶaŵa ;GaƌĐia-“oleƌa & Raŵiƌez, ϮϬϭϮͿ. Alfaƌo, 
“oleǇ, aŶd EŶield ;ϮϬϬϯͿ add that geŶeƌallǇ, these 
foƌuŵs gatheƌ ƌepƌeseŶtaiǀes of the NMH“, as 
ǁell as ŵeŵďeƌs of the sĐieŶiiĐ aŶd aĐadeŵiĐ 
ĐoŵŵuŶitǇ, ǁho ǁoƌk oŶ the elaďoƌaioŶ of 
ƌegioŶal aŶd loĐal Đliŵate foƌeĐasts foƌ the Ŷeǆt 
seasoŶ. 

The oďjeĐiǀe of these foƌuŵs is to use ŶaioŶal 
ĐliŵaiĐ eǆpeƌieŶĐe to elaďoƌate a ƌegioŶal 
ĐoŶseŶsus foƌ the Đliŵate outlook. IŶ CeŶtƌal 
AŵeƌiĐa, pƌeĐipitaioŶ aĐĐuŵulaioŶ is the ǀaƌiaďle 
geŶeƌallǇ foƌeĐasted foƌ the ŵoŶths folloǁiŶg a 
paƌiĐulaƌ foƌuŵ. The foƌeĐast is pƌeseŶted iŶ a 
foƌŵat that is useful foƌ the ageŶĐies iŶǀolǀed as 

stakeholdeƌs. The ƌeĐoŵŵeŶded ŵethodologǇ foƌ 
the foƌeĐast is Ƌuite siŵple aŶd this foƌeĐast is lateƌ 
iŶtegƌated geogƌaphiĐallǇ ǁith the ĐooƌdiŶated 
iŶputs fƌoŵ the ĐouŶtƌies of the ƌegioŶ, aŶd it is used 
as a tool ďǇ the ŵeteoƌologiĐal seƌǀiĐes aŶd as a 
ďasis foƌ eǆpeĐted iŵpaĐt sĐeŶaƌios ďǇ stakeholdeƌs 
aŶd deĐisioŶ-ŵakeƌs ;Alfaƌo et al. ϮϬϬϯͿ. 

GaƌĐia-“oleƌa aŶd Raŵiƌez ;ϮϬϭϮͿ eǆplaiŶ that, iŶ 
oƌdeƌ to pƌoduĐe the outlooks, RCOFs also aŶalǇze 
hiŶdĐasts aŶd staisiĐal aŶalǇsis giǀeŶ ďǇ eaĐh of 
the NMH“ of the ƌegioŶ. IŶ this ǁoƌk, distƌiďuioŶ 
of RCOF ŵeeiŶg ǀeŶues ďǇ ĐouŶtƌǇ is: ϭϬ iŶ Costa 
RiĐa, ϳ iŶ PaŶaŵa, ϲ iŶ Guateŵala, ϲ iŶ El “alǀadoƌ, 
ϲ iŶ HoŶduƌas, ϯ iŶ NiĐaƌagua, Ϯ iŶ Belize aŶd ϭ iŶ 
MeǆiĐo.

Otheƌ data used to pƌoduĐe the outlooks iŶ CeŶtƌal 
AŵeƌiĐa iŶĐlude the ŵost ƌeĐeŶt eǀoluioŶ of 
aŶoŵalies aŶd sea suƌfaĐe teŵpeƌatuƌe foƌeĐasts 
of the TƌopiĐal AtlaŶiĐ aŶd PaĐiiĐ oĐeaŶs; suĐh 
iŶfoƌŵaioŶ is ĐoŶtaiŶed iŶ:

• The oďseƌǀed ǀalues of Muliǀaƌiate EN“O 
IŶdeǆ ;MEI; Wolteƌ & TiŵiŶ, ϮϬϭϭͿ.

• The PaĐiiĐ DeĐadal OsĐillaioŶ ;PDO; MaŶtua, 
Haƌe, )haŶg, WallaĐe, & FƌaŶĐis, ϭϵϵϳͿ.

• The AtlaŶiĐ MulideĐadal OsĐillaioŶ ;AMO; 
EŶield, Mestas-NuŶez, & Tƌiŵďle, ϮϬϬϭͿ.

• The TƌopiĐal Noƌth AtlaŶiĐ oďseƌǀed aŶoŵalies 
;TNA; EŶield & Alfaƌo, ϭϵϵϵͿ aŶd atŵospheƌiĐ 
pƌessuƌe foƌeĐast.

• The geŶeƌal ĐiƌĐulaioŶ ŵodel seasoŶal 
foƌeĐasts. 

• The hiŶd pƌeĐipitaioŶ data of aŶalog data foƌ 
the foƌeĐast peƌiod.

• The pƌoďaďiliies foƌ pƌeĐipitaioŶ sĐeŶaƌios foƌ 
the peƌiod.

ďasadas eŶ la pƌediĐĐióŶ sieŵpƌe de ĐoŶdiĐioŶes Ŷeutƌales fueƌoŶ las Ƌue ŵostƌaƌoŶ la ŵeŶoƌ haďilidad pƌediĐtiǀa, 
lo Ƌue sigŶifiĐa Ƌue toŵaƌ deĐisioŶes siŶ toŵaƌ eŶ ĐueŶta la peƌspeĐtiǀa ĐliŵátiĐa, es peoƌ Ƌue usaƌ los ŵapas del 
foƌo. TaŵďiéŶ, el daƌle uŶ peso ŵaǇoƌ deŶtƌo del pƌoĐeso de ĐoŶseŶso al uso heƌƌaŵieŶtas oďjetiǀas de pƌediĐĐióŶ 
ĐliŵátiĐa, podƌía seƌ uŶ faĐtoƌ Ƌue auŵeŶte la haďilidad pƌediĐtiǀa de los foƌos.

PALABRAS CLAVE: PREDICCIÓN CLIMÁTICA E“TACIONAL, AMÉRICA CENTRAL, FORO“ REGIONALE“ DE 
PREDICCIÓN CLIMÁTICA.   
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• The aŶalǇsis of ĐaŶoŶiĐal ĐoƌƌelaioŶ oƌ CCA 
ǁith the Cliŵate PƌediĐtaďilitǇ Tool ;CPT; 
MasoŶ & Tippet, ϮϬϭϲͿ.

• The AtlaŶiĐ aŶd PaĐiiĐ OĐeaŶs huƌƌiĐaŶe 
seasoŶ foƌeĐast.

“iŶĐe ϮϬϬϳ, as eǆplaiŶed ďǇ MaldoŶado et al. 
;ϮϬϭϯͿ, ateƌ eǀeƌǇ RCOF, ŵeeiŶgs ǁith difeƌeŶt 
soĐioeĐoŶoŵiĐ stakeholdeƌs take plaĐe iŶ oƌdeƌ to 
studǇ the possiďle Đliŵate iŵpaĐts of the outlooks 
oŶ the CeŶtƌal AŵeƌiĐaŶ ƌegioŶ. AĐĐoƌdiŶg to 
GaƌĐia-“oleƌa aŶd Raŵiƌez ;ϮϬϭϮͿ, the aiŵs 
of these ŵeeiŶgs aƌe to aŶalǇze the efeĐts, 
iŵpaĐts, aŶd ĐliŵaiĐ ǀaƌiaďilitǇ pƌojeĐioŶs iŶ 
difeƌeŶt seĐtoƌs iŶĐludiŶg agƌiĐultuƌe, ǁateƌ, 
isheƌies, health aŶd ŶutƌiioŶ, ƌisk ŵaŶageŵeŶt 
aŶd eŶeƌgǇ, aŶd to pƌoduĐe disasteƌ pƌeǀeŶioŶ 
aŶd ŵiigaioŶ stƌategies, aĐĐoƌdiŶg to the Đliŵate 
sĐeŶaƌios pƌoposed at the eŶd of eaĐh foƌuŵ. 
CRRH tuƌŶs “easoŶal Cliŵate Outlooks iŶto ƌisk 
sĐeŶaƌios used ďǇ food-ƌelated seĐtoƌs to suppoƌt 
theiƌ deĐisioŶs aŶd ŵiŶiŵize food iŶseĐuƌitǇ. This 
is aĐĐoŵplished as a ĐooƌdiŶated efoƌt Đaƌƌied 
out ďǇ speĐialized eŶiies of “ICA, tuƌŶiŶg the 
pƌoduĐt iŶto seĐtoƌal Đliŵate ƌisk sĐeŶaƌios that 
Đould guide eaƌlǇ ǁaƌŶiŶgs aďout aĐtual aŶd 
poteŶial thƌeats to food seĐuƌitǇ. 

The oďjeĐiǀe of this ǁoƌk is to assess the skill of 
CeŶtƌal AŵeƌiĐaŶ RCOF ŵaps. This assessŵeŶt 
is iŵpoƌtaŶt siŶĐe the ŵaiŶ goal of the seasoŶal 
outlook is to pƌoǀide iŶfoƌŵaioŶ aŶd adǀiĐe to 
ƌisk ŵaŶageŵeŶt aŶd food seĐuƌitǇ stakeholdeƌs 
aĐĐoƌdiŶg to the ƌegioŶal ĐliŵaiĐ pƌojeĐioŶs. 
As a ƌesult, it is desigŶed to eŵphasize the ŵost 
ƌeleǀaŶt iŵpaĐt aŶalǇsis aŶd foƌeseeaďle efeĐts, 
foƌ ƌisk pƌeǀeŶioŶ aŶd ŵiigaioŶ ;GaƌĐia-“oleƌa 
& Raŵiƌez, ϮϬϭϮͿ.

2.  Data and Methodology

As a iƌst step, ǁe ĐolleĐted all ŵaps pƌoduĐed ďǇ 
the RCOFs iŶ CeŶtƌal AŵeƌiĐa fƌoŵ ϭϵϵϴ to ϮϬϭϯ. 
To iŶĐƌease the saŵpliŶg size, iŶ the aŶalǇsis ǁe 

also iŶĐluded the outlook ŵaps of the ϭϵϵϴ aŶd 
ϭϵϵϵ foƌuŵs oƌgaŶized ďǇ the Wateƌ CeŶteƌ 
foƌ the Huŵid TƌopiĐs of LaiŶ AŵeƌiĐa aŶd The 
CaƌiďďeaŶ ;CATHALACͿ iŶ ĐollaďoƌaioŶ ǁith 
the CRRH ;DoŶoso & Raŵíƌez, ϮϬϬϭͿ. Outlook 
seasoŶs iŶ these foƌuŵs aƌe ŶoƌŵallǇ foƌ MaǇ-
JuŶe-JulǇ ;MJJͿ, August-“epteŵďeƌ-OĐtoďeƌ ;A“OͿ 
aŶd DeĐeŵďeƌ-JaŶuaƌǇ-FeďƌuaƌǇ-MaƌĐh ;DJFMͿ 
aĐĐuŵulated pƌeĐipitaioŶ. 

