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As human population rises at an accelerating rate, and as a larger percentage of the population lives, works, and plays within close proximity of the world’s lakes and coastal regions, we see some of those ecosystems showing signs of stress.  We see coral reefs declining at an alarming rate.  We measure high levels of toxic man-made chemicals in our lakes.   We observe “dead zones” in the mouths of our rivers where life cannot exist because oxygen has been leeched from the water.  We hear and read about litigation in many parts of the world where people protest or pass laws against over-harvesting certain species of fish and shellfish, whereas commercial fishermen counter that they play a vital role in supporting their regions’ economies—not to mention supporting their own families. [image: image1.jpg]



We treasure our coastal zones.  Is there a way to exploit them commercially and recreationally without destroying them?  Clearly, there are regions where we must become better managers of these precious resources, or risk losing them.  If humans are to succeed in striking a balance between ongoing population and economic growth and preservation of our planet’s inland and coastal waters, we need tools to monitor changes over time as well as quantify the key cause-and-effect relationships within individual ecosystems. New remote sensing technologies provide an excellent way for scientists to monitor the health of our coastal zones, while providing commercial industries a tool for developing viable new ways for harvesting some of their natural resources. In fact, satellites offer the only feasible means to monitor coastal resources on a global scale.  

Where the Fish are Biting

Commercial and sport fisheries are growing more sophisticated.  Most fisheries are located in productive coastal regions.  Today, many fishermen rely on daily remote sensing measurements of sea surface temperature to help them chart where to fish.  Thermal infrared satellite data show distinct boundary lines on the surface between cold and warm bodies of water.  Certain species of fish and shellfish tend to school along such boundaries where they may be harvested readily.  

In the wake of Hurricane Floyd, which brought record flooding to eastern North Carolina, fishermen feared that the massive freshwater runoff would devastate their harvest during their peak fishing season.  While the catch in the state’s rivers and estuaries was virtually nil, they caught white shrimp in droves just behind the boundary line where the runoff waters ended and the salty Atlantic waters began.  Hordes of shrimp were schooling just on the seaward side of the line, making them easy to catch.  Ultimately, that turned out to be a banner year for North Carolina’s shrimp harvest. [image: image2.jpg]



Remote sensing satellites can help fishermen to find fish populations based upon clear patterns of temperature and chlorophyll concentrations observed at the surface.  The Moderate-resolution Imaging Spectroradiometer (MODIS), which first launched in December 1999 aboard NASA’s Terra satellite, measures sea surface temperature accurate to within a quarter of a degree over cloud-free regions of our planet almost every day.  MODIS and its companion sensor aboard the OrbView-2 satellite—the Sea-viewing Wide Field-of-view Sensor (SeaWiFS)—can also measure chlorophyll concentration all over the world.  Like their land-based cousins, phytoplankton contain the pigment chlorophyll, which gives them their greenish color.  All plants use chlorophyll for photosynthesis, the process by which they use sunlight as an energy source to fuse water molecules and carbon dioxide into carbohydrates.  Phytoplankton use carbohydrates as “building blocks” to grow, and fish and humans consume plants to get these same carbohydrates.  If we know where the food is abundant and the temperature is just right, there’s a good chance we know where the fish are biting.

Corals in Crisis

Coral reef habitats represent some of the densest and most varied ecosystems on Earth.  Though they cover only 0.2 percent of the ocean’s floor, nearly one million species of fish, invertebrates, and algae can be found in and around the world’s reefs.  While reef habitats appear to be robust, they are extremely fragile.  Corals are brittle and they usually need warm, relatively nutrient-free waters to survive.  Over the past 50 years, humans have put an enormous amount of pressure on coral reef environments by altering their waters and tearing up their foundations.  From dynamite fishing to pollution to warming surface temperatures, we are rapidly sending many of the world’s reefs into oblivion.  As much as 27 percent of monitored reef formations have been lost and as much as 32 percent are at risk of being lost within the next 30 years.

Detailed images of the ocean collected by the Landsat 7 ETM+, and other high-resolution remote sensors (i.e., ASTER, aboard Terra, and Ikonos), have shed some light on this problem.  Using data from these sensors, scientists are able to map the world’s coral reefs in a fraction of the time it takes to map them by boat or airplane.  Once complete, such a map will not only be useful for identifying large-scale threats to reefs, but will allow us to pinpoint those reefs that are in the most trouble. [image: image3.jpg]



As reefs die, their colors dull and they begin to take on a pale, bleached cast.  As they become whiter, they reflect more light and thus appear brighter to satellite sensors.  The change is usually slow and subtle; too subtle to see outright in a satellite image.  However, scientists may be able to identify the change by mapping out the variation in the brightness of the individual pixels in a satellite image over a span of months to years.  This new and experimental product resembles a three-dimensional relief of the reef with any peaks showing areas with the most variation in brightness and the flat sections depicting the areas with the least variation.

Light from the Waves

Lake water quality directly relates to water clarity.  Water quality of lakes near farms, urban areas, industries, or construction sites can sometimes deteriorate due to storm water runoff carrying chemicals and sediments from these sites.  Such sediments can cloud a lake, and nutrients in the sediments can cause unwanted algae to grow.  While the degradation is gradual, once a lake becomes polluted (or hypereutrophic) it is sometimes difficult to reverse the damage. 

