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Introduction

Art and Science, the two end points of the humanities are often viewed as diametrically opposed.  Science seeks the true meaning of nature through a specific methodology while art recreates nature through a multitude of methods.  Science is done in a fashion which allows it to be duplicated by others, while art is often unique and many times can’t be duplicated, even by the same artist.  Despite the seemingly wide gulf between the arts and the sciences, there are areas where the two interact.  There are scientists who utilize art to assist them in their work and artists who use science in their creative endeavors.  Geographers studying the Earth employ both art and science in their exploration and explanation of the world.  Through the use of satellite imaging (remote sensing) we experience the intersection of the arts and sciences.

Seeing the Earth from space provides a new perspective for humans to understand and appreciate their world.  From space we can see the results of powerful geologic forces lifting the Andes high above the Pacific Ocean or the undulations of the Appalachians in the eastern United States.  We can see the immense dry territories of the Tibetan Plateau and Sahara desert, as well as the lushness of the Amazon basin or the Indonesian archipelago.  In the oceans we can witness the movement of vast amounts of heat, or see the extensive photosynthesis of phytoplankton.  For scientists, these images expose our planet’s features as never before and allow them to be explored in new ways, revolutionizing our understanding of the Earth.  For students, these images can transform education into an exciting exploration and discovery of our planet as a complex connected whole.  For the public, these images can be breathtakingly beautiful - reminders that we live on an incredible planet.  These images can inspire awe and reverence for the Earth as well as new theories of the Earth system.  

This exhibit has been created in this spirit of seeing the Earth from different perspectives, for scientists, students and the general public.  The Earth Exposed is an art gallery exhibit that demonstrates how geographers use remote sensing in their study of the Earth from space and this catalog discusses the exhibit as a means of showing how geographers employ both art and science when using satellite imagery in their study of the world.

The Earth Exposed uses the power of satellite imaging to engage viewers in the beauty and the understanding of the Earth.  This project presents aesthetically appealing Earth images as an artistic entrée into learning about geography, science and satellite imaging.  The images in this exhibition are displayed in an artistic format.  From accompanying text the viewer can gain a deeper understanding of the science and geography behind the imagery.  Through satellite imaging we are now able to see the world as never before.  In the past few years we have put numerous satellites into orbit that show incredible details about the Earth’s oceans, atmosphere, cities, and ice caps.  From 600 kilometers above the Earth, we can not only detect global warming, we can also monitor traffic in Sydney.  We are living in a time of revolutionary change in how we view the Earth.  In the near future, we may become very familiar with these types of images and our mental maps of the world may be thermal or infrared as well as political.
The images in the exhibit come from a variety of airborne and satellite-based sensors, some taken just a few kilometers up to others taken from over 35,000 kilometers aloft.   Although more than forty different sensors are used to produce the images in the exhibit, they represent just a fraction of what is now available.  The images that we see of the Earth from space are not simply the result of a camera orbiting the Earth taking pictures.  There is extensive engineering and scientific work involved in the creation of the satellites themselves as well as in the manipulation of the data.  Despite the image’s spectacular appearance, scientists often don’t view the remotely sensed data visually, preferring to work in tabular form.  This exhibit, however, uses the stunning visuals of remote sensing to demonstrate some of its basic aspects, to show how science and art are involved in the creation of the imagery and the extraction of information.  It is, indeed, an exciting time to be a geographer and an exciting time to be studying the Earth, for through satellite imagery we unfold not only its mysteries, but reveal its beauty as well.

The The Earth Exposed exhibit is broken into four sections: The Art of Remote Sensing, where some of the techniques of satellite imaging and Earth science research are explored; Places and the Environment, geographers study places around the world – investigating their physical and human characteristics, and in this fashion geographers for decades have been concerned about various environmental issues associated with their study of place; Monitoring the Environment, where different environmental uses of satellite data are demonstrated; and For The Beauty Of It, where images are transformed for their aesthetic appeal.

The Earth Exposed is dedicated to the peaceful use of remote sensing in our pursuit to sustainably manage, and appreciate, our existence on Earth.

Please note: 

1) The images in this text are smaller, lower resolution imagery than what is found in the gallery exhibition.  

2) Details of the original imagery can be found in the reference section at the end of the text.

Part I. The Art of Remote Sensing
Remote sensing uses technology to measure various characteristics of an object from a distance without directly touching that object.  In Earth science remote sensing, sensors are placed aboard satellites and airplanes to measure electromagnetic radiation (EMR), such as solar energy, reflected or re-emitted from the Earth's surface. Remote sensing provides information about the Earth by revealing various patterns created through the collection of EMR.  The art of remote sensing lies in the abilities of the technology and the users to pull meaningful patterns out of the data.  

