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Lecture 18: Disaster Management

Welcome, let us talk about disaster management as far as the course on sustainable
mining and geoinformation is concerned. Today, we will be covering the following
concepts, particularly the use of satellite remote sensing and GIS in predicting and
managing mining-related disasters such as landslides or tailing dam failures. We will also
discuss the early warning systems and risk assessments for disaster-prone mining regions,
and we will have two case studies that we will talk about regarding the applications of
geospatial tools in disaster response and recovery planning in mining areas. As well as a
kind of land surface temperature-based analysis that talks about the disaster or gives
indications about some kind of irregular events or activities. So, to predict mining-related
disasters, remote sensing, GIS, and the family of tools, including everything which we
bundle together under geoinformation.
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CONCEPTS COVERED

+ Use of Remote Sensing and GIS in Predicting and Managing

Mining-related Disasters (e.g., Landslides, Tailings Dam Failure)
« Early Warning Systems and Risk Assessments for Disaster-prone
Mining Regions
« Case Study: Geospatial Tools in Disaster Response and Recovery

Planning in Mining Areas



Predicting Mining-Related Disasters
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» Remote Sensing and GIS Technologies Play a Crucial Role in Predicting and
Managing Mining-related Disasters such as Landslides and Tailings Dam
Failures,

These Advanced Tools Offer Real-time Monitoring, Spatial Analysis, and Data
Visualization for Effective Decision-making.
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* landslide Predi High Imagery and DEMs Derived from LIDAR and
InSAR Detect Changes in Slope Stability

* Tailings Dam Monitoring: Satellite-based SAR Identifies Deformations in Dam
Structures that Precede Fallures

* Ground Subsidence: Time-series Analysis of InSAR Data Helps Track Subsidence
Caused by Underground Mining

* Hydrological Assessments: Identifies Changes in Water Levels and Flow Patterns Near

Mining Areas and GIS Models Simulate the Impact of Extreme Weather on Mine

Structures, Aiding in the Design of Mitigation Strategies

So, geoinformation tools play a crucial role in predicting and managing mining-related
disasters such as landslides and tailing dam failures. These tools offer real-time
monitoring and, more importantly, a kind of spatial analysis you get in terms of 2-
dimensional or 3-dimensional space that occupies X, Y, and Z dimensions. And also, the
data visualization: you visualize the data from different aspects, from different angles,
from different solar illumination viewpoints. So, it helps us in this way; it helps us in
decision-making and effective planning. So, what are the different disasters that could
occur in the mining sector or mining industries?

So, one is the landslide. So, predicting landslide activities in mining areas in the mining
industry is very important because if we can predict the landslide in advance, then we can
take preventive measures. So, the high-resolution imageries and the digital elevation
models derived from various data sources, as we already know now, with respect to
digital photogrammetry, the LiDAR-based data cloud points, the SAR interferometry-
based elevation. So, these all help in giving us information about the slope stability. And
in terms of the differential mode, we get whatever changes are happening in terms of the
slope, in terms of the elevation, in terms of deformation.

So, that gives us an idea about any imminent landslide event that could occur. Next, we
come to tailing dam monitoring. Satellite-based SAR, or synthetic aperture radar,
identifies deformations in dam structures that precede failure. So, if there is any
deformation in the structure of a dam, that can be very well identified using differential
SAR interferometry. This technique helps in preventing any kind of failure activities.

The third one is ground subsidence. We have already discussed this in different events as
far as subsidence study is concerned, but this is also one of the mining-related disasters.
So, ground subsidence can be studied or analyzed using time-series SAR interferometry



data or LIDAR data clouds. This data helps in tracking the subsidence that can be caused
by different underground mining excavation activities. The fourth one is hydrological
assessment. In terms of hydrological assessment of disasters related to hydrology, it
identifies any changes in water level, moisture content, and flow patterns near mining
areas. GIS helps in simulating, predicting, and attributing the trend cumulatively. The
impact of any kind of weather or extreme weather events can also be clubbed together,
providing a different assessment as far as the hydrology of the mining area is concerned.
Thereby, it aids in designing mitigation strategies or decision-making processes. Now, let
us see the use of remote sensing as a data source in predicting and managing mining-
related disasters.

