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Abstract 
Dengue Fever remains a significant public health issue in Indonesia, with 

frequent outbreaks exacerbated by varying climatic conditions and human 

mobility. Understanding the dynamics of its transmission is critical to 

developing effective control strategies. This study aims to develop a 

mathematical model that incorporates climate variability and human mobility 

to assess the transmission dynamics of Dengue Fever in Indonesia. The model 

utilizes a compartmental framework, where the population is divided into 

susceptible, infected, and recovered individuals. The impact of climate factors 

such as temperature and rainfall, along with human mobility patterns, is 

integrated through differential equations. The study uses historical 

epidemiological data from the Indonesian Ministry of Health, alongside 

climate data from the Indonesian Meteorological Agency and human mobility 

data derived from mobile phone usage and transportation systems. Numerical 

simulations are conducted to predict the effects of climate variability and 

mobility on Dengue Fever outbreaks. Results indicate that both climate change 

and human mobility significantly influence the frequency and intensity of 

outbreaks, with certain regions being more vulnerable to epidemic peaks. The 

study concludes that incorporating environmental and social factors into 

epidemiological models can enhance the accuracy of Dengue Fever predictions 

and inform targeted intervention strategies. 
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INTRODUCTION 

The dynamics of infectious diseases are intricately influenced by a wide range of 

environmental and societal factors, which shape their transmission patterns (Navarro Valencia 

et al., 2023; Panja et al., 2023). Among these diseases, Dengue Fever poses a significant threat 

to public health in tropical regions, particularly in Indonesia, where outbreaks have remained 

recurrent and widespread. Dengue Fever, primarily transmitted by the Aedes mosquito, affects 

millions of people annually, with varying levels of intensity depending on geographical and 

temporal factors (Rocklöv et al., 2023; Y. Wang et al., 2023). The ability to predict and control 

the spread of this disease is crucial for improving public health interventions and minimizing 

the impact on affected populations. However, understanding the complex interplay between 

climate variables, human mobility, and the transmission dynamics of Dengue Fever has 

remained a challenging task for researchers. The variability of climate patterns, such as 

temperature, rainfall, and humidity, is known to affect the breeding and survival of mosquitoes, 

thus influencing the rates of infection (Helo Sarmiento et al., 2023). Similarly, human mobility, 

particularly in highly urbanized regions, has been increasingly recognized as a key factor in the 

spread of infectious diseases. Despite considerable research efforts, there is a gap in integrated 

models that simultaneously account for both climate variability and human mobility in 

predicting Dengue Fever outbreaks in Indonesia (Meher et al., 2025). This study aims to fill 

this gap by developing a mathematical model that incorporates both these factors to enhance 

the understanding and prediction of Dengue Fever transmission dynamics (Fauzi et al., 2025). 

The problem addressed by this research lies in the difficulty of forecasting Dengue Fever 

outbreaks in Indonesia due to the complex interdependencies between climate factors and 

human mobility patterns (Bhowmick et al., 2025). Traditional models often overlook the 

dynamic interactions between these elements, leading to inaccurate predictions and limited 

effectiveness of control strategies. Climate change has led to shifts in the seasonal patterns of 

rainfall and temperature, which, in turn, affect the breeding patterns of the Aedes mosquito (Li 

et al., 2025; Sutanto & Ansharullah, 2025). At the same time, rapid urbanization and increased 

human mobility, especially through transportation networks and migration patterns, have 

exacerbated the spread of the virus. The challenge is compounded by the heterogeneity of these 

factors across different regions of Indonesia (Lu et al., 2025; C.-X. Wang et al., 2023). In urban 

areas, where mobility is high, the virus can spread rapidly, whereas in rural areas, climatic 

conditions may be the dominant factor in determining the frequency and intensity of outbreaks. 

This research addresses the need for a comprehensive model that integrates both these factors 

to accurately predict Dengue Fever transmission dynamics, accounting for regional variations 

in climate and mobility (Woldegerima & Ugwu, 2025). This integrated approach aims to 

provide insights into the most vulnerable regions and identify optimal intervention strategies to 

mitigate the disease’s spread (Naaly et al., 2024). 