In their classic remote sensing textbook, Remote Sensing and Image Interpretation, Thomas Lillesand and Ralph Kiefer define remote sensing as: “the science and art of obtaining useful information about an object, area or phenomenon through the analysis of data acquired by a device that is not in contact with the object, area, or phenomenon under investigation.”  This section explores the intersection of the arts and sciences and demonstrates how Earth science remote sensing combines art and science to create a better understanding and appreciation of our home, the Earth.  The section is broken into three subsections: wavelengths, palettes, and pixelization – scale.  These three areas make up the essentials of remote sensing.

a. Wavelengths

Perhaps the most powerful feature of remote sensing is its ability to use different wavelengths of electromagnetic radiation (light) in its imaging of the Earth. Various wavelengths of energy can capture different conditions of the Earth’s surface or immediate subsurface.  For example, geographers use both visible light and near infrared light to capture photosynthesis (the greenness of plants) in their study of the Earth’s vegetation.  Visible light is highly absorbed by plant leaves (chlorophyll) and is used in the process of photosynthesis while near-infrared light is highly reflected by leaves (cell structure), protecting them from excessive heat energy.  Therefore an Earth surface which absorbs visible light extensively and reflects near-infrared light extensively will most likely be covered with vegetation.  This differential absorption and reflection of light energy by various Earth surfaces is referred to as the “Spectral Signature” of Earth objects.  Most land covers have different spectral signatures, though some have similar signatures, such as wheat and barley.  

Some of the wavelengths that we use in remote sensing are outside the visual spectrum (can’t be seen with human eyes) and so we need to transform them into a format that we are able to see.  To visualize this process, I have taken a subsection of one Landsat Enhanced Thematic Mapper image of the Port Douglas / Daintree region of Queensland (22 May, 2001) and have printed all seven bands (wavelengths of energy) this particular satellite captures.  I have shown how we can take three different bands and combine them using red, green and blue colors to create a color composite.  The exhibit shows five different color composites created from different combinations of the bands.  This technique of visualizing the remotely sensed data with red, green and blue colors is one of the mostly widely used techniques in remote sensing.  

In scientific research, we use different bands to bring out various features in the land, such as rock types, bare soil, vegetation, urban areas, or particular aspects of the water, such as water temperature, or silt content.  There are numerous possible combinations (especially with new sensors that record more than 100 bands!) and part of the art of remote sensing is choosing the correct combination of bands to extract the needed information.  The resulting images created from various color combinations bring out informative patterns in the Earth and are art pieces in themselves.  

On the following page please find the image section: Different Views of the Daintree Tropical Rainforest & Great Barrier Reef.  Here seven bands from the Lamdsat Enhanced Thematic Mapper are aligned along the bottom row, and multispectral color combination images are along the top row.  Each color image is made up of three bands from the bottom row, where each of the three bands are given a red, green or blue color.   The colored lines running between the two rows indicate the color assigned to each band.  Look carefully at the color images along the top. Do you notice that some things like smoke and coral reefs appear in some images but not all?  What other things do you notice: forest, burn scars, clouds, beaches, etc.?
Different Views of the Daintree Tropical Rainforest & Great Barrier Reef
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Top Row

The top row is made up of a series of seven black and white images, each being one of the wavelength bands collected by the Enhanced Thematic Mapper.  All seven bands of data are collected at the exact same time.  The whiter the tone, the greater the reflected or emitted energy captured for that portion of the image in that particular wavelength.  The captured energy (both visible and invisible) is displayed in black and white. 

Images from left to right (Black & White tones):
ETM Band #     Common Name
   Spectral Wavelength
Reflected / Emitted

Band 1: 
   Visible Blue light 
   0.45 µm - 0.52 µm

Reflected

Band 2: 
   Visible Green light
   0.52 µm - 0.60 µm

Reflected

Band 3: 
   Visible Red light
   0.63 µm - 0.69 µm

Reflected

Band 4: 
   Near Infrared
   0.76 µm - 0.90 µm

Reflected

Band 5: 
   Middle Infrared
   1.55 µm - 1.75 µm

Reflected

Band 6:
   Thermal Infrared
   10.4 µm - 12.5 µm

Emitted

Band 7: 
   Middle Infrared
   2.08 µm - 2.35 µm

Reflected

Bottom Row

The bottom row is a series of color prints, each created from three of the seven bands from below.  To produce the color images, a Red - Green - Blue composite was created in which one of the seven bands was given red dye (the greater the intensity [whiter tone] the more red dye used), one was given green dye and one was given blue dye.  The colored lines connecting the two rows indicate which bands and which colors were used to create the color composites in the top row. This method helps us see and analyze the Earth's surface using both visible and invisible energy.

b. Palettes

Another important aspect of visualizing remotely sensed data is the use of color. Just as an artist can paint the same scene over and over again using different color combinations and thereby create different moods, remotely sensed images can be processed with different color combinations, or palettes, to bring out various patterns in the data. An image of clouds in a low pressure cell helps demonstrate this concept. In a series of five images, the same digital data are used for each image, but a different palette, or color scheme, is used to emphasize different patterns. The series, called “Spirals of Color,” depicts a storm system just south of Australia with a SeaWifs image (2002-02-20). The series shows how the manipulation of color helps bring out the intensity of the storm system in a variety of ways.  The middle image is the original image in a normal color palette.

Spirals of Color





 Original image
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c. Pixelization – Scale

Unlike a typical film camera, which takes a picture of an entire scene at once, an electronic sensor scans the Earth one small section at a time.  The resulting image becomes a combination of these smaller "mini photos."  Each mini photo is referred to as a "picture element" or pixel for short.  This set of (AVHRR) images shows vegetation patterns in which the greener the color, the greater the photosynthetic activity.   With this data set, each pixel has a ground resolution of 8 kilometers by 8 kilometers.  Below is a series of images where the scale increases 4-fold for each image from left to right.  As the scale increases, the individual pixels begin to appear and the broad patterns are more difficult to interpret.  When the individual pixels are prominent, the overall patterns in the image are harder to discern, but as scale changes from large to small, the individual pixels disappear and the patterns become more prominent.  Geographers are always moving between scales in their investigation of the Earth.  As scale gets larger, we can see more detail, but less surrounding area.  This series zooms in on the Nile River.

