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ABSTRACT 

Remote sensing is the science of acquiring and analizing information about

objects or phenomena from a distance. As humans, we are inimately familiar with

remote sensing in that we rely on visiual perception to provide us with much of the

information about our surroundings. As sensors, however, our eyes are greatly limited

by:

• Sensitivityto only the visiblerange of electromagnetic energy.

• Viewing perspectives dictated by the location of our bodies.

• The inabilityto form a lasting record of what we view.

Because of these limitations, humans have continuously sought to develop the

technological means to increase our ability to see and record the physical properties of

our invironment.

Beginning with the early use of aerial photography remote sensing has been

recognized as a valuable tool for viewing, analyzing, characterizing, and making

decisions about our invironment.
In the past few decades, remote sensing technology has advanced on three fronts:

1. From predominantly military uses to a variety of invironmental analysis

applications that relate to land, ocean, and atmosphere issues.

2. From photographic systems to sensors that convert energy from many parts of the

electromagnetic spectrum to electric signals.

3. From aircraft to satellite platforms.

Today, we define satellite remote sensing as the use of satellite-borne sensors to

observe, measure, and record the electromagnetic radiation reflected or emitted by the

earth and its invironment for subsequent analysisand extraction of information.
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INTRODUCTION 

Remote sensıng ıs the field of study associated wıth extracting information about an

object without coming into physical contact with it.

A difinition includes many disciplines such as medical imaging, astronomy, vısıon,

sonar, and earth observations from above.

Spectral bands of the earth can appear quite different depending on which band it is

being used to viewed it.

One of the most important parts of remote sensing is the sensor. The imaging system

must have some type of sensing mechanism to capture the electromagnetic spectrum

of an object. These mechanism can be analog or digital. Some images use film while

others use other arrays. These instruments or sensors platforms can be devided into

those with one to ten or more spectral channels (multispectral) and those with tens to

hundreds of spectral chanels (hyperspectral). Imaging spectrometry has been under

development since 1970's as a means of identifyingand mapping earth resources.

Hyperspectral data increases the detection and classification of targets previously

unresolved in multispectral images. In spectroscopy, reflectance variation as a

function of wavelength provides a unique signature, or fingerprint, that can be used to

identify materials. Imaging spectrometers create an image of a scene using high

spectral resolution and many discrete wavelingth bands.

Remote sensing refers to methods that imploy electromagnetic energy, such as light,

heat and radio waves, as the means of detecting and measuring target characteristics.

Remote sensing consists of creating images of the earth surface using several sensors

each sensitive to a particular part of the electromagnetic spectrum , as every object on

the earth's surface has a unique spectral signature and the whole spectrum is beyond

the visible wavelingths it is then possible to produce images containing much more

information that what the human eye visibe can.
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CHAPTERl 

AERIAL PHOTOGRAPHY AND REMOTE SENSING 

1.1 Introduction 

This unit introduces basic concepts of remote sensing of the environment. It is

intended to provide you with the background information necessary to successfullyuse

remotely sensed imagery in conjunction with GIS technology to answer questions about

the world in which we live.

In recent years, technological advances have changed the way geographic analyses

are done. Increasingly, computers are used to automate aspects of cartography and

remote sensing, producing data that are easily integrated into a GIS.

Many GIS systems have the capability of incorporating aerial photography, satellite

data, and radar imagery into their data layers. The process is simple, as images may be

scanned or read off a data tape. However, to use this technology effectively, it is

important to know the strengths and limitation of remotely sensed data, and to

understand which types of imagery are suited to particular projects. This unit was

developed with these concerns in mind. The information and exercises contained within

it are intended to familiarizeyou with the interface between remote sensing and GIS.

1.2 Foundations of Remote Sensing 

1.2.1 The Electromagnetic Spectrum 

The USGS defines the electromagnetic spectrum in the following manner,

"Electromagnetic radiation is energy propagated through space between electric and

magnetic fields. The electromagnetic spectrum is the extent of that energy ranging from

cosmic rays, gamma rays, X-rays to ultraviolet, visible, and infrared radiation including

mıcrowave energy.

