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Dengue is a viral mosquito-borne infection transmitted primarily by the Aedes mosquitoes. It is one 

of the several emerging tropical diseases which progressively spread geographically to virtually 

all tropical countries like the Philippines. Recent climate changes related to global warming have 

increased the potential risk of dengue outbreaks in the world. In this paper, we study and investigate 

temperature and precipitation as climatological factors affecting dengue incidence in the Philippines 

from the year 2015 to 2018. Monthly dengue cases and climate data were gathered for the 

said study period. A correlation and wavelet coherence analyses were performed to determine a 

relationship between dengue incidence and climatological factors in the Philippines. Results show 

that the amount of rainfall is strongly correlated to the increase of dengue cases in the country as 

compared to the temperature. Evidence shows that dengue incidence in the Philippines mostly 

occur during the rainy season. Thus, intensified surveillance and control of mosquitoes during the 

rainy season are recommended. 

A correlation study between dengue incidence and 
climatological factors in the Philippines 

 

 

Received: XX December 20XX 

Accepted: XX December 20XX 

Online Ready: XX December 20XX 

 
 

 

Abstract 
 

Keywords: dengue incidence, climatological factors, correlation analysis, wavelet coherence analysis 

2020 Mathematics Subject Classification: 05C35 

 
1 Introduction 

“Throughout human history, infectious diseases have caused debilitation and premature death to 
large portions of the human population, leading to serious social-economic concerns” (1). “One of 
the most important infectious diseases is dengue, a major international public health concern with 
more than 55% of the world population at risk of acquiring the infection” (11). “Dengue is a viral 
mosquito- borne infection transmitted by the Aedes mosquitoes” (9) (18). It is one of the several 

emerging tropical diseases which progressively spread geographically to virtually all tropical 
countries, like the 

 



 
 
 

 

Philippines (15). “It is transmitted primarily by the bite of infected female mosquitoes Aedes 

aegypti, but it also has been associated with other species such as Ae. albopictus, Ae. 

polynesiensis, and Ae. Scutellaris” (17). 

 
“Dengue transmission requires four necessary conditions: susceptible humans, abundant 

vector, virus introduction, and conducive environment, like climate. Climate factors such as 
temperature, rainfall, and humidity influence the life stages of female adult Aedes mosquitoes” 

(2),(5),(7),(19),(28). “In particular, the temperature has a strong influence on dengue transmission and 
the Aedes mosquito population” (5),(19). “In addition, rainfall provides plenty of breeding sites for 

mosquito vectors such as puddles, while humidity affects the adult mosquitoes’ survival and biting 
frequency” (14). “The amount of rainfall may affect the larval population size (28), and the 

rainfall pattern has a certain effect on the larval density” (12). “Climate change impact factors are 
relevant to the mosquito population. Dengue incidences in Thailand, Taiwan, Singapore, and Brazil 
are associated with seasonal patterns in temperature, relative humidity, and rainfall” (6),(26). 
“Statistical approaches have revealed that these seasonal patterns play a significant role in dengue 
transmission” (5),(20),(29). Therefore, the study about dengue incidence and climate factors in the 
Philippines from the year 2015 to 2018 was investigated to know the relationship of both variables. 

 
 

2 Materials and Methods 

In this section, we present some relevant data informations needed in the study. These data include 
the weekly morbidity cases and monthly dengue incidence in the Philippines for the year 2015 to 
2018, and the average monthly temperature and precipitation for the same study period. These 

data are requested through the Philippines’ Freedom of Information (FOI) website (13) and can be 

accessed in (8). 

 
2.1 Philippine epidemiological data 

“Dengue cases by morbidity week in the Philippines for the year 2015 to 2018 were gathered. Data 
for these periods were requested from the Epidemiology Bureau, Public Health Surveillance Division 
of the Department of Health, Philippines” (10). “The information was collected from the Philippine 
Integrated Disease Surveillance and Response System (PIDSR) National Database. For instance, 
Figure 1 (a) depicts the reported dengue cases by morbidity week in the Philippines for the year 
2015 to 2018 according to the data” given in (10),(23),(24). The graph shows a decreasing trend 
of reported dengue cases during the first 16 weeks. Observe that for the four years, data show 
increasing pattern of dengue cases from the second week (around week 16), attaining a peak on the 
third quarter (around week 38), and decreasing towards the end of the year. Meanwhile, Figure 1 (b) 
shows the annual distribution of dengue cases in the Philippines for the same study period. Dengue 
cases decreased from 198,273 cases in 2015 to 188,944 cases in 2016. The lowest number of 
dengue cases among the study period was recorded around the year 2017 with 148,480 cases, then 
gradually increases towards 2018 with 184,198 cases. 

