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Detection of Sea-breeze Inland Penetration over
Coastal Urban Region using Geostationary
Satellite Images

Muhammad Rezza Ferdiansyah

Thesis Abstract

Sea breeze is closely related to the living environment in coastal-urban regions.
Therefore, the framework for sea-breeze detection is crucial. We proposed a frame-
work to derive a two-dimensional distribution of sea-breeze front (SBF) using
geostationary satellite images. The framework includes the application of mor-
phological snake algorithm into visible-band images for automated detection of
the cumulus cloud-lines associated with SBF. The verification was undertaken by
comparing the passage time of the cloud-line with the arrival time of the SBF es-
timated from ground observation. Considering that sea-breeze events with cloud-
lines are frequently observed both in the tropics and mid-high latitude areas, the
method can be applicable any coastal regions over the world.
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Chapter 1

Introduction

This chapter describes the background of the research problems, objective and
importance of the study.

1.1 Motivation

Monitoring the atmospheric boundary layer (ABL) and understanding its behavior
is crucial for mesoscale (from 20 km to 2000 km, Figure 1.1) weather forecasting.
Many weather phenomena which have societal impacts occur within ABL. The
most commonly observed of main mesoscale feature is the atmospheric fronts (a
location of a confronting two air masses with different characteristics). The major
fronts consist of warm, cold, stationary, and occluded front (mostly are observed
in mid and high latitude regions). The monitoring of these type of fronts (particu-
larly its propagation and time evolution) is commonly conducted using the remote
sensing method e.g., by geostationary satellite measurement, due to its wide hor-
izontal scale coverage (from 200 km to 2000 km, Figure 1.1) and capability to
observe the time evolution of the cloudiness features associated with the fronts.
Moreover, as the lowest part of the atmosphere, the process within ABL in-
volves scale interaction including impact from the surface beneath it. Such as
thermal heating impact and mechanical roughness of the surface. In addition to
above mentioned fronts, there is sea-breeze front (SBF) which is the cold front
type and has smaller meso-scale (20 km to 200 km, Figure 1.1) and occurs in
almost coastal region over the world. A sea breeze is caused by the horizontal
pressure difference above sea and land surfaces attributed to the contrast of the
thermal properties on both surfaces. Since most of the megacities (Figure 1.2) in
the world are located near a coastal region (United-Nations, 2018), sea breeze event
is closely related to their living environment as seen in several studies concerning
urban thermal comfort (e.g., Sasaki et al., 2018; Wang et al., 2017; Ribeiro et al.,
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Figure 1.1: Various scale of atmospheric motions from micro-scale to synoptic
scale. The synoptic features, such as typhoon and weather fronts are commonly
observed from cloudiness characteristic from satellite images.

2018; Hu and Xue, 2016), urban rainfall (e.g., Simpson et al., 2007; Shepherd and
Burian, 2003; Dixon and Mote, 2003; Planchon and Cautenet, 1997), and urban
pollution (e.g., Igel et al., 2018; Thompson et al., 2007). Despite its importance,
to obtain a full measurement of the temporal, horizontal and vertical structure of
sea breeze circulation remains a challenging task (Stephan et al., 1999).

The sea-breeze arrival time depends not only on the distance from the nearest
coastline, but also on the spatial variations in topographies (e.g., Naor et al., 2017),
land surface properties (e.g., Hughes and Veron, 2018), and synoptic weather con-
ditions (e.g., Hughes and Veron, 2018; Azorin-Molina et al., 2009a). These pro-
cesses non-linearly interact with each other. For the sake of a precise evaluation of
the near-surface atmospheric environment, it requires monitoring of the horizontal
two-dimensional characteristics of the sea-breeze penetration.

While penetrating inland, the low-level convergence formed in the vicinity of
the sea-breeze front (SBF) will induce the updraft air-motion. Under sufficient
humidity circumstances, this updraft can lead to the formation of a low-level cu-
mulus cloud-line (Stull, 2012; Miller et al., 2003). This cloud-line exhibits a distinct
boundary between cloudy and cloud-free areas and it is potential to be used as the
proxy for the location of SBF (e.g., Ferdiansyah et al., 2017). One of the detectable
features from satellite images is the cumulus cloudiness associated with SBF (e.g.,



Figure 1.2: Most of the high populated cities (megacities) in the world are located
in coastal regions.

Ferdiansyah et al., 2017). The spatial distribution of SBF then can be retrieved
by remote sensing approaches such as satellite observation. The focus was put on
the identification performance, in previous satellite-based studies, the detection of
the cloud-lines using polar and geostationary satellite images was based on manual
on-screen digitizing (Damato et al., 2003; Planchon et al., 2006; Anjos and Lopes,
2018).

Some major challenges in cloud-line detection mentioned above, using geosta-
tionary satellite images can be given as following (see Table 1.1 for the related
existing works):

1. Automated detection. The first, with the advancing of spatial-temporal
resolution of a geostationary satellite, to detect the SBF using a large number
of images, the automated method would give more advantage. Motivated by
the edge detection in computer vision, the active contour or snake algorithm
is widely used for detecting an edge in textured images automatically (Blake
and Isard, 2012). In the snake algorithm, the contour evolution is conducted
by a level-set approach (Kass et al., 1988; Osher and Sethian, 1988). The
level-set is defined so that the snake can detect the border of the edge.
The intensity of the image is usually treated as the level-set (e.g., by using
Gaussian function) to where the edge should be approached.

2. Multi-layer clouds. The second issue is the contamination of the non-
cumulus cloud in the images. From the perspective of image-processing,
when we want to apply the snake algorithm, we have to deal with the cloudi-
ness feature on satellite images as a two-dimensional feature. When the



cloud-line is contaminated by the high-level cloud, such as cirrus, it would
make the edge detection very challenging.

3. Computation. The third one is the computation issue. Fast and stable
calculation is expected. In the main snake algorithm, the equations are
usually solved numerically using a differential operator, so it requires high
computation skills to perform a fast calculation.

The study by (Corpetti and Planchon, 2011) addressed the first and second
issues. They applied the snake algorithm to geostationary satellite images for
automated detection of the cloud-line. And by combination with wavelet decom-
position, they also solved the transparency issue when the image is contaminated
by the high-level cloud such as the cirrus cloud. However, despite their accuracy,
in their study, the snake equations were solved analytically (still used differential
operator). It still has computational issues for implementation in the near-real-
time (for monitoring or operational purpose) and analysis with a large number of
images. Moreover, no comparison yet with ground observation data in their study.
It is necessary to verify using ground observation to examine how representative
the detected cloud-lines to be used as the proxy of SBF lines for analyzing the
penetration distance and speed of SBF.

In improving the computation issue of the snake algorithm, (Marquez-Neila
et al., 2014) proposed the morphological-snake algorithm. In their method, the
snake equations are solved by a morphological operator (dilation and erosion)
which does not require complicated numerical computation. The algorithm is
more straightforward in dealing with the binary images in multi-dimension. Also,
the re-initialization of the level-set is not required. Therefore, the simple and fast
detection process might be possible. To the best of our knowledge, this method
has not been applied yet into geo-referenced meteorological satellite images such
as for detecting the cloud-lines associated with SBF.

1.2 Objective and importance of the study

In recent years, the meteorological agencies of several countries who operate the
meteorological satellite launched their new generation of geostationary satellites
(e.g., Himawari-8, Japan; Fengyun-4, China; GEOS-R, USA; MTG, Europe).
Hiwawari-8 which covers Asia-Pacific region is the new generation of the previous
Japanese Geostationary satellite, MTSAT2, and is operated by Japan Meteorolog-
ical Agency (JMA). For full-disk image, the Himawari-8 satellite has higher spatial
and temporal resolution than its predecessor, from 1 km to 0.5 km and from hourly
to every 10-min, respectively. This is very potential to be explored for observing
ABL scale phenomena such as sea breeze.
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Table 1.1: Existing works related to cloud-line detection using geostationary im-
ages

Study Method Validation with arrival
time of SBF

Damato et.al., 2003; Manual on-screen digitizing
Planchon et.al., 2016;
Anjos and Lopes, 2018

Corpetti and Planchon, 2011 Automated, No
Snakes Algorithm

This study Automated, Yes
Morphological Snakes
Algorithm

(Marquez-Neila et al., 2014)

The sea breeze study by using the geostationary satellite images is essential.
Thus, it is important to construct a framework for deriving the spatial infor-
mation of inland penetration of sea breeze by using the geostationary satellite
image. Which include the validation of the cumulus cloudline that representa-
tive to be proxy of the SBF and automated detectection of this cloudline using
time-sequential of geostationary satellite images. And for that, the simple, fast
and stable calculation is necessary especially for operational purpose which deals
with huge images with near-real time processing procedures. Moreover, the global
applicability of the proposed framework is also expected in order to be able to
be used for sea breeze studies at any coastal regions in the world using various
geostationary satellite currently available.

Against the above background, this study aims to construct a framework for
investigating the spatial characteristic of the SBF inland-penetration distance and
speed over coastal urban regions. The SBF is identified by the cumulus cloud-line
which is detected from the visible band images of the Himawari-8 geostationary
satellite. The framework includes the application of morphological snakes algo-
rithm for automated detection of the cloud-line. And to examine the representa-
tives of the cloud-lines as the SBF proxy, the validation was undertaken using the
arrival time of SBF which is obtained from ground observation data.

1.3 Scopes of the study

Chapter 1: Introduction. Chapter 1 presents the background, objective and
importance of the study.
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Figure 1.3: Cloud-line appearance associated with sea-breeze front in the VIS band
(B03) of Himari-8 satellite image

Chapter 2: Theoretical background. Chapter 2 includes the theoretical
background regarding atmospheric urban environment, meteorological satellite
measurement and fundamentals of major edge-detection approaches in computer
vision.

Chapter 3: Typical cloudiness pattern during sea-breeze days. Chapter
3 provides the first step of the study. This chapter focuses on evaluation and
screening of sea-breeze days and cloud-line cases.

Chapter 4: Inland Penetration Detection of Sea-breeze Front. Chapter
4 describes the implementation of morphological snakes algorithm for automated
detection of cumulus cloud-line in the VIS band of satellite images. In this second
step, the penetration distance and speed of the SBF are validated using the ground
observation data.

Chapter 5: Application for another coastal urban. After applying for
Jakarta City, in chapter 5, the application of the proposed framework to Tokyo
City is described.



Chapter 6: Concluding remarks. The summary of all previous chapters is
summarized in Chapter 6. The limitation of the study and future works are also
included in this chapter.

1.4 Summary

This chapter comprehends the background of the research problems, objective
and importance of the study. This chapter also emphasizes the need to derive
spatial distribution of inland penetration of the SBF over coastal urban by using
the geostationary satellite measurement, especially for regions with limited ground
meteorological observation.



Chapter 2

Theoretical background

This chapter presents the theoretical background related to the scope and objective
of this study.

2.1 Atmospheric-boundary layer

Atmospheric-Boundary Layer (ABL) is the lowest part of our atmosphere that
exhibits as the boundary between earth surface and free-atmosphere. The depth
of the ABL has diurnal cycle and varies between 300 m - 3 km Stull, 2012. In the
daytime, ABL consist of surface layer (about 10 percent of the total ABL depth)
and mixed-layer (also called as convective boundary layer). At the top of the ABL
there is an inversion layer that functions like the cap of the ABL. And between the
inversion layer and mixed layer, there is an entertainment zone, the zone where
the cloud formation usually occurs (Figure 2.1).

The fair-weather cumulus cloud or shallow cumulus cloud are usually formed
at the top of ABL. Their cloud base (usually near the lifting condensation level or
LCL) could represent the ABL height. The ABL height over the land varies and it
depends on some factors, e.g. topography, surface roughness and thermal property
of the land surface. The ABL height for tropical region (such as Jakarta, Indonesia)
is higher than the ABL height at the mid-latitude region (such as Tokyo, Japan).
Thus, it corresponds to cumulus cloud height at both region (Stull, 2012).

ABL involves several mechanisms and processes including their interactions
such as weather, air pollution, rainfall and thermal related phenomena. One of
the representative ABL phenomena that influences the weather at coastal region
is sea-breeze (Miller et al., 2003). Sea breeze is triggered by the different thermal
gradient between land and sea. According to United-Nations, 2018 most of the
high populated and industrialized urban areas or megacities are located in coastal
region. The cooling effect and ventilation function of sea breeze are expected
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for urban-heat-island (UHI) mitigation and pollution dispersion over the coastal
urban regions (Adelaide: (Zhou et al., 2019); New York: (Thompson et al., 2007);
Greece: (Papanastasiou et al., 2010); Athene: (Clappier et al., 2000); Yokohama:
(Sasaki et al., 2018); Tokyo: (Oda and Kanda, 2009)). Thus, ABL measurement
is necessary to further understand the condition of the ABL both vertically and
horizontally.

For 1-D vertical-profile measurement using satellite, currently the polar orbit
satellite is commonly utilized for ABL probing. It can retrieve the vertical profile
of temperature and moisture to probe the condition of ABL using multispectral
approach. However, this type of satellite only observed 2-3 times per day and
not be able to observe the time evolution of certain ABL phenomena such as sea
breeze. So it has limitation for temporal and wide spatial coverage. On the other
hand, the geostationary satellite is able to observe continously with wide spatial
coverage but has limitation in measuring the vertical profile. Nevertheles, with
the improvement of temporal resolution from an hour to every 10-min, it enable
us to observe the time evolution of the ABL phenomena by tracing the cloudiness
pattern that associated with activity of that related process.

For 2-D horizontal measurement, we mostly still rely on the ground observation.
As consequence, to obtain the sufficient information of spatial distribution, we need
to deploy many points of ground measurements. Satellite observation, due to its
wide spatial coverage can provide some benefit to fill this gap. Therefore, exploring
the utilization of geostationary satellite to monitor and observe the time evolution
of sea breeze event using its time sequential images.

2.1.1 Sea-Breeze Circulation

Sea breeze circulation is a local circulation and a kind of meso-scale cold-front type.
The relationship of sea breeze and off-shore synoptic scale flow is that sea breeze
mainly occurs in the weak synoptic condition, clear skies and intense solar radiation
Miller et al., 2003. However, sea breeze can also trigger the cloud formation at
the sea breeze convergence zone (SBCZ) Miller et al., 2003; Azorin-Molina et al.,
2009b. This such discontinuity that is formed at the convergence zone between
the sea-breeze flow and the off-shore synoptic wind, it is called also the sea-breeze
front (SBF). One of the typical features is the formation of cumulus cloud-line in
parallel to the coastline. This can exhibit the location of the SBF (Figure 2.2).

By tracing time evolution of the inland penetration of SBF, we can explore
something related cooling and pollutant dispersion, for instance, how far is the af-
fected area by cooling and also how the ventilation function for pollutant dispersion
(Sasaki et al., 2018).

To our knowledge, studies that concern about sea breeze detection using the
satellite observation particularly the geostationary satellite are still limited (e.g.,
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Figure 2.2: Schematic of cumulus-cloud formation in the vicinity of sea-breeze
front. (Source: apollo.lsc.vsc.edu)

Damato et al., 2003; Planchon et al., 2006; Anjos and Lopes, 2018). Further
exploration of the cloud features observed by current new generation satellites,
which has been improved in term of temporal and spatial resolution, has great
potential for further examination and research.

2.1.2 Urban heat-island circulation

Urban heat island (UHI) is a phenomenon when the city or urban area experiences
warmer temperature than the surrounding area (Oke, 1995). The intensity of the
UHI will relate to the ability of the urban surface in absorbing and hold the heat
of the solar radiation during day time. So it would be depend on the urban surface
roughness, concrete material used of the houses and building, built up areas, street
canyon and also the antrophogenic-heat emission released. Since the heat capacity
of the urban surface is larger than surrounding rural areas, it releases the heat
during nighttime, resulting the larger nocturnal temperature different (i.e., reduces
the maximum air temperature different at daytime and increases the minimum air
temperature different at night).

The UHI circulation is initiated by the temperature increasing of urban surface
due to daytime solar heating. Relatively low pressure will be form in the urban
areas, resulting the convergence flow from the surrounding rural toward the urban.
Related to the synoptic condition, wind speed and cloud cover are some of the
parameters that can influence the intensity of the UHI circulation.

Regarding the relationship with sea-breeze circulation and UHI circulation.
The numerical study by Freitas et al. (2007) reported that the UHI accelerates the
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penetration speed of SBF due to the enhanced convection in the city center. While
arrive at city center, the SBF will be stagnant for about 2 hours and then penetrate
beyond the city with the decreased speed. Similar finding was also reported in a
laboratory study by Cenedese and Monti, 2003. Other sea-breeze studies that
relate with the surface roughness influence to the UHI intensity such as Thompson
et al., 2007; Varquez et al., 2015; Liu et al., 2009; Ng et al., 2011; Hai et al., 2018
can be given.

2.1.3 Thermal convection and cloudiness

A study by (Azorin-Molina et al., 2009b) reported the climatology of the cloudiness
associated with sea breeze based on surface cloud observation. Based on their
finding, the sea breeze can increase the formation of stratus and cumulus cloud
in the convective internal boundary layer and also can induce the formation of
thunderstorm clouds in the sea-breeze convergence zone.

We can see the mechanism of the sea-breeze front and its associated cumulus
cloud-line formation in the micro-scale, mesoscale and synoptic perspectives. The
individual cumulus-cloud cycle is the micro-scale persepective. The cumulus cloud
associated with SBF propagation will have a cycle such as following (e.g., Azorin-
Molina et al., 2009b; Miller et al., 2003): (1) the convection to enhance in vicinity
of the front area, (2) cumulus-clouds to form, (3) the convection to reduce due to
the sea breeze intrusion (cooling impact), and (4) cumulus-cloud to dissipate. As
a visible feature (such as in the satellite image), the cloud-line exhibits the distinct
boundary between clear area (behind SBF) and cloudy area (in front of SBF).

In mesoscale perspective, that cloud dissipation may take longer time (long-
lasting cloud). And for that, two possible reasons can be given as: (1) due to the
enhanced convection and UHI (Kanda et al., 2001; Varquez et al., 2015) and (2)
due to polluted environment (Fan et al., 2016). The continues and consistent heat-
ing (for instance due to UHI circulation) is favorable for convection and updraft
motion.

Regarding the vertical updraft mention above, cloudiness and the represen-
tative height of the cumulus cloud, Figure 2.3 and Figure 2.4 show the vertical
structure of the sea breeze case on September 14, 2011 analyzed in Varquez et al.
(2015). In this case the SBF was accompanied by the cumulus cloudline. The
arrival of the SBF can be regarded as maximum vertical velocity and the passage
of cloudline at the site. In this case, the arrival time can be estimated between
11~11:30AM and 13~13:30AM at Tokyo and Hachiouji, respectively. As can be
seen also in those two figures, the height of the cloud was at around 850hPA level
(about 2 km height or near the top of ABL).

The fair-weather cumulus cloud or shallow cumulus cloud are usually formed
at the top of atmospheric boundary-layer (ABL). Their cloud base (usually near
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the lifting condensation level or LCL) could represent the ABL height. The ABL
height over the land varies and it depends on some factors, e.g. topography, surface
roughness and thermal property of the land surface. The ABL height for tropical
region such as Jakarta, Indonesia is higher than the ABL height at the mid-latitude
region such as Tokyo, Japan. And this corresponds to cumulus cloud height (Stull,
2012).

