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Abstract: Dengue hemorrhagic fever is an arboviral infectious disease that has occurred frequently 

as an extraordinary event due to its fast spread and lethal potential in Indonesia. The vector Aedes 

aegypti is sensitive to climate variability. This study determines the relationship between climate 

variability and dengue hemorrhagic fever in Surabaya, East Java, Indonesia from 2009 to 2017. This 

study used the monthly dengue hemorrhagic fever incidence obtained from the Surabaya Health 

Office and the monthly climate variability parameters (average temperature, rainfall, humidity) 

obtained from the Indonesian Agency for Meteorology, Climatology and Geophysics and website 

www.worldweatheronline.com. Data analysis was done using One-Sample Kolmogorov Smirnov Test 

and Spearman non-parametric correlation test. The results showed a correlation between all three 

climate variability parameters with dengue hemorrhagic fever incidence (average temperature 

p<0.05, r=-0.603; rainfall p<0.05, r=0.407; humidity p<0.05, r=0.7). Average temperature is negatively 

correlated to dengue hemorrhagic fever incidence, while rainfall and humidity are positively 

correlated to dengue hemorrhagic fever incidence. This study shows preliminary evidence on the 

correlation of climate variability and dengue hemorrhagic fever in Surabaya, East Java, Indonesia.  

Keywords: Climate variability; dengue hemorrhagic fever incidence; average temperature; 

humidity; rainfall; Surabaya 

 

1. Introduction 

Dengue fever (DF), an infectious disease, and its more severe manifestation dengue hemorrhagic 

fever (DHF) are the fastest emerging arboviral infectious disease in tropical and subtropical countries 

and have become a major public health concern globally. It is estimated 2.5 billion people are at risk 

of dengue infection, while an estimated 50 million dengue infections occur worldwide with 500 

thousand people requiring hospitalization for DHF annually [1] .  

DHF has occurred frequently as an extraordinary event due to its fast spread and fatal potential 

in Indonesia. The first reported cases of DHF in Indonesia occurred in Jakarta and Surabaya in 1968 

[2]. The incidence rate has increased ever since with expanding endemic regions and has affected 

most of the provinces in East Java [3], [4]. Surabaya was recorded as the province with the highest 

DHF incidence rate in East Java back in 2012 [3], with very high coping range index (CRI) levels in 

2007-2009 and 2011-2012 [5]. 

DF and DHF are caused by dengue viruses (DENV), which form the dengue complex in the 

genus Flavivirus, family Flaviviridae. This self-limited, systemic viral infection is caused by four 

antigenically related viruses (DENV 1-4) found circulating in the tropical and subtropical regions of 

the world [6], [7].  

DHF is transmitted from a female mosquito to susceptible humans mainly by bites of the female 

Aedes aegypti and Aedes albopictus mosquito species. As a tropical country, Indonesia with a 

monsoonal wet season and a dry season provide an optimum habitat to support the breeding of Aedes 

aegypti mosquitoes and spread of its virulent infection [8]. The other factors that impact the increasing 
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dengue disease burden are complex and consist of these key determinants: climatic factors, 

urbanization, increased global travel, geographical spread of dengue vectors, decay in public health 

infrastructures, lack of effective mosquito control, and the unprecedented global population growth 

[1], [9].  

Climate variability plays an important role in the epidemiology of vector-borne diseases. It 

is one of the most important environmental factor that affects human health and the spread of 

diseases. It is a complex study that requires a thorough understanding of the links with the climate 

and disease [10]. Examples of the climatic variables included in climatic factors are qualitatively the 

temperature, humidity and rainfall [11], [12].  

