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ABSTRACT 
This study aims to investigate the impact of rainfall on the characteristics of particulate matter 2.5 in Jakarta 
city. The particulate matter 2.5 has an adverse impact on human life, while the precipitation reduces 
concentrations of pollutants in the environment, thus the scavenging effect of PM2.5 by precipitating must be 
investigated. It needs secondary data of PM 2.5 taken from the AirNow Department of State, meanwhile rainfall 
data has been extracted from the Meteorological, Climatological, and Geophysical Agency (BMKG). Some 
analyses have been conducted to understand the influence of rainfall impact on PM 2.5 presence in the 
atmosphere above Jakarta city. The windrose analysis is performed to know the amount of pollutants 
transported in one location. Then, the fluctuations in rainfall juxtaposing with the average PM 2.5 concentration 
to see PM 2.5 concentration while rainfall exists. Subsequently, the data correlations are analyzed using a 
correlation test based on the Spearman correlation method. As a result, the scarcity of rainfall results in 
elevated concentrations of PM 2.5, and most likely when higher rainfall, the lower PM 2.5 concentration. 
Moreover, there is a significant correlation between precipitation levels and PM 2.5 concentrations, as 
evidenced by the 2019 data, which exhibits an R-value of -0.52. 
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INTRODUCTION  
PM2.5 has been identified as a major source of air 
pollution in major cities throughout Southeast and 
South Asia [1]. Organization World Health (WHO) has 
set PM2.5 exposure concentration limits (fine particles 
with a diameter of less than 2.5 μm) annual average of 
5 μg/m3, but only about 5% of the world's population 
lives in areas with PM2.5 concentrations meet these 
limits [2]. PM2.5 can enter the human lungs and the 
cardiovascular system, thereby increasing morbidity 
and mortality in cardiopulmonary [3,4]. A number of 
epidemiological studies have found that PM2.5 
exposure has a significant impact on diabetes mellitus 
[5]. Recent studies have also found that even low levels 
of PM2.5 can have a negative impact on public health 
[6]. 
 
Rainfall is a meteorological factor that can influence 
the presence of pollutants in the air. Rain itself causes 
a scavenging effect that will clean the particles from 
the atmosphere and will increase visibility and 
dissolve gas and particulate pollutants which results 
in generally better air quality [7]. This has the 
potential to reduce PM 2.5 concentration. 
 
Increasing the impact of PM 2.5 may be dangerous for 
human life in a regional city on both health and the 
environment.  
 
 

 
 
Therefore, the research focusing on the impact of 
rainfall on the presence of PM 2.5 in the atmosphere 
needs to be addressed to see how effective the 
scavenging by rainfall on PM 2.5 is in Jakarta city. 
 
RESEARCH METHODOLOGY 
In this research, Jakarta city, the capital city of 
Indonesia, was selected as a study case due to its social 
significance. The secondary data is used in the form of 
data on the concentration of PM 2.5 taken from the air 
quality monitoring station (AQMS) in the AirNow US 
embassy in Jakarta. The data was stored for every 
daily hour in years since 2016-2019. 
 
The processing data starts with raw data that may 
contain errors that need to be cleaned by erasing 
invalid data. Then, the processing data continues with 
the calculation of compound data capture of PM 2.5 
and rainfall to determine the level of data 
representation. The determination of the minimum 
limit of data availability is based on provisions from 
the Ministry of Environment and Forestry, namely the 
operation of the Air Quality Monitoring System 
(AQMS). It is considered valid when the available 
AQMS monitoring data is at least 75% of all 
monitoring data from daily measurements.
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However, the captured data is still less. than 75% may 
be less representative, but it is only used as an 
overview of the patterns of PM 2.5 fluctuation.  
 
The processing was continued by conducting the 
windrose analysis to see the presence of pollutant 
transport from various areas. Then, the descriptive 
statistical analysis was carried out using the line 
graph for juxtaposing PM 2.5 and rainfall data. It is 
visually carried out by plotting the average trends 
per hour of PM 2.5 concentrations in a dasarian 
period and the amount of rainfall in a dasarian 
period in 2016-2019. Dasarian is a meteorological 
term stated as a unit of time with a period of ten 
days. According to the meteorology and geology 
agency, the dasarian use for determining wet and 
dry seasons is as follows: [8]. 
 
