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Who is your today’s instructor?

• PhD in Physical Geography (Fluvial 

geomorphology) from UT-Austin

• Field works and researches in many of 

the largest rivers in our planet 

(Morphodynamics and human impacts)

• Methods: field and quantitative methods 

(remote sensing & statistics)

• at NIE since 2019, developing fluvial 

researches across Southeast Asia
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To address this question:

Fieldwork, traditionally has been a 

mainstream of research method in geography

I define Geographical science as understanding 

spatiotemporal patterns of things on Earth. 

The ultimate question in geographical science is:

Why this is happening here?

Geography, it’s all about mapping

“near things are more 

related than distant things”



However, how much can be covered by fieldwork?

Single measurement of levee height:

Cannot address any important questions/spatial patterns…

• Cost

• Accessibility

• Equipment 

• Manpower & time



How RS has augmented my research? (1)

• Do research in the Scale that is not possible in conventional way!

Estimating sediment budget over the whole Amazon Basin



Global-scale reservoir monitoring

How RS has augmented my research? (2)

• Do research in the Scale that is not possible in conventional way!



Assessing the dam impacts

• Someone can go to the middle of 

the river every week, bring the 

sample to the lab, filter, dry, 

weigh and record…for 15 years?

• Re-construct the whole time-

series in 30 mins

How RS has augmented my research? (3)

• Do research in the Scale that is not possible in conventional way!



Remote Sensing: A Definition

“The art and science of acquiring 
information about the earth and its 

environment using sensors mounted in 
aircraft and spacecraft”

However, every “sensing without physical 
contacts”

Aerial photography 8



Remote Sensing as a Science

• Not only a sub-field of 

Geography

• A highly inter-disciplinary 

field

• Applicability
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History – Balloon, kite, airplane and satellite

1906 San Francisco 

Earthquake

During WWI, over one million aerial 

photographs were taken for military purposes



Space-born Imaging

• Revolutionized field of Remote Sensing

• 1960 – launch of NASA’s MetSats

• 1960-72 Corona spy satellite program

• Until this time, limited to military usages
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Global Satellite Observation System (GSOS)

Satellite constellation

• Some of the satellites orbiting 
the Earth, as part of GSOS. 

• Currently, as of 2020, there 
are >2,500 satellites! 
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Global Satellite Observation System (GSOS)

Sun-synchronous (polar-orbiting)

• Mostly sun-synchronous… 
have global coverage…..

• …Then why do we need that 
many satellites?

• Some of the satellites orbiting 
the Earth, as part of GSOS. 

• Currently, as of 2020, there 
are >2,500 satellites! 
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Because each sensors/satellites have different purposes

Platform Sensor(s)

Landsat-7 Enhanced Thematic Mapper +  (ETM+): Global land 

characterization

SPOT-4 High Resolution Visible -Infrared (HRVIR): Vegetation

Terra MODIS: Rapid terrestrial monitoring

Jason-2 Altimeter: sea surface height anomalies

Radarsat Synthetic Aperture Radar: surface roughness

IKONOS IKONOS: Very high-resolution imagery (0.5 m)



• Derived from 1‐km Adv. Very High Resolution Radiometer (AVHRR)

• Yearly, monthly, weekly or even daily.

• Data acquisition of the Earth has never been easier than this…

Global Land Cover Characterization

16



• From Defense Meteorological Satellite Program (DMSP)

• Unlike most of the sensors, this is “night” remote sensing. 

• Correlates with population & economic activities.

Global Distribution of Night-time Light
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MODIS Sea Surface Temperature

From Defense Meteorological Satellite Program (DMSP)

Operational Line-scan System
• MODIS thermal band (longer-wavelength spectral zone)

• Daily dynamics SST over the global scale 18



Composite March 24 – April 8, 2000

• Leaf Area Index = (Leafed area) / (Total Area)

• A widely used index for “vegetation density” per pixel

MODIS Leaf Area Index
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MODIS Wild Fire Mapping – Rapid response

- May 3rd, 2015 -
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Post-fire mapping in San Diego 2007 

• One of the largest fire in US, 

burned 1,000 km2

• ASTER imagery after the fire

• Dark red = burned areas 

• Green  = vegetation 

• Blue = urban areas

San Diego
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Indian Ocean Tsunami (2004)

• A village in Sumatra showing sandy deposits from the event

• Sand beach, trees and grasslands are washed off!

Before After

Sandy debris
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mosque

Sandy

beach



Earthquake in Sulawesi – 28th Sept, 2018

• Post-event high resolution image analysis

• Palu – dramatically destructed

• “Strike-slip” Earthquake along the active faults
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Hurricane Katrina

• One of the 5 deadliest hurricanes in the history of US.

• A bay in Mississippi; sand beaches are lost.