Zooming In
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Part II. Places and Environments
One of the main aspects of geographic research is the study of places and environments.  From the North Shore to the rainforests of Australia, from Salem to Beijing, geographers study the physical and human environments.  

In this section I show a couple of images of places.  In this section I also use scientific visualization to imagine possible futures.  In addition to studying different regions around the world to investigate there unique aspects, geographers have been concerned about environmental change for over 150 years.  With new technologies such as remote sensing we can understand our environment better than ever.

In my most recent piece: “Goodbye Salem, As a coastal community we should be concerned about Global Climate Change,”  I use a very accurate Digital Elevation Model and then on top of it I superimpose an aerial image of Salem and then show the effect of sea level rise, using the levels of 3 meters, 5 meters, and 10 meters.  This is scientific visualization – to help us see possible futures so that we can take action to stop it from happening.  This is not science fiction.

Grand Canyon
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The Cape
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Goodbye Salem, As a coastal community we should be concerned about Global Climate Change.
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Part III. Monitoring our Environment – Washington & The World

One of the most important uses of satellite imaging today is the monitoring of our environment, from our backyard to the entire world.  There are now dozens of sensors aloft which help us monitor our environment so that we can better manage our world.  This exhibit shows imagery that is used to monitor different environments all around the Earth.

The collage Washington & the World also demonstrates the heart of what geography is, which is the study of the interconnectedness of the world.  We live a global existence.  The air we breathe, the water we drink are influenced by activities thousands of miles away and our actions influence the lives of those on the other side of the world.  We consume products from the forests of Sumatra, the outback of Australia and the grasslands of Patagonia.  We produce things which are consumed in India, China and Europe by people we will never meet.  Decisions and policies made in Washington influence people all over America and throughout the world.  In return people in Washington are influenced by decisions made in New York or Tokyo.  

In this piece I use the artistic methodology of “the Collage” to highlight some of the global connections between Washington and the World.  Each image represents a connection to different parts of the world.  Some are physical connections such as hurricane Floyd bearing down on eastern United States while some are human connections such as an image of the British Isles, a location where many of the ancestors of people from Washington DC came from.  The remotely sensed images which make up the collage are placed along the wall in a relative latitude – longitude location. 

Most of all, this piece is a celebration of the work by numerous scientists in the study of the Earth and its various interconnections.  This piece uses 39 images from 39 different sensors which are (or were) imaging the Earth from above.  I purposely did not duplicate any sensors (though some satellites did carry two or more sensors used).  Some of the images are from my research, but most are from others.  Although many of the images by themselves are beautiful and artful, the piece is to be taken as a whole, as snapshots of our connections with the world and with the great diversity of sensors aloft collecting scientific information in helping us better understand the Earth.  

Please note: for each image the web site where the image or data were obtained is given, as well as the main web site for the sensor or sponsoring organization.  These web sites contain the names of individuals or organizations involved in data production.  

-------------------------------------------------------------------------------------------
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Please Note: All images in the collage are described on pages 22 to 31.
Part IV. For The Beauty of It 

In this section, remotely-sensed imagery is manipulated purely for the visual beauty of the Earth and the imagery itself. Images are enhanced for color and shape and are arranged in intriguing juxtapositions. The practical attributes of remotely-sensed imagery take a back seat to aesthetic issues and their ability to operate as metaphor, opening the technical facts and information embedded in each image to a larger arena for contemplation.  

	The River
	Atoll-Part II
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	The Cape in Color
	Antarctica
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Red Beatle
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A River Runs
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Black & White – White & Black
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Delta Bat
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Reference Data for Images from the Collage (page 15 above)
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	Center Image Washington, DC   
Data:
AIRSAR
Source:
NASA, Jet Propulsion Laboratory (JPL)

Data Site:
http://airsar.jpl.nasa.gov/
Image Site:
http://www.fas.org/irp/imint/isfar.htm
Image:  Radar Image from June 1993 using the JPL AIRSAR on board the NASA Ames DC-8 aircraft. The image is colored according to terrain elevation. The road grid is particularly evident as are a number of DC landmarks.
Link:
  Home Site.
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1. 
         International Space Station
Data:
Space Shuttle Photo 
Source:        
NASA, Johnson Space Center (JSC)
Data Site: 
http://spaceflight.nasa.gov/shuttle/index.html
Image Site: 
http://spaceflight.nasa.gov/gallery/images/shuttle/sts-92/html/sts092-706-005.html
Image:  The International Space Station (ISS) as seen in October 2000. 
Link:  This image represents all of the different satellites that are orbiting the Earth and imaging Washington, D.C. and the rest of the world below.
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	2. 
          Japan – Mutsu Bay
Data:
Along Track Scanning Radiometer (ATSR) 

Source: 
European Space Agency

Data Site: 
http://www.atsr.rl.ac.uk/
Image Site:
http://atsrus.ag.rl.ac.uk/images/sample/unsorted/
Image:  In this thermal image of Mutsu Bay, the land has been masked in black and temperature patterns are clearly seen on the ocean’s surface, with strong gradients occurring over short distances (few km), with temperatures ranging from cool (blue) to warm (yellow).
Link:  This image represents the technology used throughout the world to secure our food supply.  In this case, fish tend to be found in areas of high temperature contrast.  In addition, Japan is one of our leading trading partners and some products from Mutsu Bay may make it to Washington.  
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3. 
         Changjiang – Shanghai Mouth of the Yangtze 
Data:
Advanced Earth Observing Satellite (ADEOS), AVNIR