1) The beginning of the dry season is determined 

based on the amount of rainfall in one season (10 
days) of less than 50 millimeters and followed by 
several subsequent periods. 
 

2) The beginning of the wet season is determined 
based on the amount of rainfall in one season (10 
days) equal to or more than 50 millimeters and 
followed by several subsequent periods. 

 
The basis of measurement is ten days time span which 
is one month divided into 3 (three) periods, namely 
dasarian I from the 1st to the 10th, dasarian II from 
the 11th to the 20th, and dasarian III from the 21st to 
the end of the month. 
 
Lastly, the correlation analysis was also carried out 
with the correlation test using SPSS software 
preceding a normal data test. In addition, data 
transformation is also carried out to determine if the 
method used abnormal data. Based on testing, the 
raw data, and the results of the transformation it still 
uses abnormal data. To overcome the abnormal data 
condition, the correlation test based on the 
Spearman correlation method is used. The 
Correlation analysis was performed on PM 2.5 
compounds with rainfall. In supporting the 
correlation analysis between compounds, R-studio is 
used to determine the correlation coefficient and the 
significance of the relationship. This is done to see 
the interaction relationship between PM 2.5 
compounds with rainfall. 
 
DATA ANALYSIS 
• Windrose Analysis 
It is important to analyze the dominant wind 
directions to know the particulate matter 2.5 
transport behaviour. PM 2.5 has long-range 
transport behavior yet long-lived in the atmosphere. 
For instance, long-term monitoring studies on 
islands such as Oki Island, Japan [9], and Jeju Island, 
Korea [10,11], have characterized the aerosols 
transported from the other Asian continent [12].  
 
 
 
 
 

The data on wind speed is downloaded from the 
Meteorological, Climatological, and Geophysical 
Agency (BMKG) in the Jakarta region precisely at 
Kemayoran Meteorological Station. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1: Windrose in Jakarta. 
 
The dominant wind direction comes from the 
West- Southwest side. Even though it is dominant, 
the wind speed at the central Jakarta location is not 
too great. It can be seen that the percentage of wind 
speed from this direction in the range of 2-3 m/s and 
3-4 m/s is only 4.5% and 0.3%, while the highest 
wind speed is in the range of 1-2 m/s, which is 
around 18.1%. The percentage of calm wind at this 
location is quite large, reaching 49.2%. 
 
This means that pollutant concentrations are 
likely to be dominated by local sources. However, 
if considering the direction of the wind, pollutants 
PM 2.5 can be carried from other locations, such as 
Jalan S.Parman which is on the southwest side of 
the US embassy. 
 
• Analysis Rainfall and PM 2.5 
Analysis of rainfall patterns on PM 2.5 will be 
carried out by looking at the amount of rainfall 
fluctuation for each period. The green box will 
show a low concentration of PM 2.5 and the red 
box will show a high concentration of PM 2.5. 
 
Figure 2 shows the maximum PM 2.5 concentration 
was around 60-70 ug/m3 and the minimum was 
around 20-25 ug/m3. Moreover, some dasarian 
periods show rainfall in May until December is 
pretty low with the minimum value below 20 mm. 
It is also followed by a higher concentration of PM 
2.5 compared to the concentration of PM 2.5 in 
February while the rainfall is so high.
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FIGURE 2: Fluctuations of PM 2.5 Concentration on Total Rainfall in 2016. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3: Fluctuations of PM 2.5 Concentration on Total Rainfall in 2017. 
 

 

 
 
 

 
 
 
 
 
 
 
 
 

FIGURE 4: Fluctuations of PM 2.5 Concentration on Total Rainfall in 2018. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 
FIGURE 5: Fluctuations of PM 2.5 Concentration on Total Rainfall in 2019.
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Figure 3 shows the maximum PM 2.5 concentration is 
around 40-45 ug/m3. From the middle of April until 
December there was pretty low rainfall with a 
minimum value below 50 mm. Higher concentration 
of PM 2.5 also happens in that range of time. However, 
there is an abnormal situation which shows a high 
concentration of PM 2.5 in February while the rainfall 
is at the highest level. 
  
