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FEDERAL AGENCY SATELLITE REQUIREMENTS 

ABSTRACT 

Environmental satellites operated by the National oceanic and 
Atmospheric Administration (NOAA) benefit many agencies of the 
Federal Government. This report summarizes the requirements of 
Federal agencies, other than NOAA, for the data and services of 
NOAA- civil operational environmental satellites--both polar- 
orbiting and geostationary. NOAAvs satellite needs are ex- 
pressed in the companion ENVIROSAT-2000 Report, NOAA Satellite 
Requirements Forecast, May 1985. 

The Federal agencies contributing to this document have 
described their current and planned use of the data and ser- 
vices provided by NOAAvs environmental satellite and Landsat 
systems, as well as those provided by the systems of others. 
Agency plans for taking advantage of proposed future Earth- 
sensing space systems, domestic and foreign, are cited also. 
The report emphasizes requirements for direct and indirect 
support from NOAAts environmental satellite systems. In the 
direct case, the agencies process, interpret, or use NOAAts 
satellite data, products, or services as inputs to in-house 
activities. In the indirect case, NOAA provides the agencies 
with support products, such as weather forecasts, that depend 
on satellite operations to various degrees. 

This report focuses on the direct requirements served by the 
National Environmental Satellite, Data, and ~nformation service 
(NESDIS) . ~escribed here are the satellite needs of the 
Department of Agriculture, the Army Corps of ~ngineers, the 
Department of  rans sport at ion (which includes the Federal 
Aviation Administration and the Coast Guard), the Agency for 
~nternational Development, the Department of Defense, the 
Department of the Interior, and the National Aeronautics and 
Space Adminstration, Current data uses and future requirements 
are addressed as they have been identified by each agency. 
These requirements are an important element for guiding NOAArs 
long-range planning for future environmental satellite 
services. 
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I. INTRODUCTION 

NOAA, on behalf of the Department of Commerce, manages the 
civil operational Earth remote-sensing satellite activities of 
the United States. This responsibility includes operating 
Earth remote-sensing space systems that provide data and 
services in support of national programs. It also includes 
aggregating Federal requirements for operational remote-sensing 
data and services that can be satisfied by systems operated by 
others, or that may be capable of satisfaction by future 
operational systems. In many instances where the data or 
service source is other than a NOAA space system, NOAA 
coordinates the support arrangements and, if appropriate, may 
act as the agent of the requesting Federal agency in the 
matter. 

NOAAvs environmental satellites provide an essential national 
service, which contributes directly to the accomplishment of 
many agencies9 missions. Most agencies make use of meteoro- 
logical data and information services from the National Weather 
Service (NWS). In addition, many agencies also utilize satel- 
lite data directly in a variety of ways, and depend on both the 
polar-orbiting and geostationary satellites as important data 
sources. (A description of NOAA- current and planned satel- 
lites is found in Appendix A.) These requirements for environ- 
mental satellite data are a significant consideration in NOAA 
long-range planning for future satellite programs. This report 
summarizes the current uses and projected future needs of the 
U.S. Department of Agriculture (USDA), the Army Corps of 
Engineers (CE), the Department of Transportation's (DOT) 
Federal Aviation Administration (FAA) and Coast Guard (CG), the 
Agency for International Development (AID), the Department of 
Defense (DOD), the Department of the Interior (DOI), and the 
National Aeronautics and Space Administration (NASA). 

Knowledge about historic, present, and forecast environmental 
conditions is an integral part of understanding agricultural 
and forest resources, planning and managing civil works, 
ensuring the safety of aviation activities, providing assis- 
tance in economic development and environmental protection in 
developing countries, ensuring national defense, and preserving 
and managing U.S. public lands. For these reasons, Federal 
agencies have come to depend on continuing observations from 
space in their operational programs. The non-NOAA agencies 
generally require derived products and information, but do use 
raw sensor data in some applications. The availability of 
daily global, objective satellite observations of Earth and its 
environment has enhanced the understanding of environmental 
conditions held by all agencies and allowed them to introduce 
programs to help mitigate the consequences of environmental 
conditions. 



The charters of many agencies include responsibilities for 
international activities, such as developing global agricul- 
tural production forecasts, ensuring the safety of transoceanic 
aviation, and protecting national security. However, environ- 
mental observations and archives are limited, or cumbersome to 
access, for some regions of the globe. Because of this, satel- 
lites constitute a critical source of reliable global data that 
helps to satisfy the information needs of agencies with interna- 
tional and domestic obligations. 

Many agencies acquire NOBA/National Environmental Satellite, 
Data, and Information Service (NESDIS) satellite data directly 
by subscribing to GOES-Tap, a product distribution system that 
transmits Geostationary Operational Environmental Satellite 
(GOES) imagery regularly via telephone communications systems. 
For example, DOD receives GOES-Tap at its weather-support units 
around the Nation, and the FAA receives GOES-Tap at about 64 
locations throughout the United States. 

Beyond providing space sensor data, the NOAA satellites also 
provide communications systems for environmental data relay 
that are widely used by the Federal agencies. The GOES Data 
Collection System (DCS) is a major tool of the Corps of 
Engineers for monitoring water levels in critical flood areas 
and coastal zones. AID'S Office of Foreign Disaster Assistance 
uses the GOES DCS in a tsunami warning system in Latin America 
to speed disaster warnings to coastal inhabitants, 

Data from the Landsat Earth resources satellites are used 
extensively within the Federal government as well. However, as 
awareness of environmental satellite data availability and 
improved capabilities has expanded, many applications thought 
to be useful only with Landsat data have been demonstrated to 
be useful with data from the Advanced Very High Resolution 
Radiometer (AVHRR), which flies on the NOAA polar-orbiting 
Operational Environmental Satellites (POES). This sensor 
operates at coarser spatial resolutions than the Landsat 
instruments, but is carried by satellites that each provide 
daily global coverage, compared to Landsat" 16-day repeat 
cycle. In many cases, AVHRR data can be used to monitor 
large-scale developments, reserving Landsat data for use in 
more detailed analyses of smaller geographic areas. Increased 
resolution of AVHRR data will be provided in the future, 
significantly enhancing their utility in land applications and 
benefiting many Federal users. 