AĐĐoƌdiŶg to GaƌĐía-“oleƌa aŶd Raŵíƌez ;ϮϬϭϮͿ, 
the ƌeasoŶ foƌ that seleĐioŶ is ŵaiŶlǇ ďeĐause 
pƌeĐipitaioŶ pateƌŶs iŶ CeŶtƌal AŵeƌiĐa deiŶe 
thƌee plaŶiŶg seasoŶs: the pƌiŵeƌa iŶ Apƌil, the 
postƌeƌa iŶ August–“epteŵďeƌ, aŶd the apante oƌ 
ǁiŶteƌ seasoŶ iŶ DJFM. RCOF oƌgaŶizes its outlooks 
so that theǇ ĐaŶ disseŵiŶate iŶfoƌŵaioŶ to useƌs 
ďefoƌe the ďegiŶŶiŶg of eaĐh plaŶiŶg seasoŶ. 
AĐtuallǇ, ǁeď ŵeeiŶgs pƌoduĐe updates of these 
outlooks that iŶĐlude also Apƌil aŶd Noǀeŵďeƌ, to 
ateŶd the staƌt aŶd the eŶd of the ƌaiŶǇ seasoŶ. 
We ĐolleĐted ϭϯ ŵaps of MJJ seasoŶ, ϭϮ ŵaps 
of A“O, as ǁell as ϭϮ ŵaps of DJFM. AddiioŶallǇ 
the ϭϵϵϴ, ϮϬϬϬ aŶd ϮϬϬϭ JuŶe-JulǇ-August ŵaps 
ǁeƌe iŶĐluded, aloŶg ǁith the ϮϬϬϭ “epteŵďeƌ-
OĐtoďeƌ-Noǀeŵďeƌ oŶe. Outlook ŵaps ǁeƌe 
oďtaiŶed fƌoŵ the CRRH aƌĐhiǀes. 

All ŵaps ǁeƌe digitalized eŶĐlosiŶg the ƌegioŶs 
pƌediĐted as Beloǁ Noƌŵal ;BNͿ, Neutƌal ;NͿ, 
aŶd Aďoǀe Noƌŵal ;ANͿ. Those aƌe the thƌee 
Đategoƌies used ďǇ the RCOF foƌ the seasoŶal 
ƌaiŶfall aĐĐuŵulaioŶs ;iguƌe ϭͿ.

The RCOF outlook ŵaps ǁeƌe assessed usiŶg thƌee 
data sets. The iƌst dataset is fƌoŵ gauge staioŶs. 
IŶ this Đase ǁe ĐoŶsideƌed a total of ϭϱϲ gauge 
staioŶs ǁith ŵoŶthlǇ pƌeĐipitaioŶ oďseƌǀaioŶs 
pƌoǀided ďǇ the NMH“ iŶ CeŶtƌal AŵeƌiĐa duƌiŶg 
a tƌaiŶiŶg ǁoƌkshop oŶ Đliŵate pƌediĐioŶ, 
oƌgaŶized ďǇ the CRRH iŶ JuŶe ϮϬϭϰ iŶ “aŶ Jose, 
Costa RiĐa. “taioŶ loĐaioŶs aƌe shoǁŶ iŶ iguƌe 
Ϯ. “iŶĐe eaĐh ŵeteoƌologiĐal staioŶ has a disiŶĐt 
iŵe Đoǀeƌage, a ĐoŵŵoŶ iŵe seƌies leŶgth ǁas 
deteƌŵiŶed aĐĐoƌdiŶg to the aǀailaďilitǇ of data iŶ 
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the difeƌeŶt staioŶs of iguƌe Ϯ. Theƌefoƌe, the 
seleĐted iŵe seƌies leŶgth Đoǀeƌs fƌoŵ JaŶuaƌǇ 
ϭϵϳϵ to MaƌĐh ϮϬϭϰ. The ϭϵϳϵ-ϭϵϵϳ peƌiod ǁas 
used to ĐalĐulate the teƌĐile thƌesholds aŶd ϭϵϵϴ-
ϮϬϭϰ to Đoŵpaƌe ǁith the RCOF ŵaps. The gaps iŶ 
the iŵe seƌies ǁeƌe illed usiŶg the ŵethodologǇ 
desĐƌiďed ďǇ Alfaƌo aŶd “oleǇ ;ϮϬϬϵͿ, ǁhiĐh 
ĐoŵďiŶes autoƌegƌessiǀe ŵodels aŶd EŵpiƌiĐal 
OƌthogoŶal FuŶĐioŶs ;EOFsͿ ŵethods.

The otheƌ tǁo datasets aƌe fƌoŵ the TƌopiĐal 
RaiŶfall MeasuƌeŵeŶt MissioŶ ;TRMMͿ aŶd the 
Cliŵate Hazaƌds Gƌoup IŶfƌaRed PƌeĐipitaioŶ ǁith 
“taioŶs ;CHRIP“Ϳ. “iŶĐe soŵe aƌeas of CeŶtƌal 
AŵeƌiĐa haǀe Ŷo good gauge staioŶs Đoǀeƌage, 
ŵaiŶlǇ at the CaƌiďďeaŶ slope, ǁe also used the 
TRMM ;HufŵaŶ et al., ϮϬϬϳͿ aŶd the CHIRP“ 
;FuŶk et al., ϮϬϭϱͿ datasets to haǀe full spaial 
Đoǀeƌage oǀeƌ the isthŵus, as addiioŶal souƌĐes 
to assess the RCOF ŵaps.

TRMM ŵoŶitoƌs tƌopiĐal aŶd suďtƌopiĐal 
pƌeĐipitaioŶ aŶd is a joiŶt satellite ŵissioŶ 
ďetǁeeŶ the NaioŶal AeƌoŶauiĐs aŶd “paĐe 
AdŵiŶistƌaioŶ ;NA“AͿ aŶd the JapaŶ AeƌospaĐe 
EǆploƌaioŶ AgeŶĐǇ ;JAXAͿ. IŶ this studǇ, the 

TRMM ϯBϰϮ ǀeƌsioŶ ϲ algoƌithŵ, foƌ pƌeĐipitaioŶ 
ƌate esiŵates ǁeƌe ĐhoseŶ. 

These TRMM esiŵates ĐoƌƌespoŶd to a ϯ-houƌlǇ 
aǀeƌage ĐeŶteƌed at the ŵiddle of eaĐh ϯ-houƌ 
peƌiod ;i.e., Ϭ), ϯ), ϲ), ϵ), ϭϮ), ϭϱ), ϭϴ), aŶd Ϯϭ)Ϳ. 
The iŶal ϯBϰϮ pƌoduĐt data aƌe aǀailaďle at Ϭ.Ϯϱ 
ǆ Ϭ.Ϯϱ° spaial ƌesoluioŶ eǆteŶdiŶg fƌoŵ ϱϬ°“ to 
ϱϬ°N. Foƌ the pƌeseŶt studǇ, the eǀaluaioŶ usiŶg 
the TRIMM data Đoǀeƌed the ϭϵϵϴ-ϮϬϭϰ peƌiod, 
siŶĐe this a liŵitaioŶ due to the shoƌteƌ iŵe 
spaŶ of these data Đoŵpaƌed to the aǀailaďilitǇ 
of staioŶ data. IŶ oƌdeƌ to tƌaŶsfoƌŵ the satellite 
pƌeĐipitaioŶ data iŶto a dailǇ fƌeƋueŶĐǇ, it ǁas 
ŶeĐessaƌǇ to ŵeƌge the ϯ-houƌlǇ data, ĐoŶsideƌiŶg 
the loĐal iŵe. Ateƌ that, seasoŶal pƌeĐipitaioŶ 
esiŵates ǁeƌe ĐalĐulated foƌ ϲϴϵ gƌid poiŶts oǀeƌ 
the isthŵus.

The CHIRP“ dataset ďleŶds data fƌoŵ ǁeatheƌ 
staioŶs aŶd ǁeatheƌ satellites ǁith eǆtƌaoƌdiŶaƌǇ 
aĐĐuƌaĐǇ, pƌoǀidiŶg a detailed ƌeĐoƌd of gloďal 
ƌaiŶfall stƌetĐhiŶg ďaĐk ŵoƌe thaŶ ϯϬ Ǉeaƌs 
;http://ǁǁǁ.ǀoǆ.Đoŵ/ϮϬϭϲ/ϰ/ϭϭ/ϭϭϯϴϵϱϱϬ/
dƌought-pƌediĐioŶ-agƌiĐultuƌeͿ. The latest 
ǀeƌsioŶ ;ǀeƌsioŶ Ϯ.ϬͿ spaŶs ϱϬ°“–ϱϬ°N ;aŶd all 

Figuƌe ϭ. Eǆaŵple of digitalizaioŶ of the RCOF ŵaps. The ŵap ĐoŶtaiŶed iŶ the RCOF doĐuŵeŶt 
foƌ MJJ ϮϬϭϬ is pƌeseŶted iŶ ;AͿ, aŶd its digitalizaioŶ eŶĐlosiŶg the ƌegioŶs pƌediĐted as Beloǁ 
Noƌŵal ;BN, ďƌoǁŶͿ, Neutƌal ;N, Ǉelloǁ oƌ light ďƌoǁŶͿ aŶd Aďoǀe Noƌŵal ;AN, gƌeeŶͿ is pƌeseŶ-
ted iŶ ;BͿ. “ouƌĐe: CRRH-“ICA.
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loŶgitudesͿ, aŶd staƌts iŶ ϭϵϴϭ to Ŷeaƌ pƌeseŶt. 
CHIRP“ iŶĐoƌpoƌates Ϭ.Ϭϱ° ƌesoluioŶ satellite 
iŵageƌǇ ǁith iŶ-situ staioŶ data to Đƌeate gƌidded 
ƌaiŶfall iŵe seƌies foƌ tƌeŶd aŶalǇsis aŶd seasoŶal 
dƌought ŵoŶitoƌiŶg. “easoŶal pƌeĐipitaioŶ 
esiŵates ǁeƌe ĐalĐulated foƌ ϭϳϭϱϴ gƌid poiŶts 
oǀeƌ the isthŵus.

The assessŵeŶt of eaĐh foƌuŵ ŵap ǁas doŶe 
usiŶg the saŵe oďseƌǀed seasoŶal Đategoƌies ;i.e. 
BN, N aŶd ANͿ iŶ the staioŶ oďseƌǀaioŶs, the 
TRMM aŶd CHIRP“ datasets. These ĐoŵpaƌisoŶs 
aƌe illustƌated iŶ Figuƌe ϯ. The ƌaiŶfall gauge 
oďseƌǀaioŶs ǁeƌe also Đoŵpaƌed ǁith aͿ the 
CaŶoŶiĐal CoƌƌelaioŶ AŶalǇsis ;CCAͿ output 
ŵodels usiŶg the Cliŵate PƌediĐtaďilitǇ Tool 
;CPTͿ foƌ the saŵe RCOF seasoŶs, ďͿ usiŶg the 

peƌsisteŶĐe of the oďseƌǀed staioŶ aŶoŵalǇ 
pƌeǀious to the RCOF seasoŶ aŶd ĐͿ usiŶg a 
seasoŶal foƌeĐast alǁaǇs ďased oŶ the Neutƌal 
ĐategoƌǇ. 

