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ABSTRACT:

Frequency of extreme weather events such as cloudbursts, heatwaves etc. have increased as an outcome of changing climate.
Identification of the pattern of extreme temperature events is important since it governs various events such as heatwaves, wildfires,
droughts, storms, coldwaves etc. Moderate Resolution Imaging Spectroradiometer (MODIS) provides Land Surface Temperature
(LST) data at 1 kilometre of spatial resolution at daily interval that can help in the identification and mapping of the anomalies in the
temperature at pixel level. This study proposes a global-scale daily long-term thermal anomaly detection tool made using Google
Earth Engine (GEE) App. This open source tool with the name of ‘Deviation from Mean’ uses the MODIS LST data available from
2000 till date to detect temperature anomaly based on the deviation of temperature of any day (chosen by the user) from the long-
term climatological mean. It also generates a time-series plot of temperature values of any pixel for any date for last 24 years i.e.
2000-2023 in the graphical form to analyze the variation in the temperature over the time. A case study has also been done using the
tool to highlight the thermal anomaly experienced over the Indian sub-continent during March-April, 2022 and 2023. This tool is
capable of providing thermal anomaly information at global, regional as well as local level that can help in taking region-specific

mitigation measures.

1. INTRODUCTION

Extreme events have been increasing in terms of frequency as
well as intensity (Bevacqua et al., 2023; Seneviratne et al.,
2012), and can be estimated as those events that occur outside
of the lower or upper bounds of the statistical lower or upper
bounds of evidently characteristic climate events (Jia et al.,
2019). This anomaly of extremeness can be attributed to the
human-induced climate change (Wei et al., 2023). Extreme
weather events like floods, droughts, heatwaves, cyclones etc.
generally occur due to the extreme temperature and
precipitation conditions and they cause a lot of damage to the
people and environment (Lehmann et al., 2015). Researchers
from all around the world are interested in and focused on the
effects of extreme climate and weather events on diverse
environmental components, such as terrestrial ecosystems
(Flach et al., 2018; Wei et al., 2023) and its impact on
vegetation growth etc. (Liang et al., 2023).

Mean global temperature has been rising since the onset of 20"
century with an enhanced rate of warming in past thirty years
(Allan et al., 2021). This necessitates the identification and
understanding of the pattern of extreme temperature events
(Herrera-Estrada & Sheffield, 2017). With the advancement of
geospatial technology and availability of the long-term Land
Surface Temperature (LST) datasets, it has now become
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feasible to assess the pattern of changing environmental
conditions over a large area for a long period of time.
Understanding the pattern of daily temperature to detect the
thermal anomaly requires global satellite data from a common
source to avoid any kind of discrepancy in data.

A number of studies have been done to analyze the impacts of
climate change on the frequency and intensity of extreme
events, and the impact of extreme weather events on phenology
(Inouye, 2008), vegetation dynamics (Baumbach et al., 2017;
Jiang et al., 2017; Seddon et al., 2016) and terrestrial carbon
cycle (Piao et al., 2019). Genzano et al., (2020) proposed
a Google Earth Engine (GEE) App to analyze, map out, and
keep track of volcanic thermal anomalies on a worldwide scale
using images from Sentinel-2 MSI and Landsat-8 OLI based on
the Normalised Hot spot Indices (NHI) technique that
can investigate more than 1400 active volcanoes with very
quick processing times.

But it is more vital to analyze the spatio-temporal pattern of
extreme weather events in order to characterize their frequency
and intensity. Alexander et al., (2006) have computed and
analyzed multiple climate change indicators based on daily
temperature and precipitation data with a focus on extreme
occurrences. As per their findings, more than 70% of the
sampled land area worldwide had a considerable decrease in the
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frequency of cold nights and an increase in the frequency of
warm nights annually.

There is a lack of a robust method to detect and monitor
thermal anomalies over long-term at regional or global scale at
high temporal frequency. To fill this gap, the present study
proposes a thermal anomaly detection tool that can detect, map
and monitor thermal anomaly at daily interval globally. This
tool can be used to understand the pattern of extreme events. In
this study, Moderate Resolution Imaging Spectroradiometer
(MODIS) Terra LST data, available at 1 km spatial resolution
globally has been used to detect the long-term thermal anomaly
at global scale. Thermal anomaly detection is based on the
deviation from long-term mean approach. The developed tool
uses the potential of Google Earth Engine (GEE) App that
allows utilising its vast geospatial data catalogue and
computational ability. This tool developed automates the
process of thermal anomaly detection at per-pixel level based
on the deviation of LST provided by MODIS from
climatological mean of last 23 years (2000-22).