 

2.2 Philippine climatological data 

Philippine climatological data for the same time period were next gathered from the Philippines’ 
weather bureau PAGASA (22). These data are archives of weather-related information collected from 
the 10 PAGASA Doppler radar stations and 44 PAGASA field offices all over the Philippines. These 
data are disseminated in various forms of media including on its official website. They are quality 



 
 
 

 

controlled and then archived in electronic databases. These archived datasets are made machine- 
readable to maximize their potential use, which also made them vulnerable for data mishandling, 
abuse, and exploitation. Figure 2 shows the graph of the average monthly temperature and precipitation 
for the year 2015 to 2018 based on the Philippine climatological data provided by (22). The figure 
shows that the highest monthly average temperature recorded within the study period was 29.37

◦
C 

in the 20th week of 2016 around the month of May, which is the second hottest month of the year 
after April, followed by 29.02

◦
C in the same week and the same month of 2018. Meanwhile, the 

lowest monthly average temperature recorded was 25.27
◦
C in the 2nd week of 2015 around the 

month of January. The same figure shows that between the study period from 2015 to 2018, the 
highest average monthly precipitation recorded was 426.905 mm in the 25th week of 2016 around 
the monsoon month of June, while the smallest average monthly precipitation was 39.9916 mm in the 
12th week of 2015 around the summer month of March. 
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(a) Philippine dengue cases by morbidity week for the year 2015−2018. 

 

(b) Annual distribution of Philippine dengue cases for the year 2015−2018. 

Figure 1: (a) The reported Philippine dengue cases by morbidity week for the year 

2015−2018. (b) The annual distribution of Philippine dengue cases for the year 

2015−2018. 
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Figure 2: The Philippine climatological data: average monthly temperature (red) 
and precipitation (blue) for the year 2015−2018. 

 
3 Results and Discussion 

3.1 Seasonal variation of dengue incidence and climate factors 

“Dengue disease has risen in an alarming state in the Philippines in recent years. Data from the 
Philippines’ Department of Health (DOH) reported an estimated suspected dengue cases of 84,085 
in the country from January 1st to August 6th of 2016, which is 15.8% higher compared to the same 
period of last year in 2015 with only 72,627 reported cases, out of this, 372 resulted to death” (14). 
“This alarming rate is partly due to several factors such as climatic condition, rapid urbanization, 
increasing population, and poor mosquito surveillance and control system, which all contributed to the 
increasing number of dengue cases in the country” (3), (10). In particular, Figure 3 shows the 
dynamics of the number of dengue cases in the Philippines for the year 2015 2018 against the 
temperature and precipitation, respectively. The figure shows that the number of dengue cases 
decreases on relatively lower and higher temperatures which coincides during the colder and 
summer months of January to May, and increases on moderate temperatures which is around 
June to November. This is due to the fact that during the colder and summer months, the number 
of disease-carrying mosquitoes decreases due to increasing mosquitoes mortality rate. The same 
figure shows that the number of dengue cases also decreases during the dry season which is 
around the months of January to May, and increases during the rainy season which is around the 
months of June to November. This is because at dry season, droughts are commonly experienced in 

the country resulting to the drying of the breeding grounds of mosquitoes, while the rainy season 
promotes mosquito breeding. Meanwhile, a decrease on the number of dengue cases in the country 
is observed during the later part of the year. The main reason to this is the fact that at this time 
period in the Philippines, temperatures usually drop due to northeast monsoons which are 
experienced in the country as a cool northeast wind characterized by below moderate temperatures 
with little rainfall. In effect, mosquitoes less multiply during this time period in the country resulting 
to the decrease of their population. 
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Figure 3: Seasonal variation of the monthly dengue cases and the monthly average 
temperature and precipitation in the Philippines for the year 2015−2018. 

 
3.2 Correlation analysis 

To investigate the result in Section 3.1, we compute the correlation between the monthly dengue 
cases and the monthly average temperature and precipitation for the year 2015 2018. This correlation 
is commonly used to measure the strength of an association between two variables. As the value 
of the correlation coefficient approaches 1, the relationship between the two variables becomes 
stronger, and the directions of the relationship are sign (+) and sign ( ), which indicate a positive and 

negative relationship, respectively. We carry out three measures of non-parametric rank correlations: 
Spearman’s ρ, Kendall’s τ , and Pearson’s p rank correlation coefficients given by equatioins (3.1), 



 
 
 

 

(3.2), and (3.3), respectively. 