Another micro-scale interaction also exists between cloud formation and the
vertical motion (updraft), particularly with horizontal convective roll (HCR). Ac-
cording to numerical study by (Dailey and Fovell, 1999), due to interaction between
SBF and HCR, there are post-frontal cumuli, frontal cumuli, and HCR cumuli.
This SBF cloudiness is enhanced by two particular reasons: (1) the additional
lifting of the HCR updraft;(2) the increase of the convective instability in the air
inside the roll updraft (as the roll will lift the moist air from lowest level that will
increase the convective instability and eventually will increase the frontal cumuli
at the roll updraft intersection).

Based on above, the characteristic of the SBF cloudiness over different surface
condition, e.g., between urban and non-urban area, can be different. Urban provide
more additional sensible-heat release that will provide extra lifting of the roll
updraft than non-urban surface (e.g., Inoue and Kimura, 2004; Theeuwes et al.,
2019). Even though, forest area may provide more moisture than urban area (e.g.,
Teuling et al., 2017), the various roughness elements contributed by the high-rise
buildings over urban area may cause frictional drag and induce more enhanced roll
updraft.

2.1.4 Scale interaction

Even though the individual thermal convection (micro-scale) and the sea-breeze
structure (mesoscale) are independent phenomena, there is possible interaction
between them. As reported in a numerical study by Ogawa et al., 2003, that such
scale interaction (between SBF and convective cell) can cause the variability of
the propagation speed of SBF. The key factor that causes such interaction was
considered as the spatial discontinuity of temperature and wind. Also, in a nu-
merical study by Kanda et al., 2001, they studied the mechanism of the cloud-line
formation along the convergence line in Tokyo. They reported that two conditions
are required for such phenomena; (1) convergence between two sea breeze (large
scale) and (2) heating from the surface (micro-scale).

Regarding the interaction of the sea breeze over the urbanized area (with com-
plex building morphology), a numerical study by Varquez et al., 2015 found that
the delayed penetration of the sea breeze due to the significant drag of the surface.
This delay caused the less heat-advection to the downwind area, stronger mixing
turbulent and the deeper boundary layer over the urbanized area. And a satellite
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observation-based study by Inoue and Kimura, 2004 reported also that the urban
areas are conducive for the formation of low-level clouds due to the following two
mechanisms. (1) increasing of sensible heat flux over urban; (2) the heat contrast
between urban and its adjacent areas which may induce local circulation (such as
UHI circulation). Both mechanisms are also sensitive to the synoptic-scale wind
and radiation.

How the influence of the synoptic-scale, we put focus on wind and radiation
as the two synoptic meteorological variables. Since the low-level clouds such as
cumulus propagate following the wind in ABL height level (Fujita et al., 1975;
Ottenbacher et al., 1997), the stronger opposing wind will somehow influence the
position and the formation of the clouds. For radiation, since we only selected for
SBD which are accompanied by the cloud-line of fair-weather cumulus, the high
intensity of solar radiation could increase more sensible heat flux, induce more
updraft and convection and eventually make the ABL in well-mixed condition.

In the interaction with thermal convection, the mesoscale and synoptic wind
can also influence in producing the wind shear that will define the organization
of the cumulus clouds. Two types of them that most likely to occur are roll
structure and fishnet formation (e.g., Grossman, 1982; Yagi et al., 2017). Roll
structure is formed when the strong mean wind induces the wind shear to be
more dominant than the thermal buoyant, so the cumulus cloud will be formed
aligned in parallel with the wind direction. And the fishnet is formed when wind
shear is weak and the thermal buoyant is dominant. Among these two types of
formation, too parsed clouds and the cloud-line that formed parallel along the sea
breeze direction is difficult to be delineated by snake algorithm (the appropriate
smoothing is required). In this study, such cloud-line cases, as well as the irregular
cloud-pattern, are excluded from the SBF cases.

2.2 Geostationary meteorological satellite

Based on their orbital types, the meteorological satellite can be divided into polar,
low-earth-orbit, and geostationary orbit satellite. Active and passive sensors on-
board the satellite usually transmit the microwave band and measure infrared
band, respectively.

Himawari-8 (Figure 2.5) is the new generation of geostationary satellite oper-
ated by the Japan Meteorological Agency. It has been launched in October 2014
and used for operational purpose since July 2015. The geostationary position is
140.7 degree east and on about 36.000 km altitude. The Advanced Himawari Im-
ager (AHI) sensor that onboard of the satellite has 16 channel bands (3 visible, 1
near-infrared, and 12 infrared bands, see Table 2.1 and Figure 2.6).

The satellite data used in this study is the Himawari Standard Data (.hsd)
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Figure 2.5: Himawari-8 Geostationary satellite. (Source: Bessho et al., 2016)

Table 2.1: Advanced Himawari Imager (AHI) sensors

Band  Central Res (km) Usage
Wavelength
(pm)
Visible 1 0.47 1 Aerosols
2 0.51 Solar insolation
3 0.64 0.5 Clouds
Near-infrared 4 0.86 2 Vegetation
Infrared 5 1.6 2 Snow and ice discrimination,
cloud-top phase
6 2.3 Cloud-particle size,
snow, cloud phase
7 3.9 Low fog and stratus, clouds,

fires, atmospheric motion vectors,
volcanic ash

8 6.2 Upper-level water vapor

9 6.9 Mid-level water vapor

10 7.3 Lower-level water vapor

11 8.6 Cloud-top phase, dust, SOq
12 9.6 Total-column ozone

13 10.4 Clouds

14 11.2 Clouds

15 12.4 Clouds

16 13.3 Air temperature, clouds

format with geostationary projection based on the World Geodetic System 1984
(WGS84) geographic coordinate system (coverage area is shown in Figure 2.7).
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2.2.1 Radiance measurement

Conversion from counts to radiances is calculated as following Equation 2.1.

Radiance = Gain * Counts + Constant[mWm ™ 2sr~ ' (em ™) 7] (2.1)

Where Constant [W/(m2srum)] and Gain [W/(m?*srpumcount)] are the off-
set constant between the pixel count and the physical radiance and the linear-
calibration coefficient, respectively. Both are extracted from the on-board calibra-
tion of the satellite.

For infrared bands (Band 04 to Band 16), this radiance values can be further
converted to brightness temperature using the following Equation 2.2 and Equation
2.3.

hc 1
T.\ 1) = —~———— 2.2
M @) -
T, =co + 1T, + o T? (2.3)

Where T,, Ty, I, and \ are effective brightness temperature, brightness tem-
perature, radiance and central wavelength, respectively.

And for the visible bands (Band 01 to Band 03), the conversion from radiance
to albedo can be calculated more simple using the following Equation 2.4.

Albedo = I, (2.4)

Where ¢ and I, are coefficient and radiance, respectively. All the constant
values appeared in each equation can be read in the header section of the .hsd
data.

2.3 Edge detection in computer vision

2.3.1 Level-set approach and Snake algorithm

As state-of-the-art for edge detection, the snake algorithm is widely used to extract
the contours and detect the edges of the object in a computer vision field (Blake
and Isard (2012)). In this algorithm, the evolution of snake contour is conducted
by minimizing certain functional energy of the snake ( Ey,qe in Equation 2.5) and
usually performed implicitly using level-set approach (Kass et al. (1988); Osher
and Sethian (1988)). The snake contour evolves within the given level-set until it
approaches the target object (such as an edge or border).
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Esnake = Linternal + Ee:vternal (25)

Let the snake contour be parameterized in a binary level-set as u(s), u(s) =
(x(s),y(s)) and s € [0,1]. Equation 2.5 can be given as following.

B(u(s) = 5 | 1 (aag—“ " @<s>%) s+ | u(s)ds (26)

The internal energy in Equation 2.5 is the curvature property of the snake
(smoothing element) which consists of first derivative (tension) and second deriva-
tive (elasticity) of u(s). From Equation 2.6 we see that each of those curvature
terms is controlled by parameter o and [ respectively. The external energy can
be given as the intensity I of the image itself which attracts the snake contour to
approach the target object (Kass et al. (1988)).

To minimize that functional energy, there are two proposed models for time
evolution of the snake contour and with the level-set wu(s) approach, Geodesic
Active Contour (GAC, Equation 2.7) (Caselles et al. (1997)) and Active Contour
Without Edge (ACWE, Equation 2.8) (Chan and Vese (2001)).

8u_

i g(I) - |Vu| - div (ﬂ) +g(I)-|Vu|-v+Vg(I)-Vu (2.7)

[V

ou o NVu Ry BURY
E—\VM <,u div (W) v—XM( —c1)*+ (1 02)> (2.8)

The terms in Equation 2.7 and 2.8 correspond to elasticity term, curvature
term with parameter v and attraction term, respectively. In the GAC model, we
need ¢g(I) as the edge detector to obtain boundary information of the target edge.
All three terms in the GAC model depend on this g(7). It is usually defined as a
decreasing function constructed of array convolution between Gaussian filter and
image intensity. In contrast with that, since the g(7) does not appear in the ACWE
model (Equation 2.8), contour evolution using ACWE would be less-dependent
with the intensity of the image. In ACWE, the image intensity inside (¢;) and
outside (¢2) the snake contour (weighted with parameter A; and Ay, respectively)
are considered . So, the boundary information is not required in ACWE. However,
both snake contour models contain a set of differential equations and they are
usually solved by a differential operator such as finite-difference of a numerical
scheme.
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2.4 Summary

In this chapter we briefly introduce the sea-breeze as the representative ABL pro-
cess that commonly occurs in coastal regions. Since the process within ABL is
influenced by surface condition beneath it, the sea breeze can also involve and in-
teract with a different scale of phenomena such as urban heat island (meso-scale)
and thermal convection (local/micro-scale). In certain condition, the typical cloud-
formation (e.g., cumulus cloud-line) becomes the proxy of such phenomena and this
cloudiness characteristic (warm temperature and high albedo) become a detectable
features in the satellite images. The snakes algorithm is a state-of-the-art for au-
tomated edge-detection of such cloud-line features appeared in the visible-band of
geostationary satellite images.
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Figure 2.6: Signal response function of band channel of the AHI sensors onboard.
(Source: Bessho et al., 2016)
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Chapter 3

Typical Cloudiness Pattern
during Sea-breeze Days

3.1 Introduction

In this chapter we present the typical cloudiness pattern during sea-breeze day. Our
study area Jakarta, the capital city of Indonesia, is one of the emerging megacities
in Asia, with a population of more than 10 million people (United-Nations, 2018).
Jakarta is located in the tropical coastal region and has a humid climate with a
synoptic background of austral monsoon during the dry season. Also, urbanization
is still increasing, especially in the western side of the region in recent years. As
shown in figure 3.1, Jakarta city is located in a northwestern plain area of Java
island in the Indonesian archipelago. The area is bounded by the Java-sea coastline
on the north (oriented from west to east) and a mountainous area in the south
and west. The elevation of the plain area reaches up to 50 m above sea level, and
the base of the mountainous area is about 200 m, located about 50 km inland
from the coast. The inland penetration of the sea breeze is somehow restricted by
this region’s varied topography. The prevailing wind in the dry season (May to
October) is a dry air-mass brought by easterly winds blowing from the Australia
continent. The northerly wind of local scale circulation in daytime exhibits a
dominant flow-mode due to sea breeze circulation.

3.2 Data

3.2.1 Ground observation data

Figure 3.1 and table 3.1 show the location of six meteorological stations located
within the study area (station: TJP, KMO, CGK, PBT, SRG, and DMG). These
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Figure 3.1: The study area. The square in topography map of 3.1b depicts the
urbanized area around Jakarta city and the less-urbanized area (suburban) in its
western side. (After Ferdiansyah et al., 2020)
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stations are operated by the Indonesian Agency for Meteorology, Climatology, and
Geophysics (BMKG). BMKG regularly provides daily weather information referred
to as the synoptic meteorological report, which includes data on air pressure, air
temperature, relative humidity, wind speed, and wind direction. The data cover
three months: July-August-September in 2017 and 2018. These station data are
mainly used to define the climatology around the Jakarta region.

Besides, we deployed two observation points also, which are located at the top
of the research and development office building of the Ministry of Maritime and
Fisheries Affair (KKP) and the Jakarta Environmental Services office building of
the Indonesian State Minister for The Environment (BPL). The former is located
near the coast and the latter is in the city center. The time interval of the data
is every 10-minute. The observed parameter and data period are as same as the
meteorological station. We used the ground observation data to select SBD based
on the wind field information and to estimate the arrival time and speed of SBF.

Regarding the boundary layer measurement, the tower measurement that we
deployed at KKP and BPL site was 18 m and 30 m, respectively. Since the average
building height in the surrounding area is less than 5 m, we can assume that the
measurement sites are above the roughness sub-layer. The wind observation at
the sites somehow can represent the condition of the atmospheric-boundary layer
(ABL). Since we attempt to connect between the cumulus cloud motion and the
wind observation at the ground. We consider that the wind condition observed at
the sites will depend on two parameters, the stability, and the ABL height.

Table 3.1: Meteorological station and observation point.

ID Station Longitude Latitude Distance from the coast (km)

BPL 106.835 -6.226 11.48
PBT 106.759 -6.259 16.63
DMG  106.75 -6.5 42.59

A KKP 106.846 -6.124 0.11
1 TJP 106.866 -6.1 2.64
2 CGK 106.65 -6.117 5.63
3  KMO  106.83 -6.18 6.26
4  SRG 106.13 -6.12 10.6
B
)
6

3.2.2 Satellite data

Our study area, Jakarta, is at segment 6 among 10 segments of the full-disk images
of Himawari-8 satellite. We used the visible images of the B03 band (center wave-
length: 0.64 microns, also known as a red band) to obtain the cloudiness features.

24



B03 is the highest spatial resolution (500 m) among band channels of Himawari-8.
The characteristic of fair-weather cumulus is parsed and textured, so the finer res-
olution B03 would be suitable to detect cumulus clouds in the daytime. We also
used thermal infrared images of the B13 (center wavelength: 10.4 microns) to de-
rive the surface temperature. B13 is the band that has the least absorbed radiance
by the atmosphere (atmospheric window band) and the spatial resolution is 2 km.
In radiative correction, the digital count number is converted to radiance and then
radiance is converted into reflectivity (albedo) value and brightness temperature
(Th) for band B03 and B13, respectively. In geometric correction, each pixel of
albedo and Th is projected into a geostationary projection coordinate.

3.2.3 Additional data

The elevation data provided by the US Geological Survey is utilized for land-
sea masking. We also used this data to construct the coastline dataset which
has been adjusted to match the pixels of satellite images which were projected
into geostationary projection. The dataset is used to define the distance of the
sea-breeze front from the coastline. In addition to the above-mentioned data,
we utilized also the wind profile of radiosonde observation at CGK and ERA-
interim re-analysis data (Dee et al. (2011)) to obtain the synoptic condition for
our particular case studies.

3.3 Method

3.3.1 Sea-breeze day selection

To ensure that the cloud-lines in the sea-breeze day (SBD) are associated with
an SBF, we selected the candidates of SBD and defined the arrival time of SBF
using the ground observation data. The change of wind direction became the key
indicator, that there should be a clear transition of wind direction from seaward
to landward (from offshore to onshore) (Borne et al. (1998)). We set the following
criteria for selecting SBD: (1) the existence of wind change direction from land
breeze to the sea-breeze mode and (2) the sea-breeze mode exists at least for two
consecutive hours.

Sea breeze as a type of cold front is the moist and cold air-mass blowing from
sea to inland due to different heating of the sea-land. Its arrival can be indicated
by increasing moisture, a reduction in the increase rate of air temperature, and
an increasing wind speed of stable wind direction. The arrival time of the SBF
was estimated based on the time of the significant increase of the moisture. Since
the specific humidity will not change by the change of air volume (due to rising
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temperature), specific humidity was used to quantify the moisture rather than
the relative humidity which will increase as a result of the rising air tempera-
ture. Therefore, the arrival time of SBF was estimated, based on the following
parameter: temperature, wind speed, wind direction, and specific humidity.

Among the SBD candidates, we estimate the arrival time of SBF by the fol-
lowing procedure: (1) Find several peak times of the air temperature. (2) Around
those, we search the time when there is a significant increase in both specific hu-
midity and wind speed. (3) Next, we select the collocated time as the arrival
time of SBF at that location. Since the estimation of arrival time using hourly
data of meteorological station is not detailed enough, we used only 10-minute in-
tervals data from two observation sites, KKP and BPL (Figure 3.1), to estimate
the arrival time. If the arrival time at both locations cannot be confirmed, that
candidate SBD will be rejected.

The measurement height (temperature, humidity and wind) of KKP and BPL
site are 49.5 m and 27 m, respectively. And for the height of the weather stations
of BMKG are following the WMO standard (2 m for air temperature and 10 m~
for wind). Regarding the height dependency of the SBF arrival time, previous
studies (e.g., Chiba, 1993; Helmis et al., 1987; Arrillaga et al., 2016) reported that
there is no significant vertical variation for air temperature and vertical velocity
(w component) at the lower part of ABL, especially at surface layer (Figure 3.2.
Thus, the height dependency of the measurement height can be considered small
and no significant time different of sea breeze arrival even when we measured at
different height.

3.3.2 Cloudiness

The reflectance of the cloud (albedo) depends on the solar position. Since we
want to track the time evolution of cloud propagation, we need to normalize the
albedo values to reduce the dependency with solar time. In the pre-processing
process, after performing radiometric and geometric corrections, we normalized
the albedo values of B03 images, following the method proposed by Zhuge et al.
(2012). Their method is applicable for areas that have solar and satellite zenith
angles than 60 degrees. The normalization factor is calculated by considering the
zenith and azimuth angle based on sun and satellite positions.

The normalization of the albedo has two purposes; to enhance the lower value of
albedo in the morning time (due to lower solar elevation) and to minimize the solar
time dependency. When we test the algorithm to Jakarta region (Figure 3.8), we
found that the relative frequency of the albedo less than 0.3 (ground albedo, which
is mostly to be plant, sand, coast, sea, land, etc) is fluctuating by time. Therefore,
the value of 0.3 is reasonable to be used to define the cloud object. And according
to another reference, such as (Taniguchi et al., 2001), they used the value of 0.3 as
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the threshold value to discriminate the ground albedo and cloud albedo (Figure
3.3). In this study, the albedo value of 0.3 was used as the threshold to define
the cloud object (Zhuge et al. (2012); Taniguchi et al. (2001)). And to define
the spatial cloudiness pattern over the study area, we calculated the frequency of
cloud occurrence during SBD within periods of July-August-September from 2017
to 2018 (184 days). This period is the dry season in Jakarta and it is favorable for
sea-breeze formation (Hadi et al. (2000, 2002)).

25000 |

Ground albedo Cloud albedo

20000

15000

number

10000

5000

Observed albedo

Fig. 3. The distribution of the observed cloud.