Federal agencies that use NOAADs space system services monitor 
changing satellite capabilities to determine the advantages 
they may offer to agency operations. Generally, these agencies 
do not specify requirements in terms of satellite performance 
characteristics. Rather, they usually request environmental 
support services that contribute to long-term, stable agency 



goals, leaving the choice and design of appropriate support 
systems to NOAB. The missions of the agencies do not change as 
new technologies become available; the requirements for public 
service remain constant. Agencies do incorporate new capabil- 
ities to meet their responsibilities, but prefer to rely on 
proven, demonstrated technology that is planned to continue for 
a long time. They have mandates to provide services that 
affect the economic health and personal safety of citizens, and 
cannot be expected to establish a dependence upon unproven 
systems. Nevertheless, there are agency information needs that 
should influence the design of future NOAA environmental satel- 
lite systems. The purpose of this paper is to identify those 
information needs now, so that NOAAvs future satellite systems 
can accommodate them. 

The critical system requirements expressed by all the agencies 
are continuity and consistency; long-term planning and budget- 
ing are difficult, and Federal agencies must know that their 
data sources are reliable. Improvements in sensor performance, 
information extraction, and data processing and dissemination, 
along with reductions in communication costs, are specific 
satellite-related areas that the agencies identify for future 
attention. The Federal agencies represented in this document 
generally have requirements for information about standard 
physical phenomena, such as sea surface temperature and global 
cloud cover. In most instances, satellites are the observation 
tool of choice, because they are the only efficient means for 
reliably gathering worldwide information on a regular basis, 
while providing rapid data delivery. Not all the agenciest 
requirements for satellite support are being satisfied now, and 
some will remain unanswered well into the future. For example, 
the FAA has special needs for wind speed aloft (presently only 
derivable in areas with cloud cover) and the prediction, detec- 
tion, and mapping of lightning. Research is underway in both 
of these areas that could lead to operational capabilities. As 
new technologies emerge that offer opportunities to satisfy 
remaining requirements, the list of unanswered needs will be 
reduced. 

The following chapters address each agencyss requirements as 
the agencies have identified them. 
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11. SATELLITE REQUIREMENTS OF THE 
DEPARTMENT OF AGRICULTURE* 

A. INTRODUCTION 

The U.S. Department of Agriculture (USDA) is responsible for 
monitoring the production of food and fiber in the United 
States. Inherent in this activity is the need to track and 
assess international agricultural production. The relationship 
between global agricultural production and meteorological con- 
ditions is such that wide interannual variations in regional 
production arise, in large part, from major fluctuations in 
weather patterns. Agencies of the USDA involved in the evalu- 
ation of environmental fluctuations and their impact on agricul- 
ture and renewable resources are the Agricultural Research 
Service, the Economic Research Service, the Foreign Agricul- 
tural Service, the Forest Service, the Soil Conservation 
Service, and the World Food and Agricultural Outlook and 
Situation Board. 

B. SATELLITE REQUIREMENTS 

In 1977, a USDA task force identified USDAts requirements for 
weather data, information, and services. A formal report was 
developed in 1978 that serves as the basis for this assessment 
of USDA9s needs for environmental support, including satellite 
data. The requirements stated in the 1978 report, for the most 
part, are still valid. USDA requirements are stated in terms 
of data and information services, some of which involve direct 
NESDIS products and some of which are indirect requirements for 
satellite data, as when the National Weather Service (NWS) uses 
satellite data to generate products that support USDA needs. 
Because of the operational nature of USDA activities, and the 
important economic impact of its work, USDA relies on proven 
operational data and information sources. It does not define 
requirements that rely on research and development activities 
and experimental systems. Rather, it states requirements for 
the information that it needs to do its job, even though 
reliable systems to produce some of this information may not 
yet exist. The task is for supporting agencies, such as NOAA, 
to develop appropriate systems and to bring them to the level 
of maturity at which USDA can confidently transfer operational 
dependence to the new information source. 

* This statement is focused on the continuing needs of the 
Department of Agriculture for data and information from 
NOAA- operational environmental satellites. 



Environmental data and services from NOAA needed to support 
USDA activities, and dependent on satellite data to various 
degrees, fall into the following categories: 

e Climatological services to define and understand character- 
istic weather and climatic conditions for various geograph- 
ical areas and time periods, including areas outside the 
United States 

s Current measurements and observational services to define 
the present state of the atmosphere on a national and 
global basis 

@ Forecasting services to predict future weather and 
climatic conditions and their associated probabilities on 
as precise a geographic and temporal basis as possible 

The highest priority meteorological data elements for both 
current measurements and climatological services are values for 
precipitation, air temperature, snow, wind, soil moisture, and 
data on special weather phenomena such as thunderstorms, light- 
ning, and extremes of temperature and precipitation. These 
information elements are needed by USDA on anywhere from an 
hourly to an annual basis. Table 11-1 outlines USDA require- 
ments for current measurements and observational services. 
These data are used in ongoing agricultural, forest, and soil 
assessments, and for analyses that usually include other 
inputs, such as crop calendars, ground-based crop observations, 
and cultural factors. 