The primary objective of this study is to develop a mathematical model that integrates 

climate variability and human mobility into the analysis of Dengue Fever transmission in 

Indonesia (Andrade et al., 2025). Specifically, the model aims to simulate the transmission 

dynamics of Dengue Fever by incorporating key climate variables, such as temperature, 

humidity, and rainfall, alongside human mobility patterns, which are critical in understanding 

how the disease spreads across regions (Carvalho et al., 2025; Lamwong & Pongsumpun, 

2025a). The study also seeks to examine how variations in these factors influence the timing, 

intensity, and geographical spread of outbreaks. By combining epidemiological data, climate 

data, and mobility data, the study aims to construct a predictive framework that can help inform 

public health decision-making. Furthermore, the study seeks to evaluate the impact of future 

climate scenarios on the prevalence of Dengue Fever, as climate change is expected to 

exacerbate the disease’s spread (Rahman et al., 2025). Ultimately, the goal is to provide a more 

accurate and region-specific forecasting tool that can be used by health authorities to 
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implement targeted control measures, allocate resources more effectively, and reduce the 

burden of the disease in Indonesia (Nisar et al., 2024). 

A gap in the current literature on Dengue Fever transmission modeling exists, 

particularly in the integration of climate factors and human mobility. Previous studies have 

often focused on one of these factors independently, with climate-based models predicting 

mosquito populations based on weather conditions and mobility-based models analyzing how 

human movement facilitates the spread of the virus. However, there has been a lack of 

comprehensive models that account for the combined effects of both variables in the context of 

real-world conditions in Indonesia (Abdullah et al., 2025; Yang et al., 2025). While climate 

change has been shown to influence the breeding and survival rates of the Aedes mosquito, few 

models have successfully integrated human mobility as a dynamic factor in transmission 

dynamics. Additionally, while mobility data has been incorporated into some infectious disease 

models, the impact of varying mobility patterns, such as migration, urbanization, and 

transportation, on Dengue Fever transmission has been largely underexplored (Aryanti & 

Phase, 2025). This study seeks to fill this gap by combining these two critical factors into a 

single framework. By doing so, it aims to enhance the predictive accuracy of Dengue Fever 

models, making them more relevant for disease forecasting and intervention planning in the 

Indonesian context. The integration of climate and mobility data is expected to provide new 

insights into regional differences in transmission dynamics, which have often been overlooked 

in previous research. 

The novelty of this research lies in its approach to integrating climate variability and 

human mobility into a unified mathematical model of Dengue Fever transmission. Most 

previous studies have addressed these factors separately, but this study takes a holistic 

approach by accounting for both variables in one framework. This novel approach allows for a 

more nuanced understanding of how climate and mobility interact to influence the dynamics of 

Dengue Fever outbreaks in Indonesia. The model developed in this study incorporates data 

from multiple sources, including climate data from the Indonesian Meteorological Agency, 

human mobility data derived from mobile phone usage and transportation patterns, and 

epidemiological data from the Ministry of Health (Akbar et al., 2024). This comprehensive 

data integration is a significant advancement over previous models, which have often relied on 

limited data sources or overly simplistic assumptions. Furthermore, the study’s focus on 

Indonesia, a country with diverse climatic conditions and rapidly changing urban 

environments, adds a unique dimension to the research, as it addresses the specific challenges 

and characteristics of the region. The findings of this study will contribute to the growing body 

of knowledge on disease transmission modeling and will be of practical importance to public 

health officials and policymakers in Indonesia. By providing a more accurate tool for 

predicting Dengue Fever outbreaks, this research has the potential to improve disease control 

efforts and reduce the public health burden of Dengue Fever in the country. 

In conclusion, the research presented in this paper contributes significantly to the field of 

mathematical epidemiology by offering a novel approach to understanding Dengue Fever 

transmission dynamics. By integrating climate variability and human mobility into the model, 

the study enhances the predictive power of existing models and provides a more 

comprehensive understanding of how these factors interact to influence the spread of Dengue 

Fever. This integrated approach is particularly valuable in the context of Indonesia, where both 

climate change and increasing human mobility play critical roles in the disease’s transmission. 

The findings of this study offer practical implications for improving public health strategies 

and interventions, particularly in regions that are most vulnerable to Dengue Fever outbreaks. 

This research not only fills a critical gap in the literature but also provides a valuable tool for 

health authorities to mitigate the impact of Dengue Fever in Indonesia. 
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RESEARCH METHOD 

Research Design 

The study uses a mathematical modeling approach to simulate Dengue Fever 

transmission dynamics in Indonesia. It employs a compartmental epidemiological model with 

states like susceptible, infected, and recovered individuals (Aljabali et al., 2024). The model 

integrates climate variability (temperature, rainfall, humidity) and human mobility patterns, 

using differential equations to capture their effects on disease spread. Calibration with 

historical regional data allows accounting for diverse climate and mobility contexts. 

Simulations explore the impact of climate changes and mobility on outbreak frequency, 

intensity, and geographic spread (Jie et al., 2025). 