The CPT, elaďoƌated ďǇ the IŶteƌŶaioŶal 
ReseaƌĐh IŶsitute foƌ Cliŵate aŶd “oĐietǇ ;IRI, 
MasoŶ & Tippet, ϮϬϭϲ, htp://iƌi.Đoluŵďia.edu/
ouƌ-eǆpeƌise/Đliŵate/tools/Đpt/Ϳ, ǁas ĐhoseŶ 
ďeĐause it is ŶoǁadaǇs iŶ use foƌ opeƌaiǀe 
seasoŶal Đliŵate pƌediĐioŶs iŶ CeŶtƌal AŵeƌiĐa 
ďǇ the NMH“s.

As iŶ the ǁoƌk of MaldoŶado, RutgeƌssoŶ, Alfaƌo, 
Aŵadoƌ, aŶd Claƌeŵaƌ ;ϮϬϭϲͿ, the eǆteŶded 
ƌeĐoŶstƌuĐted sea suƌfaĐe teŵpeƌatuƌes 
;ER““Tǀϯď, “ŵith, ReǇŶolds, PeteƌsoŶ, & 

Figuƌe Ϯ. LoĐaioŶ of the ƌaiŶ gauge staioŶs used ;ƌed dotsͿ.

http://iri.columbia.edu/our-expertise/climate/tools/cpt/
http://iri.columbia.edu/our-expertise/climate/tools/cpt/
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Laǁƌiŵoƌe, ϮϬϬϴͿ ǁeƌe used as pƌediĐtoƌs iŶ the 
CCA ŵodels. The sea suƌfaĐe teŵpeƌatuƌe ;““TͿ 
aŶoŵalies ǁeƌe ĐoŶstƌuĐted usiŶg a ĐoŵďiŶaioŶ 
of oďseƌǀed data aloŶg ǁith ŵodels aŶd histoƌiĐal 
saŵpliŶg gƌids. This gloďal dataďase has a 
hoƌizoŶtal ƌesoluioŶ of Ϯ.ϱ ďǇ Ϯ.ϱ.

The ““T doŵaiŶ ďouŶded ďǇ ϲϯ°N-ϭϬ°“ aŶd 
ϭϱϮ°E-ϭϱ°W ǁas ĐoŶsideƌed iŶ oƌdeƌ to Đaptuƌe 
the sigŶal of the ŵost iŵpoƌtaŶt Đliŵate ǀaƌiaďilitǇ 
ŵodes foƌ the CeŶtƌal AŵeƌiĐaŶ isthŵus. These 
ǀaƌiaďilitǇ ŵodes aƌe El Niño “outheƌŶ OsĐillaioŶ 
;EN“OͿ, the Noƌth AtlaŶiĐ OsĐillaioŶ ;NAOͿ, 
PDO, AMO aŶd the TNA, ǁhiĐh haǀe shoǁŶ to 
ďe ƌeleǀaŶt iŶ teƌŵs of ƌaiŶfall Đliŵate ǀaƌiaďilitǇ 
;Fallas-López & Alfaƌo ϮϬϭϮa, ϮϬϭϮďͿ.

The aďoǀe CCA ŵethodologǇ is ďased oŶ 
MaldoŶado et al. ;ϮϬϭϯ; ϮϬϭϲͿ aŶd it is 
iŵpleŵeŶted aŶd suŵŵaƌized as folloǁs: the 
ields ;““T aŶoŵalies, pƌediĐtoƌs aŶd seasoŶal 
aĐĐuŵulates, pƌediĐtaŶdsͿ aƌe iƌst ƌeduĐed ďǇ 
ŵeaŶs of pƌiŶĐipal ĐoŵpoŶeŶt aŶalǇsis ;PCAͿ 
to assuƌe staďilitǇ iŶ the CCA paƌaŵeteƌs. A 
ŵaǆiŵuŵ of ϭϬ EOFs aŶd CCA ŵodes iŶ the 
ilteƌiŶg stage aƌe alloǁed. This thƌeshold is 

suggested heƌe to aǀoid oǀeƌpaƌaŵeteƌisaioŶ. 
The opiŵal ĐoŵďiŶaioŶ of EOFs aŶd CCA ŵodes 
aƌe ĐalĐulated ďǇ ŵeaŶs of the goodŶess iŶdeǆ 
;ŵeaŶ KeŶdall τͿ. The ŵaǆiŵuŵ possiďle Ŷuŵďeƌ 
of CCA ŵodes, hoǁeǀeƌ, is deteƌŵiŶed iƌst ďǇ the 
ŵiŶiŵuŵ Ŷuŵďeƌ of EOFs ďetǁeeŶ ďoth ields. 
TheŶ, ǁith the goodŶess skill, the ŵaǆiŵuŵ 
Ŷuŵďeƌ of CCA ŵodes is fouŶd foƌ the ďest it to 
aǀoid aŶǇ oǀeƌpaƌaŵeteƌisaioŶ iŶ the ŵodel Yϭ 

= ďT·X, ǁheƌe the eleŵeŶts of ď aƌe the oƌdiŶaƌǇ 
least-sƋuaƌes ƌegƌessioŶ ĐoeiĐieŶts Đoŵputed 
ǁith CCA, aŶd Yϭ is the pƌediĐted ǀalue of Y. The τ 
ǁas Đoŵputed usiŶg Đƌoss-ǀalidaioŶ ŵodels ǁith 
ϱ-ŵoŶth ǁiŶdoǁ siŶĐe ϭϵϳϵ to the RCOF seasoŶ 
foƌ eaĐh staioŶ iŶ all the ŵodels. It is ǁoƌth 
ŵeŶioŶiŶg that, at the eŶd, the ŵodels ǁould Ŷot 
ŶeĐessaƌilǇ haǀe ϭϬ EOF aŶd CCA ŵodes. MoŶthlǇ 
““T aŶoŵalies ields fƌoŵ the ŵoŶth ďefoƌe the 
RCOF seasoŶ ǁeƌe aŶalǇzed as poteŶial pƌediĐtoƌs 
;lead-iŵeͿ. EaĐh eǆpeƌiŵeŶt ǁas ĐoŶduĐted ǁith 
the oďseƌǀed peƌsisteŶĐe of the ƌaiŶ gauge staioŶ 
ƌeĐoƌds duƌiŶg the pƌeǀious tǁo ŵoŶths, e.g. pƌioƌ 
to the RCOF seasoŶs aĐĐuŵulates. 

“uŵŵaƌiziŶg, siǆ ĐoŵpaƌisoŶ eǆpeƌiŵeŶts ǁeƌe 
doŶe: ϭͿ RCOF ŵaps ǀs “taioŶs OďseƌǀaioŶs, 

Figuƌe ϯ. Eǆaŵple of the A“O ϮϬϭϬ RCOF ŵap ĐoŵpaƌisoŶ ǁith the oďseƌǀed Beloǁ Noƌŵal ;BN, 
ƌedͿ, Neutƌal ;N, ǇelloǁͿ aŶd Aďoǀe Noƌŵal ;AN, gƌeeŶͿ Đategoƌies iŶ ;AͿ ƌaiŶfall gauge staioŶs, ;BͿ 
TRMM aŶd ;CͿ CHIRP“ gƌid data. OŶlǇ gƌid data poiŶts oǀeƌ laŶd at CeŶtƌal AŵeƌiĐaŶ isthŵus ǁeƌe 
used foƌ these ĐoŵpaƌisoŶs iŶ ;BͿ aŶd ;CͿ, iŶĐludiŶg the aƌeas of Belize, Guateŵala, HoŶduƌas, El 
“alǀadoƌ, NiĐaƌagua, Costa RiĐa aŶd PaŶaŵa.
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ϮͿ RCOF ŵaps ǀs TRMM gƌid data, ϯͿ RCOF ŵaps 
ǀs CHIRP“ gƌid data, ϰͿ CTP outputs ǀs “taioŶ 
OďseƌǀaioŶs, ϱͿ Pƌeǀious MoŶth PeƌsisteŶĐe 
ǀs “taioŶ OďseƌǀaioŶs aŶd ϲͿ AlǁaǇs Neutƌal 
FoƌeĐast ǀs “taioŶ OďseƌǀaioŶs.

The peƌfoƌŵaŶĐe of the outlooks ǁeƌe assessed 
usiŶg the “kill “Đoƌe ;““Ϳ aŶd the GeƌƌitǇ sĐoƌe 
;Wilks, ϮϬϭϭ; MasoŶ & “tepheŶsoŶ, ϮϬϬϴͿ ďased 
oŶ a ϯ ǆ ϯ ĐoŶiŶgeŶĐǇ taďle foƌ BN, N aŶd AN 
Đategoƌies foƌ outlooks aŶd oďseƌǀaioŶs ;Alfaƌo 
et al., ϮϬϬϯͿ. ““ tƌaŶsfoƌŵs the iŶfoƌŵaioŶ that 
the Hit Rate ;HRͿ ĐoeiĐieŶt giǀes, ǁheƌe:

    ;ϭͿ

fij aƌe the oďseƌǀed oĐĐuƌƌeŶĐes iŶ the ϯ ǆ ϯ 
ĐoŶiŶgeŶĐǇ taďle aŶd Ŷ is the total Ŷuŵďeƌ of 
pƌediĐioŶ-oďseƌǀaioŶ paiƌs.

We ĐalĐulated the ““ as:

   ;ϮͿ

Note that ǁheŶ a pƌediĐioŶ is ĐoŵpletelǇ ƌaŶdoŵ 
““ = Ϭ, aŶd ǁheŶ the ĐoƌƌespoŶdeŶĐe is eǆaĐt 
;Pƌ{“uĐĐess}=ϭͿ ““ = ϭϬϬ, ŵeaŶiŶg a peƌfeĐt gƌoup 
of hits. This last Đase tells us that the eŵpiƌiĐal 
pƌoďaďiliies of the sŵallest diagoŶal aƌe Ŷull. 
Negaiǀe ǀalues of the ““ iŶdiĐate that ŵisses 
doŵiŶate iŶ ouƌ aŶalǇsis.