USDA" Forest Service is a user of NOAAvS Geostationary 
Operational Environmental Satellite (GOES) Data Collection 
System (DCS). USDA data collection platforms (DCPs), which are 
located in remote areas, collect environmental data and relay 
the data in near-real time through the GOES system for delivery 
to appropriate USDA offices. The Forest Service and the 
Department of the Interior's Bureau of Land Management (BLM) 
are cooperating in a joint wildfire warning network that 
employs remote automated weather stations (RAWS) and lightning 
detectors. This instrumentation provides warning of high fire 
danger by allowing the constant monitoring of the RAWS data, 
which are telemetered through the GOES relay and collected at 
BLMgs Boise, Idaho, direct readout ground station. Lightning 
strike data, which are superimposed on the fire danger data 
base, can be used to manage firefighting resources. 

Approximately 400 DCPs (about 250 Forest Service, 150 BIN) are 
deployed, with the goal of 750 by 1990 and 800 by 1995. Data 
being collected include wind speed and direction, precipita- 
tion, temperature, and relative humidity. The data also are 
relayed to the NWS, which produces weather forecasts that are 
sent to Forest Service users. Currently, RAWS operates during 



the fire season, normally May until December. The program is 
moving toward a nearly continuous operation, however, to enable 
the Forest Service to perform prescribed burning operations 
with reduced risk. 

In addition to meteorological data, USDA has interests in Earth 
resources satellite data. It has used Eandsat data in experi- 
mental programs to examine their applicability to large-area 
agricultural assessments and the routine monitoring of crop 
development. Earth resources satellite data have been proven 
applicable to the measurement of crop acreage and agricultural 
production, the differentiation of crop types, and the assess- 
ment of vegetation vigor. Landsat data are one source of 
information relevant to production estimation, but alone are 
not sufficient to determine final yields. 

USDA has incorporated the use of Advanced Very High Resolution 
Radiometer (AVHRR) data from N0A.A" polar-orbiting satellites 
into programs for the routine monitoring of foreign crop 
production through the analysis of vegetation "greennes~.~~ 
AVHRR provides daily, large-scale views of the entire globe, 
and is being used as a base for more refined assessments using 
other data sources. For example, USDA applies AVHRR data to 
qualitative assessments of crop conditions and to the 
delineation of areas where significant change has taken place 
in the condition of surface vegetation. Where changes of 
interest are identified, other data sources are used to deter- 
mine the nature and impact of the changes. The Soil Conserva- 
tion Service is in the initial stages of using AVHRR for soil 
mapping and determining land use changes. 

USDA is now using AVHRR data for the quantitative assessment of 
crop conditions. A product known as the vegetation Index, 
derived from AVHRR data, is used to detect the greening of 
vegetation as the seasons advance and growing conditions, 
including crop disease and pests, change. The daily revisits 
of each Polar-orbiting Operational Environmental Satellite 
(POES) permit frequent crop assessments, even for locales that 
are very often under cloud cover. Although the subpoint 
resolution of AVHRR is 1,100 m, compared to 80 m and 30 m for 
Landsat instruments, the reduced data volume of AVHRR is a 
benefit in global crop monitoring programs and provides a means 
for tracking gross trends and detecting them early. Refined 
small-area surveys of regions showing stress in AVHRR products 
can be carried out with Landsat data, at the Landsat revisit 
frequency of 16 days. 

Improvements on behalf of USDA agricultural applications are 
planned for the next revision of AVHRR, which will be flown in 
the late 1980qss. Spectral sharpness will be increased in the 
channels used to produce the Vegetation Index. USDA has 
requested that spatial resolution of the AVHRR channels of 



interest be improved to at least 600 m e  To accommodate this 
request and others, NOAA plans to modify the AVHRR capability 
to provide 500 m resolution at all viewing angles. 

The primary concern of USDA is that the data NOAA provides 
remain at the level of quality they now exhibit, whatever the 
means of data collection. As satellite data use becomes ever 
more prevalent, the expressed USDA need is for the continuous 
calibration of satellites, their data systems, and their sen- 
sors. The objective of this requirement is to assure the 
maintenance of the present level of data accuracy and to 
guarantee the accurate comparison of data from the several 
sensors of a given series with sensors of other kinds. 

USDA has operational requirements for NOAA environmental ser- 
vices, which have been stated to NOAA in generic terms (data 
elements, frequencies, accuracies, volumes, etc.) without 
reference to the systems NOAA may use to satisfy them. USDAvs 
position is that new or changed NOAA support systems must be 
proven reliable before USDA alters its operations to become 
dependent on them. 

NOAA support to USDA operations is delivered chiefly through 
the resources of NWS, but large parts are delivered by NESDIS, 
including direct satellite support, archive services, and 
specialized products. USDA8s satellite requirements are met by 
the POES, GOES, and Landsat systems. The Landsat service that 
is provided to USDA is direct, in that Landsat data are 
collected and preprocessed on behalf of USDA, then provided to 
the agency for internal use in applications. In the POES and 
GOES cases, satellite support to USDA is both direct and 
indirect. Direct POES support includes Vegetation Index 
products and AVHRR temperature products; direct GOES support 
includes DCS services and direct readout broadcasts. Indirect 
environmental satellite support to USDA is in the form of NWS 
products derived from satellite and other data. USDA s 
requirements are for worldwide coverage and, therefore, depend 
in large measure upon satellite data for satisfaction. 