Existing literature sources have corroborated the association of humidity and temperature 

with the adult mortality rate and fecundity of vector populations. In these studies, the intensity of 

the temperature effect is strongly associated to humidity and it is reported that female vector 

populations can survive two-fold more and produce more eggs during rainy seasons at low 

temperature and at high relative humidity [13]. These studies suggest that temperature and humidity 

variations creates an effect on the fecundity, fertility and survival of vector populations, where a 

decreased vector population is correlated with the decreased temperature and increased humidity, 

with a negative effect on several aspects of mosquito biology [14]. However, a full understanding of 

the quantitative nature of these variables is still lacking and inconclusive. Further quantitative 

analysis needs to be done to  understand dengue dynamics [15]. 

There is no specific treatment available to treat the virus. Currently, DHF is primarily treated 

by the control management of the mosquitoes. Meanwhile, the programs to combat and alleviate 

DHF burden in the South-East Asia region are not largely successful [1]. Recent findings also found 

an increasing trend for global dengue epidemic potential in temperate regions over time [16]. To 

combat the increasing burden of DHF cases, the various factors of dengue transmission need to be 

addressed to generate appropriate preventive and control measures.  

Previous research has stated the potential impact of several climatic variables on spread of 

DHF but the impact of climatic data on the spread of dengue is still uncertain [17]. To date, there are 

only a few research studies [18] done on the effect of climatic variables on the spread of DHF in 

Surabaya. Therefore, the goal of this study is to investigate the effect of climatic data on dengue 

transmission in Surabaya in the hopes that it may assist in the planning of more effective vector 

control and DHF surveillance programs via weather forecasting networks in the future, in 

conjunction of preventing the endemicity of DHF in Surabaya.  

2. Materials and Methods  

Study Area: This study was conducted in Surabaya, an endemic area for Dengue Hemorrhagic Fever 

in Indonesia. It is situated between 112° 36” and 112° 54''E longitude line and between 07° 12'' S 

latitude line. Surabaya is a city area with 326.37 km2 and a human population of 2,862,406 million 

inhabitants. Surabaya consists of  31 sub-districts (kecamatan) and 154 administrative villages 

(kelurahan), and is the capital of the East Java province [19]. The sample size in this study are the 

Surabaya human population of 2,862,406 inhabitants. 

 

Data Collection: The secondary data of DHF cases and climatic data were collected for this research. 

The monthly DHF case incidence data from 2009 to 2017 were obtained from the Surabaya City 

Health Office. These reported DHF cases were diagnosed using the standardized WHO clinical 
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criteria. The monthly climatic data from 2009 to 2017 was collected from the online website 

www.worldweatheronline.com and the Indonesian Agency for Meteorology, Climatology and 

Geophysics. These monthly climatic data consisted of the monthly average temperature, rainfall and 

humidity. Initially, there was a restriction access to obtain the monthly DHF case incidence data from 

the Surabaya City Health Office. Assistance from co-author three who is in the Public Health Field 

was required to attain clearance to obtain the data. There was also a restriction access from the 

Indonesian Agency for Meteorology, Climatology and Geophysics to obtain climatic data. The 

maximum obtainable data was only for two years from 2016 to 2017. Nevertheless, full monthly 

climatic data was accessible from the online website www.worldweatheronline.com for the Surabaya 

region in Indonesia. 

Statistical Analysis: SPSS statistical software package version 16.0 was used for the statistical 

analysis. The One-Sample Kolmogorov Smirnov Test was used to evaluate the cumulative distribution 

function for the data. The Spearman non-parametric correlation test was used to examine the 

relationship between monthly climatic data and DHF incidence. The Spearman’s correlation 

coefficient is a statistical measure of the strength of the relationship between the paired data. When 

the correlation coefficient value is closer to ±1, the stronger the relationship between the paired data. 