1



1.2.2 Some Frequencies and Wavelengths of Common E.M. Waves 

~ Frequency Wavelength
, '

Power lines 60Hz 5 x 10 m (about 3100

miles)

300m

0.3 m

10m

0.6 um (6000 A)

0.3 um (3000 A)

O.Ol A

Television 1 MHz

Radar 1 GHz

Infrared 3 x 10 Hz

visidle light 5 xlO Hz

Ultraviolet lOHz

Gamma rays 3 x 10 Hz

1.2.3 Electromagnetic Waves 

Electromagnetic waves may be classifiedby FREQUENCY or WAVELENGTH, and

the velocity of ALL electromagnetic waves is equal to the speed of light, which we

(along with Einstein).

Electromagnetic waves are radiated through space. When the energy encounters an

object, even a very tiny one like a molecule of air, one of three reactions occurs. The

radiation will either be reflected off the object, absorbed by the object, of transmitted

through the object. The total amount of radiation that strikes an object is referred to as

the incident radiation, and is equal to:

Reflected radiation + absorbed radiation + transmitted radiation

In remote sensing, we are largely concerned with REFLECTED RADIATION. This is

the radiation that causes our eyes to see colors, causes infrared film to record

vegetation, and allows radar images of the earth to be created.
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Incident radiation 

Absorbed radiation 

Reflected radiation Transmitted radiation 

Figure 1.1 Reflected radiation

1.3 Radar Remote Sensing 

Remote sensing image data in the microwave range of wavelengths is generally

gathered using the technique of side-looking radar. When used with aircraft platforms it

is more commonly called SLAR (Side- looking Airborne Radar). Airborne imaging

radar systems in SLAR and SAR technologies are available. Airborne multispectral

scanners offer a number of advantages over equivalent satellite based systems including

flexibilityin establishing mission parameters and proprietary rights to data. The cost of

data acquisition is high. Hyper spectral airborne sensors can image ground materials in

many bands of relativelyhigh spectral resolution in a digital mode.
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1.4 Electromagnetic Focusing and Remote Sensing
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Figure 1.2 Electromagnetic Focusing

The spectrum formed when broadband lights originating in two incoherent sources (e.g.

a double star) are made to interfere .

1.5New Techniques for Remote Sensing

The main objective of this research is to develop novel techniques for remote sensing,

based on coherence properties of sources and of radiation fields. We have accomplished

our main goal, which was to demonstrate that changes in spectra produced by the state

of coherence of a source or of a fieldprovide information about distant objects.

Our future plans include extension of the method to detect objects of more complicated

nature. We will study the possibilityof using the technique at arbitrary distances from

the sources, from scattering media and from other objects.

1.6 Structure of Focused Fields
Our chief aim in this area has been to extend the classical theory of focusing of

radiation to novel types of systems, which are designed for use with laser light. We have

largely accomplished this aim within the framework of deterministic scalar wave

theory. We have also provided new theoretical methods for calculating the structure of
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focused fields not only in the focal region but also throughout the whole space. These

calculations are based on a new representation of such fields that we have obtained and

which greatly simplifiescomputations.

We are now developing a broader theory that would elucidate the behavior of light in

the focal region when the converging wave acquires some randomness. This would

occur, for example, by its passage through a fluctuating medium such as the

atmosphere. There are only a limited number of previous studies of this subject. We

believe that we can appreciably extend the understanding of focusing properties of

random waves. We would combine the results we have already obtained with the

techniques of optical coherence theory, which is one of our specialties.

1. 7 Satellite Inference of Stratospheric and Tropospheric Ozone 

Ozone plays an important role in the radiative and chemical balance in the

atmosphere. Ozone in the stratosphere filters out harmful ultraviolet radiation from

reaching the earth, and high levels of ozone near ground level cause respiratory

problems for people. In addition, ozone near the tropopause exerts considerable

radiative forcing. Dr. Robert D. Hudson is developing algorithms for the derivation of

the global picture for total ozone in both the stratosphere and troposphere, from

measurents of the ultraviolet albedo of the earth. Instruments which currently measure

these, albedos are the Total Ozone Mapping Spectrometer (TOMS), the Solar

Backscatter Ultraviolet Spectrometer (SBUV), and the Global Ozone Monitoring

Experiment (GOME). Algorithms have been developed which retrieve tropospheric

column ozone in the tropics, and daily near real-time images of the results This

technique is currently being extended to the Mid-Atlantic region to examine high

ground-level ozone events (smog).