The projection of USDA requirements for the next 10 to 15 years 
includes needs for additional data and services from the POES 
and GOES systems. USDA plans to increase its use of the GOES 
DCS service, both in terms of the number of remote platforms in 
use and the length of the observation season of fire-watch 
platforms. USDA has requested AVHRR improvements that would be 
useful in Vegetation Index applications. The addition of the 
Advanced Microwave Sounding Unit (AMSU) on the next series of 
POES spacecraft (circa 1990-2000) will help provide the preci- 
pitation, temperature, soil moisture, cloud cover, and other 
measurement needs reflected in Table 11-1. The separation 



Table 11-1 
Current USDA Requirements for 

Measurement and Observational Services 

Data Element 
(Variable) 

Frequency 

Hour 6-Hour Day 7-10 Day Month Season 

Precipitation 
Total 
Intensity 
Duration 

Temperature, air, 
max-min, and average X 

Snow 
Depth 
Water content 
Aerial coverage 

Wind 
Velocity 
Direction 

Soil moisture 

Soil temperature 

Cloud cover 

Special phenomena As required 

Solar radiation 

Dewpoint temperature 
(humidity) 

Evaporation 
Pan 
Evapotranspiration 

Radiation, net 

Visibility 

Pressure 
Surf ace 
Upper air 



of the imaging and sounding sensors on GOES-Next (circa 1989 
and beyond) also will help provide some of these measurements, 
in finer detail, over the Western Hemisphere. Measuring the 
phenomena shown in Table 11-1, worldwide and with the skill and 
frequency needed by USDA, is the challenge facing the designers 
of NO=* future observation system. That system will be a mix 
of satellite- and ground-based observation components that also 
will integrate data received from non-NOAA sources. 
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111. SATELLITE REQUIREMENTS OF THE 
AGENCY FOR INTERNATIONAL DEVELOPMENT 

A. INTRODUCTION 

The mission of the Agency for International Development (AID) 
is to foster the growth of developing countries by providing a 
wide range of assistance programs aimed at enhancing basic 
capabilities in such areas as food security, infrastructure and 
institutional development, and environmental protection. AID 
needs environmental and Earth resources data bases to better 
understand the environmental impacts of its development activi- 
ties and the interactions of complex ecological systems. Among 
other purposes, these data bases are used to assess the likely 
secondary consequences of AID programs on the natural resources 
of an area. As a foreign assistance agency, AID must be able 
to delineate environmental trends and support remedial steps as 
early as possible, before a natural resource base is seriously 
degraded. 

There are many applications of satellite data in the developing 
world, especially in the areas of agriculture, forestry, 
geology, geography, hydrology, and atmospheric sciences. Food 
and agriculture in developing countries are critically sensi- 
tive to climate and weather, and most developing countries are 
dependent on local agriculture for their overall well-being. 
Also, many parts of the developing world are climatically 
hostile areas (such as flood- and drought-prone areas and 
deserts) or are vulnerable to climatic disasters such as 
cyclones and typhoons. In remote and less developed areas, 
environmental satellites often provide the only access to 
weather data, such as through direct readout of Polar-orbiting 
Operational Environmental Satellite (POES) data broadcasts. 

The natural resources of less developed areas, such as mineral, 
forest, and water resources, represent an economic potential, 
but they must be identified and mapped before plans can be 
designed for their balanced exploitation. The identification 
and mapping processes, at least for gross details, are often 
first accomplished through satellite data, As nations 
progress, new industrial and renewable resource developments 
may have environmental impacts that must be understood and 
managed appropriately, Environmental satellites are powerful 
tools for the collection of regional environmental data--data 
that hold significant potential for assessing the impact of the 
development process. AID will continue to require a large 
amount of satellite data to fulfill its mission, because satel- 
lites offer the most efficient, and often the only, means of 
gathering routine observations of the environmental state of 
developing nations. 



B. CURRENT APPLICATIONS OF SATELLITE DATA 

AID has programs underway that depend on NO= satellite data 
for their effectiveness, The more prominent of these, and 
their satellite data requirements, are discussed below. 

1. Climatic Impact Assessment for Developins - Countries 

AID" Office of Foreign Disaster Assistance (OFDA) needs a 
reliable and cost-effective program to provide early warnings 
of natural disasters such as crop failure, drought, and 
flooding. To meet this need, AID supported and has imple- 
mented the Early Warning Program, which was developed and is 
operated by the NOAA/NESDIS Assessment and Information 
Services Center (AISC). The Early Warning Program combines 
scattered rainfall observations from rain gauge stations with 
cloud data obtained from NOAA meteorological satellites to 
improve the accuracy of regional rainfall estimates. Also, 
daily satellite data are used to monitor crop conditions for 
evidence of moisture stress and to search for standing water 
reserves as potential irrigation sources. Weather data are 
combined with climatic impact assessment models to help 
predict crop production. 

Biweekly assessments are provided to countries of the Carib- 
bean Basin, Africa, South and Southeast Asia, the South 
Pacific Islands, Central America, and the Andes countries of 
South America. Under this same OFDA activity, NOAA/NESDIS is 
assisting 25 developing countries in the operational implemen- 
tation of national climatic impact assessment systems. These 
implementations are based primarily on operational weather 
data reports. In Southeast Asia, pilot projects to incorpo- 
rate analyzed data from the POES Advanced Very High Resolution 
Radiometer (A'VHRR) instrument have been established with 
Thailand and Malaysia, 

AID'S Early Warning Program relies on satellite imagery and 
digital data, as well as information from conventional 
sources, for its crop production assessments. Imagery from 
POES and geostationary satellites, such as the European 
Meteosat, are combined with ground observations to infer 
rainfall distributions and general meteorological conditions, 
to detect sizable areas of standing water, and to recognize 
drought conditions and their onset. 

