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North Africa from Space
How geographers use art and science in their exploration of the Earth from Space
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 creating the Rift Valley in eastern Africa.  We can see the immense dry territories of the Tibetan Plateau and Sahara desert, as well as the lushness of the Congo 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.  North Africa from Space is an art gallery exhibit that demonstrates how geographers use remote sensing in their study of the Earth from space and this catalogue 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.

North Africa from Space 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, satellite imaging and North Africa.  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 Cairo.  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 thirty 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 North Africa from Space 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; Monitoring the Environment, where different environmental uses of satellite data are demonstrated; Places and Environments, showing imagery from different sensors of different places in Northern Africa;  For The Beauty Of It, where images are transformed for their aesthetic appeal.
North Africa from Space 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) Not all of the images listed in this catalogue may be on display.  The venue might not be able to accommodate all of the images.

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 Oum el Bouaghi region of Algeria (24 April, 2000) 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 Algeria.  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 that appear in some images but not all?  What other things do you notice: agriculture, forests, an airport, salt flats, etc.?
Different Views of Algeria
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Bottom Row

The bottom 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

Top Row

The top 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 exposed rocks 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 “Color in the Mountains,” depicts a different rock material in the Atlas Mountains in Morocco with an ASTER image. The series shows how the manipulation of color helps bring out the intensity of different minerals in a variety of ways.  The individual top image is the original image in a normal color palette.

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 (NASA) 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 about 1 kilometer by 1 kilometer.  Below is a series of images where the scale increases 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 Tunisia.
Zooming In
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Part II. Monitoring our Environment
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 North African environmental issues such as vegetation change, dust pollution, water resources, and urban development.  Environmental issues facing North Africa, and the world, are caused by, or enhanced by human activity while others are natural events that happen in the environment but bring about hazardous conditions for human survival.  
	Having the largest desert in the world and powerful winds, dust storms are major problems in North Africa.  The dust storms create widespread blankets of wind blown dust.  Not only do these dust storms influence Africa, but they impact the environments in Europe and the Caribbean as well.  With its capability to monitor large areas with high temporal resolution, satellites provide excellent monitoring abilities for dust storm activity.  The image here is a SeaWifs image capturing dust in northwest Africa as it starts to move out into the Atlantic Ocean.
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Water resources are critical for arid North Africa and satellites are able to monitor their quality and quantity.  Water resource issues are a global problem and satellite technology is able to help us monitor and evaluate water issues.  The image in this exhibit is a MODIS image showing Lake Chad (bottom left) and through satellite technology we can monitor the water levels for Lake Chad which has been drying up.

 The next image in this series is an ASTER image of Cairo (bottom right).  Throughout the world cities are growing extremely fast.  This rapid growth presents residents and planners with difficult decisions.  Satellite and airborne imagery give planners and environmental managers tools to help manage our growing cities.
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Concerning vegetation change, North Africa has a scarce amount of vegetation as it is primarily an arid region.  Protection of the insufficient resource is vital for millions of people across North Africa.  The use of satellite imagery is an excellent way to monitor vegetation as satellites are able to observe large areas over long periods of time and are able to pick up slight variations in photosynthesis.  

As an example of more detailed analysis of the environment using satellite imagery, I present images from my main area of work: vegetation change on Earth.  The images presented here were derived from data captured by the SPOT Vegetation sensor and have been manipulated to analyze vegetation cover and change in North Africa.   The first image: Annual Average Photosynthesis for North Africa, 2000, shows the distribution of vegetation (with photosynthetic activity as a proxy for vegetation).  The darker the green, the greater the photosynthesis, and thus greater amounts of vegetation.  The browner the colors, the lower the levels of photosynthesis.  This image is made up of hundreds of satellite images from the SPOT Vegetation sensor, and represents the annual average vegetation activity.  Notice that most of the vegetation is located in the Sahel to the south and along portions of the northern coast and along the Nile River.
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The next image is also derived from the SPOT Vegetation satellite sensor and shows vegetation change from 1998 to 2006.  I have subtracted the 1998 annual average vegetation image from the 2006 annual average vegetation, and then divided the results by the 1998 average.  The outcome provide the percent change in photosynthesis from 1998 to 2006.
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Part III. 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.    All images are from the Landsat Satellite.
The Desert Fish
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Macro or Micro? Satellite image of Desert or Microscope Slide of blood cells? Part 1.
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Macro or Micro? Satellite image of Desert or Microscope Slide of blood cells? Part 2.
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Red to Blue – Sand to Rock
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Sand Storm
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Stripes of Heat

[image: image34.emf]
Abstract World
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Networks
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Yellow Veins
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Untitled
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Green at the end of the Desert
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Part IV. Places and Environments
We live a global existence.  The air we breathe and the water we drink are influenced by activities thousands of kilometers 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 vineyards of California and the grasslands of Patagonia.  We produce things which are consumed in Egypt, China, and Europe by people we will never see or meet.  Decisions and policies made in Cairo influence people throughout the world and in return people in Cario are influenced by decisions made in New York, Beijing or Tokyo.  

This piece uses satellite imagery from different parts of North Africa, highlighting the diverse lands and the variety of satellites that now image the earth.  This piece uses 15 images from 15 different sensors, which have been imaging the Earth from above.  I purposely did not duplicate any sensors.  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 that helps us better understand the Earth.  Most of all this piece is a celebration of the work by numerous scientists in the study of the Earth and its various geographical interconnections. Notice the great variety of imagery – some show the Earth as if you were looking outside of a plane’s window, while others appear fuzzy or unfamiliar – yet each image provides a tremendous amount of data about the Earth.  Explore the collage and think about the connections and the information being provided by each image.
Places and Environments
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	Image              Pyramids 
Data:

       Quickbird
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	Image        Nile River
Data:
   Moderate Resolution Imaging Spectroradiometer (MODIS)
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	Image         Kebira Crater
Data:         LANDSAT Enhanced Thematic Mapper (ETM)
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	Image

Dust from Sudan 

Data:

Space Shuttle
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	Image
Al Jazirah – SUDAN
Data:

Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
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	Image

Tibesti
Data:

Gemini 11
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	Image

Africa at Night


Data:
Defense Meteorological Satellite Program (DMSP)
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	Image

TUNIS
Data:

ERS-SAR          
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	Image  
Algerian Desert
Data:

International Space Station
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	Image

Central North Africa 

Data:

Shuttle Radar Topography Mission (SRTM)
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	Image

Eastern Mediterranean 

Data:
Sea-viewing Wide Field-of-view Sensor (SeaWiFS)  
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	Image

Atlas Mountains



Data:

SPOT High Resolution Visible (HRV)  
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	Image      Phytoplankton – West Africa
Data:
 ENVISAT - Medium Resolution Imaging Spectrometer  (MERIS)



	Image
      Richat Structure, Mauritania
Data:
         Landsat Thematic Mapper (TM)
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	Image
 West North Africa 

Data:

  GOES  



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, from which the show: North Africa from Space was created, 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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