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ABSTRACT 

Global dengue cases rise, notably in Brazil. This study analyzes temperature’s role in its 

spread. By using monthly data and controlling for rainfall, linear regressions with ARIMA errors 

were estimated in order to measure the influence of temperature on the incidence of dengue 

in the city of Campinas, São Paulo state, Brazil. Findings reveal that a 1ºC increase in mean 

temperature leads to a cumulative increase of approximately 20% – 30% in dengue incidence 

within one to two months. Rainfall shows no discernible impact. Results highlight the 

importance of temperature on the spread of dengue and potentially other mosquito-borne 

diseases. 
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Dengue, time series modeling, temperature, rainfall, epidemiological forecasting. 
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Brief communication 

Influence of temperature on the incidence of dengue in the city 

of Campinas, São Paulo state, Brazil (2013 – 2022) 

 

 

The dengue global incidence has increased over the last years. A recent report by the World 

Health Organization (WHO) points to a ten-fold increase in reported cases between 2000 and 

2019, with more than five million cases reported in 20191. Brazil has been particularly affected 

and recorded more than 1.5 million cases in 2023, a surge of more than 65% comparing to 

two years prior2. 

Climate change is set to modify the landscape of infectious diseases, particularly mosquito-

borne illnesses like dengue, yellow fever, Chikungunya and Zika3. Regarding dengue, different 

responses to climate shown by different Aedes species may lead to spatial shifts of the 

mosquito: Aedes aegypti, for example, has an optimal temperature for transmission of 29˚C, 

whereas Aedes albopictus’ thermal optimum is estimated to be 26˚C4. As noted by Ryan et 

al5, mosquito populations will probably undergo expansions in some regions and contractions 

in others in the context of climate change. Hence, the interconnections among mosquito 

vectors, the environment, and disease transmission pose a significant challenge for precise 

forecasting, crucial for public health preparedness. 

Beyond concerns with potential changes in mosquito vector distributions, an increase in 

temperature may lead to increased population growth of Aedes aegypti6. Mathematical models 

also suggest this may be the case 4,5. However, regarding Brazil, to the best of our knowledge 

this relationship has not been shown by means of econometric models.  

In this brief report, this gap is addressed by means of time series techniques. Linear 

regressions with ARIMA (autoregressive integrated moving average) errors were estimated 

with data from the city of Campinas, State of São Paulo, Brazil. In this case, both rainfall and 
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temperature were included as independent variables, while dengue incidence served as the 

dependent variable. 

Stationarity is a crucial requirement when estimating time series models, since an underlying 

assumption of these models is that the time series data exhibits a stable statistical structure 

over time. Stationarity was verified using Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test. 

Specification of the model was performed automatically with forecast package for R7. 

Complete modelling information including ARIMA coefficients and analysis of residuals is 

available from the supplementary material, as well as the R code used. Time dummies were 

introduced to account for months in which dengue incidence was higher than 100 per 100,000 

population. This adjustment was implemented to better capture and accommodate the unique 

temporal patterns associated with these particular periods. Seasonality was automatically 

accounted for by the forecast package. 

The monthly number of dengue cases was obtained from the State Health Department8. To 

smooth the series, a procedure similar to the one employed by Martinez et al. (2011)9 was 

applied: a value of 1 was added to all observations in order to allow for logarithmic 

transformation of the series. The annual population count was obtained from the Brazilian 

Institute of Geography and Statistics (IBGE)10 and interpolated linearly to provide monthly 

estimates. Temperature and rainfall data were obtained from the Center for Meteorological 

and Climatic Research Applied to Agriculture (CEPAGRI)11. The data covers the period from 

January 2013 to December 202212.  

Figure 1 presents the monthly number of cases (per 100,000 population) in the municipality of 

Campinas. Peaks of infection draw attention. Some months record no dengue cases, while 

others, like in the year of 2014, record more than 2,000 cases per 100,000 population. 
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Figure 1: Monthly number of cases (per 100,000 population) in the city of Campinas (2013 – 

2022). 

 

 

The basic specification of the model is  

𝑦𝑖 =  𝛽̂𝑥𝑖−𝑡 + 𝜖𝑖  

where 𝑦𝑖 is the logarithm of dengue incidence per 100,000 population at time 𝑖, 𝛽̂ is the vector 

of estimated coefficients, 𝑥𝑖−𝑡 is a vector of the exogenous variables (rainfall and temperature) 

at time 𝑖 − 𝑡 (where 0 ≤ 𝑡 ≤ 2), and the error term 𝜖𝑖 is modeled using 

𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞)(𝑃, 𝐷, 𝑄)𝑠, that is, accounting for seasonality. 

