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WIT SUMMER SCHOOL ON WATER INFORMATICS (May 20th to 23rd, 2017)

Introduction to the Remote 
Sensing of Environment

Tasman Sea, Cape Farewell, New Zealand

WIT SUMMER SCHOOL ON WATER INFORMATICS 
(May 20th to 23rd, 2017)

Module 2: Hydrological Remote Sensing

WIT SUMMER SCHOOL ON WATER INFORMATICS (May 20th to 23rd, 2017)

REFLECTED SOLAR ENERGY

The Electromagnetic Spectrum 

Useful for Remote Sensing

Thermal IR
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The EMR Spectrum Important for Remote Sensing

Gray background shows wavelengths that 
have transmission through the atmosphere

Energy Emission Distribution for Sun and Earth

Absorption of Light by the atmosphere (in 
spectral regions that don’t get through the 

atmosphere to the ground surface)

Full Solar Reflectance Spectrum for Common Environmental 
Materials

(after Swain and Davis 1979)

Radiation Budget Equation

Φi λ = Φρ reflected + Φτ transmitted + Φα absorbed

Where Φi λ = total flux incident on surface, in watts or J/s

ρλ + τ λ +α λ = 1

Can be in terms of hemispherical reflectance, transmittance, and 
absorptance or in terms of Directional Reflectance, transmittance and 
absorptance.

Terminology Describing the Fate of Photons 
When they Interact with a Surface 

Reflectance

Transmittance

Absorptance

(ρ, rho)  

(τ, tau)

(α, alpha)
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Influence of Water Vapor in the Solar Reflected Spectrum

Water Vapor 
can be 

Estimated by 
Spectral Fitting
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Absorption by Water Vapor, Liquid and Solid Phases in 
the Solar Reflected Spectrum- are separated by ~50nm 

Near 1000 nm absorption spectra for three phases of water overlap but maxima are 
displaced by wavelength

Robert O. Green
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WIT SUMMER SCHOOL ON WATER INFORMATICS (May 20th to 23rd, 2017)Santa Monica Mountains, CA Measured with AVIRIS 

Water vapor and liquid 
water In Fall and Spring 
over Santa Monica Mts. 

Image left: water vapor
Imager right: liquid water
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Ogunjemiyo, S. et a..  2002. Journal of Geophysical Research-Atmosphere 107 (D23): 4719.

Spatial subset of AVIRIS derived water vapor image (dark to white =low to high). 
Comparison of water vapor between WA1 and WA2 and between BO1 and BO2
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NASA MODIS 
image

15 Jan. 2013

Pacific Coast 
of the USA

°
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Visible           Near Infrared           shortwave Infrared 
(Reflected Sunlight)

*Plant Materials: 
pigments
cellulose
nitrogen
lignin
sugars
dry plants

*Soil Materials: 
organic matter
carbonates
clays ( kaolinite,

montmorillonite, illite)

*Water Materials:
sediment
phytoplankton &

algae
terrestrial plants

Water
Submerged 
plants
Emergent 
Vegetation
Soil
Dry veg.

Spectra of Plants, Soil and Water

Pigments Leaf structure Water &
& water          Biochemicals*
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Spectral data serve as “proxy” measurements for underlying properties  and functions 
in ecosystems that are costly, impractical, inconvenient or impossible to otherwise 
characterize at broad spatial and temporal scales.

Plant stress and mitigation

Optical Data Provide a Key to Multidimensional Relationships in Vegetation 
Monitoring

from: G. Pastorello and J. Gamon
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Spectral data provide a basis for understanding plant or ecosystem functioning 
based on well‐known – and some, not so well understood – optical properties 
associated with leaf and canopy structure, biochemistry, physiology, 
phenology. In situ spectral data are critical to scaling to remote sensing 
imagery.

Leaf LandscapeCanopy

Radiation Budget Equation

Φi λ = Φρ reflected + Φτ transmitted + Φα absorbed

Where Φi λ = total flux incident on surface, in watts or J/s

ρλ + τ λ +α λ = 1

Reflectance (ρ)

Transmittance (τ)

Absorptance (α)

Emittance

Emittance

Scattering: From Diffuse to 
Specular Surfaces

Rough Surface                  Smooth Surface
At the scale of the wavelength

Diffuse: dry asphalt road             Specular: calm water

Denser
medium

Faster 
medium
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Flooded Rice Fields in California 
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Tiger Lake, Jiuzhaigou National Park China

WIT SUMMER SCHOOL ON WATER INFORMATICS (May 20th to 23rd, 2017)

The index of refraction for water is 4/3 air, indicating that light 
travels only 3/4 as fast in water as it does in vacuum. 

