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ABSTRACT

This quantitative correlational study intends to investigate the spatiotemporal relationship between rainfall and
taxi supply in Singapore. Over the period of 4 months, coordinates of all available taxis in Singapore, as well as rain
value data from 66 weather stations located around the island, were collected every minute from public Application
Programming Interfaces (API). Singapore was divided into a grid of 3km by 2km rectangles, with each region
minutely assigned a taxi supply count and a rain value weighted based on distance to the weather station. To obtain
groups where taxis behaved similarly, the data on weekends and weekdays were separated, then divided spatially and
temporally. A non-linear correlation coefficient was calculated for each category. It was hypothesized that rainfall
notably reduces taxi supply in most regions, an effect most pronounced in the evening rush hours (18:00 — 21:00) on
all days of the week. The results do not fully validate this hypothesis, displaying that though taxi supply levels were
generally decreased in situations with rainfall, they could likewise reach low levels in scenarios without.
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1. Introduction populated metropolitan areas !, Not only are public
transit systems valuable due to their improvement

Public transportation, generally defined as land ¢ e efficiency of transportation by reducing traffic
transportation services available to the public for congestion, they also promote sustainability by de-
“hire and reward”, plays a crucial role in connecting  creasing pollution . Clearly, public transit systems

residents in cities around the world, particularly in  are a beneficial component of many urban systems.

*CORRESPONDING AUTHOR:
Yuqi Wang, Singapore American School, 40 Woodlands Street 41, Singapore 738547, Singapore; Email: wang778737@sas.edu.sg

ARTICLE INFO
Received: 14 May 2024 | Revised: 10 June 2024 | Accepted: 25 June 2024 | Published Online: 30 June 2024
DOI: https://doi.org/10.30564/jcsr.v6i2.6619

CITATION
Wang, Y.Q., 2024. Research on the Spatiotemporal Distribution Relationship between Regional Rainfall and Taxi Supply in Singapore. Journal of
Computer Science Research. 6(2): 18-23. DOI: https://doi.org/10.30564/jcsr.v6i2.6619

COPYRIGHT
Copyright © 2024 by the author(s). Published by Bilingual Publishing Group. This is an open access article under the Creative Commons Attribu-
tion-NonCommercial 4.0 International (CC BY-NC 4.0) License (https://creativecommons.org/licenses/by-nc/4.0/).

18


mailto:wang778737@sas.edu.sg
https://doi.org/10.30564/jcsr.v6i2.6619
https://doi.org/10.30564/jcsr.v6i2.6619
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0009-0000-7022-3160

Journal of Computer Science Research | Volume 06 | Issue 02 | April 2024

Taxi services are one of the most popular modes of
public transportation due to their widespread avail-
ability and the convenience that they offer in trans-
porting passengers directly from one point to anoth-
er. Unlike many forms of public transportation, taxi
services have no fixed route, and thus provide the
benefit of being able to consistently and flexibly re-
spond to new demand . However, despite its utility,
taxi services, like many modes of public transporta-
tion, are influenced by weather elements. In particu-
lar, passengers typically find it increasingly difficult
to hire a taxi during conditions with rainfall. Chen
et al. shed light on this phenomenon through a study
on rainfall and the spatiotemporal distribution of
taxi passengers, affirming the substantial impact of
rainfall on taxi service demand *. Similarly, Kamga
et al. found through a New York City study that
rainfall resulted in shorter but more frequent taxi
trips, also corroborating rainfall’s influence on taxi
services and offering a potential explanation for the
difficulty of hailing taxis in the rain ©\

As illustrated, rainfall has a notable adverse influ-
ence on taxi services, which negatively impacts many
commuters due to the popularity of taxi services as a
mode of public transportation. Thus, this study intends
to contribute to a more thorough understanding of the
relationship between rainfall and taxi services, which
will potentially be paramount to tailoring effective
strategies to minimize the adverse effects of weather
elements on the lives of commuters.

2. Methods

2.1 Research question and hypothesis

With an examination of the literature, I formu-
lated the following research question to guide my
research: Through quantitative correlational analysis,
what is the relationship between regional rainfall
and the spatio-temporal distribution of taxi supply in
Singapore? It was hypothesized that rainfall would
generally reduce taxi supply, with the effect being
strongest at locations with higher average taxi supply
and during evening rush hour, defined as the time
period from 18:00 to 21:00. It was also hypothesized
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that these trends would be observed in the data, re-
gardless of whether it was collected during the week-
end or the weekday.

