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With civilization having a profound impact 
on the Earth's atmosphere, land surfaces, 
and bodies of water, and with resources 
being rapidly altered by human activities, it 

is extremely important to monitor the state of the 
Earth. Baseline measurements provide the basis for 
documenting change; continuous measurements will 
permit the early detection of changes and permit 
actions to be taken to avoid some of the adverse 
impacts of changes that might occur in the absence of 
early warning. 

Optical remote sensing (ORS) has become a valu
able, if not indispensable tool for modern civilization 
for a number of reasons. ORS is often cost-effective 
compared with other techniques. Large geographical 
regions can be monitored quasi-continuously. 
Inaccessible or hazardous areas can be probed conve
niently and safely. 

The purpose of this special issue is to highlight some 
of the recent accomplishments of ORS and point out 
the principles that appear to be guiding its future. Many 
of these topics will be discussed at the Optical Remote 
Sensing Topical Meeting, February 5-9, Salt Lake City, Utah. 

The basics 
Optical properties of materials in the Earth's atmos
phere, surface, and hydrosphere form the scientific basis 
for remote detection. The primary properties used 
include: scattering and reflection; absorption and emis
sion; and fluorescence and Raman scattering. In the 
atmosphere, for example, molecular species concentra
tions can be determined by absorption of natural radia
tion such as sunlight as that radiation passes through the 
atmosphere to an instrument that has a high-resolution 
spectrally selective receiver and detector. Such instru
ments are called passive remote sensing instruments. It is 
also possible for the instrument to supply its own radia
tion, such as in the form of a broadband light source or a 
laser. Such instruments are called active remote sensing 
instruments. Active laser systems, called lidar (light 
detection and ranging), rely on the atmosphere or hard 
surfaces to provide the backscatter to the receiver. For 
Earth surface measurements of vegetation and geological 
features, natural radiation is generally used. However, the 
spectral resolution need not be as high as for molecular 
species measurements, since the spectral features are 
much broader. An overview of which techniques can be 
used with which materials is given in Table 1. A profile of 
the atmosphere is given on page 19 in Figure 6. 

Atmospheric composition 
Civilization is having a profound impact on the global 
atmosphere through such activities as fossil fuel com
bustion, release of industrial chemicals into the envi
ronment, and altered land use. One of the best known 
examples is that of stratospheric ozone depletion 
through the use of chlorofluorocarbons (CFCs). The 
largest effect to date has been found in the Antarctic, 
where ozone at some altitudes is almost 100% depleted 
each austral spring (see glossary, page 20, for a defini
tion of this and other terms). Of the more than 33 
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Table 1. Propert ies of materials useful for various O R S techn iques . Detai ls of the 
physical bas is of O R S is descr ibed in books such a s those for atmospheric studies 
by Measures,1,2 H u f f m a n , 3 and Browell, 4 Stephens,5 and Earth s u r f a c e in books 
s u c h 
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Figure 1. T O M S on Meteor 3 total ozone in the southern hemisphere for October 
2, 1 9 9 4 . It s h o w s ozone va lues as low as between 1 0 0 and 125 D o b s o n Units 
(D.U.). Before 1 9 8 0 . typical min ima were about 300 D.U. Such figures are now 
routinely available at terminals in many locations within a day of the observat ions. 

Figure 2. Alaska to Norway, January 16 , 1 9 9 2 . This figure shows stratospheric 
aerosol distributions measured with the NASA Langley airborne UV DIAL (differential 
absorption lidar) system during the 19911992 airborne Arctic stratospheric expedi
tion. Sulfuric acid aeroso ls from the eruption of Mount Pinatubo are s e e n equator-
ward of about 75°N; the region of the polar vortex is relatively aerosol free.11 
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Figure 3. PEM-West (B) Flt #17. This figure was taken on a NASA mission to 
study the western Pacific troposphere using the NASA Langley UV DIAL (differen
tial absorption lidar) system. 1 0 The figure shows a stratospheric intrusion (tro
pospheric fold event). 

