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Abstract
Introduction: Indonesia is ranked the 4th most populous country in the world. 
Since Covid19 is highly transmissible from human to human, Indonesia might 
suffer a long period of the Covid19 pandemic than other less-populous countries. 
This study aimed to find the correlations of tropical climate, population density 
and confounding factors with Covid19 progression in Indonesia from March to 
August 2020. Methods: The climatological data, population density, laboratory 
testing, and the confirmed Covid19 cases were statistically analyzed. The 
correlations between each data were performed with Pearson’s Correlation 
Coefficient using a Statistical Package for the Social Sciences. The values of 
statistical significance were considered at 95% and 99% confidence intervals. 
Results and Discussion: Indonesia recorded more than 1,315 confirmed Covid19 
cases in almost all provinces (30 out of 34) during the dry season (March to 
August 2020). During the early pandemic, DKI Jakarta and East Java have 
been the epicenters of the pandemic in Indonesia. Humidity and precipitation 
have a weak negative correlation, while the temperatures have a weak positive 
correlation. Population density and laboratory testing have a strong positive and 
significant correlation with the cumulative confirmed Covid19 cases. Conclusion: 
Our study indicates that tropical climate less affects the cumulative Covid19 
case in Indonesia than population density and laboratory testing capacity.
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INTRODUCTION

On March 11th, 2020, the World Health 
Organization (WHO) announced the occurrence of the 
novel coronavirus disease–2019 (Covid19 as a global 
pandemic. As of November 4th, 2020, the Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) has 
spread to 219 countries and affected over 46,840,783 
individuals globally with 1,204,028 recorded deaths (1). 
The range of Covid19 transmission is much broader 
than the SARS-CoV infection that caused the epidemic 
of SARS in 2003. When SARS-CoV-2 was at its peak in 
China from December 2019 to February 2020, ASEAN 
countries revealed no occurrences of infection. As of 
December 15, 2021, Indonesia has recorded 4,259,439 
confirmed cases with 143,960 deaths and 4,110,574 
recovered cases (2).

The Covid19 disease is a pathogenic respiratory 
SARS-CoV-2 viral infection. SARS-CoV-2 has some 
genetic resemblance to other coronaviruses found in 
farm or domestic animals. The virus genome sequence 
research also reveals that SARS-CoV-2 is highly 
adapted to human cell surface receptors, allowing it 

to penetrate human cells and infect people quickly. It 
is highly transmissible from human to human, typically 
transmitted via coughing, sneezing, and touching the 
contaminated surfaces (3-4) This ever-present feature is 
observed commonly in respiratory viral diseases, such 
as influenza (5-6) and other human coronaviruses (7).

The Covid19 virus is both a biological and a social 
phenomenon. It spread only when specific social and 
environmental conditions acted on the source of infection, 
the mechanism of transmission, and the population’s 
vulnerability (8). Coronavirus transmission can be 
influenced directly or indirectly by many factors such 
as environmental conditions (humidities, temperatures, 
precipitation, and wind speed), population density, and the 
availability of health facilities (6,9-10). Pathogen survival 
can be influenced by environmental conditions during 
host changes. Changes can occur within brief periods 
(e.g., droplet-transmitted infections can become aerosol 
sources of transmission). Environmental factors influence 
host vulnerability to infection as well as vector population 
dynamics (10). Environmental factors can influence the 
host immune responses and make cells more susceptible 
to infection in terms of host susceptibility (11). 
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The current study indicates that climate 
significantly influences the cumulative confirmed Covid19 
cases at certain locations. Humidity and temperature 
are associated with Covid19 infection and death rates. 
Temperature and humidity were found to be inversely 
related to Covid19 new cases and mortality daily in the Wu 
et al. analyses in 166 countries (12). Every 1oC increase 
in temperature reduces daily new cases by 3.08% and 
daily new deaths by 1.19%; every 1% change in humidity 
reduces daily new cases of Covid19 by 0.85% and daily 
new deaths by 0.51%. More research has revealed that 
seasonal cyclicity may be a common feature of acute 
infectious diseases such as respiratory viral diseases. 
Each acute infectious disease has a cyclical window 
of occurrence that varies according to its geographic 
location (10). Some case studies in Beijing, Hong Kong, 
Taiyuan, and Guangzhou revealed that SARS epidemics 
were linked to temperature fluctuations (8). In Italy, the 
relationship between daily confirmed cases and humidity, 
velocity, temperature using multivariate analysis (11).