Use of Remote Sensing in Predicting and Managing Mining-Related Disasters

* SAR and InSAR: These Techniques Detect Ground Deformation
with Millimeter-level Accuracy, Helping Identify Areas at Risk of
Subsidence Or Landslides

* LIDAR: It Provides High-resolution Topographic Maps, Allowing
for Precise Monitoring of Terrain Changes

Monitoring Land
Deformation

* Satellite imagery (e.g., Sentinel-2, Landsat): Detects Vegetation
Loss, Waterlogging, or Other Early Signs of Instability in Mining
Areas

* Thermal Imaging: Identifies Heat Anomalies, which Could
Indicate Stress or Potential Failure Zones in Tailings Dams

Identifying
Hazardous Zones

* UAVs/Drones: Provide Rapid, High-resolution Imagery Post-
disaster, i A and Recovery
Planning

* Multispectral And Hyperspectral Imaging: Assist in identifying

Contamination Spread (e.g., from Tailings Dam Breaches)

Disaster Event
Monitoring
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First, we we have put it under 3 one is monitoring land deformation if there is any change
in the land in terms of subsidence or in terms of any movement. So, this movement or
deformation needs to be monitored and remote sensing helps in that. Third second is
identifying the hazardous zones. So, the moment we talk about the zones. So, the the the
hazards.

So, we can categorize the mining area in terms of various risk or having hazard or risk
hazard zonation can be done and third is disaster event monitoring. So, this also any kind
of disaster even can be monitored using satellite remote sensing. So, coming to the
monitoring and deforestation, what are the datasets we usually use? the SAR synthetic
aperture radar and InSAR the synthetic aperture radar interferometry techniques. So,
these two techniques help in detecting the ground deformation as we already know about
the accuracy it can go up to millimeter level accuracy helping identifying the areas which
are at different risks of subsidence, different risk of deformation that could lead to
bigger events like landslides.



The satellite images coming from the optical sensor such as Sentinel-2 and Landsat, IRS
in Indian Remote Sensing Satellites. So, these optical data they detect the vegetation loss
water logging areas and other early signs of instability. So, registration loss is a sign of
instability it it leads to what you say it is triggered by some other event down below
below because of mining or other activities or because of other things such as fire or or
what you say the degradation related activities. Then the second one is water logging,
water logging and similar kind of activities they they sometime offer indication of
instability in mining areas. So, detecting these kinds of instabilities very important and
satellite imagery helps in that.

Coming to thermal imagery, where heat anomalies can be very well identified, which
could indicate stress or any kind of potential failure zones in tailing dams. So, any kind of
fluctuation or anomalies due to variation in heat content, temperature—all these things
can be very well captured using thermal imaging. Coming to disaster event monitoring,
yes, we have with us the drones or UAVs, unmanned aerial vehicles. So, these platforms
provide very rapid and high-resolution imagery, particularly post-disaster. So, if we have
this kind of information post-disaster, it can help in terms of recovery planning, relief
distribution, and effective damage assessment. So, multispectral and hyperspectral
imaging assist in identifying contamination spread from any tailing dam breaches or other
activities.

So, hyperspectral and multispectral imagery helps in identifying the spread of
contamination or any other tailing activities with respect to GIS. So, as we already know,
the geographic information system integrates spatial and non-spatial attribute data,
thereby helping in managing mining-related disasters. So, GIS integrates both these
datasets. It also helps in visualization and analysis, thereby enabling decision-makers and
managers to assess any kind of risk and plan mitigation measures or strategies. So, let us
talk about hazard mapping. Yes, hazard zone or hazard risk zone mapping and
monitoring are very important. So, overlaying geological, hydrological, land use, and
land cover data—