Figure 3.3: Albedo threshold for determining the cloud object. From Taniguchi
et al. (2001)

3.4 Results and discussion

3.4.1 Sea-breeze Day Selection

To ensure the sea breeze related cloud line, we conducted SBD screening and
estimation of SBF arrival using the ground observation data as mentioned in the
method section. From 184 available datasets, we selected 102 SBD and 82 non-
SBD cases. Among 102 SBD cases, 84 days were the cases that the SBF arrival
time was able to be detected at both KKP and BPL (SBF cases). And among
these 84, 53 days were the cases of SBF accompanied by cumulus cloud-line. The
remaining 31 days were the SBF cases with irregular cloudiness, including the
clear-sky cases.

One of the indicators of the SBD is the change of wind direction from the land
breeze direction to the sea breeze mode. From the hourly mean of observation data,
all stations except DMG and PBT showed a distinct counter-clockwise transition of
wind direction (Figure 3.5). This is a typical pattern of sea breeze for coastal areas
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Figure 3.4: Composite of air temperature during sea-breeze days and non-sea-
breeze day. The x-axis is the time.
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located in the southern hemisphere (Kusuda and Alpert, 1983) such as the Jakarta
region. For DMG, the transition is clockwise and the topography is likely to
influence. As reported by e.g., Shiraki (1986); Prtenjak et al. (2008) which pointed
out the influence of topography for the transition wind at a mountainous area in
the northern hemisphere. And for PBT, the obvious change of wind direction was
not observed. The local wind-variation is likely to be dominant in this location.
The maximum temperature of SBD cases for both KKP and BPL is lower than that
during non-SBD (Figure 3.4). The difference between the maximum temperature
during SBD and non-SBD is 2 and 0.5 deg for KKP and BPL, respectively. And
the specific humidity increased by 1.2 - 1.5 g kg™! for SBD cases. The results
indicated that the air temperature decreasing and humidity increasing due to sea
breeze events are observed in this region. The cooling effect is much larger at
coastal than that at the city center.

Wind SBD cases
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Figure 3.5: Composite of wind at daytime (from 6AM to 6PM) for SBD cases.

And to relate the SBF to the strength of convection, we used the stability z/L
parameter measured at the BPL site. This parameter can represent the atmo-
spheric boundary layer (ABL) condition (Stull, 2012). We composited the z/L of
84 SBD cases based on two hours before and after the arrival time of SBF at BPL
(Figure 3.6). The condition before the arrival of SBF is more unstable than after
arrival. During the day, the convection and ABL mixing process (updraft/down-
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draft) actively occurs due to solar heating. When SBF arrives, it suppresses the
increasing temperature and ABL becomes well-mixed after the arrival of SBF.
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Figure 3.6: The composite of stability z/L parameter (non-dimensional) at 2 hours
(120 minutes) before and after arrival of SBF. The x-axis is the time step t of 10-
minutes. Time t=0 indicates the arrival time of SBF.

Figure 3.7 shows the composite based on arrival time of the SBF. The composite
described the averaged air temperature, specific humidity and wind speed at 2
hours before and 2 hours after the arrival of the SBF. The decreasing of the air
temperature at KKP after SBF arrival was larger than BPL. The specific humidity
and wind speed increased significantly due to the arrival of the SBF with the larger
increasing of wind at KKP was observed.

3.4.2 Cloudiness

Figure 3.9 shows the cloudiness pattern (described as the frequency of occurrence)
during SBD (in JAS months, from 2017 to 2018) from 10 AM to 3 PM local time.
The cloudy pixels which have an albedo value larger than 0.3 were averaged. The
composite was calculated from 102 days of SBD cases. The synoptic condition
during JAS months is not so variant for each month. The lower frequency of
cloudiness over the sea indicates that most of the sea-breeze circulations formed
are closed with the return flow formed aloft and descending flow over the sea about
a few kilometers from the coastline.

The occurrence of more than 50 percent cloudiness appeared over the moun-
tainous area and plain area. In the micro-scale perspective, the cloud formation
over the mountainous area could be related to orographic effects. While cloudi-
ness over the plain area is due to thermal-induced convection (Figure 3.10). In
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Figure 3.7: The composite of air temperature, humidity and wind speed at KKP
and BPL site depicted by the blue and red, respectively. The composite time is
two hours (120 minutes) before and after the arrival time of the SBF. The x-axis
is the time step t of 10 minutes. Time t=0 indicates the arrival time of the SBF.
The units of y axis are written in each panel.
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the western part of Jakarta (red square in Figure 3.10), it shows the spatial dis-
tribution of cloud which propagates southward inland. Whereas this movement
also exhibits the propagation of SBF lines. Such southward motion did not clearly
appear on the eastern side of Jakarta (blue square in Figure 3.10). The cloudiness
that formed there was not associated with SBF but more likely to be influenced
by Urban Heat Island (UHI, the phenomena due to heating at the urban surface)
circulation. Also, the less cloud formation just at the coastline and less enhanced
convection at the seaside near the coastline indicated that there was no coastal
convergence (i.e., cloudiness that forms due to the slowdown of wind blowing when
reaching the land surface, due to friction) occurred during the sea breeze events.
There is a high possibility that the cumulus cloud-lines that were formed parallel
to the coast over the plain area at the western side of Jakarta were associated with
inland penetration of the SBF.

The cloudiness pattern is the composite one and indirectly showing the prop-
agation of the individual cloud system. Which means that in that composite,
the cloud systems that propagate and that do not might be composited together.
And even though it was also the composite of SBF accompanied by cloud-line and
without cloud-line, in mesoscale perspective, we can still see in general the prop-
agation of the cloud system motion which is represented by the propagation of
cloud-lines in this cloudiness pattern. Even though the cloud formation and SBF
are independent of each other (i.e., the SBF is not necessary to be always followed
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Figure 3.9: The frequency (in percentage) of cloudiness during daytime (10 AM to
3 PM local time) at around Jakarta region. The cloudy pixels are defined as the
pixels which are larger than 0.3 of albedo value. The composite was calculated for
102 days of the screened SBDs. The occurrence of more than 50 percent cloudiness
exhibits the southward propagation of sea-breeze front lines. The topography
contours (grey line) are plotted at 200, 600 and 800 m. (After Ferdiansyah et al.,
2020)
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Figure 3.10: Spatial distribution of surface temperature (clear-sky brightness tem-
perature, in degree Celsius) represented by a composite of B13 images at 12:00
local time. The topography contours (grey line) are plotted with a 200 m interval
from 50 to 1050 m. Suburban, urban, and suburban where non-SBF-associated
cloudiness are indicated by red, black and blue rectangles, respectively. (After
Ferdiansyah et al., 2020)
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by the cloud formation), we can confirm that cloud-lines propagation can be used
as a proxy of the propagation of sea breeze front lines. Moreover, table 3.2 and 3.3
show the wind direction at six meteorological stations and two observation sites
in the study area, during the daytime (from 9:00 to 15:00) and nighttime (from
21:00 to 03:00) in JAS months local time. The dominant wind in the entire region
is northerly. The prevailing synoptic wind during this season is easterly. The sea
breeze propagates almost from north to south even under the condition of easterly
synoptic wind.

Table 3.2: Mean value of temperature (t), specific humidity (q), wind speed (ws)
and direction (wd) during July-August-September (JAS) season, 2015 to 2018,
calculated from meteorological station data.

station month time t (°C) q (gkg™') ws (ms™') wd

TJP 7 day 3106 16.62 2.34 NNE
night 27.76  17.4 0.85 E

8 day  30.93  16.62 2.86 NNE

night 27.68  17.85 0.93 ESE

9 day 316  17.11 3.16 NNE

night 27.93  17.67 0.83 ESE

CGK 7 day  30.99 17.3 2.87 NE
night 25.77  17.75 1.42 S

8 day 3104 16.5 3.71 NE

night 26.18  17.2 1.74 SE

9 day 31.35  16.65 3.8 NE
night 25.76  16.94 1.58 S

KMO 7 day 3109 17.69 2.35 NE
night 27.46  18.15 0.26 SE

8 day 3093 17 2.55 NE

night 27.52  17.8 0.38 ESE

9 day 3128 17.07 2.62 NNE

night 27.49  17.59 0.29 SE

PBT 7 day 314  17.86 1.73 ESE

8 day 3157 17.15 1.81 ESE

9 day  32.03 17.25 1.97 ESE

SRG 7 day 3071 18.13 1.77 NNE
night 25.15  18.01 0.08 S

8 day  30.95 17.63 2.06 NNE

night 25.37  17.79 0.06 SSE

9 day 3144 17.51 2.28 NNE

Continued on next page
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Table 3.2 — Continued from previous page
station month time t (°C) q (gkg') ws (ms™!) wd

night 25.37  17.6 0.08 SSW
DMG 7 day  30.11  16.81 2.21 NNW
night 24.59  17.16 0.27 NE
8 day  30.21  16.36 2.51 NNW
night 24.69  16.61 0.37 SE
9 day  30.66  16.36 2.72 NNW
night 24.63  16.97 0.56 SSE

Table 3.3: Mean value of temperature (t), specific humidity (q), wind speed (ws)
and direction (wd) during July-August-September (JAS) season, 2016 to 2018,
calculated from observation point data

station month time t (°C") q (gkg™') ws (ms™!) wd

KKP 7 day  30.13 16.76 2.72 NNE
night 27.27  17.18 0.75 SE

8 day  30.27 16.33 3.58 NNE

night 27.32  17.08 1.13 ESE

9 day 3074 16.57 3.39 NE

night 27.66  16.87 4.95 SE

BPL 7 day 313  15.25 0.76 NNE
night 27.0  16.24 0.8 S

8 day  31.53  14.89 1.13 NNE

night 27.12  15.99 1.04 SSE

9 day 31.95 15.13 1.26 NNE

night 27.26  16.32 0.85 S

3.5 Summary

This chapter presents the result of screening procedure based on the defined criteria
of sea-breeze day using the ground observation data at KKP and BPL site that
be verified by analyzing the composite of the air temperature, specific humidity
and wind on the sea-breeze day and non-sea-breeze day. The cooling effect of the
sea breeze was more prominent at KKP due to closer location to the coastline.
The spatial distribution of the typical cloudiness during the sea-breeze days is
also discussed based the albedo composite. The results shows that there are two
regions, one that exhibited the cloudiness pattern that was associated with sea-
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breeze front activity and another one that exhibited more likely related to ordinary
thermal convection and urban-heat island circulation
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Chapter 4

Inland Penetration Detection of
Sea-breeze Front

4.1 Introduction

In this chapter we present the procedure of inland penetration detection of the
sea-breeze front (SBF) by using the visible band (band B03) of time-sequential
Himawari-8 images. The spatial information of inland penetration is retrieved by
tracing the time evolution of cumulus cloud-lines that formed in the vicinity of the
sea-breeze front. The cloud-line provides the detectable feature for tracking the
front propagation.

In the validation step, we evaluate the passage time of the detected cloud-
line with the arrival time of SBF obtained from observation data at KKP and
BPL site (Figure 4.1). And in the post-processing step, the results then further
analyzed to estimate the penetration distance and speed of the SBF. We utilized
the prevailing wind from ERA-Interim re-analysis data (Dee et al., 2011) and
radiosonde observation at CGK airport (Figure 4.1) to consider the background
synoptic-condition for each sea-breeze event in further analysis. And even though
we use only two observation site for validation and analysis of inland propagation
of SBF, from previous studies concerning about SBF propagation, the spatial
pattern or horizontal structure of SBF does not really depend to the local effect
of the surface beneath it but more to the mesoscale or synoptic influence.

The edge detection algorithm can be applied to textured feature such as cumu-
lus cloud image. The parsed distribution of the cumulus-cloud appears as texture
in 2 dimensional image. Too parsed distribution of the cumulus pixels in the image
might be difficult to be delineated. But in that case, we can smooth the image us-
ing e.g., Gaussian function (Figure 4.2). The snakes algorithm is a state of the art
method that widely applied in computer vision for edge detection. The evolution
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Figure 4.1: The study area. The square in topography map of 4.1b depicts the
urbanized area around Jakarta City and the less-urbanized area (suburban) in its
western side. (After Ferdiansyah et al., 2020)
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of the conventional snake-models mostly contain the partial-differential equations
(PDE). And this PDE approach is necessary to be solved mathematically, which
somehow requires high computational issues.

Figure 4.2: Binary image of Himawari-8 Band B03 image. White indicates the
cumulus-cloud pixels. (Left) is the original image and (Right) is the smoothed
image using Gaussian function.

In improving that computation issue of the snake algorithm Marquez-Neila
et al. (2014) proposed the morphological-snake algorithm. In this method, the
snake equations are solved by a morphological operator (dilation and erosion)
which does not require complicated numerical computation. The algorithm is
more straightforward in dealing with the binary images in multi-dimension. Also,
the re-initialization of the level-set is not required. Therefore, the simple and fast
detection process might be possible. To the best of our knowledge, this method
has not been applied yet into geo-referenced meteorological satellite images such
as for detecting the cloud-lines associated with SBF.

4.2 Morphological Snake Algorithm

In morphological snake (Marquez-Neila et al. (2014)), instead of using a differential
operator, morphological operators are used to solving the differential equations.
In this study, we used the ACWE functional version of the morphological snake.

As previously mentioned in Chapter 2, in ACWE model, it is not necessary to
define the g(I) parameter and the term with v parameter is also optional. So, the
parameter set up for ACWE is easier. Moreover, compared to GAC the energy
function during iteration can decrease steadily with no oscillation (Marquez-Neila
et al. (2014)).

The algorithm for morphological ACWE is as follows. The level-set u is defined
and the time evolution for each n!” iteration can be performed by following three
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steps:

(Du™)(x), ifr>0
u"s(z) = < (Bu™)(z), ifv<0

u™(z), otherwise

1, i Vurta (A (1 — )2 = Ao(] — ) (x) < 0
w'ti(z) = {0, VUt s | (AL (= 1)? = Ao(I = ¢3)?)(z) > 0 (4.1)

1 .
"t3.  otherwise

u(z) = ((51 o JS)MW%) ()

Where [ is the image’s pixel value; u, v, Ay and Ay are positive constants (the
values we set are 1, 0, 1 and 1 respectively); (SI o IS) is the discrete morpho-
logical operator-defined based on dilation (D) and erosion (E) operator; and ¢;
and ¢y are the contours inside and outside the targeted object, respectively. The
implementation of the morphological operators in Equation 4.1 is listed in Table
4.1.

Table 4.1: Morphological operator for 2-D array

Operator Implementation

1 D.l t. D n+1 . . — n . A . . A .
(1) Dilation, W) = man (i A+ A))
(2) Erosion, E u"t(i,7) = min  u™(i + Ai,j + Aj)

Ai,AjE{—1,0,1}
(3) Curvature, ST oIS Composition, apply IS first and then ST

inf sup, IS min maxr u"(i+ Ai,j+ Ay)
PeB (Ai,Aj)eB
T 5] : R AL T A
supinf, @gg@ﬁ%@u (i + Ai, j + Aj)
Gradient, V (Ug,Uy)
first derivative, u, ug(i,j) = s(u(i+1,5) —u(i — 1,5))
Uy uy (i, §) = 5(u(i,j +1) —u(i,j — 1))

B-criteria used in ST o I.S operator is the structural element of the border. We
use four P-positions of 3x3 array operator to define the border as depicted in red
boxes of Figure 4.3. The SI operator will work on the 1-pixels (inside-contour)
and the IS will work on the 0-pixels (outside-contour). When the array operators
find the edge/border (indicated as red dashed line in Figure 4.3), the center pixels
will keep their values, but if they do not find the border, the center pixels will be
replaced into 0 for inside-contour and into 1 for outside-contour pixels.
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The Snake algorithm calculated with morphological approach is about 9~10
times faster than that with PDE approach (Figure 4.4). Table 4.2 shows the
comparison of the estimated computation time for Jakarta (total image: 1476) and
Tokyo (total image: 1188). The time showed is the time required for detection the
cloud-line in the 320x220 grid pixel of satellite image.

Figure 4.3: The border-criteria B used for implementation of SI o I.S operator
(Table 4.1). Gray-scaled color pixels of the image are the clouds, purple color
pixels indicate the detected cloud-line, the dashed red line in the red boxes (3x3
arrays) are representing the four positions P of structure element of B. (After
Ferdiansyah et al., 2020)

Table 4.2: Required time to detect the cloud-line on the 320 x 220 pixel grid of
satellite-image. Comparison between computation using PDE-snake (with wavelet
as potential function of Corpetti and Planchon (2011) and Morphological-snake.

Algorithm time per image Jakarta analysis Tokyo analysis
PDE-snake 170 s ~69 hour ~56 hour
Morph-snake 20 s ~8 hour ~T7 hour

4.3 Results

In this study, the albedo more than 0.3 is set to be 1 (inside the snake contour) and
0 (outside the snake contour) for the other pixels to create the binary image for
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Figure 4.4: Comparison of computation time between PDE snake and morpholog-
ical snake. Source: Marquez-Neila et al. (2014)

defining the level set. Selecting too high albedo value (such as 0.4~) will lead to
only extracting the mature and thick cumulus cloud. On the other hand, selecting
too low value ( such as ~0.2) will lead to include the thin-cirrus and non-cloud
object.

Despite this threshold selection, the snake ability of cloud-line detection is
not strictly sensitive with this 0.3 threshold value. Figure 4.5 reveals the sen-
sitivity tests with several threshold-values around the lower range of albedo for
cloud-object determination, i.e., 0.25-0.35 (Taniguchi et al. (2001)). The standard
deviation of the distance of the detected cloud-line to BPL site was about 0.5 km
(1 pixel). This suggests that the albedo selection within the lower-range value
(0.25-0.35) will not impact significantly the ability of the detection.

4.3.1 Cloud-line detection

Among 84 days of the SBF cases, 53 cases are the SBFs accompanied by cloud-
lines. We then applied the morphological snake algorithm to these cases. Figure
4.6 shows an example of how the arrival time of SBF estimated from ground
observation data (arrival time) and the passage time based on the detected cloud-
line from satellite images (passage time). Based on the appearance of the cloud-
line, it was confirmed that the onset time near the coast occurs between 9-10 AM.
The cloud-line then started to form in a long structure parallel to the coastline
and propagates southward. It is also important to note that in some cases, there
were also some cases when the arrival time was not be able to be identified clearly
(Figure 4.7 and Figure 4.8. For those cases, the nearest time of the timing of
increasing humidity to the timing of decreasing temperature was taken as the
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arrival time of the SBF and the satellite images at that timing was also visually
judged.

The mean arrival time of SBF was 10:30 and 13:00 for KKP and BPL, re-
spectively. We validated the passage time of the cloud-line with the arrival time
of SBF. Figure 4.18 shows the composite of the cloud-line location based on the
arrival time of SBF. For an arrival time at KKP, there are 13 days which were
undetected (no cloudy pixels yet), and 40 days which were almost the same with
the passage time (KKP “match”). The undetected cloud-lines at KKP are likely
due to still not sufficient of the moisture so the cloud was not formed. Another
reason is the cloud pixels still too parsed, so the snake algorithm did not delineate
it yet as the edge. In that case, we confirmed also the distribution of the cloudy
pixels at the original BO3 image, whether the passage time can be estimated or
not. For an arrival time at BPL, there are 4 days which were undetected (due
to irregular cloudiness and higher-level cloud contamination), 24 days which are
almost same passage (BPL “match”), and 25 days of the later passage than the
arrival time of SBF (BPL “delay”). Since the delay was exhibited by the entire
cloud-line spatially, the reason for this later passage is likely due to synoptic con-
dition for both groups were different. It is important to analyze further what kind
of synoptic condition between these two groups.