Sand beaches 

are gone!
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Hydrology

Snow DepthSoil Moisture

Daily 

Transpiration

Surface Water

Depth

SPLASH Hydrological model (Landsat input)
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• Jakarta experiencing a dramatic sinking of the ground, 

• mainly due to ground water pumping (almost 2 m in 10 years!)

Land subsidence due to groundwater extraction

Becoming 

more 

susceptible 

to flooding.
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http://pubs.usgs.gov/fs/2010/3026/pdf/FS2010-3026.pdf

Deforestation in Bolivia

June 17, 1975 July 10, 1992 August 1, 2000

• Progression of deforestation from 1975 to 2000.

• Forest = Red; NIR sensitive to vegetation.

• Forest area has been extensively converted to farmlands. 
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Urban Expansion

• Rapid urbanization in Manila, Philippines (Red = Urban areas). 

• One of the widely used RS application.

• How to map? Representative material in urban features? 28



Land Reclamation in Singapore

• Landsat time-series data (1973-2018)

• Processed in Google Earth Engine (GEE)

ChangiJurong
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Sand-mining in Southeast Asia

Rajang River, Jan 2018
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• Identification of illegal fishing boat 

in Ghana using machine learning.

• Currently developing for SEA.

• Disrupt hydrology

• Removes benthic habitats

What do we need 

to reclaim land?



Disease Mapping
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• Sea surface temperature 

(SST) from AVHRR

• SST correlates with the 

Cholera virus outbreak in 

India



Air Pollution

• Nitrogen dioxide (NO2) from traffics, power plants, and agriculture is an 

important indicator of air pollution.

• Map the hotspots of NO2 concentrations (i.e. major cities). 32



Thermal infraredTrue color

Mt. Etna, Sicily, Italy 

• Same images from same date, but different bands.

• True color: Ash Plumes are obvious (RGB composite).

• False color: Lava flows can be detected with thermal infrared band.

Lava flow

Plume

Volcanic Eruption
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Now I will show how I used RS to investigate 

the two recent human-made disasters.

I use RS to identify the cause of the disasters.



A mining dam collapse in Brazil, Jan 25th 2019
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A geotechnical failure immediately killed 300 people



A mining dam collapse in Brazil, Jan 25th 2019
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• Recently, water gradually disappeared.

• Where are they going?

• Soil Moisture Index (SMI) 

trend indicates what?

• Saturation of the dam



A mining dam collapse in Brazil, Jan 25th 2019
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• 25 cm subsidence at B over the past year

• What’s the reason of subsidence? Removing of the fill; Piping

• InSAR can measure cm-scale ground deformation.



A mining dam collapse in Brazil, Jan 25th 2019
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A geotechnical failure immediately killed 300 people

• Another evidence of dam-saturation: Slumping



Bolaven Dam Collapse in Laos, July 2018
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Flood in Attapeau, Southern Laos
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• 23rd July, 2018, A dam project in Southern Laos collapsed.

• DEVASTATING FLOODS hit the Southern Laos.

• >50 killed, hundreds missing, ~20,000 directly affected.

Bolaven Dam Collapse in Laos, July 2018



The MOST SENSITIVE Issue: Natural hazard or

Engineering failure?

Who will have to PAY SEVERAL MILLIONS OF DOLLARS as 

compensation FOR THE LOSS AND DAMAGES caused by floods
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• The owners claimed that the failure was 

caused by unusual heavy rains.

• (to disprove this) I track the water level in 

reservoir using remote sensing datasets. 
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The MOST SENSITIVE Issue: Natural hazard or

Engineering failure?

Who will have to PAY SEVERAL MILLIONS OF DOLLARS as 

compensation FOR THE LOSS AND DAMAGES caused by floods

Access is restricted; 

fieldwork impossible.



Overlay analysis to estimate reservoir water level 
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Reservoir elevation 

was 782 m when 

dam collapsed
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Tracking the reservoir water level 
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Estimated dam 

height:

Between 799-805 m

766 

Then, I made a topographic 

profile of pre-dam surface 

across the dam

• I draw a topographic profile;

• and extracted elevation from DEM. 

• Points 2 and 6 are both ends of the 

dam structure, which are ~800 m.

• Pre-collapse WL (782m), that was 

~20 m below the dam crest!!
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Estimated dam 

height:

Between 799-805 m

766 

• I draw a topographic profile;

• and extracted elevation from DEM. 

• Points 2 and 6 are both ends of the 

dam structure, which are ~800 m.

It was NOT a natural disaster, but an engineering 

failure, through collapse of the dam structure.

• Pre-collapse WL (782m), that was 

~20 m below the dam crest!!

Then, I made a topographic 

profile of pre-dam surface 

across the dam



Geospatial technologies in humanities at NIE

We offer to train professionals, all the cutting edge 

geospatial technologies to apply to practically solve 

real world humanities & social science problems. 

Highly recommended!!

• Remote sensing

• Geographic Information Systems

• Spatial data analytics

• Internet of Things (IoT)



Take Home Message

• Remote sensing can answer many important humanities questions!
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