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Some factors affecting 

sediment yield

• Loss of vegetation cover

• Soil type

• Precipitation: when, where, how much

• Slope gradient

Centre for Remote Imaging, Sensing and Processing

Use of remote sensing data

• Vegetation cover
– Relatively easy to map using vegetation indices

• Soil type
– Not easy

• Precipitation
– Spaceborne radar instrument

– E.g. TRMM (Tropical rainfall monitoring mission)

• Slope gradient
– SRTM (Shuttle radar terrain mission) provides DEM at 90 m 

postings, available for free

– Generate DEM using stereo pairs of high resolution satellite 
images
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SPOT 

image 

mosaic

Cut through rock. Narrow, 

steep and straight course. 

Drop from >1000m to 

<250m

Wider channel, 

~1km

Narrow meanders

Sand bars 
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Seasonal variations

Dry season: exposed rocks, sand bars in 

river channel. Exposed bare land on 

slopes

Wet season: rocks, sand bars covered 

by rising water level. Vegetation 

regrowth on previously exposed slopes

SPOT images © CNES, reproduced by CRISP (Singapore)
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SPOT Image, 1996 January 8 SPOT Image, 1998 February 18

SPOT images © CNES, reproduced by CRISP (Singapore)
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Mapping Parameters

• Land cover change, change in vegetation cover

• Slope of land where vegetation loss occured

• River channel width, change in time

• Sediment in river channel

• Sand bars in river channel
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DEM generated from 

SPOT stereo pair
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Slope Image
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Observations
• More vegetation depletion area observed in 

the Feb 1998 image.

• A large proportion (24.2%) of the cleared land 

has steep to very steep slopes ( >25°).

• Vegetation depletion was observed mainly in 

the eastern side, but new vegetation began to 

regenerate in the southern and middle part of 

the image.
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Observations

• Growth of bars in the Mekong river channel was 

observed.

• Land clearing on steep slope is vulnerable to 

erosion and sediment transfer during the wet 

monsoon periods. The sediments will eventually 

reach the Mekong river channel.
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Land cover 

change map
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Land cover 

change map
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Land cover 

change map
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Environmental Vulnerability Map
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Sediment accumulation

Note the increase 

in sand bars area in 

the channel and 

increased area of 

vegetation 

depletion.

SPOT images

© CNES, 

reproduced by 

CRISP (Singapore)
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Remote Sensing of Water Turbidity 

and Suspended Sediment

Remote Sensing of Water Turbidity 

and Suspended Sediment
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Reflectance and water 

quality parameters 

Water Reflectance

Physical Model of

Radiative Transfer

in Water

Optical Properties

Of Water

Empirical model
Water Constituents

(suspended, dissolved)
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Forward Modeling

Water Optical 

Properties
Water 

Reflectance
Forward 
Model

)(

spectrum ereflectanc Computed

λR
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Inverse Modeling

Water Optical 

Properties

Water 

Reflectance
Inverse 
Model

)(

spectrum ereflectanc Measured

λR
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Spectral fitting method

Water Optical 

Properties
Computed Water 

Reflectance
Forward 
Model

Measured Water 

Reflectance
Small 

difference?

YesNo

Adjust 

parameters

Stop. Input parameters 

are the solution
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Typical Coastal Waters 

Reflectance Spectra

(A) Chl-a = 17.4 mg/m3, TSS = 74.1 g/m3

(B) Chl-a = 3.8 mg/m3, TSS = 2.3 g/m3.
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Retrieval of Seawater 
Absorption Coefficient
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Correlation of retrieved phytoplankton 
absorption at 440nm (P0) with measured Chl-a
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Correlation of retrieved Chlorophyll 
Fluorescence at 685nm (F) with measured Chl-a
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In-situ measurements
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Remote sensing reflectance of 

typical Singapore coastal waters

Pulau Hantu -- all stations
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West Coast of Semakau -- all stations
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Retrieval of absorption 

coefficient from 

reflectance

Absorption coefficient  (m-1)

In-situ measurements
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In-situ measurements in Yunnan, 
China

(In collaboration with Lu Xixi, 
Geography Department, NUS)
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Highly turbid river waters
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Highly turbid river waters
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Examples of Retrieval Results
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TSS = 9416 g/m3 X550 = 177.6 m-1 G440 = 2359 m-1
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Retrieval of suspended 

sediment concentration

Blue : Training group

Magenta : Test group

Centre for Remote Imaging, Sensing and Processing

Water Turbidity

• An empirically defined quantity

• Usually measured by scattering of light at an 

angle to the incident beam

• Calibrated using some standard suspensions
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Turbidity measurement

Scattering cell

Transmitted 

beam

Forward 

scattered 

beam

backscattered 

beam

90o scattered 

beam
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Controlled 

water tank 

experiment

Spectroradiometer
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Reflectance spectra of water 

with different turbidity
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Relation between Turbidity 

(NTU) and Backscattering 

Coefficient

y = 0.0149x

R2 = 0.9417
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SPOT 4 Image –Baram River 

mouth, Sarawak, Malaysia

Backscattering coefficient Absorption coefficient

Retrieval of absorption and backscattering 
coefficients from multispectral satellite images 

© CNES, reproduced by CRISP 

(Singapore)
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Landsat TM – Strait of Melaka