Figure 5. LITE pass over Pacific Ocean warm pool orbit 14, September 10, 
1994. This figure shows cirrus clouds (important for the Earth's climate) at 
the top of the troposphere over the western Pacific warm pool. The data 
extend from about 12.3°N on the right to 15.3°N on the left. The marine 
boundary layer is better developed nearer the equator, where the ocean 
was warmer. This figure is from the LITE project, M.P. McCormick, NASA 
Langley, Hampton, Va., Project Scientist. 1 2 

Figure 4. LITE over northwestern Africa. This figure shows prelimi
nary data from the Lidar in Space Technology Experiment (LITE). This 
lidar system flew on the STS 64 space shuttle mission, September 9-
19, 1994. Shown in this figure are the Atlas Mountains, dust from 
the Saharan Desert, and clouds. This figure is from the LITE project, 
M. P. McCormick, NASA Langley, Hampton, Va., Project Scientist. 1 2 

instruments that have made or are making stratospher
ic ozone measurements, at least 30 use ORS 
techniques.7 These instruments also greatly comple
ment one another. Each instrument type has strengths 
and weaknesses in such areas as geographical coverage, 
vertical resolution, frequency of measurement, and 
length of measurement record that it often takes a 
number of instruments to make or verify an important 
finding. 

An example of such complementarity is found in 
the discovery of tropospheric ozone increase over the 
south tropical Atlantic during the annual southern 
hemisphere burning season.8 The discovery was made 
while processing ozone data from two space-based 
instruments to determine global tropospheric ozone 
distributions on a seasonal basis. Stratospheric ozone 
measured by the stratospheric aerosol and gas experi
ment II (SAGE II) instrument was subtracted from col
umn ozone measured using the total ozone mapping 
spectrometer (TOMS) to yield a residual ozone indica
tive of tropospheric ozone (see Fig. 1, page 17). The 
finding of the south tropical Atlantic ozone anomaly 
led to a NASA aircraft expedition to South American 
and Africa in 1992 to confirm the relationship between 
biomass burning and ozone increases. The findings 
were generally as expected, and are a further example 
of mankind's far-reaching impact on the global atmos
phere, and how ORS can yield unexpected results. 

Instruments are often called on to provide informa
tion beyond the tasks for which they were designed. 
For example, the Upper Atmosphere Research Satellite 
(UARS) was developed to study the upper atmosphere 
physical and chemical processes, especially as affected 
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by human activities, 9 but was 
launched three months after the 
eruption of Mount Pinatubo. The 
resulting stratospheric sulfuric acid 
aerosols made many measurements 
difficult for several months due to 
the high optical extinction of solar 
radiation, but the aerosols turned 
out to be interesting to study in 
their own right, both for their 
impacts on climate and atmospher
ic chemistry, and as tracers of 
stratospheric dynamics (see Fig. 2, 
page 17). 

Rapid advances continue to be 
made with the development and 
deployment of lidar systems for 
atmospheric studies. 1 0 - 1 4 Lidar has 
advantages over many passive 
instruments of high spatial resolu
tion and it can make measurements 
both day and night (see Fig. 3). 

A quantum leap in lidar was 
made with the launch of the lidar 
in-space technology experiment 
(LITE) September 9, 1994, on space 
shuttle Discovery. It was designed to 
demonstrate that lidar could be 
used from space-based platforms to 
study the Earth's atmosphere 
(aerosols, clouds, and molecular 
density)12 (See Figs. 4 & 5). 

LITE uses a Nd:YAG laser in the 
first, second, and third harmonics 
(1064, 532, and 355 nm). The lidar 
worked extremely well, as con
firmed by numerous ground-based 
and airborne lidar systems activated 
during the 10-day mission. LITE 
easily observed cirrus clouds, 
boundary layer aerosols, and pro
filed the terrain in cloud-free 
regions. One of the highlights of the 
mission was the encounter with 
typhoon Melissa, during which 
LITE was able to profile the cirrus 
clouds peeling off from the 
typhoon, the cloud deck top, and 
the cloud structure in the eye of the 
typhoon! 

Earth's surface 
The use of ORS to study the Earth's 
surface, including vegetation cover, 
land use, geology, and hydrospheric 
properties is also very important for 
many of the same reasons as atmos
pheric studies. Instruments have 
advanced considerably from cameras 
taking black and white photographs 
to hyperspectral instruments with 

over 200 spectral channels now in 
the development phase.15 

A good introduction to this field 
is found in the many chapters of 
Theory and Applications of Optical 
Remote Sensing by G. Asrar.6 In the 
chapter on future directions for 
remote sensing in terrestrial ecologi
cal research by Wickland,16 the four 
main areas of applications of ORS 
for studying terrestrial ecology are 
outlined. They are: landscape pat
terns and processes; vegetation 
change; biogeochemical cycling 
processes; and global energy balance. 

