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Characteristics	of	Central	
American	climate	
Climate	regimes	



Two well defined precipitation regimes: Pacific and 
Caribbean slopes 

Magaña	et	al.	(1999)	

MSD:	Mid-summer	Drought	



Temperature climatologies 

Sievert	(2016)	



Some	delimitations	of	the	Central	America	Dry	Corridor	
(CADC)	
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Central	American	Atlas*	(2011)																FAO	(2012)																																																					Ramírez	(2007)																			

Geospatial	data:	Paula	Marcela	Pérez	Briceño	
*	Atlas	Centroamericano	para	la	
Gestión	del	Territorio	(2011)	



A	(non-exhaustive)	list	of	
climate-controlling	processes	in	
the	Central	American	region	
ITCZ,	ENSO,	Caribbean	Low	Level	Jet	and	NASH	



The	Inter-tropical	Convergence	Zone	(ITCZ)	

DJF	
	
	
	
	
	
																																																																										
JJA	

Quirós	and	Hidalgo	
(2016)	



El	Niño-Southern	Oscillation	
(ENSO)	

Guevara-Morua	et	al.	(2018)	

El	Niño	conditions	
Jan-Mar	1998	

La	Niña	conditions	
Jan-Mar	1989	

Sea	Surface	Temperature	(oC)	



The	Caribbean	Low	Level	Jet	(CLLJ)	
Amador	(1998	Tópicos	Met.	y	Ocean.;	2008	Ann.	N.Y.	Acad.	Sci.)	

Amador	(2008)	
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The	North	Atlantic	Subtropical	High	(NASH)	

Wang	(2007)	



(Hydro)climate	variability	
Precipitation,	temperature	and	drought	trends	



Flooding associated with ENSO 

Waylen	and	Laporte	(1999)	



Trends	in	annual	averages/totals	(1970-1999)	
Hidalgo	et	al.	(2017)	

	PRECIPITATION																																										TEMPERATURE																																										PALMER	HYD.	DROUGHT	INDEX	



Modelled runoff historical changes in Northern and 
Southern Central America (1948-2012) 

Hidalgo	et	al.	(2013)	



Liberia,	Guanacaste,	northwestern	Costa	Rica	(1976-2015)	
Hidalgo	et	al.	(2016,	Ojo	al	Clima)	

	



Standardized	Precipitation	Index	in	the	CADC	from	1970	to	2010	
Hidalgo	et	al.	(submitted,	Climate	Dynamics).	



Time-series	of	several	climatic	indexes	in	the	CADC	
Hidalgo	et	al.	(submitted	Climate	Dynamics).	
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(Hydro)climate	change	
Projections	



Changes in streamflow (%) during 
climate change scenarios 
 
16 climate models each using two emissions scenarios 
(lower B1 and mid-high A2) and two horizons: during 
the middle (2040–2069) and end (2070–2099) of the 
21st century.  
 
BCSD downscaling 
 
A land surface model was applied to investigate 
hydrologic impacts to two major hydropower 
reservoirs.  
 
By 2070–2099 the median warming relative to 1961–
1990 was 1.9oC and 3.4oC under B1 and A2 
emissions, respectively.  
 
For the same periods, the models project median 
precipitation decreases of 5.0% (B1) and 10.4% (A2). 
Median changes by 2070–2099 in reservoir inflow 
were 13% (B1) and 24% (A2)  
Frequency of low flow years increases, implying 
decreases in firm hydropower 
capacity of 33% to 53% by 2070–2099. 
 
 

Maurer	et	al.	(1999)	



Changes in runoff (%) at 
the end of the century 
 
Mapped Atmosphere Plant Soil System 
(MAPSS) 
 
136 runs generated with 23 general 
circulation models 
(GCMs) 
 
Downscaling: delta method 
 
LAI is likely to decrease over 77%–89% of 
the region, depending on climate scenario 
groups,showing that potential vegetation 
will likely shift from humid to dry types.  
 
Runoff will decrease across the region 
even in areas where precipitation 
increases (even under increased water 
use efficiency), as temperature change will 
increase evapotranspiration. 
 
 Imbach	et	al.	(2012)	



Changes in runoff (%) at 
the end of the century 
 
Runoff climate change projections for the 
21st century were calculated from a suite 
of 30 General Circulation 
Model (GCM) simulations for the A1B 
emission scenario in a 0.5o x 0.5o grid over 
Central America. 
 