3. Results 

3.1. Profile of Dengue Hemorrhagic Fever Incidence from 2009 to 2017 in Surabaya, Indonesia 

During the study period from 2009 to 2017, a total of 12,672 dengue hemorrhagic fever (DHF) 

cases were diagnosed and reported (Figure 1 (a)). The figure illustrated the annual total DHF cases 

from 2009 to 2017, showing a “downslope” trend with sudden “spikes” in between. The highest total 

DHF cases were recorded in 2010 (3379 cases, IR of 116 per 100,000 person-years), and the lowest total 

DHF cases were recorded in 2017 (325 cases, IR of 11.3 per 100,000 person-years). Between 2010 to 

2017, the total DHF cases and IR incidence rate (Figure 1 (b)) had sudden increases in 2013 and 2016.  

Despite the overall decreasing DHF cases from 2009 to 2017, the case fatality rate (CFR) of 

DHF cases illustrated an increasing pattern. The CFR was the highest in 2014 (2.1) and the lowest in 

2009 (0.3). Figure 1 (c) illustrated the case fatality rate (CFR) of DHF cases.  

When the total DHF cases (Figure 1 (d)) were illustrated based on months from 2009 to 2017, 

the fluctuation of the DHF cases was shown to correspond to the seasonality patterns of the months 

in a year in Surabaya, Indonesia. Overall, the figure showed the DHF cases recorded were highest 

from March to May and were the lowest in September. 

The time series charts (Figure 1 (e); (f) & (g)) illustrated the trends of the monthly DHF cases 

and monthly climatic data. The monthly DHF cases fluctuated similarly to the monthly rainfall trends 

in Figure 1 (f) and the monthly humidity in Figure 1 (g), while the monthly average temperature had 

a low thermal variation of less than 10 degree Celsius in Figure 1 (e). 
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Figure 1.  Profile of DHF cases from 2009 to 2017 in Surabaya, Indonesia (a) Annual total DHF cases 

(b) Incidence rate (IR) of DHF cases (c) Case fatality rate (CFR) of DHF cases (d) Monthly total DHF 

cases (e) Monthly average temperature and monthly DHF cases (f) Monthly rainfall and monthly 

DHF cases (g) Monthly humidity and monthly DHF cases 

3.2. Relationship between Climate Variability and Dengue Hemorrhagic Fever  

The One-Sample Kolmogorov Smirnov Test showed that the monthly average temperature, 

monthly rainfall, monthly humidity and monthly total DHF cases from 2009 to 2017 were not in 

normal distribution (p-value = 0.000, which is lesser than 0.05 for both variables). Therefore, the 

Spearman non-parametric correlation test was used to identify the relationship between both variables. 
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The results showed a negative correlation (r = -0.603) between the monthly average temperature 

and monthly total DHF cases with a positive significance (p = 0.01). Therefore, there was a significant 

correlation between average temperature and DHF incidence. The negative correlation denotes that 

when the average temperature increases, the DHF incidence decreases; and vice versa. 

The results showed a positive correlation (r = +0.407) between the monthly rainfall and monthly 

total DHF cases with a positive significance (p= 0.01). Therefore, there was a significant positive 

correlation between rainfall and DHF incidence. The positive correlation denotes that when the 

rainfall increases, DHF incidence increases; when the rainfall decreases, DHF incidence decreases. 

The results showed a positive correlation (r = +0.700) between the monthly average humidity 

and monthly total DHF cases with a positive significance (p = 0.01). Therefore, there was a significant 

positive correlation between humidity and DHF incidence. The positive correlation denotes that 

when humidity increases, DHF incidence increases; when humidity decreases, DHF incidence 

decreases. 

4. Discussion 

4.1 Profile of Dengue Hemorrhagic Fever Incidence from 2009 to 2017 in Surabaya, Indonesia 

4.1.1 DHF Incidence and Case Fatality Rate 

It is difficult to say whether the DHF case profile in Surabaya from 2009 to 2017 has improved 

compared to previous decades due to the fluctuating trend pattern of DHF cases over the past 50 

years [2]. Ever since the first outbreak of DHF back in 1968 that occurred in Surabaya and Jakarta, 

DHF has become more widespread geographically in Indonesia [2]. By 1985, the disease has spread 

to 26 of 27 provinces from the 2 provinces in 1968 [20]. After 20 years from the first recorded DHF 

outbreak, in 1988, the CFR increased to 27.1 per 100,000 population in Indonesia [21]. Specific 

measures and efforts were taken by the Indonesian government and public health officials to mitigate 

the DHF incidence. By 1989, the DHF incidence has decreased to a low 6.1 per 100,000 population. 