Source:
National Space Development Agency of Japan (NASDA)  

Data Site:
http://www.eorc.nasda.go.jp/ADEOS/index.html
Image Site:
http://www.eorc.nasda.go.jp/ADEOS/WorldNow/WorldNow-SEasia.html
Image:
This November 1996 image shows the mouths of the Changjiang (Yangtze) River near Shanghai where land is green and water is purple.
Link:     This image represents distant areas with a strong influence on people in Washington.  Shanghai is fast becoming one of the economic centers in Asia and decisions here affect what products will make their way to Washington.  In reverse, demand for such goods increases production and water pollution in the river, which already has high levels of industrial pollution. 
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	4. 
         Mekong Delta, Vietnam 
Data:
Landsat Multi Spectral Scanner (MSS)  
Source:
US Geologic Survey (USGS) 

Data Site:
http://edc.usgs.gov/guides/landsat_mss.html
Image Site:   http://203.162.7.73/cesta/landsat.gsfc.nasa.gov/images/ gallery/198702SaigonVN.jpg
Image:
This February 1987 false color image of the Mekong delta shows the many mouths of the Mekong with silt varying in colors of blue to green and vegetation in shades of red.

Link:
This image represents the different places throughout the world we go in service to our country or community.  There are numerous residents of Washington who fought in the Vietnam War.
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5. 
          Sumatra Fires
Data:
SPOT High Resolution Visible (HRV)  
Source:
SPOT Image 

Data Site:
http://www.spot.com/
Image Site:
http://www.crisp.nus.edu.sg/forest_fire/ fire/1999/g2/g2.html
Image: 
This false color July 1999 image from Indonesia shows active fires (smoke) and fire scars (black – brown).  Fire is used to clear land for plantations.

Link:
This image represents the alterations that occur to the Earth’s surface (and at times very distant places) due to our needs for food and forest products in Washington.  
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	6
          Fiji archipelago
Data:
OrbView-3
Source:
ORBIMAGE

Data Site:
http://www.orbimage.com
Image Site:
http://www.orbimage.com/images/fiji_35676_040517.jpg
Image: 
This multi-spectral image from May 2004 is of Ono-i-Lau of Fiji.  The dark green is vegetation and the hues of blue indicate depths of the water.

Link:
This image represents the distant vacation places that are now in the reach of people from Washington.
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7. 
         Australia 
Data:
SPOT Vegetation
Source:
SPOT Image

Data Site:
http://www.spot-vegetation.com/
Image Site:
File from Professor Young’s research

Image:
This image is based on the NDVI vegetation index.  The green colors represent active photosynthesis and the brown colors, low photosynthesis.  

Link:
This image represents the unique life forms on Earth.  Australia has a unique flora and fauna, which is quite famous as most people in Washington are familiar with kangaroos and Koala Bears.  The Washington zoo has a number of Australian species.  
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	8.
          McMurdo, Antarctica Base 

Data:
Quickbird
Source:
Satellite Imaging Corporation (SIC)
Data Site:
http://www.satimagingcorp.com/index.html
Image Site:
http://www.ball.com/aerospace/qb_im_mcmurdo.html
Image:
This is a high resolution natural color multi-spectral image of the McMurdo Station in Antarctica.  

Link:
This image represents one of the hallmarks of science, which has been our exploration of the Earth.  Here is the US station in Antarctica where scientists continue to explore our planet.  The taxes paid in Washington help to support this station.  NSF supports much of the research here.
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9. 
         Russia Gas
Data:
Resurs-O1-3 MSU-E 

Source:
ScanEx (Russian private Company) 

Data Site:
http://www.scanex.ru/default.htm
Image Site:
http://www.scanex.ru/gallery/gaz.htm
Image:
This August 1998 false color image shows the structure of an oil field in Siberia.  

Link:
This image represents some of the distant lands where we get our energy resources.  In Washington and the rest of the US, our enormous appetite for oil/gas means that we need to drill around the world in search of oil and natural gas.  Russia is one of the world’s leading producers of oil and gas.
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	10. 
          Tibet 

Data:
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)

Source:
NASA, Jet Propulsion Laboratory (JPL)

Data Site:
http://asterweb.jpl.nasa.gov/
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?5378
Image: 
This July 2000 image shows the Kunlun fault on the north side of Tibet.  

Link:
This image represents some of the distant isolated lands in the world where people migrate to the US from.  There are a number of Tibetan refugees who reside in the Washington area.  
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11. 
         Maldives 
Data:
Landsat Enhanced Thematic Mapper (ETM)
Source:
US Geological Survey (USGS) 

Data Site:
http://landsat7.usgs.gov/index.php
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?7843
Image:
This is a true-color image of the coral atolls of the Maldives.   