We composed the 00 UTC (7 AM local time) wind profile from radiosonde
observation at CGK to know the synoptic condition for each “match” and “delay”
group (grey arrows in Figure 4.18b and 4.18c). Since we focused on the cloud
propagation, we compared the lower (100 - 1500 m) and the upper (1500 - 3000
m) level of the atmospheric boundary layer (ABL). For the "match” group, the
wind at lower ABL was offshore and at upper ABL was an onshore direction.
While both for the lower and upper ABL of the "delay” group are an offshore
direction. Also, the offshore wind at an upper level of the ”delay” is stronger than
the onshore wind speed at the same level as the “match” group. Moreover, from
the composite of the wind (black arrows in Figure 4.18b and 4.18c) using the 00
UTC of re-analysis data at level 700 hPa (3000 m), we confirmed that the opposing
flow of the prevailing synoptic wind condition for the “delay” was stronger than
that of the “match” group. This indicated that the opposing and stronger flow
of upper-level synoptic wind prevents the propagation of the cloud-line in general,
hence it causes the later passage time of cloud-line than the arrival time of SBF
for the "delay” group.
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4.3.2 Arrival time and penetration speed of the sea-breeze
front

Figure 4.9a shows the scatter plot of the arrival time of the SBF and passage time
of the cloud-line. In general, the arrival time agreed well with the passage time
with the correlation coefficient of more than 0.7 for both arrivals at KKP and BPL.
The bias time was about 20 minutes. The location of the cloud-line when the SBF
arrived at BPL varied from 0 to 10 km. The mean distance range for the “match”
group was less than 3 km, while that for the “delay” group was more than 5 km.

Based on the arrival time at KKP and BPL, when we assumed that the SBF
reached the KKP and BPL, we can estimate the penetration speed of SBF. Fig-
ure 4.9b depicts the penetration speed estimated from observation data and the
cloud-lines passage with the correlation coefficient of more than 0.6. The inland
penetration speed was found to be in the range 1.2 to 2.4 ms~! with the aver-
age speed of 1.5 ms™!, and from the passage time of the cloud-line was 1.4 ms™*,
slightly slower than that estimated from the arrival time of SBF. The “delay” group
indicated slower penetration speed than the speed estimated from the arrival time
of SBF.

4.3.3 Sea breeze front speed and wind speed evaluation

Regarding the wind speed of sea breeze, Mathews (1982) proposed the forecast
rule using the regression relationship between wind speed of sea breeze (U) and
the land-sea temperature difference (AT):

U] = %m (4.2)

Simpson (1969) adapted the above forecast into the atmospheric front and
Simpson and Britter (1980) modified the equation into:

Ufront = 0.8Tugp — 0.59u, (4.3)

As can be confirmed from Equation 4.3 that the SBF will penetrate faster when
wind speed (see breeze) increases. And the opposing flow of the prevailing wind
will slow the front penetration.

Figure 4.10 shows the scatter plot of the wind speed at BPL (the reference site
selected as the affected area by sea breeze from Jakarta Bay) and the sea-breeze
penetration speed derived from observation. The front speed and the wind speed
have the positive relationship as predicted in the Eq. 4.3.
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Figure 4.10: Comparison between SBF penetration speed and wind speed after
sea breeze arrival at BPL site.
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Figure 4.11: Composite of the ERA-interim wind (1000 hPa level, 00 UTC).
Shaded color depicts the wind speed in m/s.

4.3.4 Synoptic condition during sea-breeze days

Jakarta is located in tropics, the region where the synoptic prevailing wind mostly
is influenced by the seasonal or monsoonal wind. The daily synoptic wind pattern
does not vary day by day. This can be confirmed from the composite of ERA-
interim wind at 1000hPa shown in Figure 4.11 and Figure 4.12. For both 00UTC
(morning) and 06UTC (afternoon), no siginificant difference between the non-SBD,
SBD and cloudline cases. However, as can be seen in Figure 4.13 that the zonal
wind (u-component) for non-SBD cases was wider range (from -6 to 2 m/s) than
SBD cases (from -4 to 2 m/s). And the meridional wind (v-component) for non-
SBD cases was from 1 to 7 m/s and for SBD cases was from 1 to 5 m/s. The
results indicated the slightly weaker prevailing for SBD cases than non-SBD cases
which dominantly attributed by both zonal and meridional wind.

The vertical profile of the zonal and meridional wind are shon in Figure 4.14 to
Figure 4.16. The figures show the vertical wind profile within ABL (from 1000hPa
to 700hPa level) for non-SBD, SBD and cloudline cases. The average zonal wind
within ABL was larger for non-SBD than SBD (and cloudline) cases (Figure 4.14).
And for meridional wind, no direction change in the entire ABL for non-SBD cases
(Figure 4.15), while there was a shift for SBD (and cloudline). The meridional wind
in afternoon was negative (southward direction) in lower part of ABL and positive
(northward direction) at upper part of ABL (Figure 4.15).

Next is how is the influence of the synoptic wind to the SBF penetration speed?
As can be seen in Figure 4.9b and Figure 4.10 that the SBF penetration speed
obtained from the result vary from 0.6 to 2.7 m/s. However, this variation could
not be attributed to the speed of the prevailing synoptic wind, since no significant
correlation between them (Figure 4.17). This indicated that the SBF penetration
speed in Jakarta was more likely to be influenced by the local variation such as
the temperature gradient between sea and land surface.
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Figure 4.17: The comparison between SBF penetration speed and the ERA-interim
wind at 1000hPa level (Grid pixel location: BPL site).

4.3.5 Spatial distribution of inland penetration

Finally, from each cloud-lines, we then derive the spatial distribution for the hourly
mean of sea-breeze front arrival time (Figure 4.19). All the time is presented in
local time (Western Indonesia Standard Time). The map of sea-breeze arrival time
shows the spatial distribution of penetration distance and speed. We can confirm
that the arrival time of the SBF line is the same for SRG and KMO (arrival time
at 12:00 and 13:00 for the “match” and the “delay” group, respectively). The
distance from the coast is 10 km and 6 km, for SRG and KMO, respectively. This
indicated that the sea-breeze front penetrated slower in the city. Also, Hadi et al.
(2000) reported that the sea-breeze arrival time at Serpong (about 10 km to the
west of PBT location) was found between 13:30 - 14:00, and it agreed with the
arrival time map (for both “match” and “delay” group).

4.4 Discussion

4.4.1 The later passage of cloud-line

In general, the passage time of the cloud-line and the arrival time of SBF on which
are detected at both KKP and BPL were the same within the distance range of
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(a) KKP "match” arrival time (40 cases)

(b) BPL "match” arrival time (24 cases)
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(c) BPL later” arrival time (25 cases)

Figure 4.18: Spatial distribution of the cloud-lines composited based on the arrival
time of SBF at KKP (5a) and BPL (5b and 5¢). Grey lines indicate the cloud-lines
for each case in the “match” and “delay” group. The darker color shows the density
of the overlapped lines. And the red line depicts the mean spatial distribution of
the cloud-lines and the line density was treated as the weight. The grey (black)
arrows in 5b and 5c depict the 00 UTC mean wind of radiosonde (ERA-Interim
re-analysis) data at 700 hPa (3 km). (After Ferdiansyah et al., 2020)
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Figure 4.19: Mean arrival time of SBF derived from the composite of cloud-line
passage. Arrows depict the mean wind direction from the meteorological station
and point observation data. The larger (smaller) arrow indicates the faster (slower)
inland penetration speed. (After Ferdiansyah et al., 2020)
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less than 3 km (24 cases, "match” group) and with the bias time of 20 minutes. In
some cases, the cloud-line tends to be located behind the SBF. The lag time exists
between dissipation of the cumulus cloud and the penetration of the SBF (the
cycle is initiated by surface warming, updraft, cooling, cloud formation, updraft
decaying due to SBF penetration, and then cloud dissipation) can be considered
as the reason for this later passage time of the cloud-line. And there are cases in
which the cloud-lines were located behind the SBF location more than 5 km (25
cases, "delay” group). The different synoptic conditions between the two groups
likely influenced the propagation of the cloud-line.

In addition, while in the mesoscale perspective, the certain synoptic wind at
upper ABL could cause the cloud-line to slower propagate, we also found that there
was a continuously existing cloud, particularly at the city center. What does cause
the cloud to not dissipate (due to decaying updraft by SBF penetration) in such a
particular location? One possibility is that there is another micro-scale mechanism
which depends on the surface condition and induces the local thermal convection.
The clouds keep existing because of the continuous updraft due to heating from
the urban surface (UHI). This UHI circulation likely enhanced the local updraft
regime at such a location. This heating source and moisture supplied by the sea
breeze provide a favorable environment for the low cloud such as cumulus to form.
Thus, the cloud was likely to continuously exist and the cloud-line seemed to be
stagnant around the city.

When we use the cumulus cloud-line for estimating the propagation of sea-
breeze front, the slower dissipation of cumulus cloud may indicate the slower prop-
agation or stagnation of sea-breeze front. The cloud-propagation speed is somehow
more influenced by the ambient synoptic condition which has larger scale than the
local-convection scale. According to (Fujita et.al., 1975) the cumulus and stra-
tocumulus type do not always continuously propagate, but the large scale of these
cloud-types are able to be traced and very useful to estimate the low-level low
over the land. So in the context of the mesoscale event such as sea-breeze and the
associated cloudiness may interact among them. The micro-scale will influence
the cloud formation/dissipation while the synoptic scale will influence the cloud
movement in general.

4.4.2 Possible mechanisms for the long-lasting cumulus

Figure 4.20 shows the surface roughness height over Jakarta City. The rough-
ness height at the city center is around 2 to 5 m. Thermal and roughness are
two main impacts of the urbanized area that have been reported for the delayed
penetration of SBF (Freitas et al. (2007); Thompson et al. (2007); Varquez et al.
(2015); Kusaka et al. (2019)). For instance, numerical simulation by Varquez et al.
(2015) reported that the sea-breeze penetration was delayed over the urbanized
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area due to increasing surface drag of high surface roughness over urban. This
causes decreasing the heat advection to the downwind area, enhancing turbulent
mixing due to convection, and increasing the ABL height. However, in our study,
the observation site that has sufficient temporal resolution to detect the arrival
time of SBF' in the non-urbanized area was not available. The delayed penetration
of SBF over the urbanized area can not be evaluated comparatively in this study.
From Darmanto et al. (2017) study the surface roughness length (z0) over the
city center of Jakarta was estimated at around 2 to 5 m. This value is somehow
smaller than the z0 over the megacity, such as Tokyo (Kanda et al. (2013); Dar-
manto et al. (2017)), where the evidence of slower penetration speed was reported
(e.g.,Yoshikado (1994); Varquez et al. (2015)). And it is also reported by Thielen
et al. (2000); Kusaka et al. (2019) that rather than surface roughness, the sensible
heat flux is more significant to the convergence mechanism. Thus, even though we
did not obtain sufficient evidence of the roughness effect, we hypothesize that the
thermal impact of the urbanized area is more dominant to influence the cloudiness
associated with the SBF penetration over the Jakarta region.

Since the later passage of the cloud-line than the arrival time of SBF mentioned
above cannot directly explain the urban effect to the penetration speed of SBF,
we evaluated the spatial distribution of the inland penetration distance from the
map of arrival time. We found that at the same arrival time (at 12:00), SBF
penetrated more in the western part outside of Jakarta (e.g., SRG, 10.6 km from the
coastline) than in the Jakarta city (e.g., KMO, 6.26 km from the coastline). This
indicated that from the derived two-dimensional SBF arrival from the cloud-line,
we can obtain information about the spatial characteristic over the different surface
conditions. Similar information cannot be obtained through the limited point
observation data. The findings of this study reveal the close interaction between
sea-breeze and UHI circulation. Moreover, this study indicates the UHI circulation
potentially caused the delayed of cloud-line propagation in certain prevailing wind
conditions. Therefore, this study contributes significantly to the previous sea-
breeze studies over coastal-urban regions.

4.5 Summary

In this chapter, we present the results of cloud-line detection using the morpho-
logical snake algorithm. The detected cumulus cloud-line is reasonably able to
represent the location of SBF. The detection and tracing by using satellite images
can assist to provide the spatial information for inland penetration of sea-breeze
front. In this study, the results show that the cloud-line was reasonably able to
represent the arrival time of the SBF with a bias time of 20 minutes and within a
distance of 3 km. The mean penetration speed obtained from the cloud-lines pas-
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Figure 4.20: The surface roughness height of 1 km grid (z0, unit in [m]) over
Jakarta City. (Data source: Darmanto et al., 2017, after Ferdiansyah et al., 2020))
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sage was slightly slower than that estimated from the arrival time of SBF (1.4 ms™!
and 1.5 ms™!, respectively). In certain cases, the cloud-lines passage was found to
be behind the SBF more than 5 km, particularly in the city center. This indicated
that the enhanced updraft due to urban-heat-island circulation might potentially
cause the long-lasting of cloud-line in certain prevailing wind condition.
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Chapter 5

Application to another coastal
urban region (Tokyo, Japan)

This chapter presents the application of the proposed framework (described in
Chapter 3 and Chapter 4) to another coastal urban, in order to provide spatial
inland-penetration of sea-breeze front (SBF).

5.1 Introduction

Tokyo as mid-latitude and Jakarta as tropic region, the comparison between two
different climate regimes raises attention. Even both cities are located in the plain
area and surrounded by the mountainous area, the direction of the prevailing
wind and coastline orientation of Jakarta and Tokyo is different. In Jakarta, the
prevailing wind is opposing the direction of sea-breeze penetration, while in Tokyo
in the same direction. With those similarities and differences, such as topography,
coastline orientation, climate and the background synoptic condition, there can be
some common characteristics and features in term of physical phenomena of the
sea-breeze which accompanied with the cumulus cloud-line that are worth to be
compared.

The results described in the previous chapter (Chapter 4) revealed that the
cloud-line passage has negative bias time and distance about 20 minutes (later) and
3 km (behind), respectively. However, in Jakarta case, the arrival-time validation
was limited to only the observation sites located in urbanized area (due to the
observation data source limitation). It is necessary to validate also the arrival
time of the sea-breeze front and the passage time of the cloud-line in less-urbanized
area.

The coverage of meteorological observation in Tokyo area includes some sites
which are located in urbanized and less-urbanized area. The arrival time of sea-
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breeze front can be validated for both areas. Moreover, in Tokyo, the behaviour
of two sea-breeze systems that blowing from the Sagami Bay and that from the
Tokyo Bay can also be observed.

Therefore, the objective of the work described in this chapter is mainly to
evaluate the global applicability of the proposed framework. The procedure was
divided into three steps. The first step is to analyze the typical cloudiness pattern
during sea-breeze days (SBDs). The second step is to validate the spatial distribu-
tion of the arrival time of SBF represented by the passage of the cloud-lines. And
finally, is to quantify how is the penetration speed over the urbanized area and
that over the less-urbanized area from the derived spatial penetration of sea-breeze
front.

" Kumagaya

Saitama ~Koshigaya ' "

Nerima
Fuchuu Tokyo

Hachioujt

o =
S o e

' Ebiha y¥gkohama

™

Tsujidou

Prevailing synoptié
Sagami Bay g (summer time)

Figure 5.1: The study area, Tokyo is located in the Kanto Plain of Japan. Red
stars depict the location of the observation points of the AMeDAS. Yellow arrow
indicates the typical prevailing wind in summer time. The high-pressure system
is usually located in Pacific Ocean.

64



5.2 Study Area

Tokyo is located in Kanto Plain area, the largest plain in Japan. Tokyo has
sub-tropic climate. Compared to the tropics region, various horizontal pressure-
gradient provides more dynamic synoptic disturbance which may influence the sea
breeze development. And the onset time of sea breeze will also have seasonality
according to solar radiation timing. Tokyo region is also surrounded by moun-
tainous area in its northern and western. And bordered by the Tokyo Bay in
its southeastern and Sagami Bay in its southern (Figure 5.1). The typical wind
during summer in Tokyo is southerlies as the high-pressure system is located over
Pacific Ocean. The condition of warm summer-season and weak synoptic-wind
provide favorable environment for the thermal local-circulation such as sea breeze
to develop (e.g., Yoshikado and Kondo (1989).

5.3 Materials and method

5.3.1 Observation Data

For screening the SBD and estimating the arrival time of the SBF, the 10 min-
utes observation data of the Automated Meteorological Data Acquisition System
(AMeDAS) operated by Japan Meteorological Agency (JMA) (Table 5.1) was uti-
lized. The parameters are temperature, wind, precipitation, and solar-radiation.
The period for analysis was summer season (July August September, JAS) from
2015 to 2018.

Table 5.1: The list of AMeDAS stations

Station Distance from coastline [km| Longitude Latitude
Tsujidou 0.69 139.448 35.314
Ebina 13.204 139.385 35.314
Fuchuu 24.6 139.75 35.642
Hachiouji ~ 36.503 139.644 35.475
Yokohama 0.143 139.651 35.437
Tokyo 3.758 139.778 35.667
Nerima 17.468 139.756 35.655
Koshigaya 24.041 139.778 35.667
Saitama 28.788 139.767 35.661
Kumagaya 64.52 139.778 35.667
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5.3.2 Satellite Data

To analyze the cloudiness feature the visible band (B03) of Himawari-8 is used.
This band has highest spatial resolution (500 m) among 16 bands of Himawari-8.
The temporal resolution is every 10 minute for full-disk scanning (10 sections)
(Bessho et al., 2016). Tokyo is section 2. Original projection is geostationary
projection. The selected area is cut as the final array of 220 x 320 grid with about
0.005 deg resolution. The raw data (digital counts) was converted to radiance
value then it was converted to albedo value. As pre-processing step for albedo,
the albedo value was normalized using a method proposed by Zhuge et al. (2012)
to reduce the solar time dependent. And to identify cloud object, the threshold
of albedo value 0.3 was selected (Zhuge et al., 2012; Taniguchi et al., 2001). The
pre-processing procedure and threshold selection was conducted as same as for
Jakarta case.

Similar to Jakarta analysis, the XY-position of the pixels in the original image
(geostationary coordinate) was used in the processing rather than use the pro-
jected latitude-longitude grid Cartesian coordinate. This way is commonly used for
tracking algorithm using satellite images (private correspondence with researchers
at Japan Meteorological Agency who develop the Atmospheric Wind Vector) to
minimize the location error for different projected resolution of the images. Since
the projected Cartesian coordinate for Jakarta is different with Tokyo.

5.3.3 Additional data

In addition to the above-mentioned data, the wind and humidity parameter of
ERA-interim re-analysis (spatial resolution 0.75 deg, Dee et al. (2011)) were uti-
lized to obtain the synoptic condition for each case study. And the elevation data
provided by the US Geological Survey was utilized for land-sea masking. The
elevation data was also used to construct the coastline dataset which has been
adjusted to match the pixels of satellite images (which were projected into geosta-
tionary projection). This dataset was used to define the distance of the sea-breeze
front from the coastline.

