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ABSTRACT

While Ceilometer excels in detecting fog and low clouds in both single and multi-layer cloud
conditions, INSAT-3D struggles with multi-layer cloud scenarios. However, due to its ability
to provide broader spatial coverage, satellite remote sensing remains crucial for
comprehensive fog monitoring. Fog/low cloud base height has been continuously monitored
using ground based Ceilometer during the fog season of 2020-21. The INSAT-3D fog product
results have been validated with the in-situ observations. Fog/low cloud has been
successfully detected by both Ceilometer and INSAT-3D during single layer cloud in most of
the cases. Fog/low cloud detection using INSAT-3D observed to be a difficult task in multi-
layer clouds whereas both single and multi-layer clouds has been well captured by
Ceilometer. Since fog is a near surface phenomenon, ground based observation like
Ceilometer could be the most effective approach for the detection of fog and however, to get
information about the complete spatial coverage of fog, remote sensing technology provides
better opportunity.
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I.  INTRODUCTION
The detection and analysis of fog and low clouds are critical components in meteorological

studies, aviation safety, and climate monitoring. Fog, in particular, poses significant
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challenges due to its near-surface occurrence and its impact on visibility and transportation
systems. Traditional methods of fog detection have relied heavily on ground-based
instruments such as Ceilometers, which provide detailed vertical profiles of cloud cover.
However, with advancements in satellite technology, remote sensing platforms like the Indian
National Satellite System (INSAT-3D) have emerged as valuable tools for fog detection and
monitoring. Ceilometers are ground-based lidar instruments specifically designed to measure
cloud base height and vertical visibility. These instruments emit short pulses of laser light
vertically into the atmosphere and detect backscattered light to determine cloud height and
density. Ceilometers offer high temporal resolution, making them suitable for continuous
monitoring of fog and low clouds in various meteorological conditions. They have been
widely deployed at airports, weather stations, and research facilities worldwide, providing
valuable data for weather forecasting, aviation operations, and climate research.

INSAT-3D, on the other hand, represents a new era in satellite-based meteorological
observation. Launched by the Indian Space Research Organisation (ISRO) in 2013, INSAT-
3D is equipped with advanced sensors capable of capturing high-resolution imagery and
atmospheric data. One of its key instruments, the Atmospheric Sounder, measures
temperature and humidity profiles in the atmosphere, providing valuable information for fog
detection and analysis. Additionally, INSAT-3D's fog product utilizes thermal infrared
imagery to identify fog and low clouds based on their unique thermal signatures. While
satellite-based observations offer broader spatial coverage compared to ground-based
instruments, they may face challenges in accurately detecting fog and low clouds, especially
in complex atmospheric conditions such as multi-layer cloud cover. The detection and
analysis of fog and low clouds play a crucial role in various applications, including
transportation, agriculture, and climate modeling. Fog poses significant risks to aviation
safety, often leading to flight delays, cancellations, and accidents. Moreover, fog can have
adverse effects on road traffic, maritime navigation, and agricultural operations, impacting
economic productivity and public safety. Understanding the dynamics of fog formation,
evolution, and dissipation is essential for developing effective mitigation strategies and
improving weather forecasting capabilities.

Ceilometer and INSAT-3D represent complementary approaches to fog detection and
monitoring, each offering unique advantages and capabilities. Ceilometers provide high-

resolution vertical profiles of cloud cover, allowing for detailed analysis of fog characteristics
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such as base height, thickness, and vertical extent. However, Ceilometers are limited to
specific locations and may not capture fog events occurring beyond their range. In contrast,
INSAT-3D offers broader spatial coverage and can capture fog events over large
geographical areas. By integrating data from Ceilometer and INSAT-3D, researchers and
meteorologists can enhance the accuracy and reliability of fog detection and analysis,

enabling more effective decision-making in various sectors.

II. LITERATURE REVIEW

Ndao, Sémou et al., (2023) this study aims to examine the atmospheric conditions
characterising fog phenomena on the Senegalese coast focusing on two specific instances that
occurred on April 3 and April 30, 2023. These events were detected by the LIDAR
Ceilometer installed at LPAOSF/ESP/UCAD and confirmed on the METARs of the
meteorological stations at Dakar and Diass airports. The LIDAR's backscatter signal showed
that the fog of April 3 started around midnight with a vertical extension at 100 m altitude and
dissipated around 10 a.m. The April 30 event characterized by a good vertical extension from
the surface up to 300 m above sea level, was triggered just after 2 a.m. and lasted around 3
hours. The results showed that a decrease in temperature, accompanied by an increase in
humidity and light wind, is favorable for the triggering and persistence of fog. Sea Level
Pressure (SLP) anomaly fields show two distinct configurations. The April 3 event was
characterized by a zonal dipole of SLP anomalies between the Sahara and the northern
Senegalese coast, while the April 30 event was characterized by a meridional dipole between
the Sahara and the Gulf of Guinea area as far as the equatorial Atlantic. A weakening of the
pressure around the study area was observed in both cases, allowing moisture advection to
favor the onset of fog. The hovmoller diagrams of relative humidity and wind show that a
good vertical extension of humidity associated with a westerly wind in the lower layers plays
an important role in the formation and persistence of fog. The presence of dry air associated
with a weak easterly wind in the middle layers could explain the low vertical extension of the
fog on April 3. A strong wind in the lower layers would be responsible for the premature
dissipation of the April 30 fog.