 

 

 
 

 
 

the associated correlation coeffiecients using Matlab’s (R2021b version) built-in spearmanr rank, 

kendalltau  rank and pearsonp rank correlation  functions. Figure 4 shows the correlation matrix 

plot between the number of dengue cases and the temperature, and the number of dengue cases 
and precipitation, respectively, together with the Spearman (green), Kendall (red) and Pearson (black) 
correlation coefficients. The figure shows that both the monthly average temperature and precipitation, 
and the number of dengue cases exhibit positive relationship for the aforementioned years. However, 
of the two climatological factors, the average monthly precipitation and the number of dengue cases 
exhibits more positive correlation than the monthly average temperature and the number of dengue 
cases. Therefore, precipitaion contributes more on the occurence of dengue disease in the Philippines 
as compared to the temperature. Thus, intensified surveillance and control of mosquitoes during the 

rainy season are recommended. 

 

Figure 4: Correlation matrix between the monthly dengue cases and the monthly 

average temperature and precipitation in the Philippines for the year 2015−2018. 

where C is the number of concordant pairs and D is the number of discordant pairs. We then compute 
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3.3 Wavelet coherence analysis 

 
“Wavelet coherence analysis is a wavelet approach that extracts the time and frequency of a 

time series and it is the most efficient method in studying non-stationary data which transforms a 
time series into a wave” (4),(16). “It is also used to determine whether the presence of a particular 
periodic frequency at a given time in dengue incidences corresponded to the presence of the same 
periodic frequency at the same time in the given meteorological variables” (27). 

 
We now use wavelet coherence analysis to detect changes in the periodicity between the number 

of dengue cases and local meteorological variables, namely, average temperature and precipitation. 
In Figure 5-Figure 6, the coherence between the number of dengue cases and the local meteorological 
variables varied at different periods and the periodicity of the signals were different through time. 
The cone of influence (COI) shows the edge effects that became significant at different periodicities. 
Colors indicate the strength of the coherence, with red areas are highly significant at the 95% level 
against red noise, and blue areas are not significant at all. For the number of dengue cases and the 
average temperature, there were significant periodicities detected in the 1 3-month band in the year 
2017, 5 6-month and 8 12-month bands between the year 2015 2017 (Figure 5). Likewise, for the 
number of dengue cases and the average precipitation, wavelet analysis showed a significant 5 7- 
month periodicity band between the year 2015 2016 and an 8 12-month periodicity band between 
the year 2015 2017. There were also some mild periodicities detected at 2 3-month band periods 
that appear in an occasional pattern (Figure 6). 

 

 
 

 

Figure 5: Wavelet coherence analysis between the number of dengue cases and 

the average temperature (°C). 
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Figure 6: Wavelet coherence analysis between the number of dengue cases and 

the average precipitation (mm). 

 
Directions of the arrows indicate the degree to which the number of dengue cases and the 

local meteorological variables are in phase. In Figure 5, the average temperature is leading against 
the number of dengue cases in the 1 3-month band, 5 6-month band, and 8 12-month band as 
depicted by the right-down, left-down and right-up arrows. That is, an increase in the number of 
dengue cases was observed first before an increase in temperature in the aforementioned periodicity 
bands. Meanwhile, Figure 6 shows that in the 5 7-month periodicity band, the number of dengue 
cases is lagging against the average precipitation by one fourth of the cycle at that period as depicted 
by the up arrows. The same figure shows that in the 8 12-month periodicity band, the number of 
dengue cases and the average precipitation are perfectly in phase as depicted by the right arrows. 
Hence, the increase on the number of dengue cases are largely attributed to the increase on the 
average amount of rainfall at the aforementioned months. 

 
4 Conclusion 

Climate plays a significant role in the dynamics of dengue disease transmission. It affects the lifecycle 
and biting behavior of mosquitoes. In this study, we investigated the correlation between dengue 
cases and climatological factors in the Philippines from the year 2015 to 2018. The presented 

paper is relevant, because the fight against the dengue epidemic is not removed from the agenda 

of the Philippines, as it is for many countries with a humid and hot climate. The epidemic modeling 

methodology in this work is based on the correlation approach in combination with wavelet analysis. 