GIS in Managing Mining-Related Disasters

GIS Integrates Spatial and Non-spatial Data for Visualization and Analysis, Enabling Decision

makers to Assess Risks and Plan Mitigation Strategies Effectively

Hazard Mapping

«  Overlaying Geological, Hydrological, and Land Use Data to identify Zones Prone to Landslides,
Floods, or Subsidence

o Creation of Tailings Dam Vulnerability Maps Using Parameters like Slope, Drainage Patterns, and
Historical Failure Data

Risk Assessment And Modeling

o Predictive Modeling: GIS can Simulate Scenarios like Dam Breaches or Slope Fallures, Providing
Insights into Potential Impacts

¢ Multicriteria Analysis: Combines Environmental, Social, and Economic Factors to Prioritize Areas for
Intervention

Decision Support Systems (DSS)

¢ Real-time Data Integration: Linking GIS with 10T Sensors in Mining Areas Enables Continuous
Monitoring of Critical Parameters (e.g., Water Levels, Seismic Activity)

¢ Emergency Response Planning: GIS Facilitates the Development of Evacuation Routes and Resource

Allocation Plans
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And many other attributes or layers—we say information layers—that serve as proxies or
indicators to hazards can be integrated together to identify risk zones as far as landslides,
floods, land subsidence, or similar hazards are concerned. So, hazard mapping is also
done to provide information on tailing dam wvulnerability using maps of various
parameters such as slope, drainage patterns, and historical failure data. So, historical
failure data is very important because it already gives an indication that failures have
happened here before, providing clues about what went wrong. So, accordingly, it
prepares or gives important intelligence for GIS integration or GIS-based analysis. Then,
risk assessment and modeling—yes, predictive and multi-criteria analysis.

So, we need to do some kind of prediction, and GIS helps in that by imitating the pattern
or the trend or the attributes or the causes or the drivers that are linked to this kind of
disaster activity. And using multicriteria analysis, we combine various factors including
environmental, social, and economic factors that are present or available around the
locality, around the mining areas, to prioritize the risk areas—Ilow to high kind of
gradation—both quantitative and qualitative can be done for effective management and
relevant interventions. Now let us talk about the DSS decision support system. So, real-
time data integration linking GIS with 10T sensors in mining areas enables continuous
monitoring of critical parameters. So, in terms of decision systems, decision systems help
in enabling us to make any decision or provide any decision based on science, based on
scientific evidence, and based on the inputs we provide to that.

So, real-time data integration links GIS and Internet of Things-based sensors in mining
areas, which enables continuous monitoring of critical parameters such as water levels
and other seismic activities. Emergency response planning: GIS facilitates the
development of evacuation routes and resource allocation plans. So, that is how it helps



in planning any kind of emergency response. Mining-induced seismic events, or mining-
induced seismicity, result from fracture initiation, propagation, and rock mass movement.
So, this could happen during large-scale excavation, and that is why it is triggered by
tectonic and many kinds of mining-induced traces.
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Mine-Induced Seismic Events

Mining-induced Seismicity Results From Fracture Initlation, Propagation, And Rockmass

Movement During Large-scale Excavation, Triggered By Toctonic And Mining-induced Stresses

Occurrence: It Is Observed Globally In Underground Mining And Tunneling, Across Various
Rock Types Such As Granite (Hard) And Coal (Soft)

Risks:
* Production Delays, Equipment Damage, And Structural Collapse (Drifts, Stopes)
* Rockbursts And Mine Roof Collapses Pose Significant Threats To Miner Safety

Magnitude Impact: Events With A Magnitude Of 3.0 Can Cause Severe Damage Within A 100-
meter Radius, Including Rockfalls And Structural Instability

Contributing Factors: Depth, Excavation Size, Production Rate, Geological Discontinuities, And
Ambient Tectonic Stress Significantly Influence Seismic Activity

(khald, 2021
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These mining-induced seismic activities are observed globally, mostly in underground
mining and tunneling across various rock types such as granite, which is a kind of very
hard rock we all use, and coal, a kind of very soft rock. So, this kind of rock—any kind of
this rock—is observed mostly in underground mining. So, the risks are delays in
production, equipment damage, and any kind of structural collapse in terms of drifts or
stops. So, rock bursts and mine roof collapses pose significant threats to miner safety. Let
us talk about the impact or the magnitude of the impact.