Indonesia is ranked the 4th most populous country 
in the world. Since Covid19 is highly transmissible from 
human to human, Indonesia might suffer a long period 
of the Covid19 pandemic than other less-populous 
countries. The population density, which is a proxy 
for social distance, is considered more important than 
meteorological variables. The population impact on 
transmissions, such as disease invasion and persistence 
thresholds, has frequently been studied as a technique 
for differentiating pathogen transmissibility in geographic 
areas. The population impact on transmissions, such as 
the threshold of pathogen invasion and persistence, has 
frequently been investigated as a method of distinguishing 
pathogen transmissibility in a geographic area. Moreover, 
the occurrence of the next wave of Covid19 pandemic 
should be anticipated. Since numerous factors may affect 
the pandemic, this study aimed to find the correlations 
of tropical climate, population density, and confounding 
factors with Covid19 progression in Indonesia from 
March to August 2020. This study’s findings may help 
the Government to predict the condition of the Covid19 
pandemic over the coming years in Indonesia.

METHODS

The daily data of confirmed Covid19 cases 
(March 1st to August 31st, 2020; early pandemic in 
Indonesia) were collected from Indonesian government 
authorities by Indonesia Task Force for Covid19. The 
data were recorded from 34 provinces in Indonesia (1-2). 
The climatological parameters (temperatures, rainfall 
precipitation, and humidity) were sourced from the 

Meteorological, Climatological, and Geophysical Agency 
of Indonesia. The climatological data were recorded daily 
from 163 different stations. Daily confirmed Covid19 cases 
and climatological data were calculated proportionally as 
monthly data from March to August 2020.

Population density and laboratory testing 
capacities: The Province population density was 
retrieved from Statistics of Indonesia (2). The data were 
collected during the first trimester of 2020. Meanwhile, 
the daily testing capacity of reference laboratories was 
presented by the Ministry of Health (MoH) of Indonesia. 
The data analysis was performed by using a Microsoft 
Excel spreadsheet. The averages of climatological 
data (temperatures, humidity, and rainfall precipitation) 
were calculated from March to August 2020 in every 33 
provinces with 163 different stations in Indonesia. The 
data from Kalimantan Utara Province (as a new province 
declared in 2012) were excluded due to the lack of a 
climate station. The analysis results were presented by 
using diagrams and distribution maps. Tropical climate, 
population density, laboratory test, and cumulative 
confirmed Covid19 data were analyzed statistically. The 
correlations between each data were performed with 
Pearson’s Correlation Coefficient using a Statistical 
Package for the Social Sciences (SPSS-IBM Corp., 
Armonk, NY). The values of statistical significance were 
considered at 95% and 99% confidence intervals (CI).

RESULTS

Indonesia recorded more than 1,315 confirmed 
Covid19 cases in almost all provinces (30 out of 34) 
during the dry season (March to August 2020). The first 
recorded Covid19 case was on March 2nd, 2020 (2). The 
cases were increasing rapidly in the next month that 
covered all provinces. As of August 31st, 2020, the five 
highest cumulative Covid19 cases were recorded from 
DKI Jakarta, East Java, South Sulawesi, West Java, and 
Central Java Province, respectively (Figure 1).In 2020, 
Statistics of Indonesia reported the current population 
number in Indonesia. West Java Province is the most 
populous area with 46,092,205 people, followed by 
East Java, Central Java, North Sumatera, and DKI 
Jakarta Province with more than 11 million inhabitants. 
Meanwhile, DKI Jakarta Province is ranked the densest 
area in 2020 with 16,718.01 people/km2, followed by 
West Java, DI Yogyakarta, Banten, and Central Java 
Province with more than 1,100 people/km2. Figure 2 
shows that during the early pandemic, DKI Jakarta has 
been the epicenter of the pandemic since it recorded 
the most cumulative Covid19 and mortality cases (2). 
East Java Province, the 6th densest area, recorded the 
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second-highest cumulative Covid19 cases in which 
Surabaya City is the main contributor. Therefore, East 