GeƌƌitǇ sĐoƌe is siŵilaƌ to the ““ ǁith the eǆĐepioŶ 
that Ŷoǁ the pƌediĐioŶs haǀiŶg tǁo eƌƌoŶeous 
teƌĐiles aƌe ŵuĐh ŵoƌe doǁŶgƌaded thaŶ those 
that oŶlǇ haǀe oŶe, aŶd ǁe ĐaŶ eǆpƌess it as:

   ;ϯͿ

ǁheƌe zϭ is the suŵ of the ǁeighted fƌeƋueŶĐies; 
foƌ the posiiǀe ĐoƌƌelaioŶ ďetǁeeŶ pƌediĐioŶs 
aŶd oďseƌǀaioŶs:

zϭ = ϭ.Ϯϱ * fϭϭ – Ϭ.Ϯϱ * fϭϮ – ϭ.ϬϬ * fϭϯ – Ϭ.Ϯϱ * fϮϭ + Ϭ.ϱϬ 
* fϮϮ – Ϭ.Ϯϱ * fϮϯ – ϭ.Ϯϱ * fϯϭ – Ϭ.Ϯϱ * fϯϮ + ϭ.Ϯϱ * fϯϯ

Noǁ, zϮ is the suŵ of the ǁeighted fƌeƋueŶĐies 
iŶ a peƌfeĐt gƌoup of hits. If the pƌediĐioŶs ǁeƌe 
ƌaŶdoŵ aŶd all the eŵpiƌiĐal fƌeƋueŶĐies of the 
ĐoŶiŶgeŶĐǇ taďle teŶded to the saŵe ǀalue ;zϭ) 

theŶ GeƌƌitǇ sĐoƌe ǁould teŶd to zeƌo. OŶ the 
otheƌ haŶd if ǁe had a peƌfeĐt pƌediĐioŶ theŶ the 
ƌaio zϭ/zϮ ǁould teŶd to oŶe aŶd the GeƌƌitǇ sĐoƌe 
ǁould teŶd to ϭϬϬ. As ǁith the ““, Ŷegaiǀe ǀalues 
of the GeƌƌitǇ sĐoƌe ǁould iŶdiĐate that ŵisses 
doŵiŶate ouƌ aŶalǇsis.

The sĐoƌes ǁeƌe iƌst ĐalĐulated foƌ eǀeƌǇ seasoŶal 
outlook, ĐoŶsideƌiŶg all staioŶs oƌ gƌid poiŶts. 
This ǁas doŶe to studǇ the RCOFs skill tƌough 
iŵe. We Đoŵpaƌed the sĐoƌe ŵediaŶ outlooks 
fƌoŵ ϭϵϵϴ to ϮϬϬϳ ǁith those fƌoŵ ϮϬϬϴ to ϮϬϭϯ, 
to studǇ if aŶǇ staisiĐal difeƌeŶĐe ǁas oďseƌǀed. 
The sĐoƌes ǁeƌe also ĐalĐulated foƌ eǀeƌǇ staioŶ 
aŶd foƌ all outlook seasoŶs, iŶ oƌdeƌ to spaiallǇ 
studǇ the RCOFs skill.

3.  Results

Figuƌes ϰ aŶd ϱ shoǁ the ďoǆ plot of ““ aŶd GeƌƌitǇ 
sĐoƌe ǀalues foƌ outlooks ŵade foƌ MJJ, A“O, DJFM 
aŶd all seasoŶs. Results fƌoŵ iguƌes ϰ aŶd ϱ shoǁ 
that all the ĐoŵpaƌisoŶs ďetǁeeŶ RCOFs ŵaps aŶd 
staioŶ oďseƌǀaioŶs ;laďel ϭͿ had posiiǀe ŵediaŶ 
ǀalues. UsiŶg gƌid dataďases fƌoŵ TRMM oƌ CHIRP“, 
foƌ a full isthŵus Đoǀeƌage, did Ŷot sǇsteŵaiĐallǇ 
iŵpƌoǀed oƌ degƌaded the sĐoƌes ŵediaŶ ǀalues 
;laďels Ϯ aŶd ϯͿ ǁheŶ theǇ ǁeƌe Đoŵpaƌed ǁith 
the staioŶ oďseƌǀaioŶ ƌesults. Higheƌ Pϳϱ sĐoƌe 
ǀalues ǁeƌe oďseƌǀed iŶ all ĐoŵpaƌisoŶs ďetǁeeŶ 
CTP outputs aŶd staioŶ oďseƌǀaioŶs ;laďel ϰͿ aŶd 
the highest sĐoƌes ǁeƌe foƌ the MJJ ϮϬϭϬ outlook. 
CoŵpaƌisoŶs ďetǁeeŶ pƌeǀious RCOFs ŵoŶth 
peƌsisteŶĐe aŶd staioŶ oďseƌǀaioŶs ;laďel ϱͿ also 
had posiiǀe ŵediaŶ aŶd Pϳϱ ǀalues iŶ all seasoŶs, 
ďut theǇ ǁeƌe Ŷot sǇsteŵaiĐallǇ ďeteƌ thaŶ 
those oďtaiŶed ďetǁeeŶ RCOFs ŵaps ǀs staioŶ 
oďseƌǀaioŶs aŶd ďetǁeeŶ CTP outputs ǀs staioŶ 
oďseƌǀaioŶs. Most of the posiiǀe outlieƌs iŶ Figs. 
ϰd aŶd ϱd aƌe foƌ the A“O seasoŶs. Outlooks ďased 
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Figuƌe ϰ. Boǆ plot of ““ ǀalues foƌ outlooks ŵade foƌ ;AͿ MJJ, ;BͿ A“O, ;CͿ DJFM aŶd ;DͿ all seasoŶs. BlaĐk 
asteƌisks aƌe foƌ the outlieƌs ďehiŶd the ǁhiskeƌs ;Pϳϱ + oƌ PϮϱ – ϭ.ϱ IQR foƌ uppeƌ oƌ loǁeƌ outlieƌsͿ. Boǆ 
plot ĐoŵpaƌisoŶs aƌe foƌ: ϭͿ RCOF ŵaps ǀs “taioŶs OďseƌǀaioŶs, ϮͿ RCOF ŵaps ǀs TRMM gƌid data, ϯͿ 
RCOF ŵaps ǀs CHIRP“ gƌid data, ϰͿ CTP outputs ǀs “taioŶ OďseƌǀaioŶs, ϱͿ Pƌeǀious MoŶth PeƌsisteŶĐe ǀs 
“taioŶ OďseƌǀaioŶs aŶd ϲͿ AlǁaǇs Neutƌal FoƌeĐast ǀs “taioŶ OďseƌǀaioŶs.

Figuƌe ϱ. “aŵe as iguƌe ϰ ďut foƌ GeƌƌitǇ sĐoƌe ǀalues.
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oŶ aŶ AlǁaǇs Neutƌal foƌeĐast had the ǁoƌse 
ŵediaŶ ƌesults iŶ all Đases ;see laďel ϲ iŶ Figuƌes 
ϰ aŶd ϱͿ. ““ aŶd GeƌƌitǇ sĐoƌe ǀalues ĐoŵpaƌiŶg 
iŶdiǀidual outlook ŵaps aŶd oďseƌǀed ƌaiŶfall 
gauge ǀalues foƌ MJJ, A“O, DJFM aŶd all seasoŶs 
aƌe pƌeseŶted iŶ iguƌes ϲ aŶd ϳ, ƌespeĐiǀelǇ.

We do Ŷot pƌeseŶt the ĐoŵpaƌisoŶs ďetǁeeŶ RCOFs 
ŵaps aŶd TRMM oƌ CHIRP“ gƌidded data ďeĐause 
theǇ did Ŷot sǇsteŵaiĐallǇ iŵpƌoǀed oƌ degƌaded 
the sĐoƌes ŵediaŶ ǀalues ǁheŶ Đoŵpaƌed ǁith 
the staioŶ oďseƌǀaioŶ ƌesults iŶ iguƌes ϰ aŶd ϱ. 
NoŶe of the ŵediaŶ ǀalue difeƌeŶĐes ďetǁeeŶ 
the ϭϵϵϴ-ϮϬϬϳ aŶd ϭϵϵϴ-ϮϬϭϯ ǁas staisiĐallǇ 
sigŶiiĐaŶt uŶdeƌ the MaŶŶ-WhitŶeǇ-WilĐoǆoŶ 

ŶoŶ paƌaŵetƌiĐ test, ďut all of the difeƌeŶĐes ǁeƌe 
posiiǀe, eǆĐept foƌ ““ ǀalues iŶ iguƌe ϲĐ foƌ DJFM 
outlooks. HaǀiŶg a posiiǀe difeƌeŶĐe iŶ Figuƌes ϲĐ 
aŶd ϳĐ ƌesults, ŵeaŶs that ŵisses iŶ the ϭϵϵϴ-ϮϬϭϯ 
DJFM outlooks aƌe ŵaiŶlǇ ďǇ oŶe ĐategoƌǇ. Highest 
sĐoƌes ǁeƌe oďseƌǀed foƌ the A“O ϮϬϭϬ outlook. 
The ǁoƌst outlooks usiŶg the ““ ǁeƌe oďseƌǀed foƌ 
the JJA ϭϵϵϴ, the iƌst oŶe Đeleďƌated iŶ CeŶtƌal 
AŵeƌiĐa, aŶd foƌ A“O ϮϬϬϯ usiŶg the GeƌƌitǇ 
sĐoƌe, ŵaiŶlǇ ďeĐause ŵisses ďǇ tǁo Đategoƌies 
doŵiŶated that last outlook ĐoŵpaƌisoŶ. Fƌoŵ 
iguƌe ϲ, it ǁas oďseƌǀed that ϲϵ.Ϯ, ϴϯ.ϯ, ϱϬ.Ϭ aŶd 
ϲϯ.ϰ% of the ““ ǀalues aƌe posiiǀe foƌ the MJJ, 
A“O, DJFM aŶd all seasoŶs outlooks. Oďseƌǀed 
ǀalues foƌ GeƌƌitǇ sĐoƌe aƌe ϴϰ.ϲ, ϲϲ.ϳ, ϴϯ.ϯ aŶd 

Figuƌe ϲ. ““ ǀalues ĐoŵpaƌiŶg iŶdiǀidual RCOF ŵaps aŶd oďseƌǀed ƌaiŶfall gauge ǀalues foƌ ;AͿ MJJ, ;BͿ 
A“O, ;CͿ DJFM aŶd ;DͿ all seasoŶs. HoƌizoŶtal solid liŶes aƌe the ŵediaŶ ǀalue foƌ ϭϵϵϴ-ϮϬϬϳ aŶd ϭϵϵϴ-
ϮϬϭϯ peƌiods, ƌespeĐiǀelǇ.
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ϳϱ.ϲ%, ƌespeĐiǀelǇ ;iguƌe ϳͿ. NoiĐe that DJFM 
seasoŶ outlooks haǀe the ǁoƌst assessŵeŶt sĐoƌes 
aŶd that, iŶ geŶeƌal, the peƌĐeŶtage of posiiǀe 
GeƌƌitǇ sĐoƌe ǀalues aƌe gƌeateƌ thaŶ those of the 
““, eǆĐept foƌ A“O seasoŶ outlooks.