In the Sahel, for example, observations from about 50 ground 
weather stations help refine the environmental assessments 
that are derivable from satellite imagery. Satellite imagery 
substitutes for ground observations in regions where they are 
unavailable or unreliable. Digital AVHRR data from POES are 
used to produce the Vegetation Index product. The visible 
band (channel 1) and the near-infrared band (channel 2) of the 



AVHRR differ sharply in their responsiveness to reflectance 
from the chlorophyll in green leaves. This condition allows 
sensitive indicators (vegetation indices) of the presence of 
green vegetation to be obtained from simple mathematical 
manipulations of data from these two channels. 

Satellite data are acquired and processed daily in support of 
the Early Warning Program. The AVHRR-derived Vegetation Index 
product is a time composite covering 7 days of observations. 
Weekly composites meet the analysis needs and also allow cloud 
cover to be filtered from the daily observations. On the one 
hand, detecting clouds permits rain and other weather condi- 
tions to be interpreted from satellite data; on the other, 
clouds block the satellite viewing of stands of vegetation. 

The use of satellite data significantly improves the reliabil- 
ity and quantification of the Early Warning Program. Drought 
conditions can be identified with nearly 100 percent accuracy 
for areas as small as 100 to 250 km on a side. Because this 
program now considers only weather-related variables, insect 
and disease problems that impact on crops are not part of cur- 
rent routine assessments. In the future, Landsat data may be 
used to detect crop disease and insect problems, or to evaluate 
other conditions in finer detail. Landsats 4 and 5 each pro- 
vide rnultispectral data from instruments with 80 m and 30 m 
spatial resolutions, compared to the 1.1 km resolution of 
AVHRR. 

2. Asro-Climatic/Environmental Monitorinq Project (Banaladesh) 

The purpose of the Agro-Climatic/Environmental Project is to 
improve the planning and management of resources in Bangladesh, 
particularly those related to agriculture and water develop- 
ment. To this end, a meteorological satellite ground receiving 
station has been installed in Bangladesh. It enables the Space 
Research and Remote Sensing Organization (SPARRSO) of Bangla- 
desh to collect satellite data on a 24-hour basis. The station 
acquires data from POES spacecraft and the Japanese geostation- 
ary satellite (GMS) . 
The project uses all POES direct readout services: High 
Resolution Picture Transmission (HRPT), which broadcasts data 
from the AVHRR instrument at 1.1 km resolution; Automatic 
Picture Transmission (APT), which transmits AVHRR data at 4 km 
resolution; and Direct Sounder Broadcast (DSB), which provides 
data from the TIROS Operational Vertical Sounder (TOVS) instru- 
ment. The POES HRPT transmission provides all spacecraft sys- 
tem and sensor data, including Argos data, to the ground 
receiving station. (The Argos data collection and platform 
location system is provided by France and is flown on POES.) 
The Bangladesh station is able to extract from the received 
HRPT signal the environmental data that are transmitted from 



remote Data Collection Platforms (DCps) , which are located 
within the country and in the Bay of Bengal, There are now 
about 30 of these BCPs in operation. Nore accurate estimates 
of rainfall can be obtained by co&ining satellite imagery and 
DCP data. 

Data provided by meteorological and land satellites are 
complementary in nature, with meteorological satellites 
providing synoptic views over much larger areas and repeat 
coverage by more frequent passes. The primary sources of early 
warning data are the NORA POES and the Japanese GMS. SPARRSO 
provides the Bangladesh Meteorological Department and the Water 
Development Board with satellite imagery and data from DCPs 
within 20 minutes of ground station reception. 

3. Weather Modification Project (Morocco) 

The goal of this project is to assist the Government of Morocco 
in establishing a scientifically based weather modification pro- 
gram, especially for long-term precipitation enhancement. A 
Secondary Data Utilization Station receives, displays, and 
prints imagery from both POES and Meteosat. Environmental 
data, acquired by aircraft and ground-based radars and augmen- 
ted by synoptic satellite coverage, are required to initiate, 
monitor, and control cloud-seeding missions. 

C. FUTURE APPLICATIONS OF SATELLITE DATA 

Some AID programs that are under consideration, and would 
involve the use of NOaA satellite data, are discussed in this 
section. 

1. El Nizo and the Southern Oscillation: Scientific Plan of 
the Climate Research Committee, National Research Council 

The meteorological and ecological effects of the El NiXo/ 
Southern Oscillation (ENSO) are of particular interest to AID 
because ENS0 affects the lives of millions of people, particu- 
larly those in developing countries of the Pacific region and 
the equatorial belt. Within the past several years, El Niso 
has been recognized as a chain of related meteorological and 
oceanographic events rather than a number of unrelated 
occurrences. The 1982-83 El ~ i z o  event caused widespread 
coastal flooding in Ecuador and Peru, and severe droughts in 
Australia, Indonesia, India, southern Africa, and Central 
America. 

The general objective of an ENS0 investigation program would be 
to develop an improved understanding of the ENS0 system, with 
the goal of developing an ability to predict the short- and 
long-term climatic impacts of these events. AID will continue 
to consider funding research to investigate the global effects 



of the ENS0 phenomenon, while watching for the links between 
this complex ocean-atmosphere process and economic development 
problems to become clearer. 

To study the cyclical variations of ENSO, data must be 
collected over a period of 10 years or more. Many different 
types of data would need to be integrated into the coupled 
atmospheric and oceanic models that must be used to study the 
workings of ENS0 events. Current data from atmospheric and 
oceanic observing systems would be needed for this effort, as 
would relevant historic data. 

El ~iFib events signal their onset and development in ocean 
surface temperature changes that take place far out to sea in 
areas not frequented by shipping. The only routine surveil- 
lance of these ocean areas is conducted by satellites. Contin- 
uous coverage by U.S., Japanese, and Indian geostationary 
satellites is essential to the success of the ENS0 research 
project. At least one polar-orbiting satellite must supplement 
data collected by the geostationary satellites at all times. 
Specific satellite data requirements are shown in Table 111-1. 