However, ever since 1989, DHF incidence fluctuated and experienced a vast increase from 1994 to 

1998, with 1998 having the highest IR (35.19 per 100,000 population) recorded, until its record was 

broken with an IR of 35. 4 per 100,000 population in 2004 [21], [22].  

The “down sloping” trend of DHF incidence in recent years could be due to the effective 

surveillance and vector control programs carried out by the Surabaya City health officials. The 

Indonesian government put high importance on surveillance efforts and vector control programs to 

counter dengue transmission [22]. Thermal fogging, mass larviciding, insecticides, and health 

awareness programs were reasonably successful in eradicating vector breeding sites and instilling 

awareness in the mass population about dengue transmission [21]. When mass larviciding coverage 

was considered inadequate (limited to 30% to 40% of endemic areas), communities organized efforts 

to promote “Pemberantasan Sarang Nyamuk (PSN 3M Plus)” which are the “menutup”- covering 

water containers, “menguras”- cleaning water containers and “mengubur”- burying discarded 

containers [22]. 

However, there were intermittent spikes of DHF incidence and increased CFRs over the study 

period which posed as a major problem in Surabaya. This observation differed with the CFR of the 

whole of Indonesia which were decreasing steadily over the past 50 years with the lowest rate at 1.21% 

in 2004 [2]. However, there were many factors underlying dengue virus transmission and this caused 

a difficulty in determining which specifically has caused complications in the eradication of Aedes 
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mosquitoes. The lack of awareness in the society and the low community participation in mosquito 

eradication efforts may have affected the vector control efforts implemented by the Indonesian 

government, while human behavior in the community which has not adhered to healthy living may 

have also increased their susceptibility towards dengue infection [23]. Evidence had stated that 

ubiquitous efforts have been made in mosquito-control regimes by the Indonesian government, 

however the effectivity depended on the combined efforts and awareness of the community as 

dengue death tolls increased in Indonesia [24].  

Our findings also showed that DHF incidence fluctuated according to the seasonality patterns 

of Indonesia. There was a marked increase of DHF incidence towards the end of the rainy season 

(December to March), and a decrease of DHF incidence during the dry season (June to September). 

This was supported by the complex dynamics of climatic influence on the ecology and the interaction 

with increased vector density after rainy seasons in tropical countries [12].  

The marked increase of DHF incidence could also occur due to regional climate phenomenon El 

Niño Southern Oscillation (ENSO). Several studies found associations between ENSO events and 

increased DHF incidence [25], [26]. The 1998 increased DHF incidence in Surabaya and Jakarta may 

be due to ENSO [21]. This is because ENSO can influence climate variability, alter global rainfall 

patterns and modulate global temperatures [27].  

During the spike of DHF incidence in 2010, 2013 and 2016 in Surabaya, there was unusual 

activity recorded in the ENSO phases at the Pacific Ocean. Significant La Niña events has occurred 

in 2010-2011 and 2011-12 which lead to record rainfalls and flooding in several countries [28]–[30]. 

This increased the risk of vector-borne disease outbreaks when flooding recedes. El Niño in 2015-

2016 also presented potential bio-physical impacts in Indonesia, Brazil and Australia which lead to 

high risk of droughts in the developing phase and flooding during the decaying phase [31]. Droughts 

associated with increased water collection behavior and elevated temperatures increased the number 

of potential breeding sites for Aedes mosquitoes [32]. 

ENSO variations also impacted the tropical mean climate state and caused a consequential 

warming of the eastern tropical Pacific due to change in the global atmospheric circulation [33], [34]. 