In 1865, Italian physicist Pietro Angelo Secchi invented the Secchi disk—an 8-inch disk painted in an alternating black and white pattern.  A person in a boat lowers the disk into a lake and records the depth at which it disappears from sight.  This depth, known as the Secchi depth, is a crude but useful measure of water clarity.  Although Secchi depths provide an excellent classification system for limnologists, taking such measurements is labor intensive.  So  while Secchi disk measurements work well for small numbers of lakes, they are not practical for monitoring the more than 30,000 lakes in Michigan, Minnesota, and Wisconsin—not to mention all the lakes all over the world.

Comparing Secchi disk measurements with Landsat 7 ETM+ data, scientists recently found that the remote sensing measurements are just as accurate as those made on the surface.  When the amount of blue light reflecting off of the lake is high and the red light is low, the lake generally has high water quality.  This makes sense—when looking at a clear lake from a distance, it appears blue to our eyes.  On the other hand, lakes loaded with algae and sediments reflect less blue light and more red light.  Today, lake water quality research has expanded to also make use of data from the remote sensors aboard the Terra and Ikonos satellites.  Terra provides an efficient means of gathering frequent turbidity measurements of inland water bodies all over the world, at a resolution of up to 500 meters per pixel.  Ikonos data allows us to zoom in on smaller lakes at up to 1 meter per pixel.  
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Conclusion

Can we exploit our coastal resources for human commerce and recreation without harming them?  If we are to succeed in striking such a delicate balance, then clearly satellite remote sensors will play an increasing role.  A real challenge facing the application of remote sensing for coastal issues is the ability to convert the enormous volumes of data that are currently being collected into information in a form that decision makers can use; and to provide this information to them in a timely fashion.  Sadly, probably less than 1 percent of 1 percent of the population is proficient in the tools and techniques for extracting knowledge from these data.  If we are to unlock and harness the full power of these data, then we must provide tools and training and invite greater numbers of people to explore the Earth system sciences as career options.  Via its Earth Observatory (http://earthobservatory.nasa.gov), NASA is embarking on an outreach activity it hopes will help build the technological and cognitive bridges the public needs to realize the potential of remote sensing data and the myriad ways in which they may be applied for both research and commerce. [image: image5.jpg]Sea Surface Temperature (
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Better quality, more timely, and more comprehensive data are needed by corporate and government managers for them to more effectively and efficiently manage our world's coastal resources.  Using satellite remote sensors, NASA measures a wide suite of geophysical parameters daily, over the entire globe, and in an automated fashion produces a range of data products that are available freely (or at relatively low cost) to the public in digital form via the Internet.  However, there exists a need to train and augment professionals in the government and commercial sectors on the tools and techniques for translating these data into knowledge for sound decision making.  Harvesting these data, as well as the new scientific knowledge derived from upon them, can ultimately empower Americans and other peoples around the world to exploit our world's coastal resources for nutrition, for their livelihoods, and for recreation without destroying those resources in the process.  
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Image Captions:

Image 1 

Sediment-laden outflow from the Mississippi River into the Gulf of Mexico colors the currents caramel and stimulates biological productivity along the coastline.  Scientists periodically measure oxygen-deprived regions in the depths of the Gulf of Mexico near the mouth of the Mississippi and continue to study the relationship between the sediment pollution and these “dead zones.”  This true-color image of the Louisiana Gulf Coast Region region was acquired on January 15, 2002, by the MODIS sensor flying aboard NASA’s Terra Satellite.  (Image courtesy Jacques Descloitres, MODIS Land Rapid Response Team at NASA Goddard Space Flight Center)

Image 2

Flood runoff in the aftermath of Hurricane Floyd carried an immense load of sediment into the sea.  This true-color image, from the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) on September 23, 1999, shows the sediments being swept into the Atlantic Ocean and carried northward by the Gulf Stream.  (Image courtesy the SeaWiFS Project, NASA Goddard Space Flight Center, and ORBIMAGE)

Image 3

Extreme temperatures and increased solar irradiation are the main causes of coral bleaching. During the 1998 bleaching episode in the Rangiroa Atoll, French Polynesia, a record-breaking El Niño raised the sea surface temperature almost 1°C higher than the normal highs for that period of the year, and held it there for three months. Such sustained high temperatures had never before occurred in the 50 years temperatures have been recorded in the region.  This suggests that the high temperatures killed the corals there.  (USGS Landsat 7 image courtesy Serge Andrefouet, University of South Florida, based on data from the USGS EROS Data Center)

Image 4

Ikonos data can be used to provide a “city-scale” map of lake water clarity like this one showing Eagan, Minnesota.  Clear lakes are blue, moderately clear lakes are green and yellow, and murky lakes are orange and red.  (Image courtesy Upper Great Lakes Regional Earth Science Applications Center, based on data copyright Space Imaging)

Image 5

The MODIS sensor, flying aboard NASA’s Terra satellite, collects the most detailed measurements ever made of the sea’s surface temperature every day over the whole globe.  This false-color image shows cold water upwelling near the coast of Peru (purples) and joining the South Equatorial Current, which flows westward across the Pacific Ocean.  This is a composite image made from data collected January 1–8, 2001.  The scene shows the tropical Pacific during normal conditions, but during an El Niño the waters off Peru are much warmer.  Note also the cold tongues of upwelling occurring in two places off the west coast of Central America. (Image by Jesse Allen, based upon data provided by the MODIS Ocean Team and the University of Miami Rosenstiel School of Marine and Atmospheric Science)
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