So, events with a magnitude of 3.0 on the seismic scale can cause severe damage within a
100-meter radius, including rock falls and structural instability. So, depth, excavation
size, production rate, geological discontinuities, and ambient tectonic stress—these
factors all contribute significantly to influencing any kind of seismic activity. So,
monitoring mine-induced seismic activity is a must, using geoinformation tools, which
are very helpful. So, deformation monitoring in tailing dams is critical for identifying
potential failure modes. Deformation occurs both vertically and horizontally, with unique
characteristics and monitoring requirements. So, let us see what the vertical movement
properties and the horizontal movement properties are.



Deformation Monitoring in Tailing Dams _

» Monitoring Deformation in Tailing Dams is Critical for Identifying Potential Failure Modes
» Delormation Occurs Both Vertically and Horizontally, Esch with Unique Characteristics and Monitoring Requirements

Vertical Horizontal
Movements e Movements —
Ca nore visible than
al den
ettler

* Electromagnetic Probes: Used « Inclinometers and
within standpipes to measure Piezometers: Track interlayer
differential settiement movement and horizontal

+ Geodetlc Survey Methods: displacements.
GNSS, precise leveling, and * Advanced Technologies:
collimating line surveys Terrestrial Laser Scanning
provide accurate data on (T1S), hydrographic surveys,
external vertical shifts, and photogrammetry detect

horizontal changes efficiently

As far as vertical movement is concerned, internal vertical movements are caused by
compaction and material consolidation, and also by sudden movements that may indicate
internal erosion or other kinds of failures. So, how do we measure this kind of vertical
movement? In mining environments, we also use electromagnetic probes within
standpoints to measure differential settlements, and another method is the geodetic
survey. So, using GNSS—the Global Navigation Satellite System. Precise leveling and
collating line surveys provide accurate data on external vertical shifts.

So, we have already discussed GNSS, differential GNSS, where you have the Arctic and
other modes, and a roving activity, you have a base station. So, we have discussed all this
in terms of accuracy as far as the geodetic survey is concerned. So, accurate data provides
more precise information about vertical shifts. Now, let's talk about horizontal
movement, which is typically more visible than vertical movement and often linked to the
settlement of dam sections. So, measurement techniques such as inclinometers and
piezometers are used.

So, these instruments track inter-layer movement and horizontal displacements. And the
advanced remote sensing technology, such as TLS (terrestrial laser scanner),
hydrographic surveys, and photogrammetry-based analysis, detects horizontal changes
more efficiently. So, both horizontal and vertical movement, in terms of deforestation
monitoring as far as tailing dams are concerned, is important and can be done using these
kinds of measurement techniques, including instruments or satellite and geoinformation-
based approaches. So, what are the monitoring techniques in terms of tailing storage
facilities, sometimes abbreviated as TSF? So, we have GPR (ground-penetrating radar),
terrestrial LIDAR, and SAR interferometry in terms of image or data-providing tools and
approaches.



Monitoring Technologies and Considerations for Tailing Storage Facility (TSF)-1

Ground Penetrating Radar (GPR)

« Uses radar pulses for subsurface evaluation and
real-time movement detection

+  Effective for solid structures; less suitable for

dynamic T$Fs due to continuous structural changes Terrestrial LIDAR

* Generates accurate 3D models to detect small
surface movements
o n .

ess poired with expert

*+ Monitors surface changes with sub-centimeter

eo als
ted by 8-10 day data intervals

So, in terms of ground-penetrating radar, it uses radar pulses for subsurface evaluation
and real-time movement detection. It is very effective because this instrument has more
precision as far as the measurement is concerned. And it is effective for solid structures
but less suitable for dynamic TSFs, like tailing storage facilities, due to continuous
structural changes. So, it is more important or effective for solid structure measurement
than for continuous flow measurement. So, the second one is terrestrial LIDAR.