Kim, Yong-Hyuk et al., (2020) The lidar ceilometer estimates cloud height by analyzing
backscatter data. This study examines weather detectability using a lidar ceilometer by

making an unprecedented attempt at detecting weather phenomena through the application of
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machine learning techniques to the backscatter data obtained from a lidar ceilometer. This
study investigates the weather phenomena of precipitation and fog, which are expected to
greatly affect backscatter data. In this experiment, the backscatter data obtained from the lidar
ceilometer, CL51, installed in Boseong, South Korea, were used. For validation, the data
from the automatic weather station for precipitation and visibility sensor PWD20 for fog,
installed at the same location, were used. The experimental results showed potential for
precipitation detection, which yielded an F1 score of 0.34. However, fog detection was found
to be very difficult and yielded an F1 score of 0.10.

Stefan, Sabina et al., (2014) This study is focused on the combination of ground-based and
satellite observations for the derivation of temporal variability of cloud cover fraction
(cloudiness) over Magurele (44.35N; 26.03E) in Romania, between December 1st 2008 and
December 31st 2011. Ground-based measurements from a mini lidar-ceilometer were
combined with measurements of the Aqua and Terra satellite instruments of MODIS
(Moderate Resolution Imaging Spectroradiometer) system.

Varikoden, Hamza et al., (2011) This study aims to investigate the characteristic features of
cloud base height (CBH) over Thiruvananthapuram during different seasons. CBH data were
used for the present work derived from the Vaisala Laser Ceilometer, CL31 (VLC) installed
at the campus of the Centre for Earth Science Studies, Akkulam (8.29° N, 76.59° E, 15 m
above sea level). The VLC was in operation from the second week of July 2006 onwards.
From the study, we found that CBH shows distinct diurnal and seasonal variations during all
the seasons (except on rainy days). The diurnal variation for low-level clouds was different
from that for the mid-level clouds. A cloud-free layer is evident in the region between 2.5 and
4 km. This cloud-free zone is more prominent during the southwest monsoon period
compared to other seasons. Moreover, the monthly variations of cloud frequency and CBH
were also described in addition to the different periodicities in cloud frequency. The
periodicities found in the cloud frequency were 8 days and 30 days and these are significant
at the 5% level. Thermodynamic parameters from the radiosonde were also related to the
cloud frequency for various seasons and they were in good agreement.

Ungureanu, loana et al., (2010) The aim of the present paper is to present applications of the
ceilometer measurements for the study of the cloudiness, cloud types and the characteristics
of the Planetary Boundary Layer (PBL).The PBL is the layer where earth's surface interacts
with the large scale atmospheric flow. The ceilometer CL-31 is a mini-lidar used in remote
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sensing measurements, especially for the cloud bases. The data used for this study were
obtained as results of the measurements performed in Magurele (44.35 N, 26.03 E) for a long
winter (November 2008-March 2009). The CL-VIEW and Lab-View programs were used for
data processing to obtain the images and vertical backscatter profiles. The images allow to
determine the cloud types, the presence of the aerosol layers, precipitation and the fog. The
results of the images and vertical profiles analysis have shown the most cases of stratus
clouds in this period. The appearance of altocumulus or cirrus clouds is connected to the air
masses advection. The special cases with precipitation or aerosol intrusions were discussed in
connection with meteorological parameters, using HYSPLIT4 model and synoptic situations.
The large cloudiness and precipitation periods were confirmed by meteorological data. This
emphasizes the applicability of the ceilometer's data in characterizing of the PBL.