5.3.4 The identification of sea-breeze day

In the first step of the screening process, we selected only the days when the mode
change of wind direction, from land-breeze to sea-breeze mode is exist. Each mode
should be stably flow at least for four consecutive hours during early morning and
afternoon for land-breeze and sea-breeze, respectively (the method is summarized
in Table 5.2). In addition, the following criteria to define the sea-breeze day (SBD)
was used: no precipitation in the day and the previous day, the wind direction
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Table 5.2: Summary of the method

Observation data

B03 satellite data

(1a) Sea-breeze day selection

e Wind mode change (from land
breeze to sea-breeze mode)

e The sea-breeze flows steady at
least for consecutive two hours

(1b) Composite for SBD and non-SBD
cases

(3a) Check the typical cloudiness pat-
tern
e Cloudlines (parallel to coastline)
e Rolls (parallel to wind flow)

e [rregular

(including convective clouds)

o Clear-sky

(3b) Composite for each pattern

(2a) SBF arrival-time estimation

e Decreasing of air temperature in-
creasing rate (by finding local
maxima)

e Significant increasing of specific
humidity

(by finding local maxima)

e Increasing of the wind speed

(2b) Composite based on the SBF
arrival time

(4a) Cloud-lines detection using

Morphological Snakes algorithm
for SBF cases that accompanied
with the cloudlines

(4b) Quality check of the detected
cloud-lines

(4c) Composite based on each time
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of sea-breeze mode persists for at least two consecutive hours, and radiation time
more than 7 hours. This additional screening criteria aims to filter out the typhoon
and rainy days and very strong synoptic disturbances. For this screening process
the point observation Tokyo (Figure 5.1) was chosen as the reference station.

In the second step, the arrival time of sea breeze front (SBF) was estimated
using temperature and wind observation data at AMeDas stations as shown in
Figure 5.1. The arrival time was defined as the time when the increasing rate of
temperature is to stop or to decrease, the significant increase of wind speed and a
stable landward wind direction to blow. There are several approaches for estimat-
ing the arrival time of SBF, depends on the weather parameters of the available
data (e.g., wind, humidity, air and land-sea surface temperature), topography and
background climate of the region (e.g., moist, dry). For instance, in warm region
Sergipe, Brazil, Anjos and Lopes (2018) reported that the SBD mostly happened
in the hot days. And the increasing of solar radiation during SBD can not be com-
pensated by the cooling from sea-breeze. And in dry region, Jordan, Naor et al.
(2017) reported that the humidity increase as the penetration signal for SBF ar-
rival was not well identified. However, for both mentioned regions, the significant
increasing of wind speed and direction change are more prominent as the arrival
signal of SBF.

In the third step, the procedure for cloud-line detection was similar to the pro-
cedure of Jakarta case. The verification with the observation was carried out by
detecting the passage time of the cloud-line within radius of 2 km ( 9 by 9 pixels)
around the AMeDAS station where the arrival time of SBF was estimated. For
this, the data at Tsujidou, Ebina, Hachiouji and Fuchuu were utilized to validate
the sea breeze arrival from sagami Bay and at Yokohama, Tokyo, Nerima, Saitama,
Koshigaya and Kumagaya for sea breeze from Tokyo Bay (Figure 5.1). The com-
posite analysis was conducted based on SBD with cloud-line and SBD without
cloud-line, as well as based on the arrival time of SBF to know the condition
before and after the sea-breeze arrival.

5.3.5 Cloudiness associated with sea breeze

Sea breeze circulation is a local circulation and a kind of meso-scale cold-front
type. This such discontinuity that is formed at the convergence zone between
the sea-breeze flow and the off-shore synoptic wind, it is called also the sea-breeze
front (SBF). The relationship of sea breeze and off-shore synoptic scale flow is that
sea breeze mainly occurs in the weak synoptic condition, clear skies and intense
solar radiation (Miller et al., 2003). However, sea breeze can also trigger the cloud
formation at the sea breeze convergence zone (Miller et al., 2003; Azorin-Molina
et al., 2009b). For Tokyo case, the cloudiness pattern during SBD was categorized
into four patterns. Cloud-line (formed in parallel to the coastline), roll-structure
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(formed in parallel with the breeze direction), irregular (mostly convective clouds
and dense cirrus), and clear-sky.

One of the typical features among above patterns is the formation of cumulus
cloud-line in parallel to the coastline. The cloudline can exhibit the location of
the SBF. We can treat this cloud-line as the traceable feature to detect inland
penetration of SBF. By tracing time evolution of the inland penetration of the SBF,
the penetration speed over various surface condition (such as over the urbanized
area and that over the less-urbanized area) was quantified.

5.4 Results

5.4.1 Sea-breeze day and cloudiness

Sea breeze day can be identified using wind shift di. Untuk tokyo, sea breeze day
dapat didentifikasikan dengan adanya steady northerlies pada malam dan souter-
lies pada siang hari, clear sky with defined threshold of solar radiation time(i.e.,
Yoshikado 2013).

Figure 5.2 (all days: JAS season) and Figure 5.3 (sea-breeze days: 81 SBD)
show the dominant wind direction during July, August and September (2015 to
2018) of the AMeDAS statios (ten stations). In summer period, the high-pressure
system is located in the Pacific Ocean. As a result, in the daytime the southerly
wind is blowing over the Tokyo area while nearly calm wind during nighttime.

In this period, 184 days of SBD-candidates were screened based on the wind-
direction criteria. Among those, 81 days (from now on is referred as SBD cases)
were selected based on the precipitation and radiation criteria. Figure 5.4 de-
picts the amount of cloudiness pattern during SBD cases. The cloud-line pattern
occurrence was more than 30 percent, the largest among four patterns.

Figure 5.5 and Figure 5.6 show the percentage of cloud occurrence around
Tokyo at 10 AM and 2 PM, respectively. The percentage was calculated from
the composite of the cloudy pixels for each cloudiness pattern in 81 SBD cases.
Compared to other patterns, the pattern of cloud-line exhibited the clear inland
penetration between morning and afternoon. This also exhibited the inland pen-
etration of SBF.

After screening the SBD cases, we selected the cloud-line cases (33 cases) among
81 SBD cases. We estimated the arrival time of SBF among the AMeDAS stations.
Figure 5.7 shows the composite of temperature and wind speed at Tsujidou, Ebina,
Tokyo and Nerima. As can be seen, that the temperature decreased and wind speed
increased after SBF arrival.
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Figure 5.4: Histogram of the cloudiness pattern during sea-breeze days (SBD).
Frequency is in percentage from total 81 selected SBD cases. The cloudiness
patterns are grouped as; 1: Cloud-line, 2: Roll, 3: Irregular, and 4: Clear.

5.4.2 The cloud-line detection

We then verified the arrival time of SBF obtained from observation data with the
passage time of the detected cloud-lines. The results are shown in Figure 5.8. For
all stations, the arrival time agreed with the passage time within bias time obout
20 minutes. In general, similar to Jakarta case, the cloud-lines tended to be behind
the SBF (later passage time). And in particular cases, the delayed passage times
were more than 30 minutes. However, for Tsujidou and Yokohama, the cloud-line
passage was not so often detected since both stations are located near the coastline.
As a result, the delayed trend of the passage time could not clearly observed as
the other inland stations.

In general cases, the cloud-line can be used as the tracer for penetration of SBF.
However, in particular cases, such as over urbanized area, the dissipation of cumu-
lus cloud takes longer time. In the local-scale perspective, there are two possible
reasons. Due to intense heating from surface and due to polluted aerosol. In this
case the propagation of cloud-line not representing the penetration of SBF. The
long-lasting cloudiness was especially observed when the convergence lines were
formed in the confluence area between sea-breeze from Tokyo Bay and Sagami
Bay. But, it is also possible that the SBF can be delayed due thermal and rough-
ness impact from the surface. Especially for the rougher urban such as Tokyo.
Nevertheless, the spatial pattern of cloud-line can distinguish which one due to
SBF and which one due to UHI, rather than tracking only single or individual
cloud. Since the lifetime of cumulus is also short.

Using the arrival time and the passage time estimated above, we calculated the
penetration speed for sea-breeze from Tokyo Bay and Sagami Bay by dividing the
distance between two reference stations by the arrival time/passage time difference.
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Figure 5.5: The frequency (in percentage) of cloudiness during daytime (10 AM
local time) at around Tokyo region. The cloudy pixels are defined as the pixels
which are larger than 0.3 of albedo value. The composite was calculated for each
cloudiness pattern of 81 SBD cases.

The reference station for sea-breeze from Sagami Bay are Ebina and Hachiouji,
and for sea breeze from Tokyo Bay are Tokyo and Saitama. These stations were
selected according to the nearest-perpendicular orientation to the coastline. The
result is shown in Figure 5.9. The sea-breeze from Sagami Bay penetrated within
1.8 to 4.2 m/s (mean speed: 2.8) and the sea breeze from Tokyo Bay was slower
within 1 to 2.9 m/s (mean speed: 1.8 m/s).

5.4.3 Spatial distribution of the SBF inland penetration

Finally, from the time evolution the cloud-line, we derived spatial distribution of
SBF inland penetration (Figure 5.10, Figure 5.11, and Figure 5.12). In current
study, maximum penetration distance can not be estimated properly due to the
disappearing of cumulus cloud-lines or can not maintain their shape longer at
around 3PM to 4 PM local time (such as due to orographic wind, etc). At 3 PM,
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Figure 5.6: As same as Figure 5.5 except for 14:00.
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Figure 5.7: Composite of temperature and wind speed at four references stations,
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arrival time of SBF at those sites.
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Figure 5.8: Comparison between arrival time of SBF and the passage time of
cloud-line. The numbers in x and y-axis show the amount of minute for the arrival
time (e.g., 10:10 is 10x60 + 10 = 610 minutes). The y=x line is drawn as the black

solid line.
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Figure 5.9: Comparison between penetration speed of SBF estimated from obser-
vation and satellite. The blue and red color depict the represent observation point
for sea-breeze from Tokyo Bay and that from Sagami Bay, respectively. The star
marks show the average speed. The y=x line is drawn as the black solid line.
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SBF penetrated 45km at less urbanized area (sea breeze from Sagami Bay) and
28 km at more-urbanized area (sea breeze from Tokyo Bay).

From the mean arrival time, and mean penetration distance, the result indi-
cated the different penetration speed between sea breeze coming from Sagami Bay
and Tokyo Bay. As can be seen clearly in a case study on August 4, 2015 (Figure
5.13). To explore the reason for this, some possible mechanism can be considered
as following.

e Synoptic prevailing wind (incld. atmospheric stability)(Porson etal 2007,
Chiba etal 1999, Simpson 1994, Estoque 1962)

e The orientation of the coastline and curvature (Chiba etal 1999, Simpson
1994, Estoque 1962)

e Sea surface temperature (incld. bay depth) (Misra etal 2011, Oda and Kanda
2004)

e Sensible heat flux from the surface (Thielen etal 2000, Kusaka et al 2019)

e Surface drag due to surface roughness (Yoshikado 1994, Varquez etal 2015)
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Figure 5.10: Composite of SBF arrival time (every 10 minutes)
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Figure 5.12: Mean penetration distance (in km)
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Figure 5.13: Sea-breeze front arrival time. The gray-scaled plot is the urban-
surface roughness length (z0).

5.4.4 Synoptic wind during sea breeze

As a case per case, three typical modes of the sea-breeze were found in this study
based on the orientation of the cloudline to the direction of the wind speed for
the sea-breeze over Tokyo. The sea-breeze mode that is dominant from Tokyo
Bay (T-mode, Figure 5.15), from Sagami Bay (S-mode, Figure 5.14) and the mode
when both sea-breezes are dominant (ST-mode, Figure 5.16). Based on the typical
sea-breeze modes, the orientation of the cloud-lines are representing the surface
wind direction for each mode (the corresponding prevailing synoptic wind from
ERA-Interim re-analysis data are shown in (c) panel of each figure).

In addition to the above synoptic wind pattern, the case study shown in Figure
5.17, indicated that the opposing synoptic wind might prevent the large scale
inland penetration of sea breeze. This similar result was also found for Jakarta
case. The synoptic wind was likely to affect the large scale penetration, both for
sea breeze blowing from Sagami Bay and that from Tokyo Bay.

From previous studies, it has been reported that the cumulus cloudline can
be formed during sea breeze event, particularly in weak synoptic condition and
sufficient moisture within ABL (Simpson, 1994; Borne et al., 1998; Azorin-Molina
et al., 2009b; Miller et al., 2003). Figure 5.18 to Figure 5.21 show the composite
of synoptic condition for cloudline cases (33 cases) and non cloudline cases (48
cases). For geostrophic wind (at near surface, 1000hPa level), there was almost no
significant different in both cases (Figure 5.18), about 4 to 5 m/s. But for humidity
(at near surface, 1000hPa level), the cloudline case was more humid (Figure 5.19)
than the non cloudline cases by 0.002 kg /kg.

Similarly with geostrophic wind, no significant different was found between
cloudline and non cloudline cases for wind at lower part of ABL (1000hPa) as can

83



20160805_nerima_est.arrival_time_1130

=
=]

w
w

w
=]

_-r‘* m\ &ﬂmmmmm

h
=]

Temperature [deg C]
X}
[l

,_.
w

,.,.
(=]

06:00 08:00 10:00 12:00 14:00 16:00 18:00
Time
(a) Arrival time of SBF
20160805 1230 n=140 ol levelset n=140
s0!

100
1501

200

200 300

1] 100 200

(b) Passage time of the cloud-line
wind_20160805_00utc_1000hPa

10.0
é»?.s
5.0
2.5
)
_:k,_-.ﬁ ~ N\ \\\\\\“\.\\ =23
_4‘ —— “\.\‘\\‘\?\l\\\“‘-ﬁ.“-\‘-ﬁ.‘ 5.0
‘r_\__\ \\‘\:‘-—h\“‘\ 7.5
30°N o
135°E 140°E 145°e B8 _10.0

(c) 1000hPa wind at 00UTC

Figure 5.14: Arrival at Nerima. S mode of sea breeze
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Figure 5.15: Arrival at Nerima. T-mode of sea breeze
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be seen in Figure 5.20. But for upper part of ABL (850hPa), the wind for cloudline
cases is slightly weaker than the non cloudline cases (Figure 5.21).
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(a) Cloudline cases (b) Non-cloudline cases

Figure 5.18: Composite of geostrophic wind at 1000hPa (ERA-interim). Shaded
color indicates the wind speed. Unit is m/s.

Next is to compare the synoptic condition for sea breeze from Sagami Bay and
that from Tokyo Bay. Figure 5.22 to Figure 5.26 show the comparison between the
synoptic condition (at 9AM and 3PM) for sea breeze blowing from Sagami Bay
and that from Tokyo Bay. Ebina and Tokyo site were selected as the reference
affected site for each sea breeze.

As can be seen in Figure 5.22, the 1000hPa level of geostrophic wind (at 3PM)
for Ebina is slightly stronger than at Tokyo by ~2 m/s while no significant different
for geostrophic wind at 9AM. This indicated that the stronger synoptic wind at
Ebina somehow contributed the stronger SBF penetration speed for sea breeze
blowing from Sagami Bay (Figure 5.23). This larger portion of the synoptic wind
can also be confirmed in vertical profile within ABL (1000hPa to 700hPa level)
that shown in Figure 5.24 to Figure 5.26.

5.4.5 SBF speed and wind speed evaluation

As can be seen in the composite map (mean arrival) of the SBF lines (Figure
5.10, Figure 5.11 and Figure 5.12), the final output of the SBF lines were visually
represented as the grid or dots, not as the line. The line that detected in this study
was quality controlled by considering the exist of cloud pixels in the surrounding.
If no cloud in the surrounding, the pixels of those SBF lines were neglected.

The limitation of the method in this study is that "the cloudlines” were not
evaluated quantitatively as the "the SBF lines”. So it is difficult to derive the pen-
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Figure 5.19: Composite of humidity at 1000hPa (ERA-interim). Unit=kg/kg
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Figure 5.20: Composite of the ERA interim wind at lower ABL (1000 hPa). Shaded
color depicts the v component. Unit is m/s.
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Figure 5.23: Comparison between the geostrophic wind speed and SBF penetration
speed (for sea breeze blowing from Sagami Bay and Tokyo Bay). Wind speed unit
is in m/s. Red (blue) depicts the sea breeze blowing from Sagami Bay (Tokyo

Bay).
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Figure 5.24: Vertical u-component of geostrophic wind at Ebina and Tokyo. Unit
is in m/s. Red (blue) depicts the sea breeze blowing from Sagami Bay (Tokyo
Bay).
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Figure 5.25: As same as Figure 5.24 but for v-component.
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Figure 5.26: As same as Figure 5.24 but for wind speed.
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etration speed using the propagation speed of the ”lines” objectively and directly
from the ”lines pixels”. Further mathematical treatment is needed to be conducted
to estimate the front penetration speed from the propagation of lines, or in other
word, to evaluate the representative of the line as the front line quantitatively.
Nevertheless, it is possible to evaluate objectively the estimated front speed from
the arrival time (and cloud passage time) at the observation sites with the wind
speed when the sea breeze arrived at those sites. For this, the Ebina and Nerima
sites were selected as the reference sites for sea breeze blowing from Sagami Bay
and Tokyo Bay, respectively.

Regarding the relationship between SBF penetration speed and the wind speed
inside the marine air-mass (i.e., after sea breeze arrival), a review by Miller et al.
(2003) described the empirical equations as following.

The laboratory experiment by Keulegan (1957) :

A
U| =k 7pgd (5.1)

where k: 0.87; |U|: denser fluid penetration speed into the less-dense; d: the height
of the front.

And also in the laboratory experiment by Simpson and Britter (1980), they
determined that the propagation speed is slowed by ~3/5 of the opposing prevailing

wind:
AT -

where k: 0.62; d: mean SB head; u,: cross-shore geostrophic wind.

Regarding the wind speed of sea breeze, Mathews (1982) proposed the forecast
rule using the regression relationship between wind speed of sea breeze (U) and
the land-sea temperature difference (AT):

U| = %\/E (5.3)

Simpson (1969) adapted the above forecast into the atmospheric front and
Simpson and Britter (1980) modified the equation into:

Ufront = 0.8Tugp — 0.59u, (5.4)

As can be confirmed from Equation 5.4 that the SBF will penetrate faster when
wind speed (see breeze) increases. And the opposing flow of the prevailing wind
will slow the front penetration.