Disaster Manasement 

Satellite technology, using both geostationary and polar- 
orbiting satellites, plays an ever-increasing role in disaster 
preparedness, prevention, and recovery. 

The data sets required for this program are generally the same 
as those required for the ENS0 project, such as surface wind 
data and quantitative estimates of precipitation. Other data 
sets required include high-resolution data (such as Landsat 
Thematic Mapper), cloud penetration (microwave) data, data on 
seismically active plate boundaries, and archives of historic 
data. Another requirement is for soil moisture measurements. 
New capabilities for measuring soil moisture will be available 
from the Advanced Microwave Sounding Unit (AMSU), which will be 
flown on the next series of POES, beginning about 1990. 

3. Buildins the Meteorolosical capacities of ~evelopinq 
Countries 

Environmental satellites are an important source of data for 
regular weather forecasts, and play a principal role in the 
early identification and tracking of storms. In addition, the 
early detection of seasonal floods, droughts, and storm damage 
can lead to active measures that lessen the damaging conse- 
quences of these events. For these reasons, AID may consider 
programs aimed at creating new, and improving existing, 
meteorological capabilities in developing nations. A simple, 
inexpensive ground receiving station for environmental 



Table 111-1 
ENS0 Satellite Data Requirements 

Data Source 

e Surface wind data 

e Cloud motion vectors 

e Sea surface temperature 

e Quantitative estimates 
of precipitation 

e Cloud cover (type and 
extent) 

e Surface energy fluxes 
between the atmosphere 
and ocean 

s Historic satellite data 

Satellite-borne scatterometers 

Geostationary satellite data 

Satellite data (derived from 
POES AVHRR data) augmented by 
surface ship observations 

Satellite sensors; combin- 
ations of satellite and ground 
sensor data 

Satellite imagery (visible 
and infrared) 

Satellite measurements 
(monthly averages) 

Archive (histograms of the 
frequency distribution of 
satellite-observed radiances) 
and other data analysis 
products 

satellite data can provide a core capability for  the emerging 
environmental service organization of a developing nation. 

Data must be supplied and received continuously from the POES 
satellites and appropriately positioned geostationary satel- 
lites to support in-country meteorological services, These 
synoptic environmental data could, in the future, complement 
Landsat or other land remote-sensing data, which already are 
in general use, for example, in small-area damage assessment 
studies. As in the case of the Agro-Climatic/Environmental 
Monitoring Project in Bangladesh, these satellite data would 
be supplemented with transmissions from ground-based DCPs 
through a satellite data collection system. 

4, Three-Tiered Early Warninq and Crop Reportinq Svstem 

I... -.., 
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A major initiative that AID is exploring is a collaborative 



effort among the Economic Summit states to develop an early 
warning and crop reporting system for the continent of Africa. 
This initiative probably would involve other U.S. Government 
agencies that have interests in satellite remote sensing. 

Continuous daily coverage of affected areas would be required. 
The three-tiered monitoring and alerting system would first use 
meteorological satellites to scan and identify problem areas. 
When severe vegetation changes are detected, higher resolution 
remote sensing would be used to define sample fields. The 
third level would be composed of field surveys to collect the 
refined observations needed to quantify food deficits. The 
same three-tiered system could be used to monitor and protect 
fragile ecological zones. 

5 ,  Verification of Crop Statistics 

Satellite imagery can be used as a tool for verifying crop 
types. However, crop patterns in developing countries do not 
provide sufficiently large, homogeneous crop areas for the 
accurate discrimination of crop varieties by coarse-resolution 
(hundreds of meters) environmental satellites. Satellite sys- 
tems providing resolution in the 10 to 30 m range (such as 
Landsat and SPOT) will lead to increased usage of satellite 
imagery for the verification of crop types and crop production 
figures. However, the concomitant increase in data employed in 
such analyses will require increased levels of computer 
capacity and information management systems designed to reduce 
data sets to manageable proportions. 

D. FUTURE PROGRAM AND DATA REQUIREMENTS 

AID will require access to satellite data through the forsee- 
able future for bilateral and regional programs. The emphasis 
is on the monitoring of food and fiber production, environmen- 
tal profiling, renewable resources assessment, and environ- 
mental monitoring. AID'S future requirements for satellite 
system support appear in Tables 111-2, 111-3, and 111-4. 

More research is needed to further AID" goal of being able to 
anticipate the impact of development activities on complex 
ecologicaP systems. Higher spatial and spectral resolutions 
than today% civil satellite sensors make available are being 
considered, and the practical benefits of these improvements 
need to be explored. AID% intent is to experiment with data 
from new and refined sources, and to determine if they can be 
used to delineate dangerous environmental trends and the 
depletion of natural resources, 

The following are some of AID8s requirements for future pro- 
grams. 



Table 111-2 
AID8s Future Requirements for Satellite Data 

(Resource Mapping, Agricultural Statistics, and 
Landscape Monitoring) 

Wavelength Band Width IFOV (m) Priority 
(Pm) (Pm) Desired Minimum (1 highest) 

Remarks: 1. 14-day acquisition cycle 
2. 185 km x 185 km scenes 
3. Delivery delay: 3-5 days 
4. Product formats: digital and imagery 
5. Frequency of reanalysis of areas: 2-4 times 

per year 

Table 111-3 
AID% Future Requirements for Satellite Data 

(Vegetation Monitoring for Production and Conditions) 

Wavelength Band Width IFOV (m) Priority 
(Pm) (barn Desired Minimum (1 highest) 

