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Abstract

Dengue virus (DENV) is an endemic disease in the hot and humid low-lands of Colombia. We characterize diverse temporal

and spatial patterns of monthly series of dengue incidence in diverse regions of Colombia during the period 2007-2017 at

different spatial scales, and their association with indices of El Niño/Southern Oscillation (ENSO) and local climatic variables.

For estimation purposes, we use linear analysis tools including lagged cross-correlations (Pearson test), cross wavelet analysis

(wavelet cross spectrum, and wavelet coherence), as well as a novel nonlinear causality method, PCMCI, that allows identifying

common causal drivers and links among high dimensional simultaneous and time-lagged variables. Our results evidence the

strong association of DENV cases in Colombia with ENSO indices and with local temperature and rainfall data. El Niño (La

Niña) phenomenon is related to the intensification (weakening) of dengue cases at the national level and in most regions and

departments, with maximum correlations occurring at shorter time lags in the Pacific region, closer to the Pacific Ocean. This

association is mainly explained by the ENSO-driven increase in temperature and decrease in rainfall, especially in the Andes

and Pacific regions. The influence of ENSO is not stationary (there is a reduction of DENV cases since 2005) and local climate

variables vary in space and time, and thus it is not easy to extrapolate results from one site to another. The association between

DENV and ENSO varies at national and regional scales when data are disaggregated by seasons, being stronger in DJF and

weaker in SON. Specific regions (Pacific and Andes) control the overall relationship between dengue dynamics and ENSO

at national scale, and the departments of Antioquia and Valle del Cauca determine those of the Andes and Pacific regions,

respectively. Cross wavelet analysis indicates that the ENSO-DENV relation in Colombia exhibits a strong coherence in the

12 to16-months frequency band, which denotes the frequency locking between the annual cycle and the interannual (ENSO)

timescales. Results of nonlinear causality metrics reveal the complex concomitant effects of ENSO and local climate variables

(Fig. 1), offering new insights to develop early warning systems for DENV in Colombia.

1



��������� ���	
	����������������

��������������������������
�������������������������������� !�"#$
%&
#$
'�
'%
&(
�)
((
*�
�+
�*
�*
��
��
#�
�*,�-������"����,���. ����

/�����	�	'�	0�1
�������	2���������	��-	�����������	��	������	��	#��3��	��	-��������������������	������
'������4�	5�167	����8�	�9�-������������	-�	����������	:	5�-�	��3�����7	���9����-�-	0������	-�	#��3��;<=>=?@=A	B@C



��������� ���	
	����������������

��������������������������
�������������������������������� !�"#$
%&
#$
'�
'%
&(
�)
((
*�
�+
�*
�*
��
��
#�
�*,�-������"����,���. ����

/01234561/30789:;8	<=>;?	@7ABCD	=?	EF8	G>HI<=>GJ	K=?8G?8	L>I<IM=9:	NI>8	F;NG9	NI>H=K=EO	G9K	NI>EGJ=EOP	G9K	=E?	=9Q=K89Q8	FG?	?FIR9	G98<=K89E	=9Q>8G?8	=9	EF8	JG?E	K8QGK8?P	RF=QF	FG?	H889	G??IQ=GE8K	R=EF	LIL;JGE=I9	:>IREFP	;>HG9=SGE=I9P	G9K	QJ=NGE8	QFG9:8P8TE89K=9:	EF8	:8I:>GLF=QGJ	>G9:8	RF8>8	=E	=?	<=GHJ8UVF=?	LGL8>	8<GJ;GE8?	EF8	?LGE=IE8NLI>GJ	KO9GN=Q?	IW	K89:;8	=9Q=K89Q8	G9K	=E?	>8JGE=I9?F=L	R=EF	QJ=NGE=Q	<G>=GHJ8?	G9K	ABXY	=9ZIJINH=GU	[\]	̂_̀abc̀a\d	ef]e\_̂_g	ĥ	f_̂	iad̂c]	cdcij_a_	̀\\i_	adkifladm	icmm̂l	k]\__nk\]]̂ic̀a\d_g	cdl	hcôî̀	cdcij_a_gcdl	laô]_̂	̀ab̂ nl̂icĵl	d\diad̂c]	kcf_ci	la_k\ô]j	b̂ ]̀ak_	pqrsrtupvea]̀̂_	pwxxwgyzzzuu{
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