This methodology has became normative for modeling epidemics, the source of which is the mosquito 

factor, as evidenced by the articles of authors from Vietnam, Indonesia, Sri Lanka and other tropical 



 
 
 

 

countries. Therefore, the obtained results, such as the positive correlation between the level of 

diseases and the average monthly temperature and the level of precipitation look completely natural 

and do not raise doubts about their reliability. However, on the other hand, this kind of connection is 

common knowledge. More interesting is the result of the simulation, according to which the level 

of precipitation has a more significant effect on the level of diseases than the average monthly 

temperature. As the results show, risks were particularly higher in climatological events with high 
amount of rainfall. Thus, intensified surveillance and preventive measures during the rainy season 
must be introduced to local communities in order to deal with the mitigation of dengue cases in the 
country. 

 
On the basis of wavelet analysis, results showed the seasonal cyclist of the dynamics of dengue 

diseases. Disease surveillance and control of mosquitoes including the use of a machine learning- 

based methodology which is capable of providing forecast estimates of dengue prediction in the 
country, the creation of diagnostic centers that will facilitate the disease surveillance, and an integrated 

approach that combines environmental management, chemical control, and biological methods in the 
control of mosquitoes (25) must be implemented. Hence, the observed wavelet analysis of these 
climatological variables can be integrated into these disease surveillance and vector control measures 
to enhance dengue prediction for better vector control and management in the future. Thus, the 
transmission of dengue fever brought about by the mosquitoes can be reduced. 

 
Acknowledgment 

The authors are grateful to the anonymous referees for their helpful comments and suggestions. 

 

Competing Interests 

Authors have declared that no competing interests exist. 

 
References 

[1] M. Aguiar, E. Massad, Ma.S. Chen, M. Struchiner and N. Stollenwerk (2008). Scale-free network 
of a dengue epidemic. Applied Mathematics and Computation. 195. pp. 376-381. 

[2] M. Andraud, N. Hens and P. Beutels (2013). A simple periodic-forced model for dengue fitted to 
incidence data in Singapore. Mathematical Biosciences. 

[3] L. Bravo, V.G. Roque, J. Brett, R. Dizon, and M. Lazou (2014). Epidemiology of dengue disease 
in the philippines (2000-2011): A systematic literature review. PLoSNeglected Trop. Dis. 8. 

[4] B. Cazelles, M. Chavez, D. Berteaux, F. Menard, J.O. Vik, S. Jenouvrier, and N.C. Stenseth 
(2008). Wavelet Analysis of Ecological Time Series. Oecologia. 156. pages 287-304. 

[5] S.C. Chen, C.M. Liao, C.P. Chio, H.H Chou, S.H. You, and Y.H. Cheng (2010). Lagged 
temperature effect with mosquito transmission potential explains dengue variability in southern 

Taiwan: insights from a statistical analysis. Science of the Total Environment. 408(19). 

[6] S.C. Chen and M.H. Hsieh (2012). Modeling the transmission dynamics of dengue fever: 
implications of temperature effects. Science of the Total Environment. 

[7] E. Chikaki and H. Ishikawa (2009). A dengue transmission model in Thailand considering 
sequential infections with all four serotypes. The Journal of Infection in Developing Countries. 



 
 
 

 

[8] https://drive.google.com/drive/folders/1w48ddW4bhrAfOZgVJSOBPaaKnmOCsavx?usp=share link. 

[9] A.A. de los Reyes V and J.Ma.L Escaner IV (2018). Dengue in the Philippines: model and 
analysis of parameters affecting transmission. Journal of Biological Dynamics. 12:1. pp. 894- 

912. 

[10] Department of Health, Public Health Surveillance Division, Philippine Integrated Disease 
Surveillance and Response and Epidemiology Bureau available at www.doh.gov.ph/statistics. 

[11] M.A.F. dos Santos (2012). Rich Dynamics in Multi-Strain Models: Non-linear Dynamics and 
Deterministic Chaos in Dengue Fever Epidemiology. Doctoral Dissertation. Vrije Universiteit 

Amsterdam. 

[12] D.A. Ewing, C.A. Cobbold, B. Purse, M. Nunn and S.M. White (2016). Modelling the effect 
of temperature on the seasonal population dynamics of temperate mosquitoes. Journal of 
Theoretical Biology. 

[13] https://www.foi.gov.ph/requests/aglzfmVmb2ktcGhyHQsSB0NvbnRlbnQiEERPSC02Njk4OTE2 
OTE1MDgM. 

[14] Jesavel A. Iguchi, Xerxes T. Seposo and   Yasushi   Honda   (2018).   Meteorological 
factors affecting dengue incidence in Davao, Philippines. BMC Public Health, 18:629. 
https://doi.org/10.1186/s12889-018-5532-4 

[15] S. Janreung and W. Chinviriyasit (2014). Dengue Fever with Two Strains in Thailand. 
International Journal of Applied Physics and Mathematics. Vol. 4. pp. 55-61. 