Two lag specifications were modelled: the first one allows for temperature and rain to have 

both a contemporaneous impact on the dengue incidence (e.g., a change in temperature leads 

to a change in the incidence of the disease in the same month) and an impact lagged by one 

month. The second specification allows for an impact in up to two months. Additionally, two 

functional form modifications were employed: either temperature and rainfall are 
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untransformed or logarithmized. Hence, four main models were estimated. Table 1 presents 

the results of the estimations, with coefficients for temperature in boldface and standard errors 

in parentheses. 

 

Table 1: Regression results.  

 
Dependent variable: logarithm of number of dengue cases 

 per 100,000 population 
  

Model 1 Model 2 Model 3 Model 4 

Mean temperature 0.115 (0.039)*** - 0.155 (0.043)*** - 

Mean temperature (lag 1) 0.097 (0.040)*** - 0.114 (0.042)*** - 

Mean temperature (lag 2) - - 0.076 (0.044)* - 

log (Mean temperature) - 2.937 (0.848)*** - 3.232 (0.901)*** 

log (Mean temperature) (lag 1) - 2.056 (0.847)*** - 2.322 (0.863)*** 

log (Mean temperature) (lag 2) - - - 1.05 (0.889) 

Rainfall 0.000 - 0.000 - 

Rainfall (lag 1) 0.000 - 0.000 - 

Rainfall (lag 2) - - 0.000 - 

log (Rainfall) - 0.051 (0.054) - 0.052 (0.062) 

log (Rainfall) (lag 1) - 0.019 (0.054) - 0.031 (0.085) 

log (Rainfall) (lag 2) - - - 0.033 (0.062) 

Dummies 0.697 (0.189) 0.726 (0.185) 0.633 (0.213) 0.716 (0.191) 

Ljung-Box Q statistics (p-value 

at lags in parentheses) 

Q(8) = 0.774 Q(8) = 0.660 Q(8) = 0.404 Q(8) = 0.682 

Q(16) = 0.287 Q(16) = 0.325 Q(16) = 0.218 Q(16) = 0.416 

Q(24) = 0.416 Q(24) = 0.451 Q(24) = 0.389 Q(24) = 0.518 

Notes: *p<0.1;   **p<0.05;  ***p<0.01 
Coefficients for temperature are in boldface and standard errors in parentheses. 
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In models 1 and 3, coefficients represent the semi-elasticity of dengue incidence to a 1ºC 

variation in temperature — e.g., in model 1, a 1ºC rise in temperature implies an 11.5% 

elevation in the dengue incidence on the same month, and a 9.7% elevation after one month.  

In models 2 and 4, since both the dengue incidence, temperature and rainfall are 

logarithmized, coefficients represent the elasticity of the incidence with respect to temperature 

and rainfall — e.g., in model 2, a 1% elevation of temperature leads to a 2.9% elevation in the 

dengue incidence. Assuming a mean temperature of 25ºC would mean that a 1ºC rise in 

temperature (or 4% of the initial temperature) leads to an 11.6% elevation in the dengue 

incidence within the same month and to an 8% elevation in the next month.  

Figure 2 presents the results as fan charts, assuming a mean temperature of 25ºC. Areas in 

red account for ±1 standard error of the estimate. Models 1 and 2 suggest that a 1ºC elevation 

in temperature results in a combined elevation of the dengue incidence of approximately 20%. 

Models 3 and 4 suggest that this increase could reach 30% after two months, although it must 

be noted that the statistical significance is lower for the second lag coefficients (which is 

expected, since temperature effects tend to dissipate with time).  

Rainfall has not been found to play a statistically significant role in predicting dengue incidence 

in Campinas. It is worth noting that the most prevalent breeding habitats in Campinas are 

containers such as plant pots, animal waterers, dismountable swimming pools, cans, bottles, 

and buckets, among others13,14. The abundance of these containers directly stems from 

human behavior and does not solely rely on rainwater for filling. Furthermore, the impact of 

precipitation can occur indirectly. For instance, during the 2014 epidemic in Campinas, which 

coincided with a severe drought15, there was a trend of storing water in barrels at home, often 

without proper covering, thus facilitating the proliferation of breeding sites. 
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Figure 2: Projected percentage increase in the cumulative number of cases due to a 

hypothetical temperature rise from 25°C to 26°C. 