This Đould ƌeleĐt that ŵisses ďǇ oŶe ĐategoƌǇ 
doŵiŶated those outlook ĐoŵpaƌisoŶs, eǆĐept 
foƌ A“O. The loǁeƌ ““ aŶd GeƌƌitǇ sĐoƌes foƌ DJFM 
Đould ŵeaŶ that dƌiǀeƌs ŵodulaiŶg the ƌaiŶǇ 
seasoŶ iŶ CeŶtƌal AŵeƌiĐa ;tǇpiĐallǇ fƌoŵ Apƌil 
to Noǀeŵďeƌ, TaǇloƌ & Alfaƌo, ϮϬϬϱͿ aƌe ďeteƌ 
uŶdeƌstood that those ŵodulaiŶg duƌiŶg the dƌǇ 
seasoŶ ;tǇpiĐallǇ fƌoŵ DeĐeŵďeƌ to MaƌĐh, TaǇloƌ 
& Alfaƌo, ϮϬϬϱͿ. PƌediĐiǀe sĐheŵes foƌ difeƌeŶt 
aspeĐts of the ƌaiŶǇ seasoŶ ǁeƌe studied ďǇ 
EŶield aŶd Alfaƌo ;ϭϵϵϵͿ, Alfaƌo ;ϮϬϬϳaͿ, Fallas-

López aŶd Alfaƌo ;ϮϬϭϮa, ϮϬϭϮďͿ, MaldoŶado et 
al. ;ϮϬϭϯ; ϮϬϭϲͿ, ďut just Fallas-López aŶd Alfaƌo 
;ϮϬϭϮa, ϮϬϭϮďͿ pƌoduĐed pƌediĐiǀe sĐheŵes foƌ 
the dƌǇ seasoŶ.

The spaial distƌiďuioŶ of GeƌƌitǇ sĐoƌe ĐoŵpaƌiŶg 
RCOF ŵaps aŶd the ƌaiŶ gauge oďseƌǀaioŶs is 
pƌeseŶted iŶ Figuƌe ϴ. It is oďseƌǀed that A“O 
shoǁed the ďest sĐoƌe ǀalues eǆĐept foƌ the Noƌth 
CaƌiďďeaŶ slope of CeŶtƌal AŵeƌiĐa, this ƌegioŶ 
ǁas eǆteŶded foƌ MJJ, iŶ ǁhiĐh the ďest sĐoƌes 
ǁeƌe oďseƌǀed at the “outh aŶd Noƌth PaĐiiĐ 
slope. DJFM had the loǁest skill ǀalues, eǆĐept foƌ 
soŵe loďes aĐƌoss the isthŵus.

These pateƌŶs aƌe ŵaiŶtaiŶed ǁheŶ CPT outputs 
aŶd ƌaiŶ gauge oďseƌǀaioŶs aƌe Đoŵpaƌed ;Figuƌe 

Figuƌe ϳ. “aŵe as iguƌe ϲ ďut foƌ GeƌƌitǇ sĐoƌe ǀalues.
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ϵͿ ďut the aƌea ǁith skillful sĐoƌe ǀalues iŶĐƌeased 
as ǁell as the sĐoƌe ǀalues, eǀeŶ foƌ DJFM. 

The peƌĐeŶtage of Ŷegaiǀe ““ aŶd GeƌƌitǇ sĐoƌe 
ǀalues foƌ all the ĐoŵpaƌisoŶ ŵaps is pƌeseŶted 
iŶ taďle ϭ.

Figuƌe ϴ. “paial distƌiďuioŶ of GeƌƌitǇ sĐoƌe ĐoŵpaƌiŶg RCOF ŵaps aŶd ƌaiŶ gauge oďseƌǀaioŶs.

Table 1. Percentage of stations or grid points having negative SS (A) or Gerrity (B) score values 
for: 1) RCOF maps vs Stations Observations, 2) RCOF maps vs TRMM grid data, 3) RCOF maps 
vs CHIRPS grid data, 4) CTP outputs vs Station Observations, 5) Previous Month Persistence 

vs Station Observations and 6) Always Neutral Forecast vs Station Observations 

(A) (B)

MJJ ASO DJFM All MJJ ASO DJFM All

ϭ ϰϭ.ϲϳ Ϯϭ.ϳϵ ϯϱ.ϵ ϯϰ.ϲϮ ϭ ϯϮ.ϲϵ Ϯϰ.ϯϲ ϰϵ.ϯϲ ϮϬ.ϱϭ
Ϯ ϰϱ.ϰϯ ϰϳ.ϰϲ ϱϭ.ϲϳ ϱϯ.ϳ Ϯ ϰϯ.ϱϰ ϱϮ.ϱϰ ϱϱ.Ϭϭ ϰϯ.Ϯϱ
ϯ ϰϴ.ϴϭ ϯϬ.Ϯϲ ϯϲ.ϳϴ ϰϭ.ϳϲ ϯ ϰϯ.ϭ Ϯϴ.ϳϰ ϰϱ.ϵϭ Ϯϵ.ϴϴ
ϰ Ϯϲ.ϵϮ ϭϯ.ϰϲ ϯϬ.ϭϯ ϭϵ.Ϯϯ ϰ Ϯϭ.ϭϱ ϮϬ.ϱϭ ϯϵ.ϭ ϭϳ.ϯϭ
ϱ ϯϵ.ϭ ϯϯ.ϵϳ ϰϵ.ϯϲ Ϯϭ.ϭϱ ϱ ϯϰ.ϲϮ Ϯϯ.Ϭϴ ϰϯ.ϱϵ ϭϳ.ϵϱ
ϲ ϲϱ.ϯϴ ϱϰ.ϰϵ ϯϳ.ϴϮ ϲϬ.Ϯϲ ϲ ϲϱ.ϯϴ ϳϮ.ϰϰ ϱϴ.ϯϯ ϲϬ.Ϯϲ
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NoiĐe that RCOF ŵaps did Ŷot haǀe peƌĐeŶtages 
gƌeateƌ thaŶ ϱϬ% iŶ aŶǇ seasoŶ aŶd that outlooks 
ďased oŶ alǁaǇs Ŷeutƌal ĐategoƌǇ shoǁed the 
highest peƌĐeŶtage ǀalues iŶ alŵost all the Đases. 
Outlooks ǀalues ďased oŶ peƌsisteŶĐe, suppoƌt its 
iŶĐlusioŶ also oŶ CCA pƌediĐiǀe sĐheŵes that had 
the loǁest peƌĐeŶtages. 

4.  Discussion

Alfaƌo et al. ;ϮϬϬϯͿ ŵeŶioŶed that sĐieŶiiĐ aŶd 
aĐadeŵiĐ ĐoŵŵuŶiies haǀe disĐussed ĐeƌtaiŶ 
pƌoďleŵs that aƌise duƌiŶg the deǀelopŵeŶt of 
the foƌuŵs aŶd hoǁ the ƌeseaƌĐh ƌesults ĐaŶ ďe 
ďeteƌ used to iŵpƌoǀe the foƌuŵs pƌoduĐts. OŶe 

of the pƌoďleŵs ideŶiied duƌiŶg the RCOFs is that 
ďeĐause theƌe is Ŷot a staŶdaƌdized ŵethodologǇ 
foƌ pƌoduĐiŶg the foƌeĐast, the ĐoŶtƌiďuioŶs 
fƌoŵ difeƌeŶt ĐouŶtƌies ĐaŶ ƌesult iŶ a disjoiŶted 
ƌegioŶal foƌeĐast that is soŵeiŵes phǇsiĐallǇ 
iŶĐoŶsisteŶt aĐƌoss poliiĐal ďoƌdeƌs. Moƌeoǀeƌ, it 
appeaƌs that the staisiĐs ďehiŶd the used tools 
aƌe Ŷot faŵiliaƌ to soŵe of the paƌiĐipaŶts, suĐh 
that the ŶaioŶal Đliŵate foƌeĐasts aƌe soŵeiŵes 
ďased oŶlǇ oŶ suďjeĐiǀe eǀaluaioŶs. This is 
suppoƌted iŶ soŵe ǁaǇ ďǇ the ƌesults pƌeseŶted 
iŶ iguƌes ϰ aŶd ϱ. 

NoiĐe that highest Pϳϱ sĐoƌe ǀalues ǁeƌe oďseƌǀed 
foƌ all the ĐoŵpaƌisoŶs ďetǁeeŶ CTP outputs ;e.g. 
aŶ oďjeĐiǀe toolͿ aŶd staioŶ oďseƌǀaioŶs. “oŵe 

  

Figuƌe ϵ. “paial distƌiďuioŶ of GeƌƌitǇ sĐoƌe ĐoŵpaƌiŶg CPT outputs aŶd ƌaiŶ gauge oďseƌǀaioŶs.
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of the ƌoots of the pƌoďleŵs ŵeŶioŶed aďoǀe 
haǀe ďeeŶ ideŶiied: iͿ the ƌesouƌĐes of soŵe 
iŶsituioŶs aƌe liŵited to the ƌouiŶe tasks aŶd 
oŶlǇ a sŵall poƌioŶ of theiƌ ďudget is alloĐated 
foƌ ƌeseaƌĐh aŶd ĐapaĐitǇ ďuildiŶg; aŶd iiͿ theƌe 
haǀe ďeeŶ ǀeƌǇ feǁ oppoƌtuŶiies foƌ tƌaiŶiŶg oŶ 
the ĐoŶĐepts ƌeƋuiƌed foƌ the RCOFs. 

To alleǀiate the last pƌoďleŵ ŵeŶioŶed iŶ the 
pƌeǀious paƌagƌaph, CRRH has ďeeŶ ǀeƌǇ aĐiǀe 
aďout tƌaiŶiŶg the RCOFs paƌiĐipaŶts. AĐĐoƌdiŶg to 
the iŶfoƌŵaioŶ giǀeŶ ďǇ this Coŵŵitee, ϮϮ tƌaiŶiŶg 
aĐiǀiies ǁeƌe ĐoŶduĐted to RCOFs paƌiĐipaŶts iŶ 
CeŶtƌal AŵeƌiĐa ;iguƌe ϭϬͿ, siŶĐe theǇ aƌe iŶ Đhaƌge 
of the RCOFs pƌoĐess, e.g. Ǉeaƌ ϮϬϬϬ. 