The higher temperature led to higher transmission probability of dengue virus[35].  

The results for the Surabaya DHF incidence trend in this study differed from other tropical 

countries in SEA region. Most countries in SEA experienced an increased IR and CFR of DHF cases 

[36]–[39], with Singapore and Malaysia having a decreased CFR despite the increasing IR over recent 

years. This could be due to the recent implementation of active surveillance programs for dengue in 

these countries that aimed to predict epidemic activity in advance of peak transmission [40]. Mexico 

and Brazil which has subtropical climates also had a similar trend pattern with tropical countries, 

with increasing IR of DHF cases in recent years [41], [42]. 

4.1.2 Time Series Climatic Data and Dengue Hemorrhagic Fever 

The time series climatic data in Figure 1 (e), (f) and (g) showed a seasonality trend pattern for 

the climatic parameters which were the average temperature, humidity and rainfall and DHF 

incidence in Surabaya from 2009 to 2017. The results showed that the rainfall trend pattern was almost 

similar to the trend pattern of DHF incidence in Surabaya. Therefore, rainfall and DHF incidence 

were more likely to have a substantial relationship in Surabaya. Previous studies have found that 

dengue transmission was more likely to occur due to increased rainfall which formed more breeding 

habitats leading to increased vector density [43], [44].  
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 Surabaya experiences temperatures from 24°C to 34°C according to literatures [45]. Within the 

study period from 2009 to 2017, the average temperatures in Surabaya were relatively steady and 

have very small variations throughout the year with the recorded minimum average temperature of 

28°C and maximum of 35°C, therefore it is not very meaningful to discuss the warmer and colder 

seasons. However, according to studies, temperature was a determinant of dengue outbreaks and 

was used in dengue prediction models in several countries [46]–[48].  

 Humidity also showed a similar trend with the DHF cases trend pattern, without highly marked 

fluctuations. The ranges of humidity is recorded as 65% to 85% in Surabaya [45]. While the average 

annual percentage of humidity in Surabaya is 74% with January being the most humid month and 

August as the least humid month, according to the “Weather-and-Climate” public website. There 

was a positive association between humidity and DHF incidence in studies [49], [50].  

The monitoring of DHF cases were often done during the rainy season when the vector 

development is expected to occur at the highest rate [51], [52]. Based on the time series chart, the DHF 

incidence trend lags behind the rainfall trend. This indicates that the DHF cases were more likely to 

occur after an elevated rainfall event in Surabaya.  

4.2 Relationship between Climate Variability and Dengue Hemorrhagic Fever  

The results of this study revealed that climate variability is correlated with DHF incidence. 

4.2.1 Temperature and Dengue Hemorrhagic Fever 

The results showed that average temperature has a negative correlation with DHF incidence, 

which implies that when average temperature increases, DHF incidence decreases; and vice versa. 

Temperature influences the life cycle of the mosquitoes with an increment in the abundance of 

mosquitoes at more temperate regions compared to colder regions [53]. Ae. aegypti population 

dynamics are sensitive to changes in temperature, and the survival of the species increased in general 

when temperatures increased [53], [54].   

Temperature affects the likelihood of midgut cell infection by the pathogen, and the ability for 

the pathogen to spread to be transmitted to a new host [55]. The warmer temperatures increase the 

metabolism of the mosquitoes, resulting in an increase of vector density when the number of breeding 

sites are still constant [56]. The warmer temperatures shorten the gonotrophic cycle of mosquitoes, 

reducing the extrinsic incubation period (EIP) and also the incubation period of dengue virus [35]. 

As the lifespan of Ae. aegypti is lengthened, there is an increased chance for mosquitoes to become 

infective, the biting rate increases, which causes the risk of transmission of dengue virus to 

susceptible hosts to increase [57], [58]. 