2.2 Study area

This study was conducted in the location of Sin-
gapore due to two principal factors: the wide usage of
taxi services on the island and the location’s tropical
climate. Taxi services play an especially important role
for commuters in densely populated cities, and as one
of the cities with the highest population densities in
the world, Singapore is no different in this respect .
Many residents of the island rely on the affordable taxi
system to commute, with more than 1 million taxi trips
made daily by approximately 28,000 taxis and 99,000
licensed taxi drivers "*". Further, Singapore is an island
characterized by a tropical climate and as a result, “pre-
cipitation is abundant over the whole year” "', Singa-
pore’s climate conditions offer a satisfactory number of
observations of taxi conditions under different rainfall
levels and makes the island an optimal location to in-
vestigate the focus of my study.

2.3 Data preparation

Data collection occurred over the span of approx-
imately four months. In particular, the months from
September 2023 to early January 2024 were selected
as the study period as they coincide with the Singapo-
rean monsoon season, the time when rainfall is more
abundant on the island "'". Rainfall was measured as
the rain levels determined by Singaporean weather
stations, while taxi supply was measured as the aggre-
gation of available taxis on the island. Taxi availability
data was obtained each minute from the Singaporean
government’s public data API, which supplied the geo-
graphical coordinates of all available taxis in Singapore
at a specified time, excluding any taxis that are “Hired”
or “Busy”. Attributes include timestamp in SGT, longi-
tude, and latitude. Regional rainfall data was likewise
collected each minute from another public API offered
by the Singaporean government, which in this case
supplied numerical readings of rain levels at 66 weath-
er stations distributed around the island of Singapore,
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as well as the weather stations’ IDs and geographical
coordinates. The data contains the following attributes:
weather station ID, rain value, latitude, longitude, and
timestamp in SGT. Both taxi and rainfall data was
collected from their respective APIs through the con-
tinuous execution of a python script. After removing
missing values, 186,054 minutes of data were available
for use.

2.4 Statistical analysis

In accordance with Sun et al.’s study on rainfall
and taxi operations, the study region of Singapore
was divided into small rectangular cells of size 3
km x 2 km to observe the spatial variations of the
relationship between rainfall and taxi supply ",
The data for weekdays and weekends were analyz-
ed separately to account for the difference in taxi
operations !"*'. Using Inverse Distance Weighting,
weighted rain values for each cell were calculated
based on distance from its centroid to the weather
station """, Then, as illustrated in Table 1 and Table 2,
these cells were grouped based on their average taxi
supply under non-rain conditions into 8 bins. This
was performed using Equal Width Binning, which
divides a set of data into equally spaced intervals,
with the objective of obtaining collections of cells
where taxis behaved similarly "7 Bins where the
average taxi supply was shown to be 0 on either the
weekends or weekdays were excluded from the final
data analysis; as a result, the data from cells assigned
to bins 0 through 2 were removed. In order to deter-
mine the correlation between taxi supply and rainfall
at each cell, the available taxis in Singapore at each
minute were each assigned to a cell based on their
spatial proximity to the centroids of the respective
cells. Finally, the data was subdivided based on time
periods, ensuring that there were segments represent-
ing each hour of the day. This allowed for the analy-
sis of the correlation between each cell’s taxi supply
and rainfall within precise hourly intervals, enabling
an understanding of the temporal aspect of the rela-
tionship between these variables.
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Table 1. Cell count and average taxi supply within bins for weekdays.

Bin Index Cell Count Average Taxi Supply
0 80 0

1 16 0

2 16 1

3 16 3

4 16 8

5 16 17

6 16 30

7 16 64

Table 2. Cell count and average taxi supply within bins for weekends.