AĐiǀiies ǁeƌe ŵaiŶlǇ leĐtuƌes aŶd ǁoƌkshops iŶ 
tools aŶd staisiĐal ĐoŶĐepts useful foƌ Đliŵate 
seasoŶal foƌeĐast. The CeŶteƌ foƌ GeophǇsiĐal 
ReseaƌĐh ;CIGEFIͿ at the UŶiǀeƌsitǇ of Costa RiĐa 
had also Đollaďoƌated ǁith the ĐapaĐitǇ ďuildiŶg 
aĐiǀiies of CeŶtƌal AŵeƌiĐa RCOF ŵeŶioŶed 
aďoǀe, aŶd also distƌiďuiŶg its papeƌs pƌoduĐioŶ 
oŶ suďjeĐts of seasoŶal Đliŵate pƌediĐioŶ, Đliŵate 
ǀaƌiaďilitǇ, Đliŵate ĐhaŶge aŶd theŵes ƌelated to 
dƌiǀeƌs that ŵodulates Đliŵate iŶ CeŶtƌal AŵeƌiĐa 
;GaƌĐía-“oleƌa & Raŵíƌez, ϮϬϭϮͿ. 

Hoǁeǀeƌ, ŶoŶe of the ŵediaŶ ǀalue difeƌeŶĐes 
ďetǁeeŶ the ϭϵϵϴ-ϮϬϬϳ aŶd ϭϵϵϴ-ϮϬϭϯ ǁeƌe 
staisiĐallǇ sigŶiiĐaŶt ;iguƌes ϲ aŶd ϳͿ, iŶ spite 
that all the difeƌeŶĐes ǁeƌe posiiǀe, eǆĐept foƌ 
““ ǀalues iŶ iguƌe ϲĐ foƌ DJFM outlooks. It ŵeaŶs 
that kŶoǁledge has Ŷot had a Đuŵulaiǀe efeĐt 
iŶ the RCOF paƌiĐipaŶts thƌough the last Ǉeaƌs as 
iguƌe ϭϬ suggested. This Đould ďe eǆplaiŶed ďǇ 
addiŶg tǁo pƌoďleŵs to the oŶes ŵeŶioŶed at 
the ďegiŶŶiŶg of this seĐioŶ. 

The iƌst oŶe is ƌelated to the faĐt that the ƌesouƌĐes 
of soŵe iŶsituioŶs aƌe liŵited to the ƌouiŶe 
tasks, so theǇ ĐaŶŶot alloĐate eŶough iŵe foƌ 
ǁoƌkiŶg oƌ goiŶg deeplǇ iŶ the tools iŶ ǁhiĐh theǇ 
ǁeƌe tƌaiŶed. The seĐoŶd oŶe Đould ďe ƌelated 
ǁith the faĐt that RCOF paƌiĐipaŶts haǀe ĐhaŶged 

tƌough the iŵe, aŶd the tƌaŶsŵissioŶ of aĐƋuiƌed 
kŶoǁledge is Ŷot alǁaǇs guaƌaŶteed to the Ŷeǁeƌ 
RCOF paƌiĐipaŶts ďǇ the foƌŵeƌ oŶes. CoŶsĐious 
of this last pƌoďleŵ, CRRH has eŶĐouƌaged the 
saŵe people paƌiĐipaioŶ iŶ the RCOFs, ďut the 
poliĐies aďout this issue aƌe difeƌeŶt tƌough the 
paƌiĐipaŶts iŶsituioŶs. 

AĐĐoƌdiŶg to GaƌĐía-“oleƌa aŶd Raŵíƌez ;ϮϬϭϮͿ, 
oŶe iŵpoƌtaŶt futuƌe goal is to eŵpoǁeƌ RCOFs 
to use ŵoƌe oďjeĐiǀe tools ;ƌesults fƌoŵ iguƌes ϰ, 
ϱ, ϴ aŶd ϵ suppoƌt the idea aƌouŶd this goalͿ suĐh 
as ŵoƌe speĐiiĐ aŶd detailed ƌeĐoŵŵeŶdaioŶs 
that ǁould alloǁ it to iŵpƌoǀe the ƋualitǇ of the 
outlook sĐeŶaƌios iŶ the difeƌeŶt seĐtoƌs. AŶotheƌ 
goal is to stƌeŶgtheŶ the ƌelaioŶship ďetǁeeŶ 
stakeholdeƌs aŶd deĐisioŶ-ŵakeƌs so as to alloǁ 
CRRH to ŵoƌe efeĐiǀelǇ ideŶifǇ eŶd-useƌs 
ǀulŶeƌaďilitǇ to Đliŵate ǀaƌiaďilitǇ. TheǇ add that 
CRRH eŶǀisioŶs ĐƌeaiŶg a Ŷeǁ tool that ǁould 
alloǁ theŵ to ŵeasuƌe the  eĐoŶoŵiĐ ǀalue of the 
iŶfoƌŵaioŶ pƌoduĐed thƌough the COF, as ǁell as 
the ǀalue of the ŵeteoƌologiĐal seƌǀiĐes. It ǁould 
also ďe useful to ďe aďle to ŵeasuƌe the difeƌeŶĐe 
ďetǁeeŶ deĐisioŶs ŵade ǁith aŶd ǁithout the 
“easoŶal Cliŵate Outlooks, suĐh as hoǁ ŵaŶǇ 
people haǀe Ŷot ďeeŶ afeĐted due to that deĐisioŶ.  
If suĐh a tool Đould ďe deǀeloped, it Đould help 
iŶteƌest those ǁho ĐaŶ paǇ oƌ ĐoŶtƌiďute to the 
seƌǀiĐe. IŶ that seŶse, MoƌeŶo ;ϮϬϭϱͿ deǀeloped 
ƌeĐeŶtlǇ a tool to assess the eĐoŶoŵiĐ ǀalue of 

Figuƌe ϭϬ. Cuŵulaiǀe Ŷuŵďeƌ of tƌaiŶiŶg aĐiǀi-
ies foƌ the CeŶtƌal AŵeƌiĐaŶ RCOF paƌiĐipaŶts, 
JaŶuaƌǇ ϮϬϬϭ - JuŶe ϮϬϭϰ ;“ouƌĐe: CRRHͿ.
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the Đliŵate ǀaƌiaďilitǇ iŶfoƌŵaioŶ iŶ difeƌeŶt 
ƌegioŶal soĐioeĐoŶoŵiĐ seĐtoƌs.

This goal is iŵpoƌtaŶt, siŶĐe ƌesults fƌoŵ iguƌes ϰ 
aŶd ϱ, shoǁed that outlooks ďased oŶ aŶ AlǁaǇs 
Neutƌal foƌeĐast had the ǁoƌst ŵediaŶ ƌesults foƌ 
all Đases, so RCOFs ŵaps haǀe aŶ aggƌegate ǀalue 
to deĐisioŶ-ŵakeƌs. NoiĐe foƌ eǆaŵple that ϳϱ.ϲ% 
of the GeƌƌitǇ sĐoƌes iŶ iguƌe ϳd aƌe posiiǀe, 
ŵeaŶiŶg that theǇ aƌe skillful ŵost of the iŵes 
aŶd that ŵisses aƌe ŶoƌŵallǇ ďǇ oŶe ĐategoƌǇ. 

AddiioŶallǇ, all the ĐoŵpaƌisoŶs ďetǁeeŶ RCOFs 
ŵaps aŶd staioŶ oďseƌǀaioŶs had posiiǀe 
ŵediaŶ ǀalues iŶ iguƌes ϰ aŶd ϱ. 

AŶ iŵpoƌtaŶt aspeĐt iŶ the ƌegioŶ is the ĐƌeaioŶ of 
a RegioŶal Cliŵate “eƌǀiĐe. This is poiŶted out ďǇ 
GaƌĐia-“oleƌa aŶd Raŵiƌez ;ϮϬϭϮͿ as a ŵajoƌ goal 
Ŷot just foƌ CeŶtƌal AŵeƌiĐa ďut foƌ aŶ eǆteŶded 
ƌegioŶ that iŶĐludes MesoaŵeƌiĐa. 

It ŵeaŶs to iŶsituioŶalize the seƌǀiĐe, ǁheƌe 
theƌe ǁould ďe peƌsoŶŶel dediĐated oŶlǇ foƌ 
the ĐƌeaioŶ of Đliŵate pƌoduĐts iŶĐludiŶg the 
“easoŶal Cliŵate Outlooks aŶd theiƌ assoĐiated 
outputs. These outlooks Đould iŶĐlude pƌoduĐts 
ƌelated ǁith the oŶset aŶd the eŶd of the ƌaiŶǇ 
seasoŶ ;e.g. EŶield & Alfaƌo, ϭϵϵϵ; Fallas-Lopez 
& Alfaƌo, ϮϬϭϮaͿ, eǆtƌeŵe ǁet oƌ dƌǇ eǀeŶt 
oĐĐuƌƌeŶĐes aloŶg ǁith the oĐĐuƌƌeŶĐe of ƌaiŶǇ 
daǇs ;e.g. MaldoŶado et al., ϮϬϭϯͿ, the Mid-
“uŵŵeƌ Dƌought ďegiŶŶiŶg aŶd iŶteŶsitǇ ;e.g. 
MaldoŶado et al., ϮϬϭϲ; Fallas-Lopez & Alfaƌo, 
ϮϬϭϮaͿ oƌ ŵeaŶ, ŵaǆiŵuŵ aŶd ŵiŶiŵuŵ 
teŵpeƌatuƌes ;Alfaƌo, ϮϬϬϳď; Fallas-Lopez aŶd 
Alfaƌo ϮϬϭϰͿ aŵoŶg otheƌs.

“paial distƌiďuioŶs of sĐoƌes pƌeseŶted iŶ iguƌes 
ϴ aŶd ϵ shoǁed that iŶ geŶeƌal ŵost of the ƌegioŶ 
haǀe skillful loďes, ďut espeĐiallǇ duƌiŶg the 
A“O seasoŶ aŶd oŶ the PaĐiiĐ slope of CeŶtƌal 
AŵeƌiĐa. RegioŶs ǁith Ŷegaiǀe skill sĐoƌe ǀalues 
ŵaǇ ƌepƌeseŶt aƌeas iŶ ǁhiĐh Đliŵate dƌiǀeƌs 
ŵodulaiŶg pƌeĐipitaioŶ aƌe Ŷot ǁell uŶdeƌstood. 
NoiĐe that duƌiŶg the ĐoŶseŶsus pƌoĐess foƌ the 

RCOF ŵaps, ““T aŶoŵalies of suƌƌouŶdiŶg oĐeaŶs 
aƌe poŶdeƌed. The iŶĐlusioŶ of otheƌ pƌediĐtoƌ 
ields oƌ tools as iŶ Muñoz, Díaz-LoďatóŶ, Chouƌio 
aŶd “toĐk ;ϮϬϭϲͿ, Đould iŵpƌoǀe the pƌediĐtaďilitǇ 
iŶ those ƌegioŶs, aloŶg ǁith a ďeteƌ uŶdeƌstaŶdiŶg 
of Đliŵate aŶŶual ĐǇĐle ǀaƌiaďilitǇ, espeĐiallǇ at 
the CeŶtƌal AŵeƌiĐaŶ CaƌiďďeaŶ slope ;“aeŶz & 
Aŵadoƌ, ϮϬϭϲͿ. NoiĐed also that this slope shoǁs 
the sŵallest deŶsitǇ of staioŶs foƌ logisiĐ ƌeasoŶs, 
so iŵpƌoǀiŶg the Ŷuŵďeƌ of staioŶs theƌe Đould 
ĐoŶtƌiďute also to iŵpƌoǀe the kŶoǁledge of 
Đliŵate ǀaƌiaďilitǇ aŶd pƌediĐioŶ oǀeƌ those loǁ 
skillful ƌegioŶs. IŶ spite that TRMM aŶd CHIRP“ 
gƌid data sets ĐaŶ giǀe full spaial Đoǀeƌage, ƌaiŶfall 
gauge staioŶ oďseƌǀaioŶs aƌe sill ŶeĐessaƌǇ foƌ 
the ǀalidaioŶ of those datasets. 