Variable Infiltration Capacity Model. 
 
BCSD downscaling 
 
 
 
 

Hidalgo	et	al.	(2013)	



Difference	between	future	scenario	(2029-2049)	minus	
historical	scenario	(1979-1999)	in	annual	precipitation	

a)	Pdiff	(rcp4.5)																																		b)	Pdiff	(rcp8.5)	

mm	

Hidalgo	et	al.	(2017)	

14	GCM	selection:	
Hidalgo	and	Alfaro	(2015)	
BCSD	downscaling	



Difference	between	future	scenario	(2029-2049)	minus	
historical	scenario	(1979-1999)	in	annual	temperature	

a)	Tdiff	(rcp4.5)																																				b)	Tdiff	(rcp8.5)	

oC	

Hidalgo	et	al.	(2017)	

14	GCM	selection:	
Hidalgo	and	Alfaro	(2015)	
BCSD	downscaling	



Changes in Precipitation, 
Temperature and MSD 
strength for 2021-2050 
 
Eta- model (8-km), HadGEM2-ES GCM 
RCP4.5 scenario 
 
Precipitation is generally reduced, in particular 
during the JJA and SON, the rainy season.  
 
Warming is expected over the region, but 
stronger in the northern portion of the continent.  
 
The Mid-Summer Drought may develop in 
regions that do not occur during the baseline 
period, and where it occurs the strength may 
increase in the 
future scenario.  
 
The Caribbean Low-Level Jet shows little 
change in the future. 
 
 
 
 
 
 

Imbach	et	al.	(2018)	



Changes in MSD 
characteristics at the end 
of the century 
 
BCSD downscaling. 
 
15 GCMS. RCP4.5 and RCP8.5 
 
The most significant changes are for the 
duration, which is projected to increase by an 
average of over a week, and the MSD minimum 
precipitation, which is projected to decrease 
by an average of over 26%, 
 
 
 
 
 
 
 
 
 
 
 

Maurer	et	al.	(2018)	



Validation of Localized 
Constructed Analogs 
(LOCA) downscaling 

a)	Nash-Sutcliffe	coefficient	daily	Roff						b)	KS-test	Roff	annual	accumulations		

c)	Mann-Whitney	U	test	Roff	annual															d)	Siegel-Tukey	test	Roff	annual	

Elevation	(m.a.s.l.)	

Nash-Sutcliffe	coefficient	

Figure 4. (a) Nash-Sutcliffe coefficient for 
daily runoff (Roff) by running the 
hydrological model VIC using as input 
the LOCA downscaling approach versus 
observed data. (b,c,d) Results of 
statistical tests of the median P annual. 
For b,c,d a filled black circle means that 
the test implies that the distributions, 
medians or the variability is equal at the 
p=0.05 level.  

Hidalgo	et	al.	(in	preparation)	





What	controls	severe	and	
sustained	droughts	in	the	Central	
America	Dry	Corridor?	
Relationships	between	precipitation,	and	CLLJ/ENSO	



Relationship	between	the	Caribbean	Low	Level	Jet	(CLLJ),	ENSO	and	
Precipitation	in	the	CADC	
Hidalgo	et	al.	(in	preparation)	
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Many	studies	(Magaña	et	al.	1999;	
Wang	2007;	Muñoz	et	al.	2008;	
Whyte	et	al.	2008;	Cook	and	Vizy	
2010;	Hidalgo	et	al.	2015;	2016;	
Durán-Quesada	et	al.	2016)	have	
found	significant	correlations	
during	boreal	summer	months	
between	the	strength	of	the	
Caribbean	Low	Level	Jet	or	CLLJ		
(Amador	1998;	2008)	and	
precipitation	in	the	Pacific	slope	of	
Central	America	(including	the	
CADC).			



Filtered	(low-pass)	versions	of	time-series	
Hidalgo	et	al.	(in	preparation).	
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Figure	11.	Standardized	low-pass	
filtered	data	of	time-series	used	
in	this	study.	The	strongest	
correlations	and	their	lags	are	
included.	Significant	correlations	
are	depicted	with	*	(90%	
confidence),	**	(95%	
confidence)	and	***	(99%	
confidence).	Significance	was	
established	using	Monte	Carlo	
simulations	of	10,000	
realizations.	
	