Two major interferences in the derivation of total ozone are sulfur dioxide and clouds of

aerosol particles. An algorithm was developed to remove these interferences from

albedos obtained during periods of major volcanic eruptions, and information was

obtained about the nature of the emitted gas and the rate of formation of the resulting

sulfate aerosols, which are another major source of climate forcing. A new algorithm is

currently being developed to separate the effects of ozone and aerosols on the measured

albedos during non-volcanic periods. This algorithm will determine the aerosol type and

optical depth. In addition there is a continuing study of improvements to the algorithms
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used by NASA and NOAA for the retrieval of operational ozone and related data

products.

1.8 Satellite Inference of Temperature and Moisture 
Dr. Owen E. Thompson is pursuing several investigations dealing with the quality

and fidelity of temperature and moisture soundings inferred from radiation

measurements collected by advanced satellite instruments, such as the Atmospheric

Infrared Radiation Sounder (AIRS) or Infrared Temperature Sounder (ITS).

1.9 Remote Inference of Surface and Atmospheric Radiation 
Earth's climate depends on its radiative balance, controlled by solar input, surface

properties, and distribution of radiatively active gases, clouds, and aerosols in the

atmosphere. Radiative fluxes are the forcing functions of the climate system and are

responsible for the maintenance of atmospheric motions. The exchange of energy from

radiation fluxes to other forms of energy, such as sensible and latent heat fluxes, occurs

at the surface of the earth. Therefore, it is of interest, to have information on surface

radiative fluxes and thier variability. This can enable scientists to improve

parametrization of surface-atmosphere interactions, to validate climate models, and to

better understand the hydrological cycle. The use of climate models for simulating

plausible climate change scenarios, requires improved capabilities in respect to
I

hydrologic modeling and in assessing the effects of increased greenhouse gases. Of

special interest is the solar radiation in the visible part of the spectrum, namely, in the

interval of 400-700 nm, known as the Photosynthetically Active Radiation (PAR).

Information on the spatial and temporal distribution of photosynthetically active

radiation (PAR), by control of the evapotranspiration process, is required for modeling

the hydrological cycle and for estimating global oceanic and terrestrial net primary

productivity (NPP).

Earth orbiting satellites are well suited to provide a global view of our climate.

Professor Pinker and her associates in the Department of Meteorology, Drs. I. Laszlo,

G. Pandithurai, Xu Li, and graduate students, participate in several national and

international projects, aimed at improving the understanding of the climate system.

Examples of projects include the Global Energy and Water Experiment (GEWEX), the

Earth Observing System (EOS) Program, the GEWEX Continental-scale International
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Project (GCIP), the Large Scale Biosphere-Atmosphere Experiment in Amazonia

(LBA) Project, the NOAA/NASA PATHFINDER Project, and the Advanced Earth

ObservingSatellite (ADEOS)-11 mission sponsored by the National Space Development

Agency of Japan (NASDA). These activities are linked to efforts at other institutions.

In the EOS Validation framework, an activity in a desert ecroachment zone in sub-Sahel

Africa was undertaken, in collaboration with African scientists from the University of

Ilorin, Nigeria. This is a climatically important region due to its location in a desert

transition zone and because of the influence of the dusty Harmattan wind which is

persistent for prolonged periods of time, and characterized by steady dusty conditions

with high aerosol loading. Observations are made of surface radiative fluxes, as well as

aerosol optical depth. The radiation observations are linked to the World Climate

Research (WCRP) Baseline Surface Radiation Network (BSRN) activity, and aerosol

data from this station are part of the (AERONET) network.

Recently, a new CD-ROM was prepared which contains global scale information on the

distribution of daily and monthly mean values of Surface and Top of the Atmosphere

Shortwave Radiation Budget (SRB) Parameters, for the period July 1983 to August

1994. The derived values were produced at the University of Maryland, and are based

on satellite observations and on ancillary data as available from the Global Energy and

Water Cycle Experiment (GEWEX) ISCCP Dl product, at a nominal resolution of 2.5

degrees. Provided are: shortwave surface downward flux; shortwave surface upward
\

flux; visible surface downward flux (Photosynthetically Active Radiation (PAR));

visiblesurface upward flux; shortwave top of the atmosphere net flux (down-up).