Java has been the second epicenter of the pandemic in 
Indonesia (2).

Figure 1. The cumulative count of confirmed Covid19 cases in Indonesia from March to August 2020 (2)

Figure 2. The Correlations Between Cumulative Covid19 Cases and Population Density by the Province in Indonesia.
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As of November 2020, Indonesia has 542 
diagnostic laboratories for Covid19 screening across 
provinces (Figure 3a). A total of 88 laboratories are 
located in East Java, both governmental and non-
governmental laboratories, with some Biosafety Level-2 
(BSL-2) mobile-type laboratories. DKI Jakarta, West 

Java, Central Java, and North Sumatera Province 
have a lot of diagnostic laboratories for Covid19. The 
number of diagnostic centers is increasing to deal with 
the population number and Covid19 cases. Basically, 
the more laboratories, the more testing capacity that is 
available for each day (Figure 3b).

Figure 3. The Correlations Between Cumulative Covid19 Cases and the Number of Reference Laboratories (a) and Daily 
Testing (b)

(a)

(b)
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We  monitored  the  range of different 
climatological data from March to August 2020. The 
visualization showed average monthly temperatures 
across Indonesia ranged from 25.99 to 29.02oC. The 
highest average temperatures were recorded in DKI 
Jakarta in May at 29.48oC. Meanwhile, the lowest 
average temperatures were recorded in Jambi in July at 
25.45oC (Figure 4a). The environmental-relative humidity 
ranged from 76.43 to 87.35%. This condition might be 
related to the humidity range of Indonesia as a tropical 

country. The highest average humidities were recorded 
from Kepulauan Bangka Belitung in April at 88.80%. 
The lowest average humidity was presented at Nusa 
Tenggara Timur in July of 73.39% (Figure 4b). The rainfall 
precipitation was distributed differently across Indonesia 
ranging from 2.91 to 18.81 mm3 per month. The highest 
rainfall precipitation was obtained from Papua during 
March 2020 at 26.27 mm3 per month. The lowest rainfall 
precipitation was presented at Nusa Tenggara Timur 
during August 2020 (Figure 4c).

(a)

(b)

(c)
Figure 4. The Distribution and Range of Average Temperatures (a), Humidities (b), and Rainfall Precipitation (c) in Indonesia 
from March to August 2020
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The correlation analysis was performed with 
Pearson’s Correlation Coefficient using an SPSS 
program. The values of statistical significance were 
considered at 95% and 99% CI. The classification of the 
correlation levels was as follows: at 0.00-0.19 as very 
weak, 0.20-0.39 as weak, 0.40-0.59 as moderate, 0.60-
0.79 as a strong, and 0.80-1.00 as a robust correlation. 
Therefore, the temperature parameter presented a 
weak positive correlation with the cumulative confirmed 
Covid19 cases. Humidity and precipitation have a weak 
negative correlation.

Table 1. Correlations Between the Cumulative Confirmed 
Covid19 Cases in Indonesia and Its Cofounding Factors

Climatological Parameters Pearson’s Correlation 
Coefficient

Average Temperatures (oC)
Average Humidities (%)
Average Rainfall precipitation (mm3)
Population density (per km2)
Reference laboratories

0.227
-0.366*
-0.214

0.754**
0.919**

Note: 
*significant at a 95% confidence interval
**significant at a 99% confidence interval

(a) (b) (c)

(d) (e)

Figure 5. The Correlations Between the Cumulative Confirmed Covid19 Cases and Climatological Parameters 
(a) temperature; (b) humidity; (c) rainfall in Indonesia from March to August 2020; (d) population density; and (e) the number of 
reference or diagnostic laboratories.