 

This study has some limitations. Dengue is a complex disease influenced by multiple factors, 

necessitating a comprehensive understanding of the various elements that collectively 

contribute to triggering or preventing epidemics. While our focus was not to encompass all 

conditioning factors associated with dengue, we aimed to employ a promising methodology to 

underscore its importance and potential for predicting this disease, as well as other vector-

borne illnesses, particularly within the context of a changing climate. Econometric models can 

serve as valuable tools for assisting stakeholders in comprehending the evolving patterns of 

disease occurrence and formulating proactive public policies to mitigate new outbreaks. 

Another limitation is that the accuracy of dengue case reporting has improved over time, yet 

remains reliant on secondary data provided by the Campinas Health Secretariat through the 

reporting system. This reliance on secondary data is a constraint inherent to long-term studies 
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on dengue in Brazil. Nevertheless, given that we selected a recent study period, the data 

available were the most appropriate and comprehensive for our investigation. 

This paper extends beyond a previous study published in this Journal9, which predicted 

dengue cases by means of a SARIMA model. We were able to complement the analysis by 

incorporating two additional climate variables — temperature and precipitation — using a 

similar methodology. The discovery that rising temperatures can forecast an increase in 

dengue incidence is alarming, particularly given Campinas' location in a tropical climate zone. 

If temperature increases can exacerbate dengue incidence in areas already characterized by 

hot and humid tropical climates, this finding suggests that dengue fever may not only expand 

into cooler regions, which are expected to warm with climate change, but also intensify 

outbreaks in already high-risk areas. Similar trends are anticipated for diseases such as Zika16 

and Chikungunya17 in Brazil. 

 

Authors' contribution statement 

Bernardo Geraldini: conceptualization, methodology, software, data curation, formal 
analysis, visualization, writing – original draft. 

Igor Cavallini Johansen: writing – original draft, writing – review & editing. 

Marcelo Justus: methodology, supervision, writing – review and editing.  

 

Conflict of interest statement 

The authors declare that there is no conflict of interest. 

 

Financial support 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior – Brazil (CAPES) – Finance Code 001. 

 

Research data availability statement 

The entire dataset supporting the results of this study was made available in GitHub and can 
be accessed in https://github.com/bfsg839/dengue_data.  

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.8117



SciELO Preprints - preprints.scielo.org 

10 

References 

[1] World Health Organization. Disease Outbreak News: Dengue – Global situation [Internet]. 

2023. Available from: https://www.who.int/emergencies/disease-outbreak-news/item/2023-

DON498. Accessed in February 2024. 

[2] Brasil. Ministério da Saúde. Boletim Epidemiológico 13, Volume 54: Monitoramento das 

arboviroses urbanas: semanas epidemiológicas 1 a 35 de 2023 [Internet]. 2023. Available 

from: https://www.gov.br/saude/pt-br/centrais-de-

conteudo/publicacoes/boletins/epidemiologicos/edicoes/2023/boletim-epidemiologico-

volume-54-no-13. Accessed in February 2024. 

[3] Lafferty KD. The ecology of climate change and infectious diseases. Ecology. 2009; 90: 

888–900. PMID: 19449681. 

[4] Mordecai E, Cohen J, Evans MV, Gudapati P, Johnson LR, Lippi CA, et al. Detecting the 

impact of temperature on transmission of Zika, dengue, and Chikungunya using mechanistic 

models. PLoS Negl Trop Dis. 2017; 11: e0005568. 

https://doi.org/10.1371/journal.pntd.0005568 

[5] Ryan SJ, Carlson CJ, Mordecai EA, Johnson LR. Global expansion and redistribution of 

Aedes-borne virus transmission risk with climate change. PLoS Negl Trop Dis. 2019 Mar 

28;13(3):e0007213. doi: 10.1371/journal.pntd.0007213. 

[6] Marinho RA, Beserra EB, Bezerra-Gusmão MA, Porto Vde S, Olinda RA, Dos Santos CA. 

Effects of temperature on the life cycle, expansion, and dispersion of Aedes aegypti (Diptera: 

Culicidae) in three cities in Paraiba, Brazil. J Vector Ecol. 2016 Jun;41(1):1-10. doi: 

10.1111/jvec.12187. 

[7] Hyndman R, Athanasopoulos G, Bergmeir C, Caceres G, Chhay L, O'Hara-Wild M, 

Petropoulos F, Razbash S, Wang E, Yasmeen F. forecast: Forecasting functions for time 

series and linear models. R package version 8.21.1, https://pkg.robjhyndman.com/forecast/ 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.8117



SciELO Preprints - preprints.scielo.org 

11 

[8] Secretaria Estadual de Saúde. Documentos Técnicos [Internet]. 2023. Available from: 

https://www.saude.sp.gov.br/cve-centro-de-vigilancia-epidemiologica-prof.-alexandre-

vranjac/areas-de-vigilancia/doencas-de-transmissao-por-vetores-e-zoonoses/arboviroses-

urbanas/dengue/documentos-tecnicos. Accessed in February 2024. 