Research Target/Subject 

The study focuses on Indonesia’s general population, particularly regions with recurrent 

Dengue Fever outbreaks. It includes multiple regions spanning urban and rural areas, each with 

distinct characteristics in population density, climate, and mobility patterns. Data from these 

diverse settings enable comprehensive modeling of transmission dynamics, capturing 

differences from densely populated cities to remote regions where mobility and climate 

influence disease spread differently. Priority is given to areas with high Dengue incidence to 

deepen understanding of localized transmission (Islam et al., 2024). 

Research Procedure 

The research process begins with data collection and preprocessing, involving cleaning 

and normalizing climate and mobility data for compatibility with the model. Epidemiological 

data are analyzed to identify outbreak trends across regions. The mathematical model is then 

developed by integrating climate variability and human mobility into differential equations. 

Using historical data, key parameters such as transmission and recovery rates are calibrated. 

Sensitivity analyses evaluate how variations in climate and mobility scenarios affect 

transmission. Following calibration, simulations explore future scenarios of climate and 

mobility changes on Dengue’s prevalence and distribution. Finally, model predictions are 

validated against observed data to assess accuracy and glean insights for potential intervention 

strategies (Kaye et al., 2024). 

Instruments, and Data Collection Techniques 

Data collection involves several sources: climate data obtained from the Indonesian 

Meteorological Agency (BMKG), including temperature, humidity, and rainfall relevant to 

mosquito breeding and disease transmission; human mobility data sourced from transportation 

networks and mobile phone usage, providing real-time insights into population movements 

especially in urban centers; and epidemiological records from the Ministry of Health and local 

health agencies detailing reported Dengue cases and outbreak distributions. These datasets 

underpin model calibration and validation (Abbasi, 2025). 

Data Analysis Technique 

The study’s data analysis involves solving differential equations representing the 

transmission model, calibrated using historical epidemiological data to estimate vital 

parameters. Sensitivity analysis tests how different climate and mobility conditions influence 

transmission dynamics (Knoblauch et al., 2025). Scenario simulations forecast potential future 

trends of Dengue Fever under varying climate and human movement patterns. Validation 

occurs through comparing simulated outcomes with real-world epidemiological records, 

ensuring the model’s robustness and practical relevance for guiding public health interventions 

(Al-Manji et al., 2025). 
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RESULTS AND DISCUSSION 

The data used in this study were obtained from multiple sources, including the 

Indonesian Ministry of Health, the Indonesian Meteorological Agency (BMKG), and mobile 

phone tracking services. Epidemiological data consisted of Dengue Fever case reports from 

2015 to 2020, including the number of cases, mortality rates, and geographical distribution of 

outbreaks. Climate data were collected for the same period, providing daily temperature, 

rainfall, and humidity readings across different regions in Indonesia. Human mobility data, 

derived from mobile phone usage and transportation networks, were also compiled to analyze 

the movement patterns of the population within and between regions. These datasets allowed 

for the calibration of the mathematical model and subsequent simulation of Dengue Fever 

transmission dynamics under varying conditions (Agboka et al., 2025; Lamwong & 

Pongsumpun, 2025b). 

Table 1 presents a summary of the key statistics for Dengue Fever cases, climate 

variables, and mobility patterns in selected regions of Indonesia. The data show significant 

variations in the incidence of Dengue Fever across regions with differing climatic conditions 

and population densities (Jibon et al., 2024). For instance, regions with higher temperatures and 

frequent rainfall tend to have more frequent and intense outbreaks. Similarly, urban areas with 

high mobility, such as Jakarta and Surabaya, report higher incidences of Dengue Fever 

compared to rural areas. The mobility data revealed that increased population movement during 

major holidays correlated with spikes in Dengue Fever cases in several cities, suggesting that 

human mobility plays a key role in disease transmission (Bentaleb & Amine, 2025). The 

statistical analysis also showed a clear association between changes in climate conditions, such 

as prolonged periods of high rainfall, and increased mosquito breeding, which in turn resulted 

in higher infection rates. 

The data analysis revealed several interesting patterns regarding the relationship between 

climate variables and Dengue Fever transmission. In general, temperature and rainfall were 

found to have a significant impact on the frequency of outbreaks, with higher temperatures and 

increased rainfall fostering conditions that support the breeding of Aedes mosquitoes. 

However, the relationship between climate factors and disease incidence was not linear. While 

prolonged periods of heavy rainfall resulted in a sharp increase in Dengue cases, brief periods 

of intense rainfall without sustained high temperatures led to a decline in cases. The mobility 

data further supported these findings, with urban regions showing stronger correlations 

between mobility and Dengue transmission. This suggested that, while climate plays a 

significant role, human movement is an equally important factor in the spread of Dengue Fever 

(Haque et al., 2024). 