Link:
This image represents the distant places that are influenced by human activity from everybody in Washington.  With 80% of Maldives’ 1,200 islands no more than 1m above sea level, the Maldives are vulnerable to sea-level rise.  The carbon dioxide pollution created in places like Washington, DC is leading to global warming which is raising sea levels and threatening the Maldives among other places.
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	12. 
         Auschwitz
Data:
Earth Resources Observation Satellite (EROS)
Source:
ImageSat International

Data Site:
http://www.imagesatintl.com
Image Site:
http://www.imagesatintl.com/orderimagery/imagegallery/ image.php?image=42
Image:
This high resolution panchromatic image was taken by the EROS A satellite, developed by Israel Aircraft Industries Ltd., in cooperation with Electro Optical Industries (El-Op) in Israel.

Link:
The Auschwitz-Birkenau complex was the largest killing center of the Nazi regime.  This link represents not only those in Washington who were affected by the Nazis, but it also represents others affected by inhumanity whether it be the concentration camps of Pol Pot in Cambodia, or the ethnic cleansing of Rwanda.  
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13. 
         Venice 
Data:
Indian Remote Sensing (IRS)-1D, LISS-VNIR 

Source:
National Remote Sensing Agency, India

Data Site:
http://www.nrsa.gov.in/
Image Site:
http://www.scanex.ru/gallery/irs_liss_venice.htm
Image:
This is a false color infrared satellite image of Venice taken in December 2001.  The red indicates vegetation.  
Link:
This image represents a cultural link to various parts of the world.  A great variety of Italian cultural artifacts can be found throughout Washington from pizza, wine and spaghetti to opera.
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	14. 
         Nile Delta 
Data:
Medium Resolution Imaging Spectrometer (MERIS)
Source:
ENVISAT, European Space Agency

Data Site:
http://envisat.esa.int/
Image Site:
http://earth.esa.int/images/article_archive/nile.html
Image:
This multi-spectral image of the Nile delta shows the extent of the Nile plume as sediment is carried from the river into the Eastern Mediterranean.  

Link:
The Nile delta in Egypt is one of the most densely populated areas on Earth.  Its relationship to Washington?  Egypt is one of the biggest recipients of US Foreign Aid, and so some of the taxes paid in Washington make their way to the Nile delta.
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15. 
          Indian Ocean 
Data:
Clouds and the Earth’s Radiant Energy System (CERES)
Source:
NASA 

Data Site:
http://asd-www.larc.nasa.gov/ceres/ASDceres.html
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?8273
Image:
This image shows reflected solar energy on June 21, 2000 where blues indicate low reflection and greens show greater reflection.  
Link:
This image represents the global nature of the Earth system and the broad physical interactions that drive the global climate.  Variations in reflection and absorption of solar energy throughout the world affect global temperatures, which influences Washington’s weather. 
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	16. 
          British Isles
Data:
Sea-viewing Wide Field-of-view Sensor (SeaWiFS)  
Source:          The SeaWiFS Project, NASA/Goddard Space Flight Center and ORBIMAGE

Data Site: 
 http://www.orbimage.com/
Image Site:
 http://seawifs.gsfc.nasa.gov/SEAWIFS/IMAGES/SEAWIFS_GALLERY.html
Image:
This May 1998 image shows Coccolithophorid blooms in the Celtic Sea
Link:
This image represents migration which has occurred over the centuries for the people of Washington.  Today many who now live in the Washington area have ancestors from the British Isles.
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17. 
         Normandy – Utah Beach
Data:
IKONOS
Source:
Space Imaging

Data Site:
http://www.spaceimaging.com/
Image Site:
http://www.spaceimaging.com/gallery/ioweek/archive/04-05-30/index.htm
Image:
This high resolution true color image shows Utah beach in Normandy.  "Utah" was the code name for this beach, one of the five D-day landing areas.
Link:
This image represents the close relationship that the US and the people of Washington have with Europe in that many sacrificed their lives for the liberation of Europe.
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	18. 
          Spain 

Data:
ENVISAT Advanced Synthetic Aperture Radar (ASAR)
Source:
European Space Agency

Data Site:
http://envisat.esa.int/m-s/
Image Site:   http://www.esa.int/export/esaCP/ESAGFD7708D_index_ 1.html
Image:
Envisat's November 2002 radar image shows an oil spill originating from the Prestige tanker, lying some 100 km off the Spanish coast.
Link:
This link represents environmental effects.  Our thirst for oil means that we need to import it from many places throughout the world and while transporting oil there are accidents where oil spills into the environment.  
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19. 
         Africa 
Data:
Advanced Very High Resolution Radiometer (AVHRR)
Source:
NOAA / NASA Pathfinder Program

Data Site:      http://daac.gsfc.nasa.gov/CAMPAIGN_DOCS/LAND_ BIO/GLBDST_main.html
Image Site:    Image from Professor Young’s research

Image:
This image shows annual average photosynthesis for 1990.  Green = strong photosynthesis.
Link:
This image represents the world’s largest forced migration which was that of slaves from Africa to North, Middle and South America.  A number of African Americans living in Washington can trace their ancestry to this forced migration.  Although Africa is the world’s second largest continent, I have made it small to represent most American’s small understanding of Africa.
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	20. 
         Atlantic Ocean 
Data:
Meteosat-7 Visible (Colour)
Source:
EUMETSAT  

Data Site:
http://www.eumetsat.de/
Image Site     http://www.eumetsat.de/en/index.html?area=left5 .html&body=/en/area5/ media.html&a=500&b=0&c=0&d=0&e=0
Image:
Here is a true color weather satellite image of Africa and the eastern Atlantic.
Link:
This image represents an important area of ocean-atmospheric interaction for Washington as it is here where many of the hurricanes and tropical storms develop which eventually reach Washington.  
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21.  
         Weddell Sea Ice  
Data:
Space Shuttle SIR-C/X_SAR
Source:
NASA