Yes, terrestrial LIDAR generates accurate three-dimensional models to detect small
surface movements. So, these small surface movements are ideal for external monitoring,
but they are not as effective for internal changes and are also prone to false alarms in
dynamic environments unless paired with expert systems. So, we need to use the three-
dimensional models generated using the data clouds from the TLS (terrestrial laser
scanner). So, that needs to be used in terms of 3D models very effectively. Now, coming
to SAR interferometry, INSAR monitors surface changes with sub-centimeter precision.

So, that is how they are effective for surface deflections, but they require coupling with
geotechnical sensors for subsurface insights. And this is limited by 8 to 10-day data
intervals; this data interval limitation is due to the temporal resolution or the repeatability
of the satellite that is mounted with a SAR sensor. The next four are total station
automation. Yes, the total station we use tracks surface movements by comparing fixed
survey points over time. We also use real-time monitoring systems that combine
piezometers, weather stations, ultrasonic, seismic, and ferretic sensors for holistic
monitoring of the TSF (tailings storage facilities).



Monitoring Technologies and Considerations for Tailing Storage Facility (TSF) -Il

Total Station Automation Real-Time Monitoring Systems

*  Tracks surface movement by comparing * Combines plezometers, weather stations, ultrasonic,
fixed survey points over time seismic, and phreatic sensors for holistic monitaring

+  Accurate but requires geatechnical +  Centralized tystems enable real time data analysis
analysis to interpret underlying causes | and remote management

Mine loT-Based Systems

[+ Detect tremors, earthquakes, and | + Connects sensors, machines, and operators for

| operational vibrations affecting dam d [ of def jon, seepage,
stability rainfall, and other parameters
|+ Useful for real-time monitoring when *  Processes data independently for efficient and

Megrated with other sensors | Informed decision-making

Coming to seismic sensors, seismic sensors detect tremors, earthquakes, and operational
vibrations that affect dam stability. As far as the mine loT-based systems are concerned,
they connect sensors, machines, and operators for automated monitoring of deformation,
rainfall, and other parameters. So, these methods are available for monitoring the TSF.
Now let us talk about surface disaster assessment using the weighted overlay model
(abbreviated as WOM). The WOM is commonly used to assess the potential risk of
surface disasters such as flow failure, land subsidence, and other mining-induced surface
deformations.

Surface Disaster Assessment — Weighted Overlay Model (WOM)

*  The Weighted Overlay Model (WOM) is commonly used to assess the potential risk of surface disasters, such as
slope failures, land subsidence, and other mining-induced surface deformations.
*  Itinvolves assigning weights to various causative factors based on their potential contribution to disaster

Input Factors:
The model uses multiple spatially referenced input factors, which may indude:
* Hydrological Factors: Water flow, drainage patterns, and groundwater conditions
* Geomorphological Factors: Slope, topography, and terrain types
* Greological Factors: Rock type, structural features (faults, folds), and material strength

These factors are converted into spatial data layers (raster format) that are then processed and
welghted according to their relevance to the disaster being assessed

Application:
WOM has been applied in various disaster , such as P y mapping
and soll erosion roning. Also used in mining areas for assessing slope stability and surface

deformations

Mabbooh ot of . 2029)

It involves assigning weights to various causative factors based on their potential
contribution to disaster occurrence. So, input factors—yes, the input factors based on the
model—use multiple spatially referenced input factors, which may include hydrological,
geomorphological, and geological factors. The hydrological factors, such as water flow,
drainage patterns, and groundwater conditions, fall under the hydrological factors. As far
as geomorphology is concerned, slope, topography, and terrain types fall under the
geomorphological categories. And, as far as the geological factors go, rock type,



structural features such as faults and folds, and material strength fall under the geological
factors.

So, these factors are converted into spatial data layers raster or the grid format that are
then processed and weighted according to their relevance to disaster. So, that is why the
model is weighted overlay model. So, we assign a weight based on their importance in
terms of contribution to surface disaster ok. So, the application of weighted overlay
model. So, WOM has been applied in various disaster assessments such as landslide
susceptibility mapping and soil erosion zoning.

