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1. Introduction

Convective precipitation is the primary source of freshwater

and groundwater recharge in the arid Arabian Peninsula (AP).

Therefore, it is crucial to study convective precipitation
systems (PSs) from a Lagrangian perspective using object-
tracking methods. These methods can:

a) Provide detailed information on the current state of PSs in
the AP.

b) Offers insights into the lifecycle of convective PSs, helping
in improving flashflood modelling.

c) Create a reference for evaluating convective-permitting
simulations, thereby helping to address the double penalty
problem.

2. Methodology
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Fig 1: Flowchart of the object-tracking algorithm.

Affiliation: Contact:

a) The object-tracking method, illustrated in Fig 1, is based on
the work of Seelig et al. (2021, 2023), where it combines
overlapping and centroid projection techniques. The object's
centre is projected at the following timestep using displac-
ement vectors obtained from particle image velocimetry.

b) Objects are delineated using a threshold of 0.5 mm/hr in
the convoluted space.

c) The method considers merging and splitting during the
system's lifetime.

d) We apply hierarchical agglomerative clustering to the

object-based properties of PSs; these properties are
averaged along the PS track.

3. Results

By analysing 24 years of the IMERG V07 data, we found three
types of convective PSs in the AP.
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Fig 2: Spatial distribution of the types of convective precipitation
systems in the AP.
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Fig 3: Monthly distribution of convective precipitation systems
for different types. The asterisk indicates peaks.
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Fig 4. Composite daily anomalies of vertically integrated
moisture flux (1000 hPa to 300 hPa) for the convective
precipitation systems.
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Fig 5: Diurnal cycle of convection initiation and cessation for the
convective precipitation systems in the AP. The asterisk
indicates the peaks.

- T1 systems can last up to 24 hours.
- T3 systems have a maximum duration of 20 hours.

- Both T1 and T3 show similar development to T2 systems, as
shown in Fig 6.

- Maximum precipitation, area, and volume of the systems
rapidly develop until they reach a peak around the system's
mid-life; afterwards, they degenerate gradually.
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Fig 6: Evolution of T2 systems maximum precipitation, area, and
volume sorted by different durations of a lifetime.
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4. Conclusions

a) The Indian monsoon influences T1 systems, while T2
systems are modulated by extratropical-tropical moisture
transport.

b) T3 systems are mainly affected by midlatitude cyclones
entering the AP in the colder months.

c) Convection initiation peaks during the afternoon for T1
and T2 systems, while T3 systems show multiple peaks
during the day.

d) T2 systems are characterised by the longest lifetimes,
most extensive spatial coverage, highest intensities, and the
greatest total rain volume compared to other types. They
can bring up to 60% of the annual rainfall in Saudi Arabia
(Loung et al., 2020).

e) Systems lasting less than 24 hrs show a peak in
precipitation, followed by volume, then an area, agreeing
with Takahashi et al. (2021), Inoue et al. (2009), and Moseley
et al. (2013).

f) Further investigation of the underlying thermodynamic
condition of the convective systems is recommended.
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