5.  Conclusions

AĐĐoƌdiŶg to GaƌĐia-“oleƌa aŶd Raŵiƌez ;ϮϬϭϮͿ, 
the CeŶtƌal AŵeƌiĐaŶ RCOFs is aŶ iŶsituioŶalized 
goǀeƌŶŵeŶtal pƌoĐess, aĐtuallǇ folloǁiŶg the 
Woƌld MeteoƌologiĐal OƌgaŶizaioŶ´s Gloďal 
Fƌaŵeǁoƌk of Cliŵate “eƌǀiĐes.

TheǇ ĐoŶĐluded that all CeŶtƌal AŵeƌiĐaŶ 
ĐouŶtƌies ďeŶeit fƌoŵ the “easoŶal RCOF, ǁhiĐh 
is issued thƌee iŵes a Ǉeaƌ, aŶd all ĐouŶtƌies ĐaŶ 
easilǇ aĐĐesses it. It is ƌegioŶallǇ aŶd ŶaioŶallǇ 
foĐused. OpeƌaioŶal Đliŵate seƌǀiĐes aƌe at the 
Đoƌe of this RCOF pƌoĐess.

The “easoŶal Cliŵate Outlook is aŶ iŶteƌŶaioŶal 
puďliĐ good pƌoǀided ďǇ the RCOF. Both pƌiǀate 
seĐtoƌs aŶd CeŶtƌal AŵeƌiĐaŶ goǀeƌŶŵeŶts use it 
foƌ deĐisioŶ-ŵakiŶg. The “easoŶal Cliŵate Outlook 
does pƌoŵote fƌee aŶd opeŶ eǆĐhaŶge of Đliŵate-
ƌeleǀaŶt oďseƌǀaioŶal data ǁhile ƌespeĐiŶg 
ŶaioŶal aŶd iŶteƌŶaioŶal data poliĐies. TheǇ do 
faĐilitate aŶd stƌeŶgtheŶ ƌatheƌ thaŶ dupliĐaiŶg 
iŶfoƌŵaioŶ aŶd RCOF ǁas ďuilt thƌough useƌ–
pƌoǀideƌ paƌtŶeƌships that iŶĐlude all stakeholdeƌs. 

Ouƌ ƌesults shoǁed that RCOFs ŵaps haǀe aŶ 
aggƌegate ǀalue to deĐisioŶ-ŵakeƌs, ďeĐause 
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theǇ haǀe skillful iŶfoƌŵaioŶ ŵost of the iŵes. 
AddiioŶallǇ, outlooks ďased oŶ aŶ AlǁaǇs Neutƌal 
foƌeĐast had the ǁoƌse ŵediaŶ skill ƌesults foƌ 
all Đases, this iŶfoƌŵaioŶ is useful foƌ deĐisioŶ-
ŵakeƌs, ŵeaŶiŶg that deĐisioŶs takeŶ ǁithout 
ĐoŶsideƌiŶg Đliŵate outlook iŶfoƌŵaioŶ is ǁoƌse 
thaŶ those takeŶ iŶ aĐĐouŶt the RCOF ŵaps ŵost 
of the iŵes. 

The iŶĐlusioŶ of oďjeĐiǀe tools aŶd giǀeŶ theŵ 
a ŵoƌe speĐiiĐ ǁeight iŶ the ĐoŶseŶsus ŵap 
pƌoduĐioŶ, Đould iŶĐƌease the RCOFs skill. Foƌ 
eǆaŵple, iŶ ouƌ studǇ highest skill sĐoƌe ǀalues 
ǁeƌe oďseƌǀed foƌ all the ĐoŵpaƌisoŶs ďetǁeeŶ 
outlooks ďased oŶ puƌe CTP outputs aŶd staioŶ 
oďseƌǀaioŶs. RCOF paƌiĐipaŶts aƌe alƌeadǇ faŵiliaƌ 
aŶd tƌaiŶed ǁith these kiŶd of tools, e.g. CPT oƌ 
ĐoŶiŶgeŶĐǇ taďles, aŶd soŵe ĐouŶtƌies alƌeadǇ 
pƌeseŶt theiƌ seasoŶal outlooks ďased oŶ theŵ. 

AŶotheƌ aspeĐt is that ƌegioŶs haǀiŶg the loǁest 
deŶsitǇ of staioŶs shoǁed also loǁeƌ skill sĐoƌe 
ǀalues. Theƌefoƌe, iŵpƌoǀiŶg the Ŷuŵďeƌ of 
ƌaiŶfall staioŶs iŶ those ƌegioŶs, iŶĐludiŶg the 
ŵaiŶteŶaŶĐe of aĐtual Ŷetǁoƌk, ǁould iŶĐƌease 
the kŶoǁledge of Đliŵate ǀaƌiaďilitǇ aŶd the dƌiǀes 
that ŵodulated pƌeĐipitaioŶ theƌe, those aspeĐts 
Đould ƌesult iŶ ďeteƌ pƌediĐtaďilitǇ sĐheŵes oǀeƌ 
aŶ eǆteŶded aƌea of CeŶtƌal AŵeƌiĐa helpiŶg 
deĐisioŶ ŵakiŶg pƌoĐesses.

6.  Acknowledgments

The authoƌs ǁould like to ƌeĐogŶize the paƌial 
suppoƌt of the folloǁiŶg UŶiǀeƌsitǇ of Costa RiĐa 
pƌojeĐts duƌiŶg this ƌeseaƌĐh: V.I. ϴϬϱ-Bϲ-ϭϰϯ 
;UCR, CONICIT-MICITTͿ, ϴϬϱ-Bϰ-ϮϮϳ, ϴϬϱ-Bϯ-
ϲϬϬ, ϴϬϱ-BϬ-Ϭϲϱ aŶd ϴϬϱ-Aϵ-ϱϯϮ. Also to Luis F. 
Alǀaƌado, IMN, Costa RiĐa aŶd PatƌiĐia Raŵiƌez, 
CRRH-“ICA, foƌ theiƌ ĐoŵŵeŶts aŶd help ǁith 
the ŵaŶusĐƌipt. To the CeŶtƌal AŵeƌiĐaŶ NaioŶal 
Weatheƌ aŶd HǇdƌologǇ “eƌǀiĐes that pƌoǀided 
the ƌaiŶfall data used iŶ this ǁoƌk.

7.  References

Alfaƌo, E. ;ϮϬϬϳaͿ. Uso del aŶálisis de ĐoƌƌelaĐióŶ 
ĐaŶóŶiĐa paƌa la pƌediĐĐióŶ de la pƌeĐipitaĐióŶ 
pluǀial eŶ CeŶtƌoaŵéƌiĐa. Reǀista IŶgeŶieƌía 
Ǉ Coŵpeiiǀidad, ϵ;ϮͿ, ϯϯ-ϰϴ.

Alfaƌo, E. ;ϮϬϬϳďͿ. PƌediĐĐióŶ CliŵáiĐa de 
la Teŵpeƌatuƌa “upeƌiĐial del Aiƌe eŶ 
CeŶtƌoaŵéƌiĐa. AŵďieŶiĐo, ϭϲϱ, ϲ-ϭϬ.

Alfaƌo, E. & “oleǇ, J. ;ϮϬϬϵͿ. DesĐƌipĐióŶ de dos 
ŵétodos de ƌelleŶado de datos auseŶtes eŶ 
seƌies de ieŵpo ŵeteoƌológiĐas. Reǀista 
de MateŵáiĐas: Teoƌía Ǉ ApliĐaĐioŶes, 
ϭϲ;ϭͿ, ϱϵ-ϳϰ.

Alfaƌo, E.; “oleǇ, J. & EŶield, D. ;ϮϬϬϯͿ. Uso de uŶa 
Taďla de CoŶiŶgeŶĐia paƌa ApliĐaĐioŶes 
CliŵáiĐas ;Use of a CoŶiŶgeŶĐǇ Taďle foƌ 
CliŵaiĐ AppliĐaioŶsͿ. GuaǇaƋuil, EĐuadoƌ: 
E“POL/ FUNDE“POL.

DoŶoso, M. & Raŵíƌez, P. ;ϮϬϬϭͿ. LaiŶ AŵeƌiĐa 
aŶd the CaƌiďďeaŶ. Repoƌt oŶ the Cliŵate 
Outlook Foƌuŵs foƌ MesoaŵeƌiĐa. IŶ: CopiŶg 
ǁith the Đliŵate: A step Foƌǁaƌd, Woƌkshop 
Repoƌt. A ŵuli-stakeholdeƌ ƌeǀieǁ of 
RegioŶal Cliŵate Outlook Foƌuŵs, Pƌetoƌia, 
“outh AfƌiĐa ;pp. ϭϲ-ϮϬͿ.

EŶield, D.B. & Alfaƌo, E. ;ϭϵϵϵͿ. The depeŶdeŶĐe 
of CaƌiďďeaŶ ƌaiŶfall oŶ the iŶteƌaĐioŶ of 
the tƌopiĐal AtlaŶiĐ aŶd PaĐiiĐ OĐeaŶs. 
JouƌŶal of Cliŵate, ϭϮ;ϳͿ, ϮϬϵϯ-ϮϭϬϯ. 
doi: htp://dǆ.doi.oƌg/ϭϬ.ϭϭϳϱ/ϭϱϮϬ-
ϬϰϰϮ;ϭϵϵϵͿϬϭϮ<ϮϬϵϯ:TDOCRO>Ϯ.Ϭ.CO;Ϯ

EŶield, D.B.; Mestas-NuŶez, A.M. & Tƌiŵďle, P.J. 
;ϮϬϬϭͿ. The AtlaŶiĐ MulideĐadal OsĐillaioŶ 
aŶd its ƌelaioŶship to ƌaiŶfall aŶd ƌiǀeƌ 
loǁs iŶ the ĐoŶiŶeŶtal U.“. GeophǇsiĐal 
ReseaƌĐh Leteƌs, Ϯϴ;ϭϬͿ, ϮϬϳϳ-ϮϬϴϬ. doi: 
ϭϬ.ϭϬϮϵ/ϮϬϬϬGLϬϭϮϳϰϱ

Fallas-López, B. & Alfaƌo, E. ;ϮϬϭϮaͿ. Uso de 
heƌƌaŵieŶtas estadísiĐas paƌa la pƌediĐĐióŶ 
estaĐioŶal del Đaŵpo de pƌeĐipitaĐióŶ eŶ 
AŵéƌiĐa CeŶtƌal Đoŵo apoǇo a los Foƌos 
CliŵáiĐos RegioŶales. ϭ: AŶálisis de taďlas 
de ĐoŶiŶgeŶĐia. Reǀista de Cliŵatología, 
ϭϮ, ϲϭ-ϳϵ.