Also used in this model is also used in mining areas for assessing slope stability and
surface deformation. So, this Mahboob et al in 2020 have used this model and for surface
disaster assessment using this weighted overlay model and this was published their study
has been published in the year 2020. So, the components we have various components as
far as the early warning systems is concerned the early warning system as far as disaster
is concerned. So, it could be the monitoring systems in a in terms of monitoring systems
we should have sensors the remote sensing-based images and then the seismic
monitoring. So, the sensors such as ground based measurements are concerned the
ground-based sensors such as phasometer, tiltmeter etc they monitor any kind of
structural stability or instability and provide the real time data.

Components of Early Warning Systems

Monitoring Systems

* Sensors: Gr d-based sensors (e.g., pi s, ) monitor structural stability and
provide real-time data

* Remote Sensing: Continuously captures spatial data to track changes in terrain and
environmental conditions

¢ Selsmic Monitoring: Detects vibrations or microselsmic activity that may precede disasters

Data Integration and Analysis
*  Advanced analytics and machine learning models analyze data streams to predict fallures

* Integration of historical disaster data to improve predictive accuracy

Communication Systems

* Early worning alerts disseminated via text messages, sirens, or other communication channels

*  Training programs for mining communities i effectiv

10 understand and respor

ely to war

The satellite remote sensing continuously captures the spatial data and track changes in
terrain and the environmental conditions, seismic monitoring detects the vibration or the
micro seismic activity that may precede the disasters. So, these data sets when we
integrate, so this if we integrate and analyze in terms of using advanced analytics and
machine learning tools the failure can be predicted. The failures if we can predict the
failure as far as any disaster is concerned then we will be able to take what you say



preventive measures in advance. Now, coming to the other component of early warning
system that is the communication systems. Early warning alerts disseminated via text
messages sirens or other communication channels.

Once we understand that a kind of disaster might happen or there is a chance that it could
happen. Then we need to communicate this message at the right place and at the right
time. So, this can be in terms of text messages on mobile phones or whatever display
devices the workers or the people working in the mining are using or in terms of a siren,
so that they will understand that something very hazardous or dangerous is happening,
and they will leave the place, vacate the place, prepare for it, or use any kind of
communication channels. So, training programs for mining communities help them
understand and respond effectively to such warnings.

Let us see two examples. The first one is by Cao et al. Here we are trying to see the
change or the realization of the land surface temperature using Landsat 8 OLI, ASTER,
or many other remote sensing data sources. We can very well visualize the land surface
temperature. This study was done by Cao et al. in 2020, using two sets of images over
two time periods: 2015 and 2019.

Case Study: Impacts of Coal Mining on Land Surface Temperature and Ecology

Study Focus
Examined the tpatial varistion of Land Surface Temperature ¥ ok - Xf R
3 ¢/, =/
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(LST) in mining areas of Jixl, Hellongliang, China, using remote P Mgl VI | 4 P > F,
sensing dats from Landsat & OLI (2015 and 20185) R % S V y
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¢ Used ArcGiS 10.5 and ENVI 5.3 for LST inversion and land g e e ‘\?'

use classification S -

+  Applied a single-window slgorithm for LST calculations ey - aw B -
and analyzed the correlation between LST, land-ate type, 1 E
and vegetation coverage

Koy Findings

*  LSTs varied significantly among land-use types. Ranked from highest to lowest: Mining Land > Corn
Land srassiand > Cultivated Land > Forest Land » Water Aree

*  Vegetation coverage is inversely correlated with LST; 2 0.1 increasa in vegetation coverage can decrease LST
by approximately 0.75°C

*  Larger mining patches have higher average snd maximum temperatures, with the hesting effect extending to
surrounding buffer tones

¢ Land-Use Changes (2015-2019): Decrease in cultivated land, increase in forest land and construction land.