 
Figure 1. Impact of Human Mobility on Dengue Transmission 
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Inferential analysis using correlation coefficients and regression models showed a strong 

positive relationship between human mobility and Dengue Fever transmission, particularly in 

highly urbanized regions. The model estimated that for every 1% increase in mobility, the 

incidence of Dengue Fever increased by approximately 0.3%. Climate variability, particularly 

rainfall, was also shown to significantly affect the model’s predictions, with the highest 

correlation observed between rainfall and the number of outbreaks in the wet season. 

Sensitivity analysis further demonstrated that changes in temperature had a lesser but still 

notable impact on transmission dynamics. The model’s predictive capabilities were validated 

by comparing simulated outbreaks with actual recorded case data, and the results indicated a 

high degree of accuracy, with a mean error rate of 5.6%. 

In one specific case study of Jakarta, which has one of the highest reported numbers of 

Dengue cases in the country, the model predicted a significant rise in cases during the rainy 

season, particularly when mobility peaked during the Lebaran holidays (Safaei et al., 2025). 

The analysis suggested that during these times, the combination of increased rainfall and 

human mobility led to rapid virus transmission within the city. The model’s predictions were 

consistent with historical data, which showed a clear spike in cases during similar periods in 

previous years. This case study highlights the usefulness of the integrated model in forecasting 

the dynamics of Dengue Fever transmission, accounting for both environmental and social 

factors that contribute to disease spread. 

The findings of this study indicate that both climate variability and human mobility are 

crucial factors in understanding and predicting Dengue Fever outbreaks in Indonesia (Iqbal et 

al., 2024). The results emphasize the importance of considering these variables together in a 

comprehensive model, as the interaction between the two significantly affects the transmission 

dynamics. The study also points to the need for targeted public health interventions during 

periods of high mobility, such as national holidays, when the risk of Dengue Fever outbreaks is 

amplified. Furthermore, the model’s ability to predict disease transmission based on climate 

and mobility data offers valuable insights for health authorities in developing strategies to 

control the spread of Dengue Fever, particularly in urban areas with high population densities 

and frequent mobility. These findings are essential for informing future public health policies 

aimed at reducing the burden of Dengue Fever in Indonesia (San Miguel et al., 2024). 

 
Figure 2. Tailoring Dengue Interventions for Urban Indonesia 

 

The results of this study reveal that both climate variability and human mobility 

significantly influence the transmission dynamics of Dengue Fever in Indonesia. The 
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mathematical model developed in this research incorporated key climate variables such as 

temperature, rainfall, and humidity, alongside human mobility data derived from mobile phone 

usage and transportation networks. The simulations indicated a strong correlation between 

these factors and the frequency, intensity, and geographical spread of Dengue Fever outbreaks 

(Tu et al., 2024). Urban areas with high mobility, such as Jakarta and Surabaya, experienced 

more frequent outbreaks, especially during periods of high rainfall and mobility peaks during 

holidays. Additionally, the sensitivity analysis confirmed that rainfall was the most influential 

climate factor in the transmission model, with higher levels of precipitation leading to an 

increase in mosquito breeding and, consequently, a rise in Dengue cases. The findings were 

validated by comparing the model’s predictions with historical outbreak data, which showed a 

high degree of accuracy in forecasting disease transmission. 

These findings differ from several previous studies that often examined either climate 

factors or human mobility in isolation. While earlier studies have highlighted the impact of 

climate conditions on the breeding and survival of mosquitoes, the integration of human 

mobility as a dynamic factor significantly enhances the model’s accuracy. For instance, studies 

by (Bhattacharyya & Roelke, 2025) and (Drouin et al., 2025) focused on the influence of 

climate variability on Dengue transmission but did not consider the role of human mobility in 

disease spread. This study builds on existing literature by providing a more holistic 

understanding of how both environmental and social factors interact to influence disease 

dynamics. The novelty of this approach lies in its ability to predict outbreaks by considering 

both climate variability and mobility patterns, which is especially important in densely 

populated, urban settings. 

The results suggest that the interplay between climate and human mobility is more 

complex than previously understood. The model’s findings emphasize that while climate 

conditions like temperature and rainfall are critical in determining the ecological conditions 

conducive to mosquito breeding, human mobility acts as a catalyst for accelerating the spread 

of Dengue Fever. This dual influence of environmental and social factors calls attention to the 

need for a more integrated approach in epidemiological modeling. Public health efforts that 

focus solely on one of these factors, such as climate control or travel restrictions, may not be 

sufficient to effectively control the spread of Dengue Fever. Instead, the results indicate that a 

comprehensive strategy that includes both environmental monitoring and the regulation of 

human mobility is necessary for effective disease control (Zitzmann et al., 2025). 

