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1. Introduction

Afghanistan is situated between latitude 29° N and 37°
N, and longitude 61° E and 72° E. This is a mountainous
country, and its weather and climate are therefore to a
great extent influenced by the topography. The country
is divided into two parts by the Hindu Kush mountain
which ranges from Himalayas and runs towards
southwest of Afghanistan, with highest peaks of about
6500-7000 m. The elevation of the northern plain is
between 250 and 400 m, whereas the deserts in the south
of Hindu Kush slopes are from about 1200 m in the east
to 500-600 m in the west (Sivall 1977). Figure 1 shows
the topography of Afghanistan. The average annual
rainfall in Afghanistan is approximately 270 mm. More
than 80 percent of precipitation falls as snow. More than
80% of the country’s water resources originate from the
Hindu Kush mountains, where the accumulated snow on
the high mountains melts in the summer which has a
vital role in agriculture (Frotan, 2020). A previous study
(e.g., Houze et al.2011; Shokory et al. 2017) showed
that the spring and winter peaks of precipitation
corresponded with large-scale humidity that passes
through the Caspian Sea and the Black Sea, which is
approaching from north and northwest of Afghanistan.
In summer season, the climate is influenced by South
Asian summer monsoon. Summer monsoon is noticed
only in the eastern parts of Afghanistan with high
rainfall events. In this study, the seasonally and monthly
precipitation over Afghanistan and daily heavy rainfall
events in each season over the Kabul region were
investigated during six years from 2015-2020 using the
GSMaP, GridSat and JRA-55. The main purpose of this

study is to clarify the seasonal precipitation pattern and
its annual change, as well as to clarify the general
characteristics of precipitating cloud systems that

causes rainfall in Afghanistan.
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Fig. 1. Topography of Afghanistan
2. Data and method

The horizontal distributions of precipitation amount
were analyzed using the GSMaP (Global Satellite
Mapping of Precipitation) dataset which is hourly
precipitation products blended with satellite-borne
passive microwave radiometers and infrared
radiometers, and the horizontal resolution is 0.1° lat/lon
grid. For examining synoptic-scale conditions of daily
heavy rainfall event, the Japanese 55-year Reanalysis
(JRA-55) dataset is used. The relative vorticity and
geopotential height at 500 hPa and precipitable water
and vertically integrated vapor flux were calculated

using JRASS.

3. Results
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Through the analyses, it was found that Afghanistan
has three seasons of heavy rainfall in spring, summer,
and winter. In spring season (Fig. 2). The high amount
of rainfall was observed over the mountain slopes in the
northern and eastern parts of Afghanistan, North of
Pakistan, India, and west of Iran. In contrast in summer
season (Fig. 3), the precipitation was observed only in
the eastern parts of Afghanistan and the high amount of
precipitation was observed all over India, northern
Pakistan, and China. In winter Season (Fig. 4), the high
amount of precipitation observed in North, South, and
Eastern Parts of Afghanistan. To focus on heavy rainfall
events over Kabul region, the heaviest rainfall event
observed on 24 February 2015 is shown in Fig. 5. To
examine synoptic-scale conditions of this event, the
relative vorticity at 500 hPa is shown in Fig. 6. This
shows that the southeasterly flow to the east of a
cyclonic system brought rainfall over the Kabul region
(a black dotted area). The precipitable water and
vertically integrated vapor flux (Fig. 7) show that this
southwesterly flow transported moisture over this
region. In the case of summer season, the heavy rainfall
event over the Kabul region was observed on 28 July
2015 (Fig. 8). The precipitation was observed in the
eastern part of Afghanistan, including the Kabul region.
and the synoptic-scale conditions (Fig. 9). on this day
are characterized by a cyclonic circulation that centered
over Pakistan and brought the southeasterly flow toward
the Kabul region. (Fig. 10). This cyclonic circulation
involved high precipitable water and brought moist
southeasterly flow into the Kabul region. Through the
analyses of several heavy rainfall events, it was clarified
that the orientation of precipitation system in the winter
season (Fig. 5) is from southwest to northwest which
shows a similarity with spring events as well. In contrast,
in the summer season, the orientation is from southeast

to northwest (Fig. 8).

MAM 2015

100 200 300 400 500 1000 1500 (mm)

Fig. 2. Distributions of precipitation in spring.