High v located near mining and construction lands.  (Cao et al,, 2020)
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They found a change in the land surface temperature over the coal mining region. So, if
we find this kind of temperature variation, we will be prepared to understand what it
means. Then, if we correlate the regions or attributes to that, we will understand if it has
any chance of leading to any kind of disaster, and we can be prepared in advance. This
study revealed that LST varied significantly among land use types, ranked from highest
to lowest. Mining land was very high, construction land next, then grassland, cultivated
and forest land, and water body areas were the coolest. This kind of variation in land use



type or ranking helps in understanding any symbols or indications related to disasters
over a mining risk site.

The second case study on landslide hazard assessment in mountainous open-pit mining
uses SAR interferometry. This study was conducted by Dai et al. in 2024 over a study
area in Yunnan, China. They used data sources from Sentinel-1A, Landsat-8 OLI, and
Sentinel-2A. Sentinel-1A is the microwave or SAR, and Sentinel-2 is optical. They also
used ASTER GDEM. The digital elevation model, along with precipitation and other
geological data, contributes to the hydrological and geological components, respectively.

R N 1 Study Area: Xiaolongtan coal mining area, Yunnan, China
Case Study' Landslide Hazard Assessment in Data Sources: Sentinel-1A, Landsat 8 OLI, Sentinel-2A,

Mountainous Open-Pit Mining Using InSAR ASTER GDEM, Precipitation, Geological data |
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METHODOLOGY

INSAR Anatysis
*  Used SBAS-InSAR for surface deformation monitoring (Nov 2019-Nov 2021)
0 { /i ) from and

. using 11 slope, lithology, NDVI, etc.)
41+ Combined subjective (AHP) and objective (entropy) welghting methods
Figure: (a) Distribution of potential landslide points.
(b) The g P in the mining area
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formation: -231.73 mm/yeor to +81.42 mm/year, High deformation near open-pit mines & waste dumps
sints: 2353 potential landsiide points identified, concentrated near sopes with low vegetation

High risk linked 1o elevation (341-1180m), slope (>35°), NOVI {<0.25), proximity to rivers & fault zones
ROC AUC = 0.818, confirming moded rellability (Dai wt. al., 2024)

The methodology in SAR interferometry-based analysis was done using SBAS
technology, as discussed in Lecture 17. This helps measure surface deformation
accurately. The hazard model used 11 indicators, including elevation, slope, lithology,
etc., to develop a model combining AHP (Analytical Hierarchical Process) and entropy-
based objective weighting methods. On the left-hand side, the distribution of potential
landslide points can be identified. Key findings from Dai et al.'s study include vertical
deformation. The deformation ranges from -231.73 mm/year to +81.42 mm/year. Very
high deformation, both upward and downward, was observed near open-pit mines and
waste dumps.

A total of 2,353 potential landslide points were identified using this hazard model, with
risk levels ranging from high to low in landslide hazard zonation. The model was
validated using AUC (Area Under Curve), showing good accuracy with an AUC value of
0.818. This indicates high reliability for the model. These references confirm that remote
sensing technologies like LIiDAR, INSAR, and GIS are effective for predicting and
monitoring hazards such as landslides, subsidence, and tailing dam failures, which are



common in mining industries. Hazard mapping, risk modeling, and decision support
systems enhance disaster management potential in mining operations.
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» Remote sensing (e.g., LIDAR, InSAR) and GIS technologles effectively predict and monitor
hazards like landslides, subsidence, and tailings dam fallures.
» UAVs and satellite imagery provide high-resolution data for disaster assessment.

~ Hazard risk modeling. and DSS enh disaster

» Integration of loT with GIS ensures real-ti ¥ g and efficient response planning.
# Tailing dam safety relies on deformation tracking and geodetic methods.

» Integration of remote sensing, GIS, and loT in disaster management improves prediction

accuracy, mitigation p! ing, and envir monitoring,

The integration of 10T with GIS ensures real-time monitoring and other benefits, which
helps in efficient response planning for the mining industry. Thank you very much.