2. STUDY AREA

The thermal anomaly tool developed in this study is capable of
generating deviation from mean maps globally and thus
detecting the thermal anomaly for the entire globe on a single
click. The extent of the layer generated is based on the coverage
and data availability of the input dataset i.e. MODIS Terra LST.
Figure 1 shows the global climatological mean LST for 15"
May for the years 2000-2022, calculated using the tool for the
thermal anomaly detection.
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Figure 1. Climatological mean LST (2000-2022) for 15" May
calculated using the tool shown in the GEE interface
3. MATERIAL AND METHOD
3.1 Satellite dataset
The present study uses Moderate Resolution Imaging

Spectroradiometer (MODIS) Terra LST and emissivity data for
detecting the long-term thermal anomaly for the entire globe.

The generalized split-window approach is used to obtain
MODIS LST data, and it estimates the emissivity from channels
31 and 32 based on the types of land cover, atmospheric
column water vapor, and lower boundary air surface
temperature. MODIS Terra LST provides the geospatial data of
temperature of land surface daily for day time as well as night
time at 10:30.

Data Name: MOD11A1
Platform: Terra
Instrument: MODIS
Spatial Resolution: 1 Kilometre
Temporal Resolution: Daily
Spatial Coverage: Global
Temporal Coverage: 2000-till date

Table 1. Specification of the input satellite data used

Currently, the tool provides thermal anomaly based on MODIS
Terra only, since it has more temporal coverage than MODIS
Aqua LST, which is from 2002 and comparatively less amount
of missing pixel data. The specification of the input data used in
the current study is given in Table 1.

3.2 Methodology

Analysis of the long-term satellite data is necessary for thermal
anomaly detection and monitoring. To handle this huge volume
of data and perform analysis requires a platform with high
computational facility. GEE provides such platform to perform
high-end data analytics as well as it provides a vast catalogue of
geospatial database globally (Gorelick et al., 2017). The entire
study has been carried out using the GEE platform. In the
present work, daily deviation from long-term climatological
mean has been calculated for each date in order to identify the
thermal anomalies and understand their spatio-temporal pattern.

MODIS Terra LST dataset has been retrieved from GEE for the
entire globe. For the detection of thermal anomaly, standard
deviation of the land surface temperature from the long-term
climatological mean has been calculated. Extreme events or
anomalies can be daily phenomenon, so in order to catch the
anomalies at daily interval;, deviation from mean has been
calculated for each day as shown in Figure 2. The deviation of
land surface temperature of a particular day in any year, let’s
say 2023, has been calculated from the climatological mean of
the LST of that particular day for last 23 years i.e. from 2000-
2022. While for any date selected before 2023, deviation has
been estimated from the climatological mean of the day from
2000 to the previous year’s LST i.e. for 2022; mean is
calculated from 2000 to 2021 and so on.

Monitoring and detection of thermal anomaly over the entire
globe at the spatial resolution of 1 kilometre has been made
convenient by developing an application in GEE with the name
‘Deviation from mean’ tool. The interface and other features of
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the app or tool developed in the present study have been
explained in further sections.
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Figure 2. Flow diagram showing the basic steps involved in
detecting thermal anomaly

4. RESULTS AND DISCUSSION

Long-term thermal anomaly detection and mapping at per-pixel
level at global scale has been done in this study by developing a
GEE tool. It provides a homogenous approach to detect the
thermal anomaly all over the world and its continuous
monitoring over long-term.