[9] Martinez EZ, Silva EAS, Fabbro ALD. A SARIMA forecasting model to predict the number 

of cases of dengue in Campinas, State of São Paulo, Brazil. Revista Da Sociedade Brasileira 

De Medicina Tropical. 2011; 44(4): 436–440. https://doi.org/10.1590/S0037-

86822011000400007 

[10] Instituto Brasileiro de Geografia e Estatística. Population estimates [Internet]. Available 

from: https://www.ibge.gov.br/estatisticas/sociais/populacao/9103-estimativas-de-

populacao.html?edicao=17283&t=downloads. Accessed in February 2024. 

[11] Centro de Pesquisas Meteorológicas e Climáticas Aplicadas à Agricultura. [Internet]. 

2023. Available from: https://www.cpa.unicamp.br/. Accessed in February 2024. 

[12] Epidemiological data for dengue in the city of Campinas are available from 1998 onwards. 

However, data from 1998 to 2012 was removed from this analysis since ARIMA models 

estimated with the full sample showed poor fit, persistent autocorrelation and many statistically 

insignificant ARIMA coefficients (even though coefficients for temperature were similar to the 

ones reported here). This suggests that intervention and/or transfer function analysis should 

be considered (in addition to multivariate models) if the full sample was to be analyzed.  

[13] G1 Campinas e Região. Dengue: em alerta, Campinas define mutirões de combate a 

criadouros a cada 15 dias e boletins semanais [Internet]. 2023. Available from: 

https://g1.globo.com/sp/campinas-regiao/noticia/2023/12/22/dengue-em-alerta-campinas-

define-mutiroes-de-combate-a-criadouros-a-cada-15-dias-e-boletins-semanais.ghtml. 

Accessed in February 2024. 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.8117



SciELO Preprints - preprints.scielo.org 

12 

[14] Campinas. Secretaria Municipal de Saúde. Cartilha dengue. Campinas/SP. 2024. 

Available from: 

https://saude.campinas.sp.gov.br/saude/doencas/dengue/material/cartilha_final_dengue.pdf. 

Accessed in February 2024. 

[15] Anazawa TM. A escassez hídrica na Região Metropolitana de Campinas entre 2013-

2015: a perspectiva de um desastre socialmente construído. Cadernos Metrópole. 2018; 20: 

347-369. 

[16] Van Wyk H, Eisenberg JNS, Brouwer AF. Long-term projections of the impacts of warming 

temperatures on Zika and dengue risk in four Brazilian cities using a temperature-dependent 

basic reproduction number. PLOS Neglected Tropical Diseases. 2023; 17(4): e0010839. 

[17] De Almeida I et al. The expansion of Chikungunya in Brazil. The Lancet Regional Health–

Americas. 2023; 25. 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.8117



This preprint was submitted under the following conditions: 

The authors declare that they are aware that they are solely responsible for the content of the preprint and
that the deposit in SciELO Preprints does not mean any commitment on the part of SciELO, except its
preservation and dissemination.

The authors declare that the necessary Terms of Free and Informed Consent of participants or patients in
the research were obtained and are described in the manuscript, when applicable.

The authors declare that the preparation of the manuscript followed the ethical norms of scientific
communication.

The authors declare that the data, applications, and other content underlying the manuscript are
referenced.

The deposited manuscript is in PDF format.

The authors declare that the research that originated the manuscript followed good ethical practices and
that the necessary approvals from research ethics committees, when applicable, are described in the
manuscript.

The authors declare that once a manuscript is posted on the SciELO Preprints server, it can only be taken
down on request to the SciELO Preprints server Editorial Secretariat, who will post a retraction notice in its
place.

The authors agree that the approved manuscript will be made available under a Creative Commons CC-BY
license.

The submitting author declares that the contributions of all authors and conflict of interest statement are
included explicitly and in specific sections of the manuscript.

The authors declare that the manuscript was not deposited and/or previously made available on another
preprint server or published by a journal.

If the manuscript is being reviewed or being prepared for publishing but not yet published by a journal, the
authors declare that they have received authorization from the journal to make this deposit.

The submitting author declares that all authors of the manuscript agree with the submission to SciELO
Preprints.

Powered by TCPDF (www.tcpdf.org)

https://creativecommons.org/licenses/by/4.0/
http://www.tcpdf.org