Vegetation 
The use of ORS to study vegetation 
on the Earth's surface is very impor
tant. It is important to document 
original vegetative cover and 
changes as they occur. Vegetation is 
an important indicator of terrestrial 
ecosystems. If these systems can be 
mapped, much can be inferred 
about the plants and animals living 
in the ecosystems, the emissions to 
the atmosphere, and the effect on 
the global energy balance through 
evapotranspiration. 

One of the more promising 
long-term applications is the appli
cation of satellite remote sensing 
both to help develop models for 
soil-plant-atmosphere models, and 
then to provide global data for use 
with these models. A good start in 
this direction was the First 
International Satellite Land Surface 
Climatology Project (ISLSCP) Field 
Experiment (FIFE), conducted in 
1987 and 1989. A 15 km X 15 km 
grassland site near Manhattan, 
Kansas was used for the study. An 
overview of the FIFE project is 
given by Sellers et al.17 A number of 
ground-based in situ and remote 
sensors, and airborne remote sen
sors were used to collect data on the 
soil, the vegetation, and the atmos
phere during times that spectral 
imaging satellite instruments passed 
overhead. Of importance to the 
program were such factors as the 
radiation budget, surface rough
ness, and surface resistance and soil 
moisture. Surface resistance is a 
function of the vegetative cover. 
One of the important considera
tions during the program was the 
need to acquire information on 

optical properties, such as aerosol 
and water vapor amount, and then 
correct the satellite images accord
ingly. Atmospheric corrections are 
discussed in general by Kaufman,18 

and in the context of FIFE by 
Wrigley et a l . 1 9 The results of the 
FIFE project are summarized in 
Sellers and Hall. 2 0 

One of the profound changes 
modern civilization is making in 
land use is the destruction of 
forests, often by burning, generally 
for agricultural and inhabitation 
purposes. Biomass burning can be 
studied both during combustion 
and afterward. A review of the use 
of the advanced very high resolu
tion radiometer (AVHRR) 1-km 
resolution data for environmental 
monitoring of land masses is given 
in Ehrlich et al.21 

Geology 
Geological spectral features can be 
used to locate various rock and min
eral types (e.g., Goetz 2 2). ORS can 
also determine soil composition (see 
various chapters in Asrar 6 and 
Belward and Valenzuela23). The use 
of ORS for geological applications is 
also discussed in the articles on 
Airborne Visible/ Infrared Imaging 
Spectrophotometer (AVIRIS) by 
Green1 5 and the Earth observing sys
tem (EOS) by King and Herring in 
this issue. 2 4 The near-IR spectral 
region has many spectral features of 

Figure 6. A tmospher ic thermal structure profile. 
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rocks and minerals that can be used 
with reflected solar radiation to 
determine geological type, while the 
thermal-IR spectral region has geo
logical features that can be observed 
in thermal emission. Vegetation 
reflection peaks around 900 nm and 
decreases monotonically towards 2 
μm, so vegetation and soil/rock/ 
mineral features can be separated 
spectrally to some extent. As point
ed out in Goetz,2 2 rock and mineral 

deposits have been discovered using 
multispectral instruments observ
ing near-IR reflected solar radia
tion. 

Hydrosphere 
Since water covers 70% of the 
Earth's surface and water surfaces 
are often far from inhabited areas, 
the use of ORS to monitor condi
tions on or near the water surface 
can be very useful. Some areas of 
importance include ocean surface 
temperature, which affects the 
weather through evaporation lead
ing to such things as hurricanes and 
El Niño events, phytoplankton, a 
measure of ocean biological pro
ductivity, and the presence of oil 
spilled from tankers. The Coastal 
Zone Color Scanner (CZCS) on 
Nimbus-7 measures fluorescence in 
the visible region. 2 5 The CZCS is 
still operating and producing inter
esting results. The Moderate 
Resolution Imaging Spectrodiometer 
(MODIS) on EOS will measure 
ocean near-surface properties, see 

King and Herring 2 4 (this issue) for 
more on this topic. 