Figure 5.27 shows the scatter plot of the wind speed at Ebina (a reference
site for sea breeze from Sagami Bay ) and Tokyo (a reference site for sea breeze
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from Tokyo Bay) with the sea breeze penetration speed derived from cloudline
(Figure 5.27a) and that from the observation (Figure 5.27b), respectively. The
front speed and the wind speed have the positive relationship as predicted in the
Eq. 5.4. In addition, the different gradient between sea breeze from Tokyo Bay
and Sagami Bay indicated that there might be other factors which may cause why
SBF penetrated slower for SB from Tokyo Bay rather than only the factor of the
wind speed.

w

IS

ae]

Penetration speed of SBF [m/s]
w

Penetration speed of SBF [m/s]
w

—— y=0.77x+1.52
—— y=0.21x+1.84
« from Sagami Bay

—— y=0.82x+1.85
—— y=0.19x+1.86
« from Sagami Bay

=

0 « from Tokyo Bay 0 « from Tokyo Bay
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Wind speed [m/s] Wind speed [m/s]

(a) Front speed derived from cloudline  (b) Front speed derived from observation

Figure 5.27: Comparison of SBF penetration speed and the wind speed. Blue
(red) depicts the wind speed at Ebina (Tokyo) as the reference site for sea breeze
arrival from Sagami Bay (Tokyo Bay).

5.5 Discussion

Similar to Jakarta case, the results of Tokyo case also revealed that the detected
cumulus cloudlines were able to represent the location of the SBF. The passage time
of the cloudline and the arrival time of SBF have bias +/- 20 minutes within 3 km
distance. The composite of the time evolution of the detected cloudlines provided
spatial inland penetration of the SBF for two sea breeze systems in Tokyo region
(blowing from Sagami Bay and that from Tokyo Bay). The mean penetration
distance at 3PM was 45 km and 28 km for sea breeze from Sagami Bay and Tokyo
Bay, respectively. And the mean penetration speed was estimated to be 2.8 ms™!
and 1.8 ms™!, respectively. The reason for this different penetration distance
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and speed for both sea breezes may be attributed to several possible mechanisms
relating to the large scale and the local scale perspective.

In the large scale perspective, is the direction of the background prevailing wind
and the coastline orientation of Sagami Bay and Tokyo Bay. Based on the prevail-
ing wind and coastline orientation, there are three types of sea breeze, namely pure,
corkscrew and backdoor sea breeze (Adams, 1997; Miller et al., 2003). In pure sea
breeze type the synoptic scale pressure gradient force (PGF) and thermal PGF are
in the same dimension. The calm condition is the typical signal during onset time
of sea breeze circulation in the pure sea breeze. In the corkscrew and backdoor
sea breeze, the prevailing wind has along-coast and cross-coast component. For
Tokyo Bay, when the prevailing wind is dominant from northwest (southwest), the
sea breeze is backdoor (corkscrew) type (by considering that the coast is located
in the northern hemisphere). The corkscrew sea breeze is able to penetrate more
than backdoor type even with the small thermal PGF. Compared to the corkscrew
sea breeze, the backdoor sea breeze is much weaker and arrives later in the day
over inland (Adams, 1997; Miller et al., 2003).

In the local scale perspective, is the heat released from the surface. Sea breeze
is a local circulation which induced by the thermal gradient between land and
sea. The excess amount of heating (e.g., as sensible heat) over the land surface
might impact the inland penetration of sea breeze (e.g. urban heat island (UHI),
Yoshikado and Kondo, 1989; Kanda et al., 2001). The sensible heat flux is more
produced over urban surface. The sea surface temperature is also one factor that
influence the air temperature over urban area in Tokyo as studied by e.g., Oda
and Kanda (2009). The deep analysis of quantifying the urban impact is out of
the scope of the current study. However, the numerical simulation by changing the
land surface of area around Sagami Bay from less-urbanized into intense urbanized
area (vice versa for area affected by sea breeze from Tokyo Bay) may give insights
to prove this hypothesis.

Regarding the urban impact, in addition to the thermal, the mechanical effect
such as due to the surface roughness might cause the slower penetration speed of
the SBF (e.g.,Yoshikado (1994); Varquez et al. (2015)). And it is also reported
by Thielen et al. (2000); Kusaka et al. (2019) that rather than surface roughness,
the sensible heat flux is more significant to the convergence mechanism. These
findings suggest the contribution portion (of the urban impact) between the large
scale and local scale phenomena.

The composite of the inland penetration revealed the different penetration
distance and speed between sea breeze from Sagami Bay and Tokyo Bay. And
the spatial different was also seen for area affected by sea breeze from Tokyo Bay.
However, some few cases also showed the no significant different between the area
that generally affected by sea breeze from Sagami Bay and that from Tokyo Bay or
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between urbanized and less-urbanized (which more to local scale area, especially
for area affected by sea breeze from Tokyo Bay). This may suggests the two stage
of the scale interaction (Yoshikado, 2013) in the spatial characteristic of inland
penetration of the sea breeze front with the various scale from synoptic to local
scale mechanisms.

5.6 Summary

This chapter presents the application of the proposed framework to provide sea
breeze information for Tokyo region. In Tokyo, two sea-breeze systems were de-
tected, one coming from Sagami Bay (in the south side) and another from Tokyo
Bay (in the southeast side). When sea breeze from both sides dominates, a con-
vergence zone was formed over Miura peninsula and it penetrated northward. The
average inland penetration speed of SBF for sea-breeze from Sagami Bay and
Tokyo Bay were estimated to be 2.8 ms™ and 1.8 ms™!, respectively. The cur-
rent results support previous findings regarding the impact of synoptic-regional
wind, UHI, and surface roughness to the inland penetration of sea breeze and the
associated cloud formation.
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Chapter 6

Concluding remarks

6.1 Introduction

This chapter aims to summarize all the works described in previous chapters.

The general motivation of this study is to utilize the potential benefit of the new
generation of geostationary satellite measurement for monitoring the Atmospheric
Boundary Layer (ABL) scale phenomena. As the lowest part of the atmosphere,
many factors of the earth’s surface beneath influenced the ABL. It is necessary
to monitor the ABL process to understand the condition of the ABL since many
meteorological processes occur within this layer. In remote sensing approaches,
monitoring by satellite is commonly used due to its wide spatial coverage. The
scale of the phenomena that can be observed is the synoptic to mesoscale. One of
them is the propagation and time evolution of the fronts. The satellite observes the
cloudiness feature associated with those fronts. The sea-breeze front (SBF) is the
smaller mesoscale front type which is usually formed when sea breeze penetrates
to the inland. Sea breeze occurs in the almost coastal region over the world. Since
most of the megacities are located near a coastal region, the sea breeze event is
closely related to the human living environment such as thermal comfort and air
ventilation.

As the new generation of a geostationary satellite, the Himawari-8 satellite has
higher spatial and temporal resolution than its predecessor, from 1 km to 0.5 km
and from hourly to every 10-min, respectively. This is very potential to be explored
for observing ABL scale phenomena such as sea breeze. The general objective of
this study is to construct a framework for investigating the spatial characteristic
of the SBF inland-penetration distance and speed over coastal urban regions. The
SBF is identified by the cumulus cloud-line which is detected from the visible
band images of the Himawari-8 geostationary satellite. The framework includes
the application of morphological snakes algorithm for automated detection of the
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cloud-line. And to examine the representatives of the cloud-lines as the SBF proxy,
the validation was undertaken using the arrival time of SBF which is obtained from
ground observation data.

This study also aims to address the automated detection and computation time
for deriving the 2-D spatial distribution of inland penetration of the SBF. By using
a 10-min visible band of satellite images, the simple, fast and stable calculation
can be performed with near-real-time processing procedures. Moreover, the global
applicability of the proposed framework is also expected in order to be able to be
used for sea breeze studies at any coastal region in the world using various new
generation of geostationary satellites that currently available.

6.2 Research findings

The major findings addressed in this study that have been mentioned in previous
chapters, can be summarized as following.

1. The representation of cloud-lines to be used as a proxy for SBF locations was
examined. For both Jakarta and Tokyo, the results show that the passage
of cloud-lines could represent the arrival time of the SBF with a bias of 20
minutes and within 3 km distance.

2. For Jakarta case, the mean penetration speed obtained from the cloud-lines
passage was slightly slower than that estimated from the arrival time of SBF
(1.4 ms™! and 1.5 ms™!, respectively).

3. The mean penetration distance at 3 PM local time for Jakarta case were
found to be 40 km and 25 km over less urbanized area and that over more
urbanized area, respectively.

4. For Tokyo case, two sea-breeze systems were detected. The average sea-
breeze inland penetration speed was estimated to be 2.8 m/s and 1.8 m/s
for sea breeze from Sagami Bay and Tokyo Bay, respectively.

5. The mean penetration distance at 3 PM local time for Tokyo case were found
to be 45 km and 28 km for sea breeze from Sagami Bay and that from Tokyo
Bay, respectively.

6. Compared to Jakarta case, the overall inland penetration speed of SBF over
Tokyo was slightly larger than Jakarta. The main reason for this, the mag-
nitude of the mean wind and the orientation of the synoptic prevailing wind
to the direction of the sea-breeze penetration can be considered.
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7. However, similarly to Jakarta case, the long-lasting cumulus cloud appeared
over urbanized area of Tokyo. Moreover, for Tokyo case, the different pen-
etration speed of SBF over urbanized area and less-urbanized area can be
verified from both the observation and the estimated passage time of the
cloud-lines.

8. The current results support previous findings regarding the impact of syn-
optic regional wind, UHI, and urban roughness to the inland penetration of
sea breeze and the associated cloud formation.

6.3 Recommendations for further research

The method in this study is only applicable to sea-breeze events accompanied by
the cumulus cloud-lines appearance. This can be seen as the limitation of this
study. Nevertheless, considering that sea breeze events with cloud-lines are fre-
quently observed both in the tropics, mid and high latitude areas, the method
might be applicable to explore the spatial characteristic of SBF inland penetration
at any coastal regions over the world. Method development to analyze the sea
breeze flow in the clear-sky condition using infrared band images of the geosta-
tionary satellite can also be an interesting topic to be explored.

The combination with the cloud classification algorithm, the cloudiness in the
cloud lines can be further examined to predict the possibility of storm clouds
(such as Cumulonimbus) formation. Thus, SBF detection can be related to the
early warning of severe weather. Further vertical profile examination of the ABL
condition, that is beyond the scope of this study, can be possible also be analyzed
by combination with turbulence measurement (e.g., tower observation), aerosol
and pollutant dispersion, and numerical simulation focused on sea breeze events.
And not limited to the cloud line, the edge detection using the morphological snake
algorithm can also be widely implemented in other meteorological satellite fields,
such as to detect the edge of the smokes due to forest fire and the edge of the
volcanic ash impacted area.

6.4 Summary

This study contributes to provide framework to derive inland penetration distance
and speed of the sea-breeze front from geostationary satellite images. This is very
useful to evaluate how their spatial distribution especially over coastal regions
which have limited ground observation data. The author hopes that the method
can be implemented not only for research but also for operational purpose such as
for sea breeze monitoring in the weather services.
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Appendix A

Python Scripts

A.1 SBD screening

The following code is for SBD screening;:

import pandas as pd

import datetime

import matplotlib.pyplot as plt

import numpy as np

import os

from scipy.signal import argrelextrema

from matplotlib.dates import HourLocator , MinutelLocator,
DateFormatter

from pandas.plotting import register_matplotlib_converters

register_matplotlib_converters ()
plt.rcParams.update ({’font.size’: 223})

def read_timeseries(fn):
df = pd.read_csv(fn)
df [’localtime’] = pd.to_datetime(df[’localtime’],format=’%Y-%mn
~%d hH:%M:%S°)
df = df.set_index(’localtime’)
return df

def screening_wd (df):
df [’wd_flag’] = np.where(((df[’wd’]1>=315) | (df[’wd’]<=45)),1,
np.nan)
labels = (df[’wd_flag’].diff () .ne(0) | df.id.diff () .ne(0)).
cumsum ()
df [’flag’] = (labels.map(labels.value_counts()) >= 12).astype(
int) #12 : at least sustain for two hour
df [’flag’] = np.where(df[’flag’]==0,np.nan,df[’flag’])
return df
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al
a2
dt

sbd

; def outlist_sbd(df0,sta = ’BPL’):

datetime.datetime (2017,7,1)
datetime.datetime (2018,9,30)

pd.date_range (start=al,end=a2,freq=’1D")

(]

non_sbd = []
for i in xrange(len(dt)):

a = dt[il
if a.month <7 or a.month>9:continue
df = df0.loc[a.strftime(’%Y-%m-%d 09:00°’):a.strftime (’%Y-Y%

m-%d 15:00°)1]
df = screening_wd (df)
if df [’flag’].sum()==0 : non_sbd.append(a)
if df[’flag’].sum()!=0 : sbd.append(a)

print len(sbd),len(non_sbd)

sbd = pd.DataFrame (data=sbd,columns=[’localtime’])

hoge = sbd.to_csv(’..\\input_txt\\’+sta+’_sbd.csv’,index=None,

header=True)

non_sbd = pd.DataFrame (data=non_sbd,columns=[’localtime’])

hoge = non_sbd.to_csv(’..\\input_txt\\’+sta+’_non_sbd.csv’,

index=None ,header=True)
return sbd, non_sbd

def compo_eachtime(dfl,df2,cols_name=’SBD’):

df = dfi1[dfi[’date’].isin(df2.index.date)]

df = df .drop(’date’,axis=1)

ave = df.groupby ([df.index.hour ,df.index.minute],axis=0) .mean
O

ave.columns = [cols_name]

return ave

def mainO01 () :

dd
fn
df1
fn
df2

sbdil,
sbd2,

>..\\data_txt’

os.path. join(dd, ’kkp_jas_latest.csv’)
read_timeseries (fn)

os.path.join(dd, ’bpl_jas_latest.csv’)
read_timeseries (fn)

non_sbdl = outlist_sbd(dfl,sta
non_sbd2

sbd1[’kkp’] = 1

sbd

1

= sbdl.set_index(’localtime’)
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70 de2[’bpl’] =1

71 sbd2 = sbd2.set_index(’localtime’)
72

73 df = pd.concat([sbdl,sbd2],axis=1)
74 df = df.dropna()

75 df = df.reset_index ()

76 df = df .drop([’kkp’,’bpl’],axis=1)

77 hoge = df .to_csv(’..\\input_txt\\KKP_BPL_sbd_list.csv’,index=
None ,header=True)

78 print len(df.index)

79

80 non_sbdl[’kkp’] = 0

81 non_sbdl = non_sbdl.set_index(’localtime’)
82 non_sbd2[’bpl’] = 0

83 non_sbd2 = non_sbd2.set_index(’localtime’)
84

85 df = pd.concat([non_sbdl ,non_sbd2],axis=1)
86 df = df.dropna()

87 df = df.reset_index ()

88 df = df .drop([’kkp’,’bpl’],axis=1)

89 hoge = df.to_csv(’..\\input_txt\\KKP_BPL_nonsbd_list.csv’,

index=None ,header=True)
90 print len(df.index)
91
92 return

94 def main02 () :

95 sta = ’KKP’

96 dd = ’..\\data_txt’

97 fn = os.path.join(dd,sta+’_jas_latest.csv’)
98 dfl = read_timeseries (fn)

99

100 dd = ’..\\input_txt’

101 fn = os.path.join(dd,’KKP_BPL_sbd_list.csv’)
102 df2 = read_timeseries (fn)

103

104 dd = ’..\\input_txt’

105 fn = os.path.join(dd,’KKP_BPL_nonsbd_list.csv’)
106 df3 = read_timeseries (fn)

107

108 dfi1 = df1[’t’].to_frame(’t’)

109 dfi[’date’] = dfl.index.date
110 print len(df1l)

111

112 avel = compo_eachtime (dfl,df2,cols_name=’SBD’)

113 ave2 = compo_eachtime (dfl,df3,cols_name=’Non-SBD’)
114

115 fig, ax = plt.subplots(figsize=(20,8))

116 avel.plot (ax=ax)
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25 def

161

def

def

ave2.plot (ax=ax)

ax.grid ()

plt.title(sta,fontsize=24)

plt.xlabel (’Time (hour, minute)’, fontsize=24)

plt.ylabel (’Air temperature (deg C)’, fontsize=24)
fig.savefig(sta+’_compo_sbd_non.png’,bbox_inches=’tight’)
return

plot_single (df ,stamp,sta=’KKP’):

fig, ax = plt.subplots(figsize=(15,6))
ax.plot(df[’e_sp’],’0-")

ax.set_title(stamp)

#ax.set_ylim (26,36)

ax.set_ylim(10,20)

ax.grid ()
ax.xaxis.set_major_locator (HourLocator (interval=1)) # tick
every one hours
ax.xaxis.set_minor_locator (MinutelLocator (interval=10)) # tick
every ten minutes

ax.xaxis.set_major_formatter (DateFormatter (’/H:%M’))

fout = os.path.join(’..\\output_png’,stamp+’.png’)
fig.savefig(fout,bbox_inches=’tight’)

plt.close(fig)

return

plot_t_esp(df,stamp,sta=’KKP’):

fig, ax = plt.subplots(figsize=(15,6))

axl = df[’t’].plot(marker=’0’,color="r’,grid=True)

ax2 = df[’e_sp’].plot (marker=’0’,color=’b’,secondary_y=True,
grid=True)

hl1, 11 = axl.get_legend_handles_labels ()

h2, 12 = ax2.get_legend_handles_labels ()

ax.legend (h1+h2, 11+12, loc=2)

axl.set_ylim (26,36)

ax2.set_ylim (10,20)

axl.set_ylabel (’Air temperature [deg C]’)

ax2.set_ylabel (’Specific humidity [g/kgl’)
plt.title(sta+’_’+stamp)

fout = os.path.join(’..\\output_png’,sta+’_’+stamp+’.png’)
fig.savefig(fout ,bbox_inches=’tight’)

plt.close(fig)

return

plot_uv (df,stamp,sta=’KKP’):

fig, ax = plt.subplots(figsize=(15,6))

axl = df[’u’].plot(marker=’0’,color="r’,grid=True)

ax2 = df[’v’].plot(marker="0’,color="b’,secondary_y=True,grid=
True)

hi, 11 = axl.get_legend_handles_labels ()
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162 h2, 12 = ax2.get_legend_handles_labels ()

163 ax.legend (h1+h2, 11+12, loc=2)

164 axl.set_ylim(-3,3)

165 ax2.set_ylim(-6,6)

166 axl.set_ylabel(’u wind component [m/s]’)

167 ax2.set_ylabel (’v wind component [m/s]’)

168 plt.title(sta+’_’+stamp)

169 fout = os.path.join(’..\\output_png’,sta+’_’+stamp+’.png’)
170 fig.savefig(fout,bbox_inches=’tight’)

171 plt.close(fig)

172 return

174 def main () :

175 sta = ’BPL’

176 dd = ’..\\data_txt’

177 fn = os.path.join(dd,sta+’_jas_latest.csv’)

178 dfl1 = read_timeseries (fn)

179 df1 = df1[(dfl.index.hour>=9) & (dfl.index.hour<=15)]
180 dfi[’date’] = dfl.index.date

181

182 dd = ’..\\input_txt’

183 fn = os.path.join(dd,’KKP_BPL_sbd_list.csv’)
184 df2 = read_timeseries (fn)

185 dt = df2.index.date

186 #print len(dt)

187

188 df0 = dfi1[dfi[’date’].isin(dt)]

189 #print df0.head ()

190

191 for a in dt[0:]:

192 stamp = a.strftime (’%Y%m%d’)