Remarks: 1. 12-hour acquisition cycle 
2. 500 x 500 km scenes 
3. Delivery delay: 2 days 
4. Product formats: digital and imagery 
5. Frequency of reanalysis of areas: 30 times 

per year 



Table 111-4 
AIDss Future Requirements for Satellite Data 
(Vegetation Monitoring and Global Targeting) 

Wavelength Band Width IFOV (m) Priority 
(krm ) (flm 1 Desired Minimum (1 highest) 

Remarks: P. 12-hour acquisition cycle 
2. 2,500 x 2,500 Ian scenes 
3. Delivery delay: 1 day 
4. Product formats: digital and imagery 
5, Frequency of reanalysis of areas: 150 times 

per year 

1. Country Environmental Profiles and National Conservation 
Stratesies 

AIDDs goal is to enhance its capability to develop environ- 
mental policies and natural resources management strategies by 
founding them on improved applications of a more diverse data 
base. In the case of AID" Country Environmental Profiles and 
National Conservation Strategies programs, attempts will be 
made to include satellite remotely sensed data to increase the 
sharpness of their assessments. Both programs are major AID 
data collection efforts, but the information tends to be quali- 
tative and leads to qualitative results that limit planning 
opt ions. The Profiles program, which deals with regional 
descriptions of land capabilities and the like, provides the 
baseline information for planning. Adding a satellite remote- 
sensing capability would expand and help quantify the set of 
baseline information, and would give a new perspective to the 
work of developing effective policies for coping with issues 
like loss of fragile topsoil, depletion of potable and 
irrigation waters, and other habitability and resources 
problems, 

2. Regional Environmental Problems 

AID believes that far more can be done to estimate agricultural 
production in threatened regional areas such as the Sahel, 
polar-orbiting satellites can provide data on changes in vege- 
tation that indicate vigor or stress, drought or flooding. 



Higher resolution Landsat and SPOT data can zero in on areas 
identified as experiencing stress. The three-tiered system can 
be used to monitor and protect fragile ecological zones. 

3. Geosraphic Information Systems 

Significant progress 
graphic information 
disital data from 

is being made in the construction of geo- 
systems (GIs) . These systems integrate 
many sources, including satellites and 

resource surveys, in programs designed to provide decision 
- 

makers with the necessary insights to make meaningful resource 
management choices. The global scope of AID'S mission and its 
requirements for current, accurate environmental data mean that 
satellite data will be a primary component of AIDfs GIs. 

4. Collaborative Efforts 

NOAAes Geostationary Operational Environmental Satellite 
(GOES), POES, and Landsat systems contribute to AID'S ongoing 
programs, and they will continue to be needed as data sources 
for AID% future work. Foreign and non-NOAA satellites, such 
as SPOT, GMS, and GEOSAT, have contributions to make in fur- 
thering AIBts efforts, as will the other satellite systems that 
will come on line in the years ahead. AID looks to NOAA, in 
its role as manager of the Nationss civil operational Earth 
remote-sensing satellite activities, to continue to provide 
useful data from U.S. satellite systems. 

AID" global mission is concentrated in regions that are 
undeveloped and likely to be remote. AID provides and advises 
on programs that often impact on ecological and resources 
systems that are in delicate balance with each other. AIDvs 
success depends on careful decision-making processes that 
consider and correctly interpret the best available data 
representing the conditions of the region under review. 

Satellite data are an increasingly important component of AIDts 
data base, In part, this is due to the flexibility and 
convenience that have become associated with satellite data 
applications over the past few years. Additionally, new 
satellites, U.S. and foreign, are entering operation and 
broadening the supply of useful data. Principally, however, 
the use of environmental satellite data in the programs of AID 
and others has come about because of more than two decades of 
reliable data delivery by NOAA satellites; this reliability 
has given users the confidence to establish operations that 
depend upon satellites as data sources. 

AIDDs outlook on the continued use of NOAA satellite data is 
that its mission will require the steady acquisition and use of 



global data through the foreseeable future. A11 the current 
products and services of Landsat, POES, and GOES will be 
needed, probably in larger volumes, as new programs are 
initiated and existing programs are modified to take advantage 
of satellite resources. Some new kinds of satellite data 
products are needed, such as soil moisture estimates and 
precipitation measurements. AMSU on POES will help with this 
need, as will GOES improvements. 
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IV. SATELLITE REQUIREMENTS OF THE 
DEPARTMENT OF TRANSPORTATION 

A. INTRODUCTION 

The Department of Transportation has two operational components 
with major interests in NOAABs environmental satellites. The 
Coast Guard, which is responsible for search and rescue in the 
offshore areas of the United States, is an active participant 
in the Search and Rescue Satellite-Aided Tracking (SARSAT) 
program. NOAA Polar-orbiting Operational Environmental 
Satellites (POES) are the platforms for SARSAT instruments. 
Advice about the weather and ocean conditions influencing 
rescue operations, including advice derived from NOAA9s 
satellite data, is also required by the Coast Guard. The other 
component of the Department of Transportation with satellite 
requirements is the Federal Aviation Administration (FAA), 
which is responsible for ensuring the safety of U.S. aviation 
activities. 

B. FEDERAL AVIATION ADMINISTRATION SATELLITE REQUIREMENTS 

The provision of aviation weather information in the United 
States is a joint venture directly involving the Federal 
Aviation Administration, NOAA, the Department of Defense, and 
the civil aviation community. The current aviation weather 
system is limited in its ability to rapidly acquire measured or 
observed data, and to process and disseminate operationally 
significant information to various categories of users. Capa- 
bilities to detect real-time weather situations that could 
adversely affect flight safety also are limited. The FAA has 
assumed a leadership role in a concerted effort to define the 
activities needed to improve the accuracy, availability, and 
timeliness of aviation weather information. This effort is 
documented in the annual FAA Aviation Weather System Plan, 
which is the basis of much of this chapter. 