Data Site:
http://southport.jpl.nasa.gov/
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?1490
Image:
This is an October 1994 multi-frequency, multi-polarization spaceborne radar image of the seasonal sea-ice cover in the Weddell Sea, Antarctica.
Link:
This image shows distant areas which are critical for the natural functioning of the Earth. The study of sea ice is important in understanding the global climate as well as the food chain in the world’s oceans.   An important global food chain begins in the sea ice off Antarctica where large numbers of krill, which eat sea ice algae from the ice, grow and are consumed by larger fish.  Some fish consumed in Washington may has come from the Antarctic food chain.
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	22.
          Iceland 
Data:
ERS-SAR
Source:
European Space Agency.

Data Site:
http://esapub.esrin.esa.it/eoq/eoq52/duch52.htm
Image Site:
http://envisat.esa.int/m-s/envisat_mission_2001/App/ASAR/
Image:
This 1997 image is an interferogram of the Vatnajokull Glacier, showing topography, including a depression in the center of the image, caused by a sub-glacial volcanic eruption.  
Link:
This image represents our physical connection to the Earth’s surface as Iceland is along the northeastern edge of the North American plate, the same tectonic plate that Washington is on.  Along this active edge we can study changes in the North American plate.
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23. 
         New York City 
Data:
Kodak Digital Camera (altered by EMERGE)

Source:
EMERGE Corporation

Data Site:
Company no longer in business

Image Site:
File of Professor Young’s

Image:
This is a high resolution digital panchromatic image.  Central New York was imaged for an insurance company just prior to the arrival of the year 2000 and the new millennium.   
Link:
This link represents the financial ties around the world.  New York City is one of the world’s financial centers and many decisions made there affect people in Washington as well as elsewhere in the world.  
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	24.
          Floyd 
Data:
GOES
Source:
NOAA

Data Site:
http://www.noaa.gov/
Image Site:
http://rsd.gsfc.nasa.gov/rsd/images/Floyd.html
Image:
This is a September 16, 1999 GOES Image.
Link:
This link represents environmental hazards, such as hurricanes.  The atmosphere affects Washington on a daily basis, and at times there are extreme events, such as when hurricane Floyd made its way to Washington in September of 1999.
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25. 
          Cuba
Data:
Advanced Earth Observing Satellite (ADEOS – GLI)

Source:
Earth Observation Research and Application Center, Japan

Data Site:
http://sharaku.eorc.nasda.go.jp/ADEOS2/index.html
Image Site:
http://sharaku.eorc.nasda.go.jp/ADEOS2/ library/20030312/0312.html
Image:
This February 2003 true-color image shows Florida, Cuba, Jamaica, the Bahamas and Hispaniola Island.  The lighter water colors are created from tropical sunlight reflecting off white sands in shallow areas.
Link:
This link represents political actions between countries and peoples.  Political decisions made in Washington affect the daily lives of people in Cuba.
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	26. 
          Panama Canal 
Data:
Shuttle Radar Topography Mission (SRTM)
Source:
NASA, Jet Propulsion Laboratory (JPL)

Data Site:
http://www.jpl.nasa.gov/srtm/
Image Site:
http://earthobservatory.nasa.gov/Newsroom/NewImages/ images.php3?img_id=10814
Image:
This shaded relief perspective image was created from topographic data acquired by the Space Shuttle.  Colors indicate elevation and range from green at the lowest to white at the highest.
Link:
This link relates to global transportation and how it affects Washington.  The Panama Canal made sea transport between Washington and the West Coast of the US a much easier trip, cutting time and costs considerably.
	[image: image65.jpg]



27. 
          Amazon 
Data:
NASA SCATterometer (NSCAT)
Source:
National Space Development Agency of Japan 

Data Site:      http://www.eoc.nasda.go.jp/satellite/sendata/nscat_e.html
Image Site:
http://winds.jpl.nasa.gov/imagesAnim/index.cfm
Image:
The SCATterometer was designed to detect wind patterns.  Because winds are sensitive to conditions on the Earth’s surface, this sensor can map vegetation.   In this image blue and purple areas are tropical rainforest and green and yellow regions are woodlands and savanna. Mountains and degraded farm lands show up as black.
Link:
This image represents regions with tremendous biological significance.  The Amazon Basin is a region of great biodiversity with thick forest cover.  Products such as rubber and Brazil nuts come from this region.  This area is also under threat from deforestation to supply such goods.  So what someone buys in Washington may help influence Amazonian deforestation.
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	28. 
          Patagonia 
Data:
Moderate Resolution Imaging Spectroradiometer (MODIS)
Source:
NASA

Data Site:
http://aqua.nasa.gov/MODIS3.html
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?26164
Image:
This is a true color image of the southern portion of South America.  This is an unusually clear image as the region is frequently covered in clouds.
Link:
This image represents areas in the Southern Hemisphere where we get food products.  Chile is in the Southern Hemisphere and thus has the opposite growing season from the US and is able to produce food products when we can’t. 
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29. 
         Ozone Hole 
Data:
Total Ozone Mapping Spectrometer (TOMS)
Source:
NASA: Goddard Space Flight Center

Data Site:
http://toms.gsfc.nasa.gov/
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?3766
Image:
This September 2000 image shows an area of ozone depletion (ozone hole) which is three times larger than the entire land mass of the United States.
Link:
This image represents how actions in Washington can damage our Earth system.  Our atmosphere contains a protective layer of ozone, which blocks much of the sun’s ultraviolet radiation from reaching the Earth.  Our use of certain industrial chemicals in places like Washington has been destroying the ozone layer resulting in elevated amounts of ultraviolet light reaching the Earth’s surface..