Ae. aegypti can tolerate a wider range of temperature compared to Ae. albopictus according to a 

study incorporating experimental models in the laboratory and in the field [59]. The thresholds of 

temperatures that affect the mortality of Ae. aegypti are 13.8°C which is the critical minimum 

temperature [60], and 35°C which is the maximum temperature threshold [35]. This indicates that the 

temperature has little effect on the mortality of mosquitoes, thus putting more emphasis on the 

shortened extrinsic incubation period due to warmer temperatures, which is the main cause of the 

lengthened lifespan of Ae.aegypti, causing the increased transmission of dengue virus.  

Most studies have found that the increase in temperature increases the risk of dengue 

transmission. Teurlai et al. in New Caledonia concluded that by the end of the 21st century, the 

increase of temperature by approximately 3°C will double the mean incidence rates of dengue 
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epidemics [59]; while Wu et al. in Taiwan found that the population is at risk for dengue fever 

transmission with every 1 °C increase of monthly average temperature by 1.95 times [61].  

Despite most literatures stating a positive correlation between temperature and DHF incidence, 

there are literatures with similar findings to our study, finding a negative correlation between both 

variables. Kramer and Ebel found that adult mosquito survival rates were linked with lower 

temperatures [62] while Lambrechts et al. found that vector competence is reduced in Ae. aegypti for 

flaviviruses when the mean temperature fluctuations are above 18°C, and increases when the mean 

temperature fluctuations are below 18°C [55]. Another study in Thailand has also found that seasonal 

variation of dengue virus transmission is inversely related to the magnitude of diurnal temperature 

ranges (DTR) of the region. According to their findings, a large DTR decreases mosquito survival, 

while a small DTR has a slightly more positive effect on mosquito survival [63]. These findings are 

supportive of our results, as Surabaya has a mean temperature fluctuation below 18°C within the 

study period, with an increased mosquito survival rate. 

When average temperatures increase, the fecundity of Ae. aegypti reduces [64]. The high average 

temperatures with fluctuations was found to be detrimental for mosquito reproduction and it appears 

that there is an underlying physiological response of the mosquito to the daily variation in 

temperature affecting the developmental speed which is not observed under equivalent constant 

temperatures. This change is dependent on the change of the average temperature.  

Therefore, this indicates that the survival of mosquitoes increase with a higher likelihood to be 

infected during moderate temperature fluctuations, than during large temperature fluctuations, 

which is consistent with the results of our study as Surabaya is a region with minimal temperature 

fluctuations.  

Furthermore, regional climate phenomenon El Niño – Southern Oscillation (ENSO) – its El Niño 

phase, causes extensive droughts that increases temperatures, which in turn enhances the dengue 

virus replication and mosquito biting, forming an association with dengue epidemics [65]. The 

interaction of droughts and dengue transmission is more complex than the relationship between 

temperature and dengue transmission [25] 

Another possible limitation of the study is from the lack of seasonal variation of temperature in 

Surabaya, making it more difficult to observe the influence of temperature almost throughout the 

year.  

4.2.2 Rainfall and Dengue Hemorrhagic Fever 

The results showed that rainfall is positively correlated to DHF incidence. This implies that as 

rainfall increases, DHF incidence increase. Increased rainfall increases the potential breeding sites of 

Aedes mosquitoes [58], which leads to an increased propagation of mosquitoes, increasing vector 

density [11], and thus increasing the risk of transmission of dengue virus. However, this relationship 

is not clear because the Ae. aegypti mosquito species, which is responsible for the dengue virus 

transmission in Indonesia, is a domestic species that breeds primarily in indoor settings [66].  

Ae. aegypti is less likely to be influenced by rainfall to transmit outbreaks as it breeds indoor 

primarily compared to Ae. albopictus that breeds in outdoor habitats [67] . However, there still lies a 

possibility that the domestication process of mosquitoes may increase its competence to transmit 

human virus [68], because the oviposition behavior of vectors in different environments still remain 

unknown [69]. This theory supports the result of this study which indicated only a moderately 
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significant correlation between rainfall and DHF cases, because non-climatic factors also play a big 

role in the increasing abundance of breeding sites. 