DISCUSSION

On March 31, 2020, by issuing the Presidential 
Decree No. 11 regarding the Determination of the Corona 
Virus Disease 2019 (Covid19) Public Health Emergency, 
Indonesia declared the Covid19 pandemic a national 
public health emergency. Besides, the Government 
announced both social and public health measurements 
in preventing, mitigating, and handling the Covid19 
pandemic in Indonesia. During the early pandemic, the 
National Institute of Health Research and Development 
referred to a central laboratory for Covid19 testing. 
However, the centralized diagnostic location makes the 
Covid19 testing time time-consuming and delays an 
effectual response. Since rapid diagnosis is essential 

for the 3T program (tracing, testing, and treatment), 
the Ministry of Health (MoH) encouraged the provincial 
diagnostic laboratory centers to elevate the testing 
capacity and reporting time. The Circular Letter No. 
HK.02.01/Menkes/234/2020 regarding Guidelines for 
Examination of the SARSCoV-2 Time-Polymerase Chain 
Reaction (RT-PCR) for Laboratories in Hospitals and 
Other Laboratories Conducting Corona Virus Disease 
2019 (Covid19) Examinations provided a guideline on 
SARS-CoV-2 testing for non-government laboratories, 
including universities. This policy was important in 
dealing with the current situation. Although, it leads to 
the ongoing and incoming challenges of integrating the 
daily data recording and reporting.
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Figure 3 demonstrated the significance of 
expanding the number of diagnostic laboratories. The 
number of Covid19 diagnostic laboratories strongly 
correlates with the daily testing capacity. The laboratory 
capacity resulted in various factors, such as the 
availability of adequate materials and tools, rapid RNA 
extraction, skills, and provided training. On July 29th, 
the daily testing had reached over 30,000 suspicious 
samples, exceeding the WHO’s testing capacity target of 
1 in 1,000 residents per week (2). Figure 5e showed the 
strong correlation of testing capacity with daily cumulative 
Covid19 cases. The testing capacity is essential to 
support contact tracing, the management of the patient, 
and the overall pandemic. Therefore, the Indonesian 
Government should increase the daily testing capacity 
and number.

Since  the SARS-CoV-2 virus is highly 
transmissible from human to human (12), it is assuming 
that Covid19 is transmitted rapidly in the population-
dense area. In our present study, the population 
density was correlated strongly with the cumulative 
confirmed Covid19 cases (Figure 5d). It indicates that 
high population density can promote a pandemic or 
epidemic. It also confirms the importance of social and/or 
physical distancing for at least 1 meter as a public health 
measurement in preventing the Covid19 transmission.

The analysis result of the cumulative count 
of Covid19 cases showed that DKI Jakarta, Sulawesi 
Selatan, East Java, West Java, and Central Java 
Province were the five most affected provinces from 
March to August 2020 (Figure 1). In 2019, those 
provinces were recorded as the twelve most densely 
populated provinces (1). Figure 2 showed that the 
Province of DKI Jakarta is the epicenter of the Covid19 
pandemic in Indonesia. During the last five years, DKI 
Jakarta province is ranked the densest area, with a 
population density of 16,718.01 people/km2 in 2020 (1). 
Another independent study reported that population 
density affects the infection and mortality rate of Covid19 
cases in populous or metropolitan areas, for example, 
DKI Jakarta and Padang City in Indonesia (13–15).