Interface of the tool- Deviation from mean

Along with various advantageous features of GEE, it also
allows to make the user interface in the form of GEE
application. ‘Deviation from Mean’ is one such application
having a user-friendly interface having different features and
showing the state boundary of India by default. This tool gives
an option to the user to choose a date to analyze the thermal
anomaly either from the calendar or from the date slider for
narrow date range as shown in Figure 3. As soon as the user
chooses any date, the deviation from mean layer gets created.
Figure 4 shows the deviation from mean for 15" may 2023 that
has been calculated using the tool.
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Figure 3. Interface of the app showing the India's state
boundary

This tool has another feature of generating a time-series graph
of the LST values at any particular location for last 24 years i.e.
from 2000-2023. The year-range for the plots is common for all

the pixels and it utilizes the entire database of MODIS day-time
Terra LST available in GEE. Value of LST in the graphical
form is shown in °Celsius and is based on the availability of the
data at that particular pixel over the years. The graphs get
generated on the left panel when the user clicks on any location
on the map. Multiple graphs can be generated for a single date.
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Figure 4. Multiple graphs shown on the left panel

In Figure 4, the graphs for three locations have been shown.
These locations also get added on map as a point to highlight
the locations for the graphs have been generated. For the 3
locations chosen, time-series plots have been generated that
shows the variation of LST from 2000-2023. These graphs can
be exported as Comma Separated Value (CSV), Scalable
Vector Graphic (SVG) and/or Portable Network Graphic (PNG)
file for further analysis as shown in Figure 5.
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Figure 5. Time-series plot of the selected points shows the
variation of LST from 2000-2023

The climatological mean and LST of the chosen date, which
have been used to calculate the deviation from mean can also
be visualized using the buttons on the left side panel (Figure 6).
It utilizes the high computational resources of GEE to provide
the continuous monitoring of thermal anomaly using high
temporal resolution MODIS data globally at pixel-level.
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Figure 6. Climatological mean and LST of the selected date

Case study: Thermal Indian

Subcontinent

anomaly detection for

To showcase the potential applications of the tool, a case study
has been conducted for the thermal anomaly detection over the
Indian sub-continent for the months of March-April, 2022 and
2023. The deviation from long-term mean layers have been
classified into five classes to highlight the increase in

temperature in °Celsius as per the criteria of heatwaves given
by India Meteorological Department (IMD) (Bhadram et al.,
2003; Pai et al., 2004) that has been kept constant for the entire
globe.

The deviation from mean maps generated using the tool
developed in the study, shown in Figure 7 for 11-20 March,
2022 shows the very high deviation of LST i.e. more than 6.4
°C in the Tibetan region as well as in the Pakistan region along
with the southern and central Indian part. While for the same
dates in 2023, the deviation has been lowered.

Similar pattern can be observed while comparing for 1-10 April
of 2022 and 2023 in Figure Al in appendix. This shows the
unusual warming of the Tibetan region and the central and
southern part of India during March and April, 2022 which is
lowered during the same months of 2023 due to precipitation
resulted from the western disturbance (Wei et al., 2023).

11-20 MARCH, 2022

11-20 MARCH, 2023

Deviation (Celcius)
H<o

Figure 7. Deviation from mean maps generated from the tool for 11-20 March, 2022 and 2023
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Time-series plot of the random points generated for the areas
having high deviation values from the long-term mean LST
from 2000-2023 for 15" May, 2023 over the Amritsar area is
shown in Figure 8. The time-series plots showing the variation
of LST from 2000-2023 states the anomalous warming of these
locations on 15" May, 2023. LST values shows the sharp rise
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for the same date in 2005, 2010 and 2013. By utilizing the
information from these graphs, thermal anomaly over a region
can be detected, monitored and analyzed.
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Figure 8. Time-series plot of LST for 15" May, 2023 of the random locations from Amritsar, India

5. CONCLUSION

The study concludes that the thermal anomaly detection and
monitoring tool developed in the study can be proved to be
extremely helpful in doing the global, regional as well as
local level studies of detecting thermal anomalies whether
leading to heat wave or cold wave which can help in taking
region-specific mitigation measures. Future scope of this
study aims at improving the user-friendly experience and
performance of the tool to include the analysis part and also
include other variables such as precipitation which can help
in investigating the extreme events.

DATA AVAILABILITY

The study utilizes publicly available MODIS LST data which
can be found in the GEE data catalogue on the link-
https://developers.google.com/earth-
engine/datasets/catalog/MODIS_061 MOD11Al. The link
for the long-term thermal anomaly detection tool called
‘Deviation from mean’ that can detect, map and monitor
thermal anomalies at daily interval globally can be provided
upon request.
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APPENDIX
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Figure Al. Deviation from mean maps generated from the tool for 1-10 April, 2022 and 2023
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