Bin Index Cell Count Average Taxi Supply
0 80 0

1 16 0

2 16 0

3 16 2

4 16 6

5 16 14

6 16 26

7 16 52

The minutely data for each cell consisted of the
following attributes: (1) cell index, (2) timestamp,
(3) rain values, and (4) number of available taxis.
Statistical analysis was then performed for the 1-hour
segments of data for each bin to determine the spa-
tiotemporal relationship between taxi supply and
rainfall. As both the rain values and the number of
available taxis were numerical, it was possible for
correlational analysis to be performed on the rain
values and the number of available taxis. Specifical-
ly, a Spearman’s Rank Correlation Coefficient, de-
noted as p, was calculated for each 1-hour segment
within every subdivision. p values range from +1 to
—1, with a p value of 1 indicating a consistently pos-
itive relationship, a p value of 0 indicating no cor-
relation and a p value of -1 indicating a consistently

negative relationship between the variables '*'"*'"),

3. Results

Regarding the spatial relationship, the Spearman’s
Rank Correlation Coefficients don’t show significant
variations based on location, implying that the relation-
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ship between rainfall and taxi supply did not notably
vary from region to region. Specifically, as demon-
strated in Figure 1 and Figure 2, the average correla-
tion values were similar for both the weekend and the
weekday, and the range of the correlation coefficient
remained relatively consistent between regions.

Binncex

Figure 1. Distribution of spearman’s rank correlation coefficient
for different bins on weekdays.

Figure 2. Distribution of spearman’s rank correlation coefficient

for different bins on weekends.

The only notable exception was that the range
of correlation values for bin 3, which included cells
with less average taxi supply, were slightly low-
er than that of other bins for data collected on the
weekends. Figure 1 includes the mean Spearman’s
Rank Correlation Coefficient for each bin. Each
plot’s upper and lower bounds are the 95th and 5th
quantile of its corresponding set of coefficients. Fig-
ure 2 likewise utilizes this format.

On weekdays, it was shown that, regardless of the
location and day of week, the absolute value of the
negative Spearman’s Rank Correlation Coefficient
was greatest during the hours between 18:00 and
21:00; additionally, most of the correlation values
were found to be negative. For weekends, there ap-
peared to be a greater range of correlation values,
which was further reflected in the existence of a

notable amount of both positive and negative corre-
lation values. However, the overall pattern between
time and correlation value remained largely consist-
ent. Overall, as reflected in Figures 3—5, the data
for weekends and weekdays both showed noticeable
variance, suggesting that the relationship between
taxi supply and rainfall varied based on time period.

Spearman Correlation Coefficients at Each Hour for Bin Number 5
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Figure 3. Spearman’s rank correlation coefficients for bin 5 by time.
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Figure 4. Spearman’s rank correlation coefficients for bin 6 by time.
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Figure 5. Spearman’s rank correlation coefficients for bin 7 by time.

Generally, the Spearman Rank Correlation Coef-
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ficients derived were relatively close to 0, with the
absolute value of the maximum correlation never
exceeding 0.2. This implies that there was not a
strong correlation between rainfall and taxi supply
in the majority of the subdivisions used in this study.
For each specific subdivision, it was found that taxi
supply reached extremely low values in conditions
with and without rainfall, as exemplified by Figure 6.
However, it must be noted that as rainfall increased,
each subdivision consistently saw a decrease in its
maximum and mean taxi supply, suggesting that
rainfall still reduces taxi supply, though its impact is
somewhat limited as it is not the only factor that can

result in this reduction 2,
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Figure 6. Taxi supply by time in Bin 7, from 18:00 to 19:00

during weekdays.

4. Conclusions

As taxi services continue to play a prominent
role in the lives of innumerable commuters around
the world, it is increasingly important to understand
the influence of external factors on their operation.
This study aimed to obtain an understanding of the
spatiotemporal relationship between regional rain-
fall and taxi supply, thereby informing the efforts of
taxi service providers and transportation planners
to optimize the taxi hailing experience for commut-
ers. Utilizing quantitative correlational analysis, it
was concluded that: (1) though rainfall is negatively
correlated with taxi supply, its effects are often over-
shadowed by those of other, more influential factors;
(2) rainfall’s correlation with taxi supply does not
vary significantly from region to region; and (3) the
negative correlation between rainfall and taxi supply
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is strongest during evening peak hours across all
days of the week. This study enriches current litera-
ture by contributing to a more nuanced understand-
ing of the interaction between weather elements and
taxi services; as a result, it offers important insights
into the maintenance of taxi service quality during
rainy conditions.
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