	[image: image68.jpg]





	30. 
Ice-Arctic 
Data:
Advanced Microwave Scanning Radiometer - EOS (AMSR-E)
Source:
National Space Development Agency of Japan (NASDA)

Data Site:
http://www.nasda.go.jp/projects/sat/aqua/index_e.html
Image Site:
http://earthobservatory.nasa.gov/Newsroom/ NewImages/images.php3?img_id=10308
Image:
This June 2002 image shows ice areas as white.
Link:
This image represents how actions in Washington are changing the arctic environment. The use of fossil fuels, such as gasoline used in cars to drive in Washington, puts carbon dioxide into the atmosphere which increases the world’s temperatures through the Greenhouse Effect.  One of the results has been the melting of the polar ice cap, and through remote sensing we are able to monitor this effect.
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31. 
Canada 
Data:
RADARSAT
Source:
Canada Centre for Remote Sensing

Data Site:
http://www.ccrs.nrcan.gc.ca/ccrs/homepg.pl?e
Image Site:
http://www.ccrs.nrcan.gc.ca/ccrs/data/ showcase/showcase_e.html
Image:
This is a radar image of Canada has been colorized based on relief.  It is created through a process known as Chromo-Stereoscopy for Depth Perception.  It is a 3D image with 3D glasses.
Link:
This image shows our biggest trading partner, Canada.  Many of the products that we use come from Canada and some products produced in Washington go to Canada.  We also share many cultural, religious and political issues with Canadians.  
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	32. 
Lights of US
Data:
Defense Meteorological Satellite Program (DMSP)

Source:          NASA 

Data Site: 
http://dmsp.ngdc.noaa.gov/dmsp.html
Image Site:
http://www.darksky.org/images/satelite/usa_nobound.jpg
Image:
 This image is a composition of panchromatic nighttime images of the US.
Link:
This image represents the control that policies made in Washington have over the energy use throughout the US. 
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33.
Grand Canyon
Data:
Landsat Thematic Mapper (TM)
Source:
USGS – EROS data Center 

Data Site:
http://edc.usgs.gov/
Image Site:
File of Professor Young’s

Image:  This is a multispectral TM image of the Grand Canyon.  Vegetation is green.  

Link:
 Policies made in Washington affect the way we protect, or neglect, the natural environment throughout the United States.  
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	34. 
Mexico - Popocatépetl
Data:
International Space Station based photo
Source:
Earth Sciences and Image Analysis Laboratory, Johnson Space Center

Data Site:
http://eol.jsc.nasa.gov/
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?7362
Image:  This is a January 2001 digital image taken from the International Space Station. 

Link:
Volcanic ash in the atmosphere can lower global temperatures as the ash reflects sun light back into space, thus Washington’s air temperatures can be affected by distant volcanic eruptions.
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35. 
El Nino 
Data:
TOPEX/Poseidon
Source:
NASA, Jet Propulsion Laboratory (JPL)

Data Site:
http://topex-www.jpl.nasa.gov/mission/topex.html
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?1764
Image:
 This is an image of the warming of the Pacific Ocean off of NW South America.
Link:
The El Nino climate anomaly is a physical phenomenon, which is most evident in the Pacific off the N. W. coast of South America.  Through satellite imaging we are able to monitor its progress over time.  This event influences weather around the globe, and so people in Washington are affected by it. 
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	36. 
South Pacific 

Data:
Atmospheric Infrared Sounder (AIRS)
Source:
NASA, Jet Propulsion Laboratory (JPL)

Data Site:
http://www-airs.jpl.nasa.gov/
Image Site:
http://www-airs.jpl.nasa.gov/images_data/ image_releases/2003/april03_avg_brtns_temp.html
Image:
 This image shows average temperatures in the South Pacific for April of 2003.
Link:
One of the most important Earth system relationships is that between the oceans and the atmosphere.  Changes in ocean temperatures in the Pacific can influence weather throughout the world, including Washington.
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37. 
Bearing Sea 

Data:
Multi-angle Imaging SpectroRadiometer (MISR)
Source:
NASA, Jet Propulsion Laboratory (JPL)

Data Site:
http://visibleearth.nasa.gov
Image Site:
http://visibleearth.nasa.gov/cgi-bin/viewrecord?7049
Image:
 This August 2000 image shows the productive waters of the Bering Sea, making it one of the world’s important fishing grounds.

Link:
The Bering Sea is an important, and hazardous, area for fishing.  Some of the fish eaten in Washington come from this region.
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	38. 
Hawaii 

Data:
Uninhabited Aerial Vehicle (UAV) 

Source:
NASA, Clark University

Data Site:
http://www.clarku.edu/faculty/herwitz/
Image Site:
http://earthobservatory.nasa.gov/Newsroom/ NewImages/images.php3?img_id=10797
Image:
 Although when this image was taken, 80% of the sky was covered in clouds, people monitoring the UAV were able to direct it to breaks in the clouds to create a cloud-free image.  The UAV has the ability to quickly gather data and send it to users for time sensitive missions, such as agriculture.  
Link:
Through globalization, the coffee we drink, the food we eat, and the cars we drive may have originated far from Washington.  In this image, coffee is being monitored by remote sensing, helping to determine the time for harvesting the crop.
	