[16] M.A. Johansson, D.A.T. Cummings, and G.E. Glass (2019). Multiyear Climate Variability 
and  Dengue—El  Niño  Southern  Oscillation,  Weather,  and  Dengue  Incidence  in  Puerto 
Rico, Mexico, and Thailand: A Longitudinal Data Analysis. PLoS Med 6(11): e1000168. 
https://doi.org/10.1371/journal.pmed.1000168. 

[17] J.E. Kim, H. Lee, C.H. Lee, and S. Lee (2017). Assessment of optimal strategies in a two-patch 
dengue transmission model with seasonality. PLoS One. 12(3). pp. 1-21. 

[18] H. Lee, J.E. Kim, S. Lee, and C.H. Lee (2018). Potential Effects of Climate Change on Dengue 
Transmission in Korea. PLoS One. 13(6). pp. 1-23. 

[19] Liu-Helmersson J., Stenlund H., Wilder-Smith A., and Rocklov J. (2014). Vectorial capacity of 
Aedes aegypti: effects of temperature and implications for global dengue epidemic potential. 
PLoS One. 

[20] S. Naish, P. Dale, J.S. Mackenzie, J. McBride, K. Mengersen and S. Tong (2014). Climate 
change and dengue: a critical and systematic review of quantitative modelling approaches. 
BMC Infectious Diseases. 14(1):1. 

[21] J. Picardal and A. Elnar (2012). Rainfall, temperature and the incidence of dengue in Central 
Visayas, Philippines are not correlated. CNU J. Higher Educ. Category B - CHED-JAS 6. pp.61- 
70. 

[22] Philippine Atmospheric, Geophysical and Astronomical Services Administration available at 
www.pagasa.dost.gov.ph/index.php/27-climatology-and-agrometeorology. 

[23] Philippine     Demographics     Profile     @      www.indexmundi.com/philippines/ 
demographics profile.html. 

http://www.doh.gov.ph/statistics
http://www.foi.gov.ph/requests/aglzfmVmb2ktcGhyHQsSB0NvbnRlbnQiEERPSC02Njk4OTE2
http://www.foi.gov.ph/requests/aglzfmVmb2ktcGhyHQsSB0NvbnRlbnQiEERPSC02Njk4OTE2
http://www.pagasa.dost.gov.ph/index.php/27-climatology-and-agrometeorology
http://www.indexmundi.com/philippines/


 
 
 

 

[24] Philippine Statistics Authority @ www.psa.gov.ph/content/philippines. 

[25] Su G.I.S (2008). Correlation of Climatic Factors and Dengue Incidence in Metro Manila, 
Philippibes. Ambio: A Journal of the Human Environment. Vol. 37, No. 4. 

[26] Teixeira M.G., Siqueira J.B. Jr, Ferreira G.L., Bricks L. and Joint G. (2013). Epidemiological 
trends of dengue disease in Brazil (2000-2010): a systematic literature search and analysis. 
PLoS Neglected Tropical Diseases. 

[27] C. Torrence and G.P. Compo. A Practical Guide to Wavelet Analysis. Program in Atmospheric 
and Oceanic Sciences. University of Colorado, Boulder, Colorado. 

[28] Tran A., L’Ambert G., Lacour G., Benot R., Demarchi M., Cros M., et al. (2013). A rainfall-and 
temperature-driven abundance model for Aedes albopictus populations. International Journal of 
Environmental Research and Public Health. 

[29] Eduardo A. Undurraga, Frances E. Edillo, Jonathan Neil V. Erasmo, Maria Theresa P. Alera, In-
Kyu Yoon, Francisco M. Largo, and Donald S. Shepard (2017). Disease Burden of Dengue in 
the Philippines: Adjusting for Underreporting by Comparing Active and Passive Dengue 
Surveillance in Punta Princesa, Cebu City. The American Journal of Tropical Medicine and 
Hygiene. 96(4): 887–898. doi: 10.4269/ajtmh.16-0488. 

—————————————————————————————————————————————- 

©2022 Michael E. Subido & Imelda S. Aniversario; This is an Open Access article distributed under the terms of 

the Creative Commons Attribution License http://creativecommons.org/licenses/by/2.0, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

http://www.psa.gov.ph/content/philippines
http://creativecommons.org/licenses/by/2.0