52
Assessment of Central America Regional Climate Outlook Forum maps, 1998-2013

Fallas-López, B. & Alfaƌo, E. ;ϮϬϭϮďͿ. Uso de 
heƌƌaŵieŶtas estadísiĐas paƌa la pƌediĐĐióŶ 
estaĐioŶal del Đaŵpo de pƌeĐipitaĐióŶ 
eŶ AŵéƌiĐa CeŶtƌal Đoŵo apoǇo a los 
Foƌos CliŵáiĐos RegioŶales Ϯ: AŶálisis 
de CoƌƌelaĐióŶ CaŶóŶiĐa. Reǀista de 
Cliŵatología, ϭϮ, ϵϯ-ϭϬϱ.

Fallas-López, B. & Alfaƌo, E. ;ϮϬϭϰͿ. PƌediĐĐióŶ 
estaĐioŶal de las teŵpeƌatuƌas ŵáǆiŵas 
Ǉ ŵíŶiŵas eŶ AŵéƌiĐa CeŶtƌal. TópiĐos 
MeteoƌológiĐos Ǉ OĐeaŶogƌáiĐos, ϭϯ;ϭͿ, 
ϱ-Ϯϲ.

FuŶk, C.; PeteƌsoŶ, P.; LaŶdsfeld, M.; Pedƌeƌos, D.; 
VeƌdiŶ, J.; “hukla, “. & MiĐhaelseŶ, J. ;ϮϬϭϱͿ. 
The Đliŵate hazaƌds iŶfƌaƌed pƌeĐipitaioŶ 
ǁith staioŶs—a Ŷeǁ eŶǀiƌoŶŵeŶtal ƌeĐoƌd 
foƌ ŵoŶitoƌiŶg eǆtƌeŵes. SĐieŶiiĐ Data, Ϯ. 

doi:ϭϬ.ϭϬϯϴ/sdata.ϮϬϭϱ.ϲϲ

GaƌĐía-“oleƌa, I. & Raŵíƌez, P. ;ϮϬϭϮͿ. CeŶtƌal 
AŵeƌiĐaŶ SeasoŶal Cliŵate Outlook Foƌuŵ. 
The Cliŵate “eƌǀiĐes PaƌtŶeƌship, ϴ pp. 
http://ǁǁǁ.Đliŵate-seƌǀiĐes.oƌg/Đase-
studies/ĐeŶtƌal-aŵeƌiĐaŶ-Đliŵate-outlook-
foƌuŵ/ ;ǀisited Ϭϲ/Ϭϵ/ϮϬϭϲͿ.

HufŵaŶ, G. J.; Adleƌ, R. F.; BolǀiŶ, D. T.; Gu, G.; NelkiŶ, 
E. J.; BoǁŵaŶ, K. P. & Wolf, D. B. ;ϮϬϬϳͿ. The 
TRMM Muli-satellite pƌeĐipitaioŶ aŶalǇsis: 
Quasi-Gloďal, Muli-Yeaƌ, ĐoŵďiŶed-seŶsoƌ 
pƌeĐipitaioŶ esiŵates at iŶe sĐale. Journal 

of HǇdƌoŵeteoƌologǇ, ϴ, ϯϴ-ϱϱ.

IRI, ;ϮϬϬϭͿ. LaiŶ AŵeƌiĐa RegioŶal Repoƌt. IŶ: 
CopiŶg ǁith the Đliŵate: A step Foƌǁaƌd 
Woƌkshop Repoƌt. A ŵuli-stakeholdeƌ 
ƌeǀieǁ of RegioŶal Cliŵate Outlook Foƌuŵs, 
Pƌetoƌia, “outh AfƌiĐa, ;pp. ϭϯϲ-ϭϯϴͿ.

MaldoŶado, T.; Alfaƌo, E.; Fallas B. & Alǀaƌado, 
L. ;ϮϬϭϯͿ. “easoŶal pƌediĐioŶ of eǆtƌeŵe 
pƌeĐipitaioŶ eǀeŶts aŶd fƌeƋueŶĐǇ of ƌaiŶǇ 
daǇs oǀeƌ Costa RiĐa, CeŶtƌal AŵeƌiĐa, usiŶg 
CaŶoŶiĐal CoƌƌelaioŶ AŶalǇsis. AdǀaŶĐes iŶ 
GeosĐieŶĐes, ϯϯ;ϯϯͿ, ϰϭ-ϱϮ.

MaldoŶado, T.; RutgeƌssoŶ, A.; Alfaƌo, E.; Aŵadoƌ, J. 
& Claƌeŵaƌ, B. ;ϮϬϭϲͿ. IŶteƌaŶŶual ǀaƌiaďilitǇ 
of the ŵidsuŵŵeƌ dƌought iŶ CeŶtƌal 
AŵeƌiĐa aŶd the ĐoŶŶeĐioŶ ǁith sea suƌfaĐe 
teŵpeƌatuƌes. AdǀaŶĐes iŶ GeosĐieŶĐes, ϰϮ, 
ϯϱ-ϱϬ. doi:ϭϬ.ϱϭϵϰ/adgeo-ϰϮ-ϯϱ-ϮϬϭϲ.

MaŶtua, N.J.; Haƌe, “.R.; )haŶg, Y.; WallaĐe, J.M. 
& FƌaŶĐis, R.C ;ϭϵϵϳͿ. A PaĐiiĐ deĐadal 
Đliŵate osĐillaioŶ ǁith iŵpaĐts oŶ salŵoŶ 
pƌoduĐioŶ. BulleiŶ of the AŵeƌiĐaŶ 
MeteoƌologiĐal SoĐietǇ, ϳϴ;ϲͿ, ϭϬϲϵ-ϭϬϳϵ.

MasoŶ, “.J. & “tepheŶsoŶ, D. ;ϮϬϬϴͿ. Hoǁ do ǁe 
kŶoǁ ǁhetheƌ seasoŶal Đliŵate foƌeĐasts 
aƌe aŶǇ good? IŶ: TƌoĐĐoli, A., HaƌƌisoŶ, M., 
AŶdeƌsoŶ, D.L.T., MasoŶ, “.J. ;Eds.Ϳ, SeasoŶal 
Cliŵate: FoƌeĐasiŶg aŶd MaŶagiŶg Risk. 

;pp. Ϯϱϵ–ϮϴϵͿ. “pƌiŶgeƌ NetheƌlaŶds.

MasoŶ, “. J. & Tippet, M. K. ;ϮϬϭϲͿ. Cliŵate 
PƌediĐtaďilitǇ. Tool ǀeƌsioŶ ϭϱ.ϯ, Coluŵďia 
UŶiǀeƌsitǇ AĐadeŵiĐ CoŵŵoŶs. htp://
dǆ.doi.oƌg/ϭϬ.ϳϵϭϲ/DϴN“ϬTQϲ

MoƌeŶo, M. ;ϮϬϭϱͿ. ValoƌaĐióŶ del iŵpaĐto 
soĐioeĐoŶóŵiĐo de la ǀaƌiaďilidad ĐliŵáiĐa 
eŶ pesĐa Ǉ tuƌisŵo. Reǀista de CieŶĐias 
SoĐiales, ϭϰϳ, ϳϯ-ϴϯ.

Muñoz, A.G.; Díaz-LoďatóŶ, J.; Chouƌio, X. & “toĐk, 
M.J. ;ϮϬϭϲͿ. “easoŶal pƌediĐioŶ of lightŶiŶg 
aĐiǀitǇ iŶ NoƌthWesteƌŶ VeŶezuela: Laƌge-
sĐale ǀeƌsus loĐal dƌiǀeƌs. AtŵospheƌiĐ 
ReseaƌĐh, ϭϳϮ–ϭϳϯ, ϭϰϳ–ϭϲϮ.

“áez, F. &  Aŵadoƌ, J. ;ϮϬϭϲͿ. CaƌaĐteƌísiĐas del 
ĐiĐlo diuƌŶo de pƌeĐipitaĐióŶ eŶ el Caƌiďe 
de Costa RiĐa. Reǀista de Cliŵatología, ϭϲ: 
Ϯϭ-ϯϰ.

“ŵith, T.; ReǇŶolds, R.; PeteƌsoŶ, T. C. & Laǁƌiŵoƌe, 
J. ;ϮϬϬϴͿ. IŵpƌoǀeŵeŶts to NOAA’s HistoƌiĐal 
Meƌged LaŶd–OĐeaŶ “uƌfaĐe Teŵpeƌatuƌe 
AŶalǇsis ;ϭϴϴϬ–ϮϬϬϲͿ. JouƌŶal of. Cliŵate, 
Ϯϭ;ϭϬͿ, ϮϮϴϯ – ϮϮϵϲ.

TaǇloƌ, M. & Alfaƌo, E. ;ϮϬϬϱͿ. Cliŵate of CeŶtƌal 
AŵeƌiĐa aŶd the CaƌiďďeaŶ. IŶ: EŶĐǇĐlopedia 
of Woƌld CliŵatologǇ ;pp ϭϴϯ-ϭϴϵͿ, “pƌiŶgeƌ, 
NetheƌlaŶds.

Wilks, D.“. ;ϮϬϭϭͿ. StaisiĐal Methods iŶ the 
AtŵospheƌiĐ SĐieŶĐes ;ǀol. ϭϬϬͿ. AĐadeŵiĐ 
Pƌess.

Wolteƌ, K. & TiŵliŶ, M.“. ;ϮϬϭϭͿ. El Niño/“outheƌŶ 
OsĐillaioŶ ďehaǀiouƌ siŶĐe ϭϴϳϭ as 
diagŶosed iŶ aŶ eǆteŶded ŵuliǀaƌiate EN“O 
iŶdeǆ ;MEI.eǆtͿ. IŶteƌŶaioŶal JouƌŶal of 
CliŵatologǇ, ϯϭ;ϳͿ, ϭϬϳϰ-ϭϬϴϳ. doi:ϭϬ.ϭϬϬϮ/
joĐ.Ϯϯϯϲ



View publication statsView publication stats

https://www.researchgate.net/publication/311597218

	Assessment of Central America Regional Climate Outlook Forum maps, 1998-2013
	Eric J. Alfaro,,, Hugo G. Hidalgo1,2, 
Natalie P. Mora1, Paula M. Pérez, Berny Fallas


