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Article
Temporal Characteristics of Rainfall Events at Very

High Timescale

Sridhara Nayak

Research and Development Center, Japan Meteorological Corporation; nayak.sridhara@n-kishou.co.jp

Abstract: Characteristics of rainfall events and its spell durations are the most important information for
natural disasters such as floods, coastal erosion, landslides, water hazards etc. In the present study, we
investigated the probability distributions of spell durations for rain exceeding various thresholds (0.5, 1,
2mm/10min) and discussed the peak intensity events (2, 5, 10, 20mm/10min) associated with the rain spell
durations from very high timescale (10min) observations at 1296 AMeDAS stations across Japan. Our results
infer that the heavy rainfall events (>2mm/10min) over Japan last for shorter duration (up to 1.5hr) and the
light rainfall events (<Imm/10min) last for longer duration (up to 2hr). The low intensity events with
2mm/10min peak are found to be short-lived and last up to 3 hours, while the high peak intensity events of
more than 5mm/10min are long-lived and last up to 10 hours. The analysis of longer spell wet events (last for
at least 12 hours) indicates that the ~15hrs spell duration with 2-10mm/10min peak intensity events occurs more
frequently than longer duration event. The very high peak intensity events (up to 10-20mm/10min) are noticed
to last up to 24-33hours. These results suggest that the intensity and duration of rainfall events in Japan may
play an important role in natural hazards.

Keywords: rainfall characteristics; AMeDAS 10 min dataset; peak intensity events; spell duration

1. Introduction

Characteristics of rainfall events and its spell durations are the most important information for
water-related disasters such as floods, coastal erosion, landslides, water hazards etc. This is because
the water-related disasters are mainly associated with the rainfall events and are strongly determined
by the rainfall amount and its spell duration [1-7]. Here spell duration refers to the continuous period
of rain events. Many studies have discussed the rainfall characteristics over different regions at
different timescale (mostly hourly or daily). Recently, Kendon et al. [1] examined the characteristics
of rain spell duration and associated peak intensity events from hourly rainfall across southern UK.
Their results indicate that low peak intensity events (<lmm/h) are short-lived and last up to 1-3hrs,
while peak intensity events (<5mm/h) last up to 15hrs. In another study, Wakazuki et al. [2] examined
the rainfall amounts for various accumulation periods (1 to 72hrs) over Japan during Baiu season.
Their study indicates that rainfall amount is more in shorter accumulation periods compared to the
longer accumulation periods. All these studies provide reliable information of rainfall characteristics
on hourly timescale, but the behavior of rainfall events on sub-hourly timescale is not well
documented so far. Thus, an attempt is made to analyze the temporal characteristics of rainfall events
from 1296 station observations at 10 minutes timescale across Japan to discuss (1) the spell durations
for rain exceeding various thresholds and (2) the peak intensity events associated with rain spell
durations.

2. Data and Methods

We analyzed the Automated Meteorological Data Acquisition System (AMeDAS) datasets at 10-
minute timescale from 1296 stations across Japan for the period of about 10 years. Though more
number of AMeDAS stations was available, but we considered those stations at which minimum 7
years of data are available. The locations of these 1296 stations are shown in Figure 1.
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Figure 1. Location of AMeDAS stations with altitudes (unit: m) at which minimum 9 years dataset at
10-minute timescale are available.

To assess the temporal characteristics of rainfall over Japan, we investigated the probability
distribution of spell duration for rain exceeding various thresholds (0.5, 1, 2mm/10min) and the joint
probability distributions of rain spell durations versus various peak intensity events (2, 5, 10,
20mm/10min). Spell duration is defined as the continuous period of rain events exceeding the
threshold in the 10 minutes time series. The overlapping of any duration of rain was not permitted,
so that each spell will be independent. We identify the occurrences of different spell durations of rain
exceeding the threshold. We then calculate the peak intensities in all spell durations. Lastly, we
computed the normal probability distribution functions of spell durations and the peak intensities
associated with different spell durations.

3. Results and Discussions

3.1. Rainfall Distributions

The amount of rainfall (mm/10min) averaged at each station is computed. It shows that heavy
rainfall (above annual average) occurs over south east and west central region of Japan. The rainfall
amount over south west region is more than over east central region.
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Figure 2. Rainfall amounts (mm/10min) averaged at each station.

3.2. Heavy Wet Events

Figure 3 shows the occurrences (in numbers) of wet events exceeding 10mm/10min at each
station over japan. It indicates that the heavy rainfall events (> 10mm/10min) occurs more frequently
over south of Japan compared to northern regions. Western regions show comparatively more
extreme rainfall events followed by Okinawa areas. Northern regions show relatively less extreme
rainfall events.
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Figure 3. Number of wet events exceeding 10mm/10min at each station.

3.3. Probability Distributions of Rainfall Events Exceeding Different Percentiles

Figure 4 presents the probability of rainfall events exceeding various percentiles is computed.
The value of the rainfall amount for each percentile is shown in the right y-axis. The minimum sample
size is observed for the wet events exceeding 99.99th percentile, which is 2409 and the maximum
sample size is noticed from the wet events exceeding 85th percentile, which is 5903329.
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Figure 4. Probability distributions of rainfall events exceeding different percentiles. The amounts of
rainfall amount of each percentile are given in right side y-axis.

It shows that the light rainfall events exceeding a percentile occur more frequently than the
heavy rainfall events exceeding same percentile. However, very heavy rainfall events
(>20mm/10min) also occur over Japan, though probability is less compared to low rainfall events.
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3.4. Spell Duration

The joint probability distributions of rain spell durations versus peak intensity events is shown
in Figure 5 (computed from the wet events > Imm/ 10min). It clearly indicates that the low intensity
events with 2mm/10min peak are short-lived and last up to 3 hours, while the high peak intensity
events of more than 5mm/10min are long-lived and last up to 10 hours.
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Figure 5. Rain spell duration (>10 min) vs peak intensity.

We extended our analysis to discuss the rainfall characteristics from the wet events whose spell
duration last for at least 12 hours (Figure 6).
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Figure 6. Rain spell duration (>12 hours) vs peak intensity.

This characteristic is the key importance of flooding. The analysis of longer spell wet events
indicates that the ~15hrs spell duration with 2-10mm/10min peak intensity events occurs more
frequently than longer duration events (Figure 6).

These results highlight the importance of analyzing high-resolution, sub-daily rainfall data to
better understand the dynamics of extreme rainfall events. For example, the Clausius-Clapeyron
relationship indicates that as temperatures rise, the atmosphere can hold approximately 7% more
water vapor per degree Celsius. This increase in atmospheric moisture can lead to more intense
rainfall events over shorter timescales [8-11]. Such extreme precipitation events not only increase the
risk of flash flooding but also contribute to other climate-related impacts, such as rising sea levels
due to increased runoff into oceans and damage to forest ecosystems from soil saturation and erosion
[12-18]. High-resolution rainfall data are therefore critical for accurately assessing these risks and
preparing for the potential impacts of climate change on various environmental systems [19-25].

4. Conclusions

In this study, we analyzed the characteristics of rainfall events from very high timescale (10min)
observations across Japan to discuss the spell durations for rain exceeding various thresholds and the
peak intensity events associated with rain spell durations. Our results infer that the heavy rainfall
events over Japan last for shorter duration and the light rainfall events last for longer duration. The
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low peak intensity events are found to be short-lived, while the high peak intensity events are long-
lived. The analysis of longer spell wet events (last for at least 12 hours) indicates that the very high
peak rainfall intensity events (up to 10-20mm/10min) last up to 24-33hours.
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