P GSMaP SEASONAL PRECIPITATION (MVK v7) JJA 2017

100 200 300 400 500 1000 1500 (mm)

Fig. 3. Distributions of precipitation in summer.

DJF 2017

100 200 300 400 500 1000 1500 (mm)

Fig. 4. Distributions of precipitation in winter.
4. Summary

Based on the analyses of the characteristics of
precipitation in the six years, it was found that the high
amount of precipitation was observed over the mountain
slopes in the northern and eastern parts of Afghanistan

in spring and winter seasons while the high amount of
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precipitation was observed only in eastern parts of the
country in summer season. It also clarified that the
seasonal difference in the precipitation pattern resulted
from the location of a synoptic-scale cyclonic
disturbance that determined the direction of moisture
transport toward Afghanistan. Heavy rainfall usually

occurs on the windward mountain slopes.

24 FEB. 2015
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Fig. 5. Heavy rainfall event over Fig. 6. Relative vorticity at 500 hPa
on 24 Feb. 2015. A dot shows

Kabul region on 24 Feb. 2015

Kabul region.
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Fig. 8. Heavy rainfall event over

Kabul region on 28 July 2015.

Fig. 9. Relative vorticity at 500 hPa
on 28 July 2015.

Fig. 10. Precipitable water and
vertically integrated vapor flux

vectors on 28 July 2015.
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1. Introduction

A tidal bore is a physical phenomenon
commonly emerged in the estuarine waters due
to the relatively high tidal range and large river
streams, a tidal wave surging upstream because
of the difference in hydraulic pressure.
According to Docherty and Chanson (2010), a
tidal bore is an unsteady motion induced by the
rapid surface water level rise at the river mouth
during the early high tidal phase. With time, the
first wave crest becomes steeper and steeper
until it forms a wall of water propagating
upstream. This phenomenon is induced by the
confluence of tidal wave propagation and river
flow, generating a pressure difference between
them, then a hydraulic jump off tidal bore is
formed.

In Indonesia, a tidal bore, namely Bono,
exists in Kampar River, positioned in the
Pelalawan Regency, Riau Province (Chanson,
2009). Bono is a destructive tidal bore proven by
many eroded areas along the Kampar River.
Bono will be larger during rainy seasons when
the river debit flow was getting stronger.
Furthermore, Bono waves' height depends on the
monsoon system, which relates to surface wind
energy transfers. So far, there are limited reports
of physical oceanography states of the tidal bore
in Kampar River.

2. Data

The first instrument deployed was tide
gauge (Valeport — tide master), installed in the
Mendol Island (estuary of Kampar) for 38 days
from April 23 — May 30™ 2016. A Nortek-
Aquadopp ADCP (Acoustic Current Doppler
Profiler) was installed at two different locations
for 24 hours on April 25" — 26™, 2016. The
second measurement of ADCP, conducted on

August 22" 2016, was applied at three sites.
Even though this second measurement of ADCP
was without direct analysis of tides, the
prediction at Mendol Island was employed using
Erg Tide based on the collected tidal data in
April 2016 (Figure 1).

Table 1: The characteristics of the devices and the
deployment set-up

ADCP specification Deployment set-up
Acoustic 0.6 MHz Profile 300 s
frequency interval
Max  profile | 30-40 m Number  of | 8
range cell size
Cell size 1-4m Cell size 1 m
Minimum 0.50 m Blanking 0.5m
blanking distance
Max cell 128 Measurement | 100 %

load
Velocity range | + 10 m/s Average 60 s
interval
Accuracy 1% of measured | Compass upd. | 300 s
value + 0.5 m/s | rate
Max sampling | 1 Hz Salinity 35 ppt
range

Mendol Island

Tanjung tersendu-sendu

Muda Island
N

A

Teluk Meranti 40 kilometers

Figure 1. Measurement stations in Kampar
River

We deployed all ADCPs at the edge of the
river, where the installment of ADCP using a
metal pole is possible. The ADCP specification
and set-up are shown in Table 1. These
deployments consider a better observation of
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Bono arrival, better accessibility, and safety of
the personnel and devices, based on the locals'
information.

3. Results

Figure 2 shows the tidal range and period
analysis. Overall, the tidal range is not
significantly different during flood and ebb
tides; in contrast, the tidal displacement period
will be more extended during the neap phases.
The tidal range varies throughout the spring
phases, ranging from 5-6.5 meters with a tidal
displacement time of 4-6 hours. In contrast,
during neap tides, the tidal fluctuation ranged
from 4-6 meters with a displacement period of
4-8 hours. The tidal range will be higher during

the spring phases, but the ebb period will be
more extended during the neap stages.