References: Data & Medium Used for Gallery Images
Listed as the images appear in the gallery from the podium to the door.

Title:


The River 

Year:


1998
Section:

For the Beauty of It
Data Source:

USGS Ariel Imagery
Data Purchase:
USGS – EROS Data Center 

Image Processing:
Stephen Young, Salem State College

Display Medium: 
Kodak Photo Processing, Mounted with glass frame
Title:


Different Views of the Daintree Tropical Rainforest & Great Barrier Reef 

Year:


2006
Section:

The Art & Science of Remote Sensing
Data Source:

Landsat Thematic Mapper

Data Download:
Global Land Cover Facility (GLCF): University of Maryland

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Spirals of Color
Year:


2006
Section:

The Art & Science of Remote Sensing
Data Source: 

OrbView-2/SeaWiFS, 2002-02-20
Data Download:
NASA Visible Earth



Image Processing:
NASA/Goddard Space Flight Center, ORBIMAGE, 

Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Zooming In
Year:


2006
Section:

The Art & Science of Remote Sensing
Data Source: 

Advanced Very High Resolution Radiometer (AVHRR) sensor, 1990.

Data Provided by:
NASA Goddard Space Flight Center

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Grand Canyon

Year:


2004
Section:

Places and Environments
Data:


Landsat Thematic Mapper (TM)
Source:


USGS – EROS Data Center 

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


The Cape

Year:


2005
Section:

Places and Environments
Data Source:

Landsat Thematic Mapper  (September 1999)
Data Download:
Global Land Cover Facility (GLCF): University of Maryland

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Good-Bye Salem: 

As a coastal community we should be concerned about global climate change.

Year:


2008
Section:

Places and Environments
Data Source:

Digital Terrain Model and 1:5,000 Black & White Digital Ortho Images
Data Download:
MassGIS
Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Australian Beatle

Year:


2006
Section:

For the Beauty of It
Data Source:

Landsat Thematic Mapper
Data Download:
Global Land Cover Facility (GLCF): University of Maryland

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Washington & The World
Year:


2005
Section:

Monitoring our Environment
Data Source:

Please see guide on the wall for individual imagery
Image Processing:
Please see guide on the wall for individual imagery
Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Black & White – White & Black
Year:


2006
Section:

For the Beauty of It
Data Source:

Landsat Thematic Mapper
Data Download:
Global Land Cover Facility (GLCF): University of Maryland

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


A River Runs
Year:


2006
Section:

For the Beauty of It
Data Source:

Landsat Thematic Mapper

Data Download:
Global Land Cover Facility (GLCF): University of Maryland 

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Delta Bat
Year:


2004
Section:

For the Beauty of It
Data Source:

Landsat Thematic Mapper
Data Download:
Global Land Cover Facility (GLCF): University of Maryland

Image Processing:
Stephen Young, Salem State College

Display Medium: 
HP Plotter, Laminated and Mounted on Gator Board
Title:


Atoll-Part II   

Year:


2004
Section:

For the Beauty of It
Data:


Space Shuttle Digital Photo 

Source:


NASA 

Image Processing:
NASA, Stephen Young, Salem State College

Display Medium: 
Kodak Photo Processing, Mounted with glass frame
Title:


Antarctica
Year:


2004
Section:

For the Beauty of It
Data:


Space Shuttle/SIR-C/X-SAR 

Source:


NASA Visible Earth 

Image Processing:
NASA, Stephen Young, Salem State College

Display Medium: 
Kodak Photo Processing, Mounted with glass frame
Title:


The Cape in Color
Year:


2001
Section:

For the Beauty of It
Data Source:

Landsat Thematic Mapper  
Data Download:
Global Land Cover Facility (GLCF): University of Maryland

Image Processing:
Stephen Young, Salem State College

Display Medium: 
Kodak Photo Processing, Mounted with glass frame
Artist’s Statement

Satellite imaging provides us with a very unique way to study and appreciate the Earth.  I use this imagery to visually attract the viewer, and hopefully, arose some curiosity about the Earth and the imagery itself.  As a professional geographer, I have been working with satellite imagery for well over a decade.  I have been using it to understand how the Earth’s environment has been changing, with an emphasis on vegetation change.  While doing my research I would often come across truly awe-inspiring images of the Earth.  I would take those images, analyze them and turn them into a table on deforestation or hectares of biomass.  Eventually, I started to save some of the images and I would hang them on my office wall, or in the hallway.  The excitement these images created in my students made me realize the power they have to illustrate basic concepts in Earth science and geography.  In 1998, I moved from school hallways to art galleries where I have been working on the visual power of the imagery, the power to catch the viewer’s eye and elicit a sense of wonder and curiosity about the Earth.

Now through the project, The Earth Exposed, I am able to combine my love of academics and teaching with my love of the visual arts, where beauty can help us appreciate and develop an inquisitiveness about the Earth.  On one level, I create and alter the images to reveal the beauty of the Earth, while on another level, each of the images has a scientific or geographic story to tell.  If the viewer develops a sense of curiosity, I provide some additional information to help them pursue that interest.  
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