1.10 Remote Sensing of Rainfall 

Accurate and detailed precipitation observations are crucial for the complete

understanding of the surface hydrology, interaction of the surface with the overlying

atmosphere, and prediction of changes in water resources on time scales ranging from

hourly to seasonal and annual. At many locations within the continental United States,

radar and raingauge coverage is inadequate, as evidenced by the experimental Stage IV

analyzed data from the National Environmental Prediction Center (NCEP). Moreover,

radar and gauge data do not exist over the Gulf of Mexico and Northern regions of

Mexico. Satellite estimates of precipitation play an important role in the collection and

the use of precipitation data. They have proven to be quite useful in large scale climate
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applications, as produced for the Global Precipitation Climatology Project (GPCP), and

have been applied to estimate rainfall for instantaneous and heavy precipitation events.

For high temporal and spatial resolution (about one hour and 10 km), estimates of rain

from geostationary satellites represent the only plausible source of information. The

most common techniques are based on infra-red observations, and they are most

effective in tropical air masses which are dominated by deep convective rainfall. They

tend to underestimate rainfall from warm top clouds, and overestimate precipitation

from cold non-raining cirrus clouds, a problems that can prove to be serious for high

spatial and temporal scales. A multi-spectral model was developed that seems to

overcome many of these problems. It uses visible, near infrared and infrared

observations from GOES satellites to identify both deep convective and "warm"

precipitating clouds.

1.11 Remote Sensing of the Oceans 

Observing the changing climate of the ocean presents a daunting observational

challenge. One of the most exciting developments in climate research in recent years

has been the introduction of satellite remote sensing observations to ocean studies. The

ocean is a conducting medium and thus electromagnetic sensors are constrained to

observe surface properties including: infrared and microwave emission (sea surface

temperature), laser and microwave ranging (sea level), microwave reflectance (wave

heights and surface wind stress), and brighness in the visible bands (phytoplankton

concentration). Some of these surface observations allow us to infer subsurface

properties of the ocean. For example, in the tropics, increases in sea level coincide with

a deepening of the warm upper layer of the ocean (a lem rise roughly corresponds to a

2m deepening). In the very near future, satellite-based observations of time-dependent

gravity will allow an additional direct measurement of the horizontal.

redistribution of mass. Scientists within the Department involved in research projects

examining all of these data types include Drs. Carton, Wang, Subraminium,

Murtugudde, Wajsowicz, and Chepurin.

Satellite Inference of Surface Chlorophyll,Primary Production and Carbon Fluxes:

The Wide Field of view Sensor (SeaWiFS) which was launched during August 1997 has

been providing unprecedented high quality data of surface ocean color. Several ocean

color missions are now operational or planned by the United States and other countries
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such as India and Japan. Dr. Ragu Murtugudde is working on the simulation of surface

distributions of chlorophyll to allow for the interpretation of remotely sensed ocean

color in terms ofsubsurface ecosystem variability. Satellite data of ocean color have

several applications such as its linkage to fisheries with a potential for forecasting fish

locations. More importantly, global primary productions can be estimated for the first

time from biomass inferred from SeaWiFS and other remotely sensed ocean color data.

Research includes attempts to estimate surface CO2 fluxes and their variability on

seasonal-to-interannual time-scales. The overall goal is to determine the contribution of

the marine ecosystem to the global carbon budget. Other satellite data such as

precipitation from Tropical Rainfall Measuring Mission (TRMM) and winds from

QuickScat are used extensively in this study.

1.12 Modeling Surface Energy Balances 

The representation of surface processes in numerical models is critical in studies of

climate change and variability; likewise, seasonal prediction relies on adequate

characterization of land surface-atmosphere energy exchanges.

Dr. E. H. Berbery is examining the surface energy balances of operational models and

evaluating them against ground and satellite information. His research is in close

collaboration with respective Operational Centers, to help in their development of

surface parameterizations.

The figure at left presents a comparison of downward shortwave radiation at the surface

as estimated from satellites and the following two operational models: National Center

for Environmental Prediction (NCEP) ETA model and the Canadian Meteorological

Centre Global Multiscale Environmental (GEM) model. The Eta model seems to have

an excess of downward shortwave radiation at the surface, which has to be compensated

by other energy related processes.
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