The non-climatic factors has a potential to increase breeding sites due to the multifactorial 

nature of dengue virus transmission [70]. The non-climatic factors include human behavior by their 

water storage practices, rapid urbanization which may result in substandard housing, and the 

deterioration of the water, sewers and waste management system [9]. The clogged pipes, or improper 

water storage methods may cause rainwater collection, increasing potential breeding sites, and 

increase the risk of dengue transmission. 

In this study, there was an increased incidence of DHF cases from the months March to May. 

This corresponds to the rainfall seasonality pattern in Surabaya, East Java, Indonesia where the wet 

season lies from October to April, where heaviest rainfall occurs towards the end of the wet season 

in April. From a study in São Paulo, Brazil, there was an increment of dengue cases as a result from 

elevated rainfall in previous months [71]. The incidence rate is presented in a seasonal trend, showing 

a similar pattern between rainfall and the dengue incidence in several other studies [72], [73], 

indicating a consistency in the results of this study.  

Regional climate phenomenon which is the El Niño–Southern Oscillation (ENSO) may affect 

the rainfall of the study area. El Niño events especially has a positive association with the increased 

dengue cases in Ecuador and Brazil [74], [75]. The stronger El Niño events in recent decades are 

associated with increased droughts in tropical lands which includes Indonesia [76]. During droughts, 

human response to collect water increases, thus increasing the potential breeding sites of mosquitoes, 

leading to the increased risk of dengue transmission. For example, studies found several countries 

that store water while facing droughts are found to experience dengue epidemics such as in Barbados, 

Brazil, Thailand and Australia [77], [78].  

The study area Surabaya, East Java, Indonesia is a region with dry seasons and rainy seasons. 

Flooding occurs frequently during the rainy season while droughts sometimes occur during the dry 

seasons, which both might increase the transmission probability of dengue fever. Flooding may 

increase the vector densities and increase dengue virus transmission rate [79]–[81]. This is because 

more breeding conditions of Aedes mosquitoes are formed when the increased water levels during 

floods recede [82].  

4.2.3 Humidity and Dengue Hemorrhagic Fever 

 The results from this study showed a positive correlation between humidity and DHF incidence. 

This implies that when humidity increases, there is a bigger magnitude and higher incidence of DHF 

cases in Surabaya. The rising humidity influences the feeding pattern of Aedes mosquitoes, thus 

increasing the survival and lifespan of the mosquitoes [58]. Humidity was also found to be the most 

reliable indicator in dengue incidence models aside from the other weather parameters, due to its 

more stable impact on the dengue incidence in the model in Taiwan [50].  

This finding is consistent with the result of this study, because humidity is found to have the 

highest correlation coefficient with DHF cases compared to the other to climate variables 

(temperature and rainfall). However, there is cautioning to interpret the results of this climate 

variable due to its biological causation from rainfall and temperature [83]. This is because the 

humidity is influenced by the rainfall and temperature of a region.  
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Several studies also found a significant correlation between humidity and dengue cases with 

seasonal periodicities [48], [83]. Humidity is incorporated into models to chart the geographical 

spread of dengue fever transmission and human population projections [84]. 

4.3 Limitations of Study 

The limitations of this study included the unconfirmed nature of the DHF cases and the 

underreported dengue cases. This is because the official total number of DHF cases reported by the 

Surabaya City Health Office were based on clinical criteria only, without serological confirmation 

tests. The underreported dengue cases consist of the asymptomatic cases which were not recorded 

consistently leading to estimations that the total asymptomatic cases could be higher than the 

reported cases.  

Underreported cases may increase during peak tourism period when tourists with 

asymptomatic dengue infection infect mosquitoes at Surabaya and plants a greater threat of dengue 

outbreak in the future. Therefore, there may lie an inaccuracy in the reporting of DHF cases which 

may provide misleading results in this study. However, the probability of a big cluster of 

misdiagnosed cases is very low due to the distinct clinical features of dengue infection.  