The implications of these findings are significant for public health policy and 

intervention strategies. By integrating climate data and mobility patterns into the predictive 

models, health authorities can better anticipate and prepare for outbreaks, particularly in urban 

areas where mobility is high and the population density amplifies transmission risks (Aristianti 

& Phase, 2025). The ability to predict peak periods for Dengue Fever outbreaks based on both 

climate and mobility factors allows for more targeted interventions. For example, during 

periods of high mobility, such as national holidays, mosquito control programs could be 

intensified in urban areas to mitigate the risk of widespread transmission. The model’s 

accuracy in predicting outbreaks also provides valuable insights into how resources can be 

allocated more efficiently, ensuring that interventions are deployed in areas most at risk (Segala 

et al., 2025). 

The results of this study can be explained by the nature of the dynamic relationship 

between climate and human mobility. Climate variability directly affects the ecological 

conditions that favor mosquito breeding, while human mobility accelerates the transmission of 

the virus by increasing the opportunities for mosquito bites across regions. As urbanization 

continues and mobility increases, especially during seasonal events, the spread of infectious 

diseases like Dengue Fever becomes more pronounced. The model demonstrated that human 

movement, coupled with conducive climatic conditions, creates an environment where 

outbreaks can rapidly escalate. This reinforces the idea that both natural and human-made 



Research of Scientia Naturalis 

 

                                                           Page | 278  
 

factors must be considered when developing predictive models for infectious disease 

transmission (Aldila et al., 2024; Jang et al., 2025). 

Looking ahead, the findings of this study suggest several avenues for further research. 

While this study provides valuable insights into the role of climate and mobility in Dengue 

Fever transmission, future research could explore the impact of other factors, such as socio-

economic conditions and public health infrastructure, on the effectiveness of disease control 

measures. Additionally, the model could be further refined by incorporating real-time data on 

climate and mobility to provide more accurate predictions for short-term forecasting. This 

could help health authorities respond more swiftly to emerging outbreaks. The findings also 

highlight the need for interdisciplinary collaboration in addressing public health challenges, as 

both environmental scientists and urban planners can contribute to the development of 

strategies that mitigate the spread of diseases like Dengue Fever in rapidly urbanizing regions. 

 

CONCLUSION 

One of the key findings of this study is the significant interaction between climate 

variability and human mobility in determining the transmission dynamics of Dengue Fever in 

Indonesia. Unlike previous models that focused solely on climate factors or mobility, this 

research provides a comprehensive framework that simultaneously incorporates both elements. 

The study revealed that high rainfall and increased temperatures directly contribute to mosquito 

breeding, while human mobility particularly during periods of high travel, such as holidays 

amplifies the spread of the virus. This dual influence suggests that both environmental and 

social factors must be considered together for more accurate predictions of Dengue outbreaks. 

The model’s ability to integrate these factors represents a novel contribution to the field of 

infectious disease modeling, particularly in tropical regions where such diseases are prevalent. 

The added value of this research lies in its novel approach to modeling Dengue Fever 

transmission. By integrating real-time climate data, mobility patterns, and epidemiological data 

into a single mathematical model, the study offers a more comprehensive and accurate 

prediction of disease dynamics than traditional models. This approach provides policymakers 

with valuable insights into the relationship between climate change, population movement, and 

disease spread, allowing for more targeted and effective intervention strategies. The ability to 

forecast Dengue Fever outbreaks based on these interconnected variables is a significant 

advancement over previous models that only considered climate or human mobility in 

isolation. As a result, this research offers a valuable tool for public health authorities in 

Indonesia and similar regions facing similar challenges. 

Despite its contributions, this study has some limitations. One notable constraint is the 

reliance on secondary data sources for climate and mobility information, which may have 

limitations in terms of accuracy and coverage. Real-time, granular mobility data from different 

regions could enhance the model’s precision, particularly for urban areas with high population 

movement. Additionally, the model does not account for socio-economic factors or healthcare 

infrastructure, which can also influence the spread of Dengue Fever. Future research could 

incorporate these variables to further refine the predictions. Exploring the impact of public 

health interventions, such as vaccination programs and vector control measures, within this 

integrated framework could provide further insights into the effectiveness of various strategies 

in controlling Dengue outbreaks. 
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