Lidar are also being used to 
extend the hydrospheric studies, 
with the aim of improving mea
surements from space.26 

Future trends 
From these examples and many 
more that space does not permit 
discussion, there are a number of 
trends in the development and use 
of instruments and data that can be 
identified: 

Increasingly accurate and user-
friendly spectral data for atmos
pheric studies are becoming avail
able. Instruments are being devel
oped to achieve higher vertical reso
lution, partly through higher num
ber of channels and spectral resolu
tion or by using active remote sens
ing techniques, such as lidar.4, 1 0 - 1 4 

Instruments that measure Earth-
surface properties are being devel
oped with spectral channels opti
mized to minimize atmospheric 
effects, and providing reasonably 
high signal-to-noise ratios. 1 8 , 2 4 

Remotely sensed Earth surface 
data will be integrated with in situ 
data and incorporated into geo
graphic information systems (GIS) 
for more convenient access 
[Belward and Valenzuela, 1991]. 
The new U.S. federal agency, the 
National Biological Survey, for 
example, will make extensive use of 
ORS data linked to GIS. 2 3 

Technological developments are 
expanding the capabilities of ORS. 
This includes new instruments, 
improved instrument components 
and computer systems, and 
improved measurement and analy
sis techniques. 

The miniaturization of ORS sys
tems such as micro-pulse lidar is 
also important. Unpiloted 
autonomous vehicles (UAVs) will 
provide platforms for several-day
long studies of the atmosphere and 
Earth's surface. An example of a 
future application is the use of ORS 
instrument on UAVs to measure the 
atmospheric temperature, water 
vapor content, and wind fields asso
ciated with developing hurricanes. 

The development and extensive 
field deployment of precursor ver
sions of instruments intended for 

space-based use, such as AVIRIS as 
a forerunner of MODIS for EOS. 2 4 

Instruments with more channels 
and higher spectral resolution (up 
to hyperspectral), such as AVIRIS 1 5 

to achieve higher vertical resolution 
in the atmosphere and monitor 
more geological and vegetative fea
tures on the Earth's surface. 

Data from monitoring instru
ments are being made available 
more rapidly. For example, TOMS 
ozone data are available at ground 
stations around the world within a 
day of acquiring the data. Data are 
used to determine trends, implying 
that instruments must be well cali
brated, that the data must be vali
dated using other instruments, and 
that good quality assurance pro
grams must be in effect. 

Increasing international coopera
tion in ORS includes the increased 
development of networks, either 
formally or informally, as well as 
coordination in space-based ORS. 
The Europeans and Japanese have 
some Earth observing satellites in 
orbit and are preparing to launch 
several more in the next few years. 
The Russians have Earth observing 
platforms with U.S. (TOMS) and 
French instruments. DoD instru
ments will be increasingly used to 
provide data of use to the civilian 
population. For example, Raytheon 
Co. was recently selected by the 
Brazilian government to assemble 
an Amazon River Basin surveillance 
system including remote sensing 
and imagery.27 

The increasing combination of 
complementary data from two or 
more space-based instruments, or 
from space-based instruments and 
near-surface instruments. For 
example, the latter can give details 
of surface cover, while the former 
can determine the extent of various 
surface cover types. Larger data sets, 
archived for public use, will be 
especially important for the EOS 
database. 

ORS is an integral part of 
modern life and has made signifi
cant contributions to modern civi
lization. Through future develop
ment and application of ORS, the 
optics community will continue to 
benefit both civilization and the 
Earth on which we live. 

Glossary 

Austral Spring: the southern hemisphere spring, 
September to December. 

Cloud Deck Top: the top of a set of clouds, 

Radiation Budget: solar radiation incident minus 
solar radiation reflected minus terrestrial radiation 
emitted. 

Soil Moisture: water contained in soil near the surface. 

Surface Resistance: the limiting factors to 
evapotranspiration of the soil and canopy. 

Surface Roughness: a measure of the size of 
vegetation features on the Earth's surface. 

Total Column Ozone: the amount of ozone in the 
atmospheric column from the surface to the top of the 
atmosphere, generally expressed in Dobson units 
(milli-atmosphere cm). 
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