At the first transitional monsoon, the bores'
record shows the level of water level was about
3.4 meters, and the current direction changes
significantly. Still, the current magnitudes
decreased at the same time of tidal bore
occurrence, about 0.2 m/s. In contrast, the
evening Bono's water level was 4.1 meters,
while the current direction changed almost 250°,
and the velocity reached 0.9 m/s. According to
our result, the speed of tidal bore ranged between
0.2-0.9 m/s. In the upstream area (Teluk Meranti
station), the bores' train tends to fade away with
the surface elevation of 1 meter and speed
around 0.3 m/s.

Tidal Range (m)
N w » 3] o ~

-

=]

O =N W H OO N ®O©

-

Spring | Neap |

mmm Tidal Range

5 9 13 17 21 25 29
Spring Il

- Tidal Displacement Time

Tidal Displacement Time (Hours)

33 37 M 45 49 53 57

Neap Il Spring 11l

Figure 2. Tidal range analysis in the estuary of Kampar River (Mendol Island)
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Figure 3. Records of current magnitudes and sea level at the 1*' transitional season

09 4 I Daytime I | Evening l

|Evening | |Daytime | |Evening l

E I Daytime |

Surface elevation (m)

8/20/2016 9:36 8/20/2016 21:36 8/21/2016 9:36

8/21/2016 21:36
Date and Time

S - N W A O N ® ©

8/22/2016 9:36 8/22/2016 21:36 8/23/2016 9:36

—e—Current speed in Muda Island station
—Surface elevation in Muda Island

--#--Current speed in Teluk Meranti station
—— Surface elevation in Teluk Meranti station

--s--Current speed in Tanjung Mentangor station

Figure 4. Records of current magnitudes and sea level at the 2™ transitional season
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At the second transitional monsoon,
surface elevation and current speed increased
dramatically when the tidal bore propagated.
The current velocity ranged from 0-0.9 m/s.
The peak elevation of bores reached 4 meters
during the daytime and 5 meters in the evening.
Then, the height of the tidal bore lowered in
Teluk Meranti station by around 2.5 meters.
The tidal bore surface elevation reached 1.75
meters during daytime propagation and 2.3
meters in the evening. The current speed was
also lowered by 0.2 m/s. Furthermore, at
Tanjung Mentangor station, where the bores
commenced disappearing, the current
magnitude ranges from 0-0.4 m/s in the
daytime and 0-0.07 in the evening.

Tidal Fluctuation in Mendol Island

T (oC) =T In the daytime

l In the evening

Bono was greater at night

Tloc] =T In the daytime

l In the evening

The height lowered by 0.7 m

Figure 5. The first ADCP Measurement at
Tanjung Tersendu-sendu and Teluk Meranti
stations

Tidal Fluctuation in Mendol Island by prediction

ToC) l

- [ e——

« | Bono was greater at night

T [oC] = T

The height lowered by 3.1 m

Bono run upstream at speeds ranging from 2.8 - 3.7 m/s

Figure 6. The second ADCP measurement at
Muda Island and Teluk Meranti stations

When the train of bores propagates in
the midday, the temperature profile at Tanjung
Tersendu-sendu station ranged from 31.25-
32.8°C. In contrast, in the evening, while the
tidal bore was higher in elevation and speed,
the water temperature decreased by around 2°C.
At Teluk Meranti station, the temperature
fluctuations were relatively the same ranging
29.5-31°C during daytime propagation and
29.25-30.5°C in the evening. There is a slight
difference in temperature profile in the evening
propagation whereby while tidal bore passing
Teluk Meranti, the temperature slightly
increased by 2°C along with the bores.

At the second measurement in Muda
Island, the temperature was more arbitrarily
erratic, especially during the daytime
propagation of tidal bore ranging from 30.8-
31.6°C. However, in the evening, a uniform
pattern of temperature was observed, ranging
from 30-30.4°C. At Teluk Meranti station,
where the elevation lowered by 3.1 meters,
overall, the temperature pattern showed a
similarity with Muda Island. Still, we
identified an anomaly when a hydraulic jump
off tidal bore emerged in the evening. The
temperature increased by approximately 1°C,
then it was getting down again as the Bono
propagated upstream.
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