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A measure of the
condition of water and
how clean it is for
plants and animals,
including humans.

You can learn a lot about rivers, lakes, estuaries, and oceans by
looking down at them from the sky. Scientists use a technique
called remote sensing to measure the amount of light or heat
energy reflected and emitted from the Earth. Sensors can be on
satellites or mounted on airplanes, helicopters, or drones. Scientists
use this information to map the quality of water in the San Francisco
Bay-Delta estuary. Remote sensing helps scientists see where and
when there might be problems for human health or for the plants
and animals living in the estuary.

Water quality is important for humans and the environment. Water
quality tells us how good or bad water is for swimming in or for
drinking. Farmers need clean water to grow food and raise farm
animals. Wildlife and fish also need good water quality [1, 2].

Poor water quality is often caused by pollution and can create health
risks for humans, plants, and animals. Monitoring water quality helps
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Figure 1

(A) Remote sensing
imagery of turbidity and
chlorophyll-a was
measured using an
airplane. (B) The
imaged area is shown
in a normal photo. (C)
Turbidity is shown, with
red as the most turbid
and blue the least. (D)
Chlorophyll-a
concentrations are
shown, with red as the
most concentrated and
blue the least (Image
credit: [3]). Image has
been modified after [3].

REMOTE SENSING

Gathering information
about the environment
at a distance, for
example from an
aircraft or satellite.

ESTUARY

Area at the end of a
river where freshwater
from the river mixes
with saltwater from the
ocean, creating water
that we call brackish.

CHLOROPHYLL-A

A green pigment in
plants and certain algae
that captures the
energy of the sun

for photosynthesis.

ALGAL BLOOM

Rapid increase in the
algae population in any
body of water (river,
lake, estuary, or ocean).
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identify sources of pollution. Scientists can monitor water quality using
sensors in the water. They also can monitor water quality remotely,
from up in the sky. Scientists call this kind of monitoring remote
sensing because it can be conducted without touching the water.
Using satellites, airplanes, helicopters, and drones, scientists can have
a bird's—eye view of an entire estuary. This way, they can collect data
in much less time than they could in a boat or from shore.

Chlorophyll-a is a pigment found in plants and microscopic algae.
Chlorophyll-a is an important indicator of water quality because it is a
measure of algae growing in a waterbody. When algal concentrations
are too high, they can lower the amount of oxygen dissolved in the
water, and they can make animals and people sick. For example,
chlorophyll-a makes microscopic algae—and the water they live
in—appear green. The greenness of the water helps scientists see
where and when these algae grow. Scientists use the term algal
bloom to describe areas where microscopic algae are growing fast
and covering large areas. Some algal blooms are poisonous. Scientists
can measure how green the water is from the air, using remote sensing
cameras designed to detect the various colors of sunlight reflected by
the water [3]. Remote sensing makes it possible to map greener waters
in the estuary where there are algal blooms. Maps of algal blooms
show scientists where and when to monitor for microscopic algae
directly from a boat or from shore. This information helps people and
their pets avoid areas that could make them sick.
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Figure 2

(A) Thermal infrared
images were obtained
with sensors mounted
on a helicopter. (B) The
imaged area is shown
in a normal photo. (C)
Temperature is shown
from coldest (blue) to
warmest (red). Note the
cold stream entering
the warm river.
Coldwater fishes live
primarily in the colder
areas.

TURBIDITY

A measure of how
cloudy, or muddy, the
water is, usually caused
by floating particles
that are too small to be
seen without
magnification.
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Figure 2

HOW DOES REMOTE SENSING WORK?

Remote sensors are like cameras that can “see” water quality by
detecting energy coming from the water’s surface. These sensors are
mounted on satellites and a variety of aircraft (Figures 1, 2), each with
their own pros and cons. Airplanes and helicopters can be flown at
almost any time but monitoring trips are expensive and require a lot of
planning. Drones take high-quality images and are inexpensive to fly,
but their battery life is short. After 10—15 min, they must land to replace
or recharge batteries. An advantage of remote sensing with satellites is
that satellite images can cover large areas of the Earth, and the images
are often free to download, but satellites only follow a specific orbit
around the planet, which makes it impossible to choose the location
and timing of monitoring.

Water quality indicators like chlorophyll-a reflect and emit energy from
the water’'s surface. Remote sensing cameras detect this energy and
use it to create an image like a photo. Like a camera, the human eye
is a kind of remote sensor that sees sunlight reflected off the water
in various hues of red, green, or blue. For example, chlorophyll-a in
microscopic algal blooms reflects more green light than other colors.
Muddy water has high turbidity and reflects more red and green light,
making the water look brownish [3]. Heat is another kind of energy that
comes from the water’s surface, but we cannot see heat with our eyes.
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THERMAL INFRARED
CAMERA

A non-contact device
that detects infrared
energy (heat) and
converts it into a
visual image.

GROUND-TRUTHING

Process of comparing
the data from an image
obtained from remote
sensing to data
obtained on the ground
or in the water.
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Some snakes, like vipers, pythons, and boas, use special pit organs
located between the eyes and nostrils to detect heat energy from a
meter away [4]! The pit organ is used for finding prey. Remote sensing
with a thermal infrared camera is like using rattlesnake vision to map
water temperature, to see where water is too warm for fish and other
aquatic organisms (Figure 2) [5].

Mapping and monitoring water quality from the sky is difficult.
Scientists use a process called ground-truthing to make sure that
measurements from the sky match measurements collected by
scientists on the ground or in the water. Images from the sky may not
be clear when it is too cloudy or smoky from wildfires. Also, because
satellite images are taken from so far away in space, they are not very
detailed. Aircraft and drones fly closer to the ground and may not cover
large areas like satellites, but they provide very detailed images of small
areas (Figures 1, 2).

HOW IS REMOTE SENSING USED IN THE SAN FRANCISCO
BAY-DELTA?

Scientists in the San Francisco Bay-Delta estuary (California, USA) used
remote sensing to measure turbidity and algal blooms in the water [3].
They investigated how these water-quality indicators interacted. The
maps of turbidity and chlorophyll-a were very detailed and allowed
researchers to identify sources of pollution. They also helped scientists
and managers understand how wind, dry conditions, and floods can
affect turbidity patterns that influence where fish live. Remote sensing
of water temperature could also be used in the estuary to understand
which areas are too warm for fish to live in [5].

WHY USE REMOTE SENSING IN THE SAN FRANCISCO
BAY-DELTA ESTUARY?

The San Francisco Bay-Delta estuary is 200 km long and covers about
4,000 km?2. Sampling water quality by boat over such a large area
is difficult, expensive, and time-consuming. It requires many people,
boats, and lots of equipment. Because of this, most water-quality
sampling occurs only once a month or even less. Using remote
sensing, scientists can map and monitor many more locations in a
short period of time. Remote sensing imagery can be combined with
other data on weather and water flow to understand and conserve
the estuary. Future technological advances will expand the capability
of remote sensing and automated sensors to better complement data
collected at monitoring stations and during boat surveys.

In summary, scientists learn a lot about the quality of the water in the
San Francisco Bay-Delta estuary using remote sensing. This research is
important because it helps scientists see where and when there might
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be problems for human health or for the plants and animals living in
the estuary.
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