The total number of DHF cases reported remained at an underestimated value in many nations 

worldwide. Limited communication and logistic facilities in rural areas of Surabaya, contributing to 

the more passive surveillance effort, hampered consistent and complete DHF reports.   

Another limitation of this study was the lack of mosquito data. The spatial distribution and 

abundance of mosquitoes in Surabaya was not considered in this study. Theoretically, Ae. aegypti is 

distributed more around locations with a denser population and urbanization. Furthermore, the 

virulence of the mosquitoes in Surabaya was not factored into this study. The vector ecology and 

their density dynamics in Surabaya should be addressed in this study to ensure a more thorough 

study on the complex nature behind climate variability and the increase of DHF incidence. This will 

assist in the future planning of strategic surveillance of public health diseases and disease control.  

Furthermore, the role of socioeconomic development that may affect dengue virus infection and 

transmission, epidemiological reporting of dengue cases and dengue control may be assessed and 

addressed in future studies as factors that may alter the results of the research.  

Other determinants of the DHF incidence trend in this study which were not studied and 

addressed were the non-climatic factors such as vector control capacity and the surveillance 

programs, drainage cleaning programs in Surabaya, herd immunity for DENV, increased human 

mobility, altered human-host interaction, demographic changes (population density, urbanization, 

modern transportation), environmental change and regional climate phenomenon such as ENSO.  

4.4 Implications of Research 

Research about the linkages between climate and health has been increasing worldwide, but 

currently there is a lack of conclusive data on the correlation of both variables in Surabaya. Dengue 

hemorrhagic fever is still hyperendemic in Indonesia even though the rate of DHF incidence and CFR 

has dropped recently according to our results. In addition, to date, research in Surabaya has mainly 

concentrated on the identification, characterization and quantification of the endemicity of DHF 

incidence but not on the linkage of climatic factors with DHF incidence.  

Previous studies focused more on the clinical, virologic and epidemiological aspects of dengue 

transmission in Surabaya [85], [86], rather than the spatial and transmission heterogeneity of DHF 
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based on the weather predictors of Surabaya, East Java, Indonesia. This study focused more on the 

correlation analysis of the climatic variables and DHF incidence of the whole Surabaya to investigate 

the potential effect of climate variability on DHF occurrence. The findings of this study will provide 

new evidence on the relationship between climate variability and DHF in Surabaya in recent years 

and may aid in the development of disease prediction models in the future. 

Furthermore, current studies on the latest trends and incidence of DHF in Surabaya are scarce. 

There are very limited studies done on the correlation between climate variability and DHF incidence 

in Surabaya. Due to this, the link between climate variability and DHF incidence in Surabaya was not 

well established. The results of this study demonstrated the current trends and incidence of DHF in 

Surabaya. It implicates the Indonesian government and public health officials to integrate climate 

variability into a timely dengue prediction model to be able to minimize the spread of dengue disease 

after the occurrence of an elevated rainfall event.  

The information from this study may provide basic knowledge to develop an early warning 

system (EWS) regarding dengue transmission as currently, the dengue surveillance programs in 

Indonesia are largely passive while several South East Asia (SEA) countries including Malaysia and 

Singapore have active surveillance programs to monitor the risk of the spawning of a dengue 

epidemic. 

This research should be able to guide the process to develop proper tools and provide informed 

choices to improve the health and lives of the citizens of Surabaya, East Java, Indonesia and of the 

world.  

5. Conclusions 

From our findings, it is concluded there is a significant correlation between climate variability 

and DHF incidence in Surabaya, East Java, Indonesia from 2009 to 2017. The findings from this study 

may be useful to continue on research necessary for the development of the dengue control programs.  

The application of these findings into public health measure designs may help mitigate the 

transmission risk of dengue disease.  
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