Refraction of Light: Between Water – Air Interfaces
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Jiuzhaigou National Park, Sichuan, PRC
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Lake Tahoe, 
California 
USA
When the NIR 
band is 
displayed as 
red, vegetation 
is the main land 
cover type to be 
seen in red.  
Plants have a 
higher NIR 
reflectance than 
most other 
material. Note 
water is black, 
because of 
internal 
reflectance in 
green and red 
bands and near 
zero reflectance 
in the NIR.

Color IR Composite of ASTER bands 3,2,1 
as R,G,B. Red areas indicate vegetation, 
white areas are snow

Color Coded ASTER band 1 (0.52-0.60µm) 
shows intensity variation of the near-shore 
bottom reflectance. (depth from (shallow) 
red to blue (deep).

Shallow
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Bush key

Garden 
Key/Fort 
Jefferson

Dry Tortugas islands, 75 mi west of Key West, 
Florida, from the International Space Station (29 

May 2008) . Relative water depth is inferred from 
the color differences.

coral reefs over older limestone formations
ISS017E008188

Gulf of Mexico
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Part of the 
French Frigate 
Shoals, 
Hawaii, USA
True color 
AVIRIS 
(hyperspectral 
imager)
03 February 2017 
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SPOT spatial resolution,  8m 20m              60 km
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Commercial systems
Ikonos, Quickbird, Geoeye, Worldview, etc.
• Spatial resolution < 5m 20km global coverage unrealistic
• Aerial photography may be alternate choice

Landsat 5-8
• Spatial Resolution 15,m, 30m,100m 185km                  16 day repeat

Sentinel 2a,b
• Spatial Resolution 10m, 20m, 30m    290km                 10 day repeat

SPOT 5/6
• Spatial Resolution 8m, 20m              60km 14 day repeat

ASTER
• Spatial Resolution 15m, 30m, 90m     60km                 45-60 day repeat   
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Effect of spatial resolution:  These images illustrate the 
differences between a 1m (NAIP*), 10m, and 30m (Landsat)  

image

Waquiot Bay, Massachusetts, USA.  *NAIP aerial imagery in1m format (left) compared to 
a 10m (middle) and 30m (right) data. Beside visual differences file sizes reduce from 
2.5MB to 39kB to 23kB. *US Geological Survey high altitude ortho corrected digital photography 
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Sentinel 2 2

Swath Width of Satellite Images Varies Widely, 
Contrast Moderate Resolution Satellite Coverage to Weather 

Satellite Coverage
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Current (2017) Earth Observing Satellites Operated by NASA

NASA Data Policy is Free and Open Axis 
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35,700  km

Ascending

~800km

Descending

Ascending orbits travel from South Pole to North Pole on the Night Side of the Earth
Descending orbits travel from N. Pole to S. Pole during daylight hours.

Two Main Types of Satellite Orbits for Earth Observation
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Orbits for Polar Orbiting Earth Observing Satellites (POES)

~100 min. per orbit
~14 orbits/day

Polar-orbiting Operational 
Environmental Satellites (POES): 
These are Low Earth Orbits (LEO)

Descending 
polar orbit

~
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The Names Changed when a new sensor type is flown (note change in design): 
Earth Resources Satellite (ERTS)  1, 2 Return Beam Vidicon (RBV) and MSS
Landsat 3 RBV and Multispectral Scanner (MSS)
Landsat 4, 5 MSS and Thematic Mapper
Landsat 6: failed on launch
Landsat 7 Enhanced Thematic Mapper; 2003 lost part of functionality
Landsat 8: Operational Line Imager

History of Landsat Launches
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The European Space Agency (ESA) is launching a series of coordinated 
advanced satellites, Copernicus, for Earth Observation

Sentinel 2a and 2b are Landsat-like and are available at no cost through USGS
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Spectral bands of Landsat 7, 8 and the Sentinel 2A, 2B

Gray 
background 
shows light 
transmission 
through the 
atmosphere. 

Colored Boxes 
show band 
placements for 
Landsat 7, 8 
and Sentinel 2
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Sentinel 2a 
True Color Image

San Francisco Bay 
region 
and Pacific Ocean
05 March 2015

Note:
• Salt ponds in the 
southern end of 
San Francisco Bay

• Sediment patterns 
through the Bay 
and Estuary and 
extend past the 
Golden Gate 
entrance to the 
Pacific Ocean.

• The extent of 
vegetation in the 
image

Landsat 8
Ture Color Image

San Francisco Bay
region 
and Pacific Ocean
31 Oct. 2015

In contrast to 
previous image, this 
one was acquired in 
Autumn, at the end 
of our annual 
drought (which likely 
began in April). 
California was also 
in a multiyear 
regional drought and 
the landscape is 
much drier. Note 
more near-shore 
sediment in the 
ocean.
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Sentinel 2A
15/072016

eastern 
edge of the 
Sundarbans in 
Bangladesh.