193 df = df0[dfO[’date’]==al

194 #if df[’e_sp’].sum(axis=0) <=0 : continue
195 df = df[[’t’,’e_sp’,’u’,’v’]]

196 #hoge = plot_t_esp(df,stamp,sta=sta)

197 hoge = plot_uv(df,stamp,sta=sta)

198

199 return

200

200 if __mame__ == ’__main__"’:

202 main ()

Listing A.1: Code for SBD screening
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11
12
13

23

A.2 SBF arrival time

The following code is to estimate arrival time of SBF"

import pandas as pd

import os

from scipy.signal import argrelextrema

import numpy as np

import matplotlib.pyplot as plt

from pandas.plotting import register_matplotlib_converters

register_matplotlib_converters ()
plt.rcParams.update ({’font.size’: 22})

def read_timeseries(fn):
df = pd.read_csv(fn)

df [’localtime’] = pd.to_datetime(df[’localtime’],format=’%Y-%mn

-%d %H:%M:%S?)
df = df.set_index(’localtime’)
return df

####caution: subroutine ini masih harus diperbaiki!!!!
def screening_mentahan (df) :

# Find local peaks

n=1 # number of points to be checked before and after

df [’t_max’] = df.iloc[argrelextrema(df[’t’].values, np.
greater_equal, order=n) [0]][’t’]
df [’ws_max’] = df.iloclargrelextrema(df[’ws’].values, np.

greater_equal, order=n) [0]][’ws’]
if df [’e_sp’].mean () >0
df [’esp_pct’] = df[’e_sp’].pct_change(periods=1)
df [’esp_pct_max’] = df.ilocl[argrelextrema(df[’esp_pct’].
values, np.greater_equal, order=n) [0]J][’esp_pct’]
#df [’esp_pct_max’] = df[’esp_pct_max’]*df[’flag’]

idx = df[’esp_pct_max’].argmax() - datetime.timedelta(
minutes=10)

tmax_idx = df [df [’t_max’].notnull ()].index

idx0 = tmax_idx[tmax_idx.get_loc(idx, method=’nearest’)]

if df [’t_max’].loc[idx]!'= df[’t_max’].loc[idxO0] : 1dx0
idx0+ datetime.timedelta(minutes=10)

return idxO
IS

print df.index[0].date(), ’: NO specific humidity!!!!!1!>

return
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46

def

def

def

find_arrival (df):
n=1 # number of points to be checked before and after
df [’t_max’] = df.iloc[argrelextrema(df[’t’].values, np.
greater_equal, order=n) [0]][’t’]
if df [’e_sp’].mean() >0

df [’esp_pct’] = df[’e_sp’].pct_change (periods=1)

df [’esp_pct_max’] = df.iloc[argrelextrema(df[’esp_pct’].
values,

np.greater_equal

, order=n) [0]][’esp_pct’]

df [’esp_peak’] = np.nan

idx = df[’esp_pct_max’].idxmax ()

df [’esp_peak’].loc[idx] = df[’e_sp’].loc[idx]

tmax_idx df [df [’t_max’].notnull ()]. index
try:
idx0 = tmax_idx[tmax_idx.get_loc(idx, method=’pad’)]
except KeyError:
idx0 = idx
return df,idx0

plot_plot (df ,a,sta=’KKP’):

fig, ax = plt.subplots(figsize=(15,6))

axl = df[’t’].plot(grid=True)

ax = df[’t_max’].plot(marker="0’,grid=True)

ax2 = df[’e_sp’].plot(secondary_y=True,grid=True)

ax = df [’esp_peak’].plot(marker=’0’,secondary_y=True,grid=True
)

hi, 11 = axl.get_legend_handles_labels ()

h2, 12 = ax2.get_legend_handles_labels ()

#ax.legend (h1+h2, 11+12, loc=2)

axl.set_ylim (26,36)

ax2.set_ylim (10,20)

ax.axvline(a, color='k’, linestyle=’--7)
plt.title(a.strftime(sta+’_%Y-%m-%d_%H:%M*))

fout = os.path.join(’..\\output_png’,a.strftime(sta+’_7%Y%m%
d_arrival.png’))

fig.savefig(fout,bbox_inches=’tight’)

plt.close(fig)

return

main () :

sta = ’KKP’

dd = ’..\\data_txt’

fn = os.path.join(dd,sta+’_jas_latest.csv’)
dfl1 = read_timeseries (fn)

dfl1 = df1[(df1l.index.hour>=9) & (dfl.index.hour<=15)]
dfi[’date’] = dfl.index.date
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84 dd = ’..\\input_txt’

85 fn = os.path.join(dd,’KKP_BPL_sbd_list.csv’)
86 df2 = read_timeseries (fn)

87 df2.index = df2.index.date

88 df2.index.names = [’date’]

89 df2[stal = np.nan

90 dt = df2.index
91 df0 = dfi1[dfi1[’date’].isin(dt)]

93 for a in dt[0:]:

94 stamp = a.strftime (’%Y%m%d’)

95 df = df0[dfO[’date’]==al

96 if df[’e_sp’].sum(axis=0) <=0 : continue
97 df = df[[’t’,’e_sp’]]

98 df ,idx = find_arrival (df)

99 df2[stal.loc[a] = idx

100 hoge = plot_plot(df,idx,sta=sta)

101

102 sta = ’BPL’

103 dd = ’..\\data_txt’

104 fn = os.path.join(dd,sta+’_jas_latest.csv’)
105 dfl = read_timeseries (fn)

106 dfl1 = df1[(df1l.index.hour>=9) & (dfl.index.hour<=15)]
107 dfi[’date’] = dfl.index.date
108

109 df0 = dfi1[dfi1[’date’].isin(dt)]

111 df2[stal] = np.nan

113 for a in dt[0:]:

114 stamp = a.strftime(’%Y%m%d’)

115 df = df0[dfO0[’date’]==a]

116 if df[’e_sp’].sum(axis=0) <=0 : continue
117 df = df[[’t’,’e_sp’1]1]

118 df ,idx = find_arrival (df)

119 df2[stal.locl[a] = idx

120 hoge = plot_plot (df,idx,sta=sta)

122 print df2.head ()
123 hoge = df2.to_csv(’..\\arrival_result_0O1.csv’,index=True,
header=True)

125 return

126

127 if __name__ == ’__main__"’:
128 main ()

Listing A.2: Code for SBF arrival time
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A.3

Compositing based on SBF arrival time

The following code is to composite:

import
import
import
import
import

pandas as pd

os

numpy as np

datetime
matplotlib.pyplot as plt

from pandas.plotting import register_matplotlib_converters

registe
plt.rcP

r_matplotlib_converters ()
arams .update ({’font.size’: 22})

def read_timeseries (fn):

df
df [

-%hd
df

= pd.read_csv (fn)

’localtime’] = pd.to_datetime(df[’localtime’],format=’%Y-%m
HH WM %S )

= df.set_index(’localtime’)

return df

r def cal

tmp
for

c_compo_01(dt,df ,sta=’KKP’,par="t’):

= pd.DataFrame ()

a in dt:

al=a-datetime.timedelta(minutes=120) #compo 2 hours before

and after

a2=a+datetime.timedelta(minutes=120)
hoge = df [par].loc[al:a2].reset_index(drop=True)
tmp [a] = hoge

print len(tmp.columns)

compo = pd.DataFrame ()

compo [par+’ __mean’] = tmp.mean(axis=1)
compo [par+’ _std’] = tmp.std(axis=1)

fig
XS

ax.
ax.

, ax = plt.subplots(figsize=(12,6))

= compo.index - (len(compo.index)/2)

errorbar (xs, compo [par+’ _mean’],yerr=0.25*compo [par+’_std’])
grid ()

judul = sta+’_’+par+’_arrival_compo’

plt

.title(judul)

fout = os.path.join(’..\\output_png’, judul+’.png’)

fig
plt
AT

def cal
tmp
for

.savefig(fout,bbox_inches=’tight’)
.close(fig)
urn
c_compo (dt ,df ,sta=’KKP’ ,par="t’):
= pd.DataFrame ()
a in dt:
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85

al=a-datetime.timedelta(minutes=60%*3) #compo 2 hours

before and after

a2=a+datetime.timedelta(minutes=60%3)
hoge = df [par].loc[al:a2].reset_index(drop=True)
tmp [a] = hoge

print len(tmp.columns)

compo

= pd.DataFrame ()

compo [sta+’_’+par+’ _mean’] = tmp.mean(axis=1)

compo [sta+’_’+par+’_std’]

tmp.std(axis=1)

return compo

def plot_compo (compo,par=’t’):

fig, ax = plt.subplots(figsize=(12,8))
xs = compo.index - (len(compo.index)/2)
sta=’KKP’

ax.errorbar (xs,compo[sta+’_’+par+’ _mean’],yerr=0.25*compo [sta+
> _’+par+’_std’],color="b’,label=sta)

sta=’BPL’

ax.errorbar (xs,compo[sta+’_’+par+’ _mean’],yerr=0.25*compo [sta+
’_’+par+’_std’],color="r’,label=sta)

ax.grid ()

ax.legend ()

judul

= par+’_arrival_compo’

plt.title (judul)
fout
fig.savefig(fout ,bbox_inches=’tight’)
plt.close(fig)

return

= os.path.join(’..\\output_png’,judul+’.png’)

def mainO01 () :

dd
fn
df
df

>..\\output_txt’
os.path.join(dd,’arrival_result_O01l.csv’)
pd.read_csv(fn)

df .dropna ()

df [’KKP’] = pd.to_datetime(df [’KKP’],format="%Y-%m-%d %H:%M:%S

)

df [’BPL’] = pd.to_datetime(df [’BPL’],format="%Y-%m-%d %H:%M:%S

7)

df [’diff’] = np.where(df[’KKP’] > df[’BPL’],np.nan,1)

df

df . dropna ()

df [’diff’] = df [’BPL’]1-df [’KKP’]

df = df [[’date’,’KKP’,’BPL’]]

hoge = df .to_csv(’..\\arrival_result_02.csv’,index=None,header
=True)

return

def main02 () :

dd

> .\\output_txt’
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99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

fn
df

df [
?)
df [
7)

sta
dt
fn
df _

= os.path.join(dd,’arrival_result_02.csv’)

= pd.read_csv (fn)

’KKP’] = pd.to_datetime (df [’KKP’],format="%Y-%m-%d %H:%M:%S
’BPL’] = pd.to_datetime(df [’BPL’],format="%Y-%m-%d %H:%M:%S
= KKP’

= df [stal

= os.path.join(’..\\data_txt’,sta+’_jas_latest.csv’)

obs = read_timeseries (fn)

print df_obs.head ()

hoge = calc_compo_01(dt,df_obs,sta=sta,par=’t’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’e_sp’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’ws’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’u’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’v’)

sta
dt
fn
daf _

=’BPL’
= df [stal

= os.path.join(’..\\data_txt’,sta+’_jas_latest.csv’)
obs = read_timeseries (fn)

print df_obs.head ()

hoge = calc_compo_01(dt,df_obs,sta=sta,par=’t’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’e_sp’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’ws’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’u’)
hoge = calc_compo_01(dt,df_obs,sta=sta,par=’v’)
return

def main() :

dd
fn
df

af [
)
df [
)

par
sta
dt
fn
daf _
com

sta

= ?..\\output_txt’
= os.path. join(dd, ’arrival_result_02.csv’)
= pd.read_csv (fn)

’KKP’] = pd.to_datetime (df [’KKP’],format="%Y-%m-%d %H:%M:%S
’BPL’] = pd.to_datetime(df [’BPL’],format="%Y-%m-%d %H:%M:%S
= Jt)

=’ KKP’

= df [sta]

= os.path.join(’..\\data_txt’,sta+’_jas_latest.csv’)

obsl = read_timeseries (fn)

pol = calc_compo(dt,df_obsl,sta=sta,par=par)

=SB RER
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132 dt = df[stal

133 fn = os.path.join(’..\\data_txt’,sta+’_jas_latest.csv’)
134 df _obs2 = read_timeseries(fn)

135 compo2 = calc_compo (dt,df_obs2,sta=sta,par=par)
136

137 compo = pd.concat ([compol,compo2],axis=1)

138 hoge = plot_compo (compo ,par=par)

139 return

140

141 1f __name__ == ’__main__"’:

142 main ()

Listing A.3: Code for composite based on SBF arrival time
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A.4 Plotting B03 to check

The following code is to plot the array:

import pandas as pd

import os

import matplotlib.pyplot as plt

import numpy as np

import datetime

s from pandas.plotting import register_matplotlib_converters

; register_matplotlib_converters ()
plt.rcParams.update ({’font.size’: 22})

def df2array(df):
df = df.unstack().transpose ()
img = df.values
return img

; def get_vis_Bxx(a,ch=’B03’):

dd=’D:\\111 _TXT_HIMAO8\\S0610°’

fn=os.path. join(dd,ch,a.strftime (’%Y%m%d’) ,a.strftime (ch+’_%Y7
m%d_%H%M.csv’))

df = pd.read_csv(fn,header=None)

df = df.set_index([0,1])

af df [2] .to_frame (ch)

return df

def plot_png(a,img):
fig, ax = plt.subplots(figsize=(8,6))
ax.pcolor (img, cmap=’bwr’)
judul = a.strftime (’%Y%m%d_%H%M?)
plt.title (judul)
fout = os.path.join(’..\\output_png’,judul+’.png’)
fig.savefig(fout ,bbox_inches=’tight’)
plt.close(fig)
return

def main():
fn = os.path.join(’..\\input_txt’,’arrival_result_02.csv’)
df = pd.read_csv(fn)
dt = pd.to_datetime(df [’BPL’],format="%Y-%m-%d %H:%M:%S’)
print len(dt)
for a in dt[0:]:
df = get_vis_Bxx(a,ch=’B03’)
img = df2array (df)
hoge = plot_png(a,img)

return
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45

46 1f __name_ == ’__main__":

47 main ()

Listing A.4: Code to check B0O3 cloud appearence in SBD cases
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A.5 Obtaining levelset

The following code is to obtain the levelset array:

# —-*- coding: utf-8 -x*-
#--morphsnakes part--

from itertools import cycle
import numpy as np
from scipy import ndimage
from scipy.ndimage import binary_dilation, binary_erosion,
gaussian_filter,
gaussian_gradient_magnitude

class fcycle(object):
def init__(self, iterable):

"""Call functions from the iterable each time it is called

self.funcs = cycle(iterable)
def __call__(self, *args, *x*xkwargs):
f = next(self.funcs)

return f (*xargs, **xkwargs)

# SI and IS operators for 2D.

_P2 = [np.eye(3), np.array([[0,1,0]]1%*3), np.flipud(np.eye(3)), np.

rot90 ([[0,1,0]11%3)]

_aux = np.zeros ((0))
def SI(uw):
"""SI operator.
global _aux
if np.ndim(u) == 2:
P = _P2
elif np.ndim(u) == 3:
P = _P3
else:

raise ValueError ("u has an invalid number of dimensions (

should be 2 or 3)")

if u.shape != _aux.shape[1l:]:
_aux = np.zeros ((len(P),) + u.shape)
for _aux_i, P_i in zip(_aux, P):
_aux_i[:] = binary_erosion(u, P_i)

return _aux.max (0)
def IS(u):

IIIIIIIS Operator-"""
global _aux
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41 if np.ndim(u) == 2:

42 P = _P2

43 elif np.ndim(u) == 3:

44 P = _P3

45 else:

46 raise ValueError("u has an invalid number of dimensions (
should be 2 or 3)")

a7 if u.shape != _aux.shape[1l:]:

48 _aux = np.zeros ((len(P),) + u.shape)

49 for _aux_i, P_i in zip(_aux, P):

50 _aux_i[:] = binary_dilation(u, P_i)

51 return _aux.min (0)

53 # SIoIS operator.

54 SI0IS = lambda u: SI(IS(u))

55 IS0oSI = lambda u: IS(SI(u))

56 curvop = fcycle ([SIoIS, ISoSI])

58 class MorphACWE (object):
59 """Morphological ACWE based on the Chan-Vese energy functional

60 def __init__(self, levelset, data, smoothing=1, lambdal=1,

lambda2=1) :
61 self.levelset = levelset
62 self.smoothing = smoothing
63 self.lambdal = lambdal
64 self.lambda2 = lambda?2
65 self.data = data

67 def set_levelset(self, u):

68 self._u = np.double(u)

69 self. _ulu>0] =1

70 self._ulu<=0] = 0

71

72 levelset = property(lambda self: self._u,

73 set_levelset,

74 doc="The level set embedding function (u).
")

76 def step(self):

77 """Perform a single step of the morphological Chan-Vese
evolution."""

78 # Assign attributes to local variables for convenience.

79 u = self._u

80

81 if u is None:

82 raise ValueError ("the levelset function is not set (

use set_levelset)")
83
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84 data = self.data

86 # Determine cO and cl.

87 inside = u>0

88 outside = u<=0

89 cO0 = dataloutside].sum() / float(outside.sum())

90 cl = datalinside].sum() / float(inside.sum())

92 # Image attachment.

93 dres = np.array(np.gradient (u))

94 abs_dres = np.abs(dres).sum(0)

95 #aux = abs_dres * (cO - c1) * (cO + cl - 2*data)

96 aux = abs_dres * (self.lambdalx*(data - cl)**2 - self.
lambda2*(data - c0) *x*2)

97

98 res = np.copy(u)

99 res[aux < 0] = 1

100 res[aux > 0] = 0

101

102 # Smoothing.

103 for i in range(self.smoothing):

104 res = curvop(res)

105

106 self._u = res

107

108 def run(self, iterations):

109 """Run several iterations of the morphological Chan-Vese
method."""