Pandemics are more likely to hit earlier in dense 
provinces. High mobility is one of the factors to contribute 
to the cases of Covid19 in Jakarta. As Indonesia’s 
capital city, Jakarta is one of the most popular economic 
destinations for job seekers from all over the country; 
this situation allows Covid19 to spread quickly, as 
Jakarta province is well connected to the rest of the 
world. Cities that have high densities usually have public 
facilities that support the activities of many people such 
as transportations terminals, stadiums, supermarkets, 

train stations, etc. Because of the extended intimate 
contact between hosts, it may represent a high risk of 
disease transmission. The disease’s invasion into a 
local population is a two-stage process that begins with 
movement between local populations and ends with an 
increase in the number of infected individuals. After the 
initial seeding, secondary dissemination is fueled by the 
effective transmission power of disease among local 
contacts.

Environmental studies may also predict the 
progression of the Covid19 pandemic in Indonesia. 
Climate factors have received the most attention as 
seasonal drivers. Climate has a constant correlation 
with the pathogen, host, and environmental factors of 
infectious diseases (15). Epidemiological surveillance 
also supports the correlations of environmental conditions 
with the occurrence of the Covid19 pandemic. Located 
in the equatorial area, Indonesia’s climatic condition is 
strongly influenced by monsoon winds which create hot 
and humid conditions. 

The temperature is an important factor that 
presents a different impact on the living environment 
and public health. During 2004, the daily environmental 
temperatures in Indonesia ranged from 22-33°C (1). 
This present study showed that the increase in average 
temperatures positively correlates with the cumulative 
count of confirmed Covid19 cases but not significantly 
(Figure 5a, Table 1). The rising temperature also affects 
human mobilization. With higher temperatures, people 
tend to stay at home. In a modeling analysis, Wei et al. 
found that when the temperature was below 10°C, a 
higher average temperature had a considerable negative 
influence on Covid19 risk, whereas the effect was minor 
when the temperature was above 10°C (16). During 
observation, the daily environmental temperatures in 
Indonesia range from 25.99 to 29.02oC (Figure 4a). 

Previous studies presented a positive correlation 
between mean temperatures and cumulative Covid19 
cases at a narrow range of variability and fluctuation 
of daily temperatures (17-18), including some Asian 
countries in tropical areas. For example, studied in China 
and United States discovered that Covid19 transmission 
speed was proportional to temperature. The Covid19 
transmission rate is projected to increase by an average 
of 1.8 days as the temperature rises to 20°C (19). 
Other research, on the other hand, found a negative 
relationship between environmental temperature and 
the accumulation of Covid19 cases in subtropical 
nations (18,20-21) and death rates globally (22). When 
the temperature rises by 1oC, confirmed cases drop by 
4.9 percent in 122 Chinese cities, according to a similar 
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study in China (23). The results confirm that temperature 
influences human health differences between countries 
and regions.

Due to the pathogenicity, virulence duplication, 
infectivity, and survival of the SARS virus, data suggest 
that a temperature range of 16-28oC may be the ideal 
temperature for SARS prevalence (8). This indicates that 
the Indonesian range temperature is suitable for the life 
of the SARS virus. There is also the possibility of SARS-
CoV-2 stability in the air. As a result, in confined spaces 
where there is a risk of infection, it is recommended to 
use an airflow change, virus filters, negative pressure 
air pollution, and closed suctioning. In general, the virus 
will begin to be inactivated at high temperatures. One in-
vitro study found the stability of SARS-CoV-2 at 4°C and 
its sensitivity to heat (24). Outside of those appropriate 
ranges, virus longevity is reduced but still adequate for 
transmission, as the adaptive immunity to previously 
discovered coronaviruses is absent (25).

The average 76.43 to 87.35% humidity has a 
weak negative association and is correlated significantly 
with the increase of the cumulative confirmed Covid19 
cases in Indonesia (Figure 5b, Table 1). It indicates that 
the cumulative confirmed Covid19 cases increased with 
decreasing humidities in Indonesia. Previous studies 
presented evidence of a negative correlation of relative 
humidities with the transmission rate of Covid19 both 
in tropical (4,26) and subtropical countries (18,27). Bu 
suggested that Covid19 is highly transmissible at 50-
80% humidity (28). In low environmental humidities, 
infectious droplets form much smaller size particles 
(14,29) which provide more chances of infectious viral 
particles inhalation (30-31).