Flooded 
mangrove 
forests are 
uniquely dark 
in optical data. 
Surrounding 
lands are dry 
compared to 
Sundarbans.

White spots 
are small 
clouds.
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35

Monsoon rains  and 
a dam failure in 
Sindh Province 
caused extended 
flooding in Pakistan 
from this 2010 La 
Niña weather 
system.

The first pair show 
two months of 
continued flooding 
and by January, the 
area had been 
flooded for 4 months
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• Monsoon rains caused flooding
• La Niña, combined with unusual jet stream patterns
• Indus River rose rapidly after dam failure in Sindh Provence
• Bare land appears beige pink to brick red.
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Spaceborne or airborne Imaging 
Spectrometer

Exiting radiance
Incident radianceReflectance (ρ) =
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Imaging Spectrometer Data

Soil
Plant 1
Plant 2
Plant 3
Plant 4
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 Hyperspectral data is high 
dimensional.
• AVIRIS:  224-D
• HyMap:  126-D
• AVIRIS-ng 385-D

Data Cube
– X and Y directions are the face of the 

cube, which is a 3-color image of a 
flooded island in the delta.  

– White areas in the water are boats. 
– The water is gray-green indicating the 

sediment and algae in the water.

The Z direction color codes the reflectance 
of the edge pixels, with black, blue, green, 
yellow, orange, and red indicating 
increasing brightness.
Note: water is black in all bands after the 
NIR
Saturated soils have low reflectance to the 
SWIR1 region.
Vegetation is dark in the VIS, bright in the 
NIR and intermediate in the SWIR1 and 
SWIR2

y

x

Typical Hyperspectral Data 

Cube
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SubOrbital: Portable Remote Imaging Spectrometer (PRISM) 

P. Mouroulis, PI and D. Cohen, PM (JPL) 
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What is an Imaging Spectrometer?
• Optical Imaging System

• Large # of bands

• Contiguous spectrum

• Airborne Examples:

AVIRIS-C, AVIRIS-ng

CAO, NEON-AOP

PRISM 

APEX

CASI

AISA 

SpecTIR

HYMAP

DAIS

HYDICE

*Satellite  Examples

Hyperion, PROBA

CRIS/PROBA
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SubOrbital: NASA AVIRIS Next Generation Instrument, May 2012
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Leaf Spectra & Functional Traits 
[results]

Roth et al., in prep

Leaf Mass Area in 
gcm-2

Validation 
RMSEP= 8%

Percent N (by dry wt)
Validation 

RMSEP= 10%

Total Chl in µgg-1

Validation 
RMSEP= 7%

Water in gcm-2

Validation 
RMSEP= 9%
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Mapping submerged Aquatic Vegetation

Sacramento-
San Joaquin 
Delta

WIT SUMMER SCHOOL ON WATER INFORMATICS (May 20th to 23rd, 2017)

Darker 
yellow

Venice Cut 20152014
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-1 to -0.3

-0.3 to -0.1

-0.1 to 0

0 to 0.1

0.1 to 0.2

0.2 to 0.3

0.3 to 0.4

0.4 to 0.5

0.5 to 0.6

0.6 to 0.7

0.7 to 1

ESA Annual Meeting 2016:  Airborne Remote Sensing for 21st Century Ecology
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Sub-Orbital HyTES - A New Hyperspectral Thermal Emission 
Imaging Spectrometer  

http://hyspiri.jpl.nasa.gov/downloads/2012_Workshop/day3/15_
Hook-2012-10-17-HyTES.pdf
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Example of a thermal mosaic of 25-ha vineyard, obtained 
from an UAV. July 2009. Raimat, Lleida (Spain)

Joaquim Bellvert, 
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Sprinkler 
irrigation

Sprinkler  
irrigation

Drip Irrigation

Example of a thermal mosaic of 25-ha vineyard, obtained 
from an UAV. July 2009. Raimat, Lleida (Spain)
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Leaking ?
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Thermal scene from a UAV platform at 20-cm 
resolution, Identified crowns applied to the 
thermal images to separate temperature of 

olive crowns.

R. Calderón et al. 2011, Remote Sensing of Environment 139: 231 - 245

Hyperspectral data from UAV platform at 
40 cm resolution. Identify pure olive 
crowns, separating shaded and sunlit 
soil reflectance.

Managing Weeds, Pests, Water and Fertilizer:  Early detection of
Verticillium wilt of olive using fluorescence, temperature and spectral indices