110 for i in range(iterations):

111 self.step ()

112

114 def evolve_visual (a,mask, msnake, levelset=None, num_iters=20,
background=None) :

115 import matplotlib.pyplot as plt

116 plt.rcParams.update ({’font.size’: 22})
117

118 ik,jk = 159,96

119 ib, jb = 159, 118

121 if levelset is not Nomne:

122 msnake.levelset = levelset

123

124 # Prepare the visual environment.
125 fig = plt.figure(figsize=(16,8))
126 fig.clf ()

127 axl = fig.add_subplot(1,2,1)

128 if background is None:

129 img = np.flipud(msnake.data)
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130

p=axl.imshow(img, cmap=plt.cm.gray)
axl.plot (ik, jk,’gx’)

axl.plot(ib, jb,’bx’)
else:

p =axl.imshow(background, cmap=plt.cm.gray)
axl.contour (msnake.levelset, [0.5], colors=’r’)
ax2 = fig.add_subplot(1,2,2)
ax_u = ax2.imshow(msnake.levelset)
ax2.plot (ik, jk,’gx’)
ax2.plot (ib, jb,’bx’)

#plt.pause (0.0001)

judul = a.strftime(’%Y%m%d_%H%M’)
# Iterate.

for i in range(num_iters):

# Evolve.

msnake.step ()

# Update figure.

del axl.collections [0]

msnake.levelset [mask] = 1

img = np.flipud(msnake.levelset)

axl.contour (img, [0.5], colors=’r’)

ax_u = ax2.imshow(img)

judul_hoge = judul+’_n=’+str(i+1).z£fill (3)

axl.set_title(judul_hoge)

ax2.set_title(’levelset_n=’+str(i+1) .z£fil11(3))

#plt.pause (0.0001)

fout = ’..\\’+judul_hoge+’.png’

fig.savefig(fout ,bbox_inches=’tight’)
#fout = ’..\\’+judul+’.png’
#fig.savefig(fout,bbox_inches=’tight’)
plt.close(fig)

# Return the last levelset.
return msnake.levelset
#---—— - end

import pandas as pd

import datetime

import os

import matplotlib.pyplot as plt
from scipy import interpolate

5 dd="D:\\111 _TXT_HIMAO8\\S0610°

def get_vis_Bxx(a,ch):
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178 fn=os.path.join(dd,ch,a.strftime(’%Y%m%d’) ,a.strftime (ch+’_J Y7
m%d_%HY%M.csv’))

179 df = pd.read_csv(fn,header=None)

180 df = df.set_index([0,1])

181 df df [2].to_frame (’ref’)

182 return df

183

152 def df2array(df):

185 df = df .unstack().transpose ()
186 img = df.as_matrix()
187 return img

188

1s0 def array2df (array):

190 array = np.transpose(np.flipud(array)) #periksa harus di
flipud atau tidak

191 df = pd.DataFrame (array)

192 df .index = df.index+1

193 df .columns = df.columns + 1

194 df = df.stack()

195 return df

196
197 def save_levelset(a,levelset ,th=0.3):

198 df = array2df(np.flipud(levelset))

199

200 dd = a.strftime(’..\\levelset_th’+str (th)+’\\%Y%m%d’)
201 if not os.path.exists(dd) : os.makedirs(dd)

202 fn = os.path.join(dd,a.strftime(’B03_%Y%m%d_%HY%M.csv’))
203 hoge = df.to_csv(fn,index=True, header=False)

204 return

200 def apply_morphsnakes(a,img_ori,n,levelset=None,th=0.3):
207 #th=0.27 #without enhance, norm_ref=0.2, with enhance=0.5
208 img = np.copy(img_ori)

209

210 img[img<th] = 0.0

211 img[img>=th] = 1.0

212 img = ndimage.gaussian_filter (img,1)

213

214 if levelset is None:

215 levelset = np.zeros(img.shape)

216 levelset [0:180, 0:320] = 1

217 macwe = MorphACWE(levelset ,img, smoothing=3, lambdal=1,
lambda2=3)

218

219 mask = create_mask(img.shape)

220

221 # Visual evolution.

222 #plt.figure ()

223 #levelset = evolve_visual (a,mask, macwe, num_iters=n)
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234 def

240 def

for _ in range(mn):
macwe .step ()

levelset = macwe.levelset

levelset [mask] = 1

macwe .set_levelset (levelset)

rint ’levelset size:’,levelset.shape
p P

return levelset

create_mask (shape) :
X, y = np.mgrid[:shape[0], :shapel[1]]
#mask = (x + y - 300) <= 0
mask = (y<40) | (y>200)
return mask
main () :
fn = os.path.join(’..\\dinput_txt\\’,’arrival_result_02.csv’)
df = pd.read_csv(fn)
dt = pd.to_datetime(df [’BPL’],format=’%Y-%m-%d %H:
n=150
for a in dt[0:]:
try:
b03 = df2array(get_vis_Bxx(a,’B03’))
print b03.shape
levelset = apply_morphsnakes(a,b03,n,th=0.
hoge = save_levelset(a,levelset ,th=0.21)
levelset = apply_morphsnakes(a,b03,n,th=0.
hoge = save_levelset(a,levelset,th=0.22)
levelset = apply_morphsnakes(a,b03,n,th=0.
hoge = save_levelset(a,levelset ,th=0.23)
levelset = apply_morphsnakes(a,b03,n,th=0.
hoge = save_levelset(a,levelset,th=0.24)
print ’was reading:’,a
except IOError:
print ’tidak ada:’,a
continue
except ValueError:
print ’value error:’,a
continue
__name__ == ’__main__":
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main ()

Listing A.5: Code to check B03 cloud appearence in SBD cases
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31

A.

6 Calculating distance of snake

The following code is to calculate distance of snake:

import pandas as pd
import os

import numpy as np

import matplotlib.pyplot as plt

from mpl_toolkits.basemap import Basemap
from scipy import ndimage

plt

def

def

def

37 def

38
39
40

41

.rcParams.update ({’font.size’: 223})

sta_info(sta_name):

sta_id = {
>KKP’:[106.846 ,-6.124] ,’CHL’ :[106.829,-6.181],
’BPL’:[106.835,-6.226],°TJP’:[106.89,-6.13],
>KMO’:[106.85, -6.18],°CGK’:[106.70,-6.14], °SRG’

:[106.13,-6.12],
’PBT’:[106.759, -6.259],’DMG’:[106.75, -6.5],
’SRP’:[106.66,-6.3]

}
sta_lon,sta_lat = sta_id[sta_name]
return (sta_lon, sta_lat)

get_Bxx(ch,a):

dd=>D:\\111 _TXT_HIMAO8\\S0610°’

fn=os.path. join(dd,ch,a.strftime (’%Y%m%d’) ,a.strftime (ch+’_%YY%
m%d_%H%M.csv’))

df = pd.read_csv(fn,header=None)

df = df .set_index ([0,1])

df = df [2].to_frame (ch)

return df

get_levelset (a):
dd = ’D:\\00_PhD_WORKS\\O1_snake_jakarta\\step03\\levelset_thO
.3’

fn = os.path.join(dd,a.strftime(’%Y%m%d’) ,a.strftime (’B03_%Y/m
%d_%H%M.csv’))

df = pd.read_csv(fn,header=None)

df = df.set_index([0,1])

df = df[2].to_frame(’levelset’)

return df

df2array (df) :

df = df.unstack().transpose ()
img = df.values

return img
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def get_distance():
fn = ’..\\input_txt\\b03_jakarta_distance.csv’
df = pd.read_csv(fn,header=None)
df = df.set_index ([0,1])
df .columns = [’lon’,’lat’,’d’]

return df

def create_mask (shape):

Yy

X

x0,y0

mas

k

= np.mgrid[:shape[0], :shapel[1]]
= 158,95 #BPL: 158,95 KKP:158,117
= ((x-x0)*x2 + (y-y0)*x*2) > 900

return mask

def draw_map():
#lon0,lonl,lat0,latl = 105.9,107.4,-6.7,-5.7

lon0,lonl,lat0,latl = 106.6,107.1,-6.5,-6.

m =

Basemap (llcrnrlon=lon0,llcrnrlat=1at0,urcrnrlon=1lonl,

urcrnrlat=latl ,resolution=’h’,
lon_0=140.7,epsg=3395)

m.drawcoastlines ()

parallels = np.arange(-90.,91.,0.1)
# Label the meridians and parallels

projection=’geos’,

m.drawparallels (parallels,labels=[True,True,True,True],color="’
grey’)
# Draw Meridians and Labels

meridians = np.arange(-180.,181.,0.1)

m.drawmeridians (meridians,labels=[True,False,False,True],color
=’grey’)
return m

def plot_png(im,s,a, dmin):
np.where (s==0, np.nan,s)

S:
lon
lat

mas

k

df2array (get_distance () [’lon’])
df2array(get_distance () [’1lat’])

= create_mask (im.shape)

im[mask] = np.nan
s [mask] = np.nan

fig,ax = plt.subplots(figsize=(12,10))

im = np.where(im<0.3, np.nan,im)
m = draw_map ()
lons,lats = m(lon,lat)

m.pcolor (lons,lats,im,cmap=’rainbow’,vmin=0.3, vmax=1)

m.pcolor (lons,lats,s,color="r"’)

sta_lon,

X,y

m(sta_lon,sta_lat)

sta_lat = sta_info (’KKP’)
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89 m.plot(x,y,color="k’ ,marker=’%*’ ,markersize=20,alpha=0.6)
90 sta_lon, sta_lat = sta_info (’BPL’)
91 x,y = m(sta_lon,sta_lat)

92 m.plot(x,y,color="k’ ,marker=’%’ markersize=20,alpha=0.6)
93

94 judul = a.strftime (’%Y%m%d_%H%M?)

95 ax.set_title(judul+’_(d:{:.2f}km)’.format (dmin))

96 fout = os.path.join(’..\\’,judul+’.png’)
97 fig.savefig(fout,bbox_inches=’tight’)

98 plt.close(fig)

99 return

101 def calc_distance(s,sta=’BPL’):

102 import geopy.distance

103 lon = df2array(get_distance()[’lon’])
104 lat = df2array(get_distance()[’lat’])
105 sta_lon, sta_lat = sta_info(sta)

106 mask = create_mask(s.shape)

107 s [mask] = 0

108 idx = np.nonzero(s)

109 print len(idx[0]),len(idx[1])

10 ds = []

111 for i in xrange(len(idx[0])):

112 iy,ix = idx[0][i],idx[1][i]

113 coorl = (lat[iy,ix], lonl[iy, ix])
114 coor2 = (sta_lat, sta_lon)

115 d = geopy.distance.vincenty(coorl, coor2).km

116 ds.append (d)

118 dmin = np.min(ds)
119 return dmin

121 def get_contour (im,levelset):

122 levelset = clear_small_cluster(levelset)

123 cs = plt.contour(levelset,[0],cmap=’rainbow’)
124 lines = []

125 for line in cs.collections [0].get_paths():

126 lines.append(line.vertices)

127 x_line, y_line = lines[0][:,0], lines[0][:,1]
128

129 im = np.where(im<0.3,0,1)

130 s = np.zeros(shape=im. shape)

131 k = np.ones((9,9))

132 hoge = ndimage.convolve (im,k)

133 for i in xrange(len(x_line)):

34 ix,iy = x_line[i].astype(np.int), y_line[i].astype(np.int)
135 s[iy,ix] = hogeliy,ix]

136

137 s = np.where(s==0,0,1)
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def

def

def

o def

ss = array2df(s).to_frame(’snake’)
land = get_land ()
ss[’lon’] land[’lon’]

ss[’lat’] = land[’lat’]
ss = cut_boxed_df (ss, ’snake’)
ss = ss[’boxed’]

return ss

array2df (array) :

array = np.transpose (array)
df = pd.DataFrame (array)

df .index = df.index+1

df .columns = df.columns + 1
df = df.stack()

return df

cut_boxed_df (df ,par) :

lat0,latl,lon0,lonl = -6.6,-5.9,106.1,107.5

df [’boxed’] = df [par]

df [’boxed’] = np.where(df[’lat’]<lat0,0,df[’boxed’])
df [’boxed’] = np.where(df[’lat’]>latl,0,df[’boxed’])
df [’boxed’] = np.where(df[’lon’]<lon0,0,df[’boxed’])
df [’boxed’] = np.where(df[’lon’]>lonl,0,df[’boxed’])
return df

get_land () :

fn = ’..\\input_txt\\b03_jakarta_landmask.csv’
df = pd.read_csv(fn,header=None)

df = df.set_index([0,1])

df .columns = [’lon’,’lat’,’flag’]
return df

clear_small_cluster (img) :

blobs = img == 1

labels, nlabels = ndimage.label(blobs)

areas = np.array(ndimage.sum(blobs, labels, np.arange(labels.
max () +1)))

mask = areas < 1000

remove_small = mask[labels.ravel()].reshape(labels.shape)

img[remove_small]l=0.0
return img

main () :

fn = os.path.join(’..\\input_txt\\’,’arrival_result_02.csv’)
df = pd.read_csv(fn)

sta_name = ’BPL’

dt = pd.to_datetime (df [sta_name],format=’%Y-%m-%d %H:%M:%S’)
rows = []

for a in dt[0:]:
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186
187
188
189
190
191

192

if

try:
print a
im = df2array(get_Bxx(’B03’,a)[’B03°])
levelset = df2array(get_levelset(a)[’levelset’])
s = df2array(get_contour (im, levelset))
dmin = calc_distance(s,sta=sta_name)
#hoge = plot_png(im,s,a,dmin)
row = a, np.round(dmin,b2)
rows .append (row)
except IndexError:
row = a, 999.
rows .append (row)
except ValueError:
row = a, 999.
rows .append (row)
except IOError:
row = a, 999.
rows .append (row)

df = pd.DataFrame(data=rows,columns=[’date’,’dmin’])

hoge = df.to_csv(’dist_thO0.3_’+sta_name+’.csv’,index=None,
header=True)

return

__name__ == ’_ _main__":

main ()

Listing A.6: Code to check B0O3 cloud appearence in SBD cases
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Table A.1: Sea breeze arrival time (Jakarta).

date

|

KKP

|

BPL

2017-07-17

2017-07-17 10:50:00

2017-07-17 12:10:00

2017-07-19

2017-07-19 10:00:00

2017-07-19 12:00:00

2017-07-21

2017-07-21 10:10:00

2017-07-21 13:00:00

2017-07-25

2017-07-25 10:30:00

2017-07-25 13:40:00

2017-07-27

2017-07-27 10:10:00

2017-07-27 12:30:00

2017-07-28

2017-07-28 11:40:00

2017-07-28 13:00:00

2017-08-01

2017-08-01 14:20:00

2017-08-01 15:00:00

2017-08-03

2017-08-03 10:20:00

2017-08-03 12:30:00

O| O || T = | W[ DO —

2017-08-05

2017-08-05 09:40:00

2017-08-05 12:00:00

—
e}

2017-08-06

2017-08-06 09:10:00

2017-08-06 15:30:00

—_
—_

2017-08-08

2017-08-08 10:30:00

2017-08-08 12:00:00

—
[\

2017-08-09

2017-08-09 10:30:00

2017-08-09 12:40:00

—_
w

2017-08-11

2017-08-11 09:20:00

2017-08-11 11:50:00

[S—y
s

2017-08-15

2017-08-15 10:10:00

2017-08-15 12:10:00

—
[

2017-08-16

2017-08-16 10:30:00

2017-08-16 13:40:00

—
[y

2017-08-17

2017-08-17 09:30:00

2017-08-17 11:30:00

—
PN |

2017-08-29

2017-08-29 09:20:00

2017-08-29 10:30:00

—_
(0]

2017-08-30

2017-08-30 10:50:00

2017-08-30 11:20:00

—_
Ne}

2017-08-31

2017-08-31 10:20:00

2017-08-31 12:00:00

DO
)

2017-09-01

2017-09-01 10:50:00

2017-09-01 13:00:00

N}
—_

2017-09-02

2017-09-02 12:20:00

2017-09-02 14:20:00

[\]
[\]

2017-09-04

2017-09-04 10:20:00

2017-09-04 12:00:00

[\)
w

2017-09-09

2017-09-09 09:00:00

2017-09-09 12:10:00

[\
=~

2017-09-10

2017-09-10 09:20:00

2017-09-10 12:40:00

[\]
ot

2017-09-13

2017-09-13 09:10:00

2017-09-13 11:10:00

DO
D

2017-09-15

2017-09-15 09:10:00

2017-09-15 11:20:00

[\
~J

2017-09-19

2017-09-19 13:30:00

2017-09-19 14:30:00

[\)
(0.9]

2017-09-20

2017-09-20 10:10:00

2017-09-20 13:50:00

[\)
Nej

2017-09-22

2017-09-22 10:10:00

2017-09-22 12:50:00

w
()

2017-09-23

2017-09-23 10:00:00

2017-09-23 11:40:00

w
—_

2017-09-24

2017-09-24 09:10:00

2017-09-24 10:10:00

w
[\

2017-09-25

2017-09-25 12:30:00

2017-09-25 13:30:00

w
w

2017-09-29

2017-09-29 11:40:00

2017-09-29 14:50:00

w
=~

2017-09-30

2017-09-30 09:10:00

2017-09-30 11:40:00

w
ot

2018-07-01

2018-07-01 12:00:00

2018-07-01 12:00:00

w
D

2018-07-04

2018-07-04 10:00:00

2018-07-04 12:50:00
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37

2018-07-06

2018-07-06 10:30:00

2018-07-06 15:00:00

38

2018-07-08

2018-07-08 11:40:00

2018-07-08 13:30:00

39

2018-07-09

2018-07-09 10:50:00

2018-07-09 13:00:00

40

2018-07-13

2018-07-13 09:20:00

2018-07-13 12:30:00

41

2018-07-16

2018-07-16 09:50:00

2018-07-16 11:40:00

42

2018-07-21

2018-07-21 09:50:00

2018-07-21 14:20:00

43

2018-07-22

2018-07-22 11:30:00

2018-07-22 12:30:00

44

2018-07-23

2018-07-23 09:20:00

2018-07-23 11:30:00

45

2018-07-24

2018-07-24 09:00:00

2018-07-24 12:00:00

46

2018-07-25

2018-07-25 10:20:00

2018-07-25 12:20:00

47

2018-07-26

2018-07-26 11:30:00

2018-07-26 13:20:00

48

2018-07-28

2018-07-28 10:00:00

2018-07-28 12:20:00

49

2018-07-30

2018-07-30 09:50:00

2018-07-30 11:10:00

50

2018-07-31

2018-07-31 10:30:00

2018-07-31 12:50:00

o1

2018-08-05

2018-08-05 10:40:00

2018-08-05 13:00:00

52

2018-08-06

2018-08-06 10:40:00

2018-08-06 13:20:00

53

2018-08-07

2018-08-07 11:40:00

2018-08-07 14:40:00

54

2018-08-09

2018-08-09 09:50:00

2018-08-09 11:20:00

5}

2018-08-10

2018-08-10 09:10:00

2018-08-10 12:20:00

26

2018-08-12

2018-08-12 09:20:00

2018-08-12 12:40:00

57

2018-08-13

2018-08-13 11:30:00

2018-08-13 14:00:00

o8

2018-08-14

2018-08-14 11:50:00

2018-08-14 13:50:00

59

2018-08-16

2018-08-16 09:50:00

2018-08-16 12:10:00

60

2018-08-17

2018-08-17 09:20:00

2018-08-17 11:20:00

61

2018-08-29

2018-08-29 11:10:00

2018-08-29 12:30:00

62

2018-09-01

2018-09-01 10:40:00

2018-09-01 12:40:00

63

2018-09-02

2018-09-02 10:10:00

2018-09-02 11:20:00

64

2018-09-04

2018-09-04 11:20:00

2018-09-04 13:00:00

65

2018-09-08

2018-09-08 09:10:00

2018-09-08 15:20:00

66

2018-09-12

2018-09-12 09:30:00

2018-09-12 12:00:00

67

2018-09-13

2018-09-13 09:30:00

2018-09-13 11:00:00

68

2018-09-14

2018-09-14 10:40:00

2018-09-14 12:30:00

69

2018-09-22

2018-09-22 10:00:00

2018-09-22 11:40:00

70

2018-09-23

2018-09-23 09:10:00

2018-09-23 10:00:00

71

2018-09-24

2018-09-24 10:10:00

2018-09-24 14:10:00

72

2018-09-27

2018-09-27 09:00:00

2018-09-27 11:20:00

73

2018-09-29

2018-09-29 09:20:00

2018-09-29 12:40:00

74

2018-09-30

2018-09-30 10:50:00

2018-09-30 13:50:00
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