In general, improving weather data services to meet the FAA 
requirements involves increasing the frequency of observations 
(particularly ground-based), reducing communications delays and 
expanding the communication capability at reduced cost, and 
increasing the data processing capability to provide weather 
products pertaining to real-time air traffic control 
operations. 

Aviation weather information requirements are based on domestic 
flight needs for current and forecast weather, as well as 
severe storm information. Among the parameters relevant to 
environmental satellites are: 



e Area synopsis/outlook 
e Clouds/sky cover 
e Visibility; present weather 
e Winds and temperatures aloft 
e Pilot reports 
e Convective activity (embedded thunderstorms, heavy 

precipitation) 
e Presence of lightning; thunderstorms 

While en route, the fixed-wing aircraft pilots need winds aloft 
updates for cruise altitudes, and information about changes in 
winds and weather at intermediate and destination airports. In 
addition, the International Civil Aviation Organization (ICAO) 
needs the following information, which satellites can help 
provide, for oceanic flights: 

e Active thunderstorms 
0 Revolving tropical storms 
o Severe squall lines 
e Cumulonimbus clouds (at transonic levels) 

For sea-based naval operations, the following satellite-related 
information is required in addition to the requirements for 
domestic flights: 

e Wave height, period, and direction 
e Sea ice accretion 
e Synoptic and mesoscale wind forecasts, essential for 

aircraft carrier operations and flight planning 

Support to aviation depends, in part, on the timely avail- 
ability of the following weather products: 

Surface weather analysis and prognosis charts 
Radar summary charts 
Satellite imagery 
Severe weather outlook charts 
Winds aloft depiction charts and wind messages 
Weather depiction charts 
Freezing level charts 
Constant pressure charts 
Surface temperature forecast charts 

The input data from which these products are derived come from 
all sources, including weather radars, satellites, and pilot 
reports. The FAA operates about 64 GOES-Tap locations to 
provide near-real time access to satellite information, in 
addition to having on-site support from National Weather 
Service (MWS) meteorologists at major locations. 

The FA41 has been using the GOES Data Collection System (DCS) 
experlmently for the Aircraft to Satellite Data Relay System 



(ASDAR), which permits data to be collected from commercial 
aircraft and relayed to ground-based users via geostationary 
meteorological satellites. The ASDAR system is being developed 
to provide better and more frequent aviation wind and tempera- 
ture observations over data-sparse land and ocean areas. An 
important use of these data is in updating global weather and 
fine-mesh prediction models. Initial deployment of ASDAR 
production units is expected in 1986, with 80 ASDAR-equipped 
aircraft expected to be operational by 1990. The planned 
improvements in NOAA8s GOES DCS capability will be essential to 
the expansion and operational development of the ASDAR network. 

Several areas have been identified for future research to 
support FAA weather requirements. Those areas that relate to 
improved satellite capabilities include: 

e Accurate descriptions of storm systems, There is a need 
to describe mesoscale storm systems accurately (location, 
vertical and horizontal extent, intensity, growth, motion, 
etc.), to allow operational decisions to be made about the 
safety of conducting flight operations in and around the 
storm systems. 

e Improved winds aloft observations and forecasts. There is 
a need to improve the number and accuracy of upper air 
observations, to provide an expanded data base capable of 
providing more accurate wind and temperature information, 
both observed and forecast, with much greater resolution. 

The FAA is working with NASA in developing techniques to 
measure upper atmospheric winds from satellites. These tech- 
niques would supplement the current capability for deriving 
winds from the cloud motions appearing in sequences of 
Geostationary Operational Environmental Satellite (GOES) 
images. The technique under study involves deriving wind 
velocity by using satellite-borne pulsed carbon dioxide lasers 
to detect and measure the velocity components of aerosols 
embedded in atmospheric layers. 

In response to another FAA requirement, NASA is studying the 
feasibility of a sensor placed on a satellite in geosynchronous 
orbit, which would map any lightning stroke within its field of 
view. 

Satellite data are an essential input to virtually all derived 
weather products of interest to the FAA. The FAA is actively 
pursuing improvements in satellite sensors, communications, and 
data collection systems that offer gains in aviation safety and 
efficiency. Wind and lightning inf~rmation are areas for poten- 
tial satellite sensor improvements: the ASDAR program will 



contribute directly to improved data availability by facili- 
tating the reporting and redistribution of flight-level 
environmental information that is collected automatically and 
broadcast by the aircraft segments of the ASDAR system. 
Improved processing of all data bearing on the safety of 
flight is an urgent requirement, as is the rapid distribution 
of weather products to the FAA's operations facilities. The 
National Weather Service is the primary NOAA interface with 
the FAA on weather requirements, NWS1s future satellite 
requirements, based in part on the need to support FAA 
operations, are addressed in detail in the ENVIROSAT-2000 
Report, NOAA Satellite Reauirements Forecast, May 1985. The 
FAA needs the meteorological and communications services 
provided by NOAA environmental satellites, both polar-orbiting 
and geostationary, and will benefit from improvements made in 
the future. 
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V, SATELLITE REQUIREMENTS OF THE 
ARMY CORPS OF ENGINEERS 

A. INTRODUCTION 

The Army Corps of Engineers (CE), through its Civil Works 
Program, carries out a nationwide water resources planning, 
construction, and operations effort in cooperation with a wide 
range of public and private organizations. Specific CE project 
areas include navigation improvements related to the Nation's 
rivers and harbors; flood damage reduction through structural 
and/or nonstructural measures and participation in flood plain 
management; hydropower generation through development, construc- 
tion, and maintenance of projects that provide salable power; 
beach erosion control through restoration and preservation