High humidity, which is linked with low 
temperatures, is also a significant determinant in the 
influenza virus’s transmissibility. The previous study 
has discovered that influenza viruses are more stable 
at low temperatures. Droplets harboring viruses from 
the respiratory tract also have a longer shelf life in cold 
temperatures. It may also apply to the mechanism of 
SARS-CoV-2 transmission. Breathing dry weather may 
cause nasal mucosal moisture loss, resulting in epithelial 
injury and/or impaired mucus secretion, making the host 
more vulnerable to the respiratory infectious agent. 
Prolonged dry air exposure prevents viral development in 
the upper respiratory tract. At the virus mechanism level, 
the stability of virions in an aerosol has been recorded 
with varying relative humidity (RH), with viral stability 
being greatest at low RH (32). 

The average rainfall precipitation has a weak 
negative association but is not correlated significantly 
with the increase of the cumulative confirmed Covid19 
cases during the early pandemic (Figure 5c, Table 1). 
It indicates a lower rate of Covid19 transmission during 
higher precipitation. In higher rainfall precipitation, 
people tend to stay at home, thereby reducing the virus 
transmission. Bu suggested a favorable range of rainfall 
precipitation for virus survival is 30 mm3/month or less 
(29). Studies found a low influence of rainfall precipitation 
on the transmission rate of Covid19 both in tropical and 
subtropical countries (19-20,33). High rainfall precipitation 
decreases the evaporation of infectious droplets which 
increases the opportunity to spread viruses (34). Several 
studies reported that no significant correlation between 
rainfall and Covid19 (27), while other studies, however, 
have discovered a significant negative link between 
rainfall and Covid19 cases in the United States, with 
routine cases increasing between 1.27 and 1.74 inches 
of rainfall and reducing above 1.77 inches of rainfall 
(35). Study in in Oslo, Norway discovered a substantial 
inverse relationship between daily precipitation amounts 
measured at 7 a.m (36).

In summary, our study presented the 
correlations of Covid19 progression in Indonesia 
and its impacting factors: tropical climate, population 
density, and laboratory testing capacity. Humidity and 
precipitation have a weak negative correlation, even 
if the temperatures have a weak positive correlation. 
Population density and laboratory testing have a strong 
positive and significant correlation with the cumulative 
confirmed Covid19 cases. It should be noted that 
correlation is a relationship between two items in which 
one aspect changes in relation to the other. Our study did 
not investigate the causal relationship, which suggests 
that one occurrence can trigger another. According to 
our findings, Covid19 transmission tends to decrease as 
ambient temperatures, humidity, and rainfall precipitation 
decrease. This circumstance, however, does not imply 
that the decrease in virus infectiousness is due to a drop 
in temperatures, humidity, or rainfall. In future research, 
the possibility of a causal association between the two 
variables will need to be further investigated.
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CONCLUSIONS

Our study indicates that tropical climate less 
affects the cumulative Covid19 cases in Indonesia than 
population density and laboratory capacity. There is no 
doubt that population density and social behavior are 
notable factors of virus transmission. Several other factors, 
such as low community immunity and a lack of discipline 
in applying health measures, will result in epidemics 
comparable to those seen in subtropical regions. Our 
findings and understanding of the association between 
Covid19 progressions with their impacting factors may 
also contribute to the decision-making process to fight 
and control the current pandemic. The study’s research 
evidence has policy implications for limiting the incidence 
of Covid19. Staying at home and taking precautionary 
actions such as avoiding handshakes, wearing a face 
mask, and regularly washing hands with soap and 
running water (and using a 70% alcohol-based sanitizer) 
will slow the spread of Covid19.
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