Figure 4 shows the maximum PM 2.5 concentration 
is around 60-70 ug/m3. In 2018, some dasarian 
periods also showed pretty low rainfall, especially in 
the middle of April until October with a minimum 
value below 20 mm. That figure depicts that the 
higher concentration of PM 2.5 happens while the 
rainfall is low, compared to in February when the 
rainfall is so high. 
 
Figure 5 shows the maximum PM 2.5 concentration is 
around 70-80 ug/m3. From May until December, 
Jakarta experienced substantially low rainfall, which 
was mostly below 50 mm. The higher concentration of 
PM 2.5 can be seen while the rainfall is low level. On 
the other hand, while the rainfall in a high level, PM 2.5 
tends to be low. Therefore, it is most likely the higher 
the rainfall, the lower the PM 2.5 concentration and it 
is often during low levels of rainfall, that PM 2.5 
concentrations tend to be high. Generally, the high 
concentration of PM 2.5 happened from May until 
October while the dry season occurred as mentioned 
by Sipayung [13] that the dry season occurs between 
June, July, August, September, and October. This can 
be caused by no scavenging effect in the dry season by 
the rainfall. Other research mentions that PM 2.5 
decreased significantly through the scavenging of PM 
2.5 from the atmosphere by precipitation. However, 
the precipitation duration was more influential in the 
reduction of PM 2.5 [14]. 
 
That might be also some abnormal situation which 
showed a high concentration of PM 2.5 while the level 
of rainfall was high or the contrary situation. This 
problem can be happened cause by averaging which is 
done on a daily basis (10 days) because there is a 
possibility that there is a bias that on certain days the 
rainfall is very high and on other days it is very bright 
and warm which has an influence on the PM 2.5 
presence. On the other hand, transport pollutants and 
other meteorological factors can also influence the 
bias of data. 
 
CORRELATION ANALYSIS 
The quantitative results of the correlation analysis of 
PM 2.5 with rainfall in 2016-2019 are presented in 
Table 1. 
 
TABLE 1: Results of correlation analysis of PM 2.5 
compounds – Rainfall. 
 

Year P-value R 

2016 0.074 -0.094 

2017 0.00018 -0.2 

2018 3.40E-12 -0.35 

2019 <2.2e-16 -0.52 

 

The correlation coefficient is divided into five 
categories, namely the range 0-0.19 as the very weak 
category, the range 0.20-0.39 for the weak category, 
the range 0.4-0.59 included in the medium category, 
the range 0.6-0.79 for the strong category and the 
range 0.8-1 is included into the very strong category, 
whereas p-value that use in this research is 0.05. 
Therefore, the correlation from 2017 to 2019 is 
significant. In addition, the correlation that showed 
the strongest relation is data in 2019, -0.52. The R 
has a minus value, it represents that while rainfall 
  
increases, the 2.5 concentrations will decrease. It is 
in line with the explanation in part analysis of rainfall 
and PM 2.5.  
 
CONCLUSIONS 
According to the results, it is determined that the 
influence of rainfall on PM 2.5 presence in the 
atmosphere above Jakarta in the period between the 
years 2016 to 2019 for the dry season shows the 
scarcity of rainfall elevates the concentrations of PM 
2.5 with the highest concentration around 60-80 μg 
m−3 and most likely when higher rainfall, the lower 
PM 2.5 concentration. This can be caused by no 
existing scavenging effect in the dry season by the 
rainfall. Moreover, there is a significant correlation 
between the precipitation levels and PM 2.5 
concentrations, as evidenced by data in 2019, which 
exhibits an R-value of -0.52. It represents that while 
rainfall increases, the PM 2.5 concentrations will 
decrease. The study of precipitation duration 
influence must be conducted to understand the 
behaviour that occurs on PM 2.5 in Jakarta city. 
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