Nowak, Daniela et al., (2008) The performance of the boundary determination of fog and low
stratiform cloud layers with data from a frequency-modulated continuous-wave (FMCW)
cloud radar and a Vaisala ceilometer is assessed. During wintertime stable episodes, fog and
low stratiform cloud layers often occur in the Swiss Plateau, where the aerological station of
Payerne, Switzerland, is located. During the international COST 720 Temperature, Humidity,
and Cloud (TUC) profiling experiment in winter 2003/04, both a cloud radar and a ceilometer
were operated in parallel, among other profiling instruments. Human eye observations
("synops™) and temperature and humidity profiles from radiosoundings were used as
reference for the validation. In addition, two case studies were chosen to demonstrate the
possibilities and limitations of such ground-based remote sensing systems in determining low
clouds. In these case studies the cloud boundaries determined by ceilometer and cloud radar
were furthermore compared with wind profiler signal-to-noise ratio time series. Under dry
conditions, cloud-base and -top detection was possible in 59% and 69% of the cases for low
stratus clouds and fog situations, respectively. When cases with any form of precipitation
were included, performances were reduced with detection rates of 41% and 63%,
respectively. The combination of ceilo- meter and cloud radar has the potential for providing
the base and top of a cloud layer with optimal efficiency in the continuous operational mode.
The cloud-top height determination by the cloud radar was compared with cloud-top heights
detected using radiosounding humidity profiles. The average height difference between the

radiosounding and cloud radar determination of the cloud upper boundary is 53 32 m.
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I11. RESEARCH METHODOLOGY

Clouds, aerosols, precipitation etc. will interact with the laser pulses being sent by Ceilometer
which will lead to scattering. Backscatter profile (signal strength versus height) has been
generated from the component of scattered light is received back by the Lidar receiver. Cloud
base height has been estimated by knowing the speed of light and the time delay between the
launch of the laser pulse. The CL View software gives continuous status information from
internal monitoring. The results obtained have been compared with the fog condition
indicated by the INSAT-3D fog product. In the present study, a collective approach which
incorporate both ground based Ceilometer and satellite based measurements has been
implemented for the detection and monitoring of fog/low clouds. A collection of 748

observations having height in the range of 0-2000m has been analysed.

IV. RESULTS AND DISCUSSIONS

In 98.38% of cases, cloud base height has been observed to be in the range of 0-1400m. The
results are in agreement in 15.37% of cases in which the Ceilometer identified fog/low
clouds. In 84.63% of cases, disagreement has been observed in which the Ceilometer detected
cloud base height of less than 2000m while fog is not indicated by INSAT-3D fog product.
Since, INSAT-3D fog product is retrieved under clear sky condition, multi-layer cloud could
be a barrier for the detection of fog beneath it. It has been observed that in 56.42% of cases
multi-layer cloud has been noticed could be the reason for this discrepancy. Variations in the
geolocation between the ground based Ceilometer and INSAT- 3D satellite as well as the
variation in the widespread nature of fog could be the reason for the disagreement in the
remaining 28.21 % of cases. Cloud base height in the range of 0-200m has been observed to
be in agreement with INSAT-3D fog product observations in 64% of cases. Since, fog/low
cloud in the range of 0-200m are observed to be single as well as thinner layer only which is
well detected by both the Ceilometer and the INSAT-3D observations. Pie diagram of
Ceilometer cloud base height and INSAT-3D fog product has been shown in Figure 1.
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Figure 1: Pie diagram between Ceilometer cloud base height and INSAT-3D fog
product

In the present analysis, in 43.58% of cases single layer cloud has been observed out of which
23.71% of cases both Ceilometer and INSAT-3D captured fog/low cloud and found to be in
agreement. Cloud base height in the range of 0-2000m is well captured by Ceilometer in the
remaining 19.87% of cases while INSAT-3D unable to detect fog/low cloud. Variations in
the geolocation between the ground based Ceilometer and INSAT-3D satellite as well as the
variation in the widespread nature of fog could be the reason for the disagreement in all these
cases. The Ceilometer identified Multi-layer cloud in 56.42% of cases. It has been observed
that both the Ceilometer and INSAT-3D observations are in agreement in 9.16% of cases out
of 56.42% of cases due to thinner layer clouds. Fog/low cloud is well captured by Ceilometer
in the remaining 47.26% of cases even in the presence of multi-layer clouds while INSAT-3D
failed to capture the fog/low cloud. Figure 2 represents the time series plot of Ceilometer
cloud base height and the INSAT-3D fog product. Generally, fog is indicated by INSAT-3D
with an output of 1.
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Figure 2: Time series plot between Ceilometer cloud base height and INSAT-3D fog
product

V. CONCLUSION

The detection and analysis of fog and low clouds using Ceilometer and INSAT-3D satellite
technology represent significant advancements in meteorological observation and research.
Both Ceilometer and INSAT-3D offer unique capabilities and strengths in fog detection, with
Ceilometers providing high-resolution vertical profiles of cloud cover and INSAT-3D
offering broader spatial coverage over large geographical areas. Despite their individual
strengths, both platforms face challenges in accurately detecting fog and low clouds under
certain atmospheric conditions, such as multi-layer cloud cover. Cloud base height analysis
are optimal when a single cloud layer exists within the higher cloud system. Single layer
cloud in the range of 0-200m is well captured by both Ceilometer and INSAT-3D whereas
Ceilometer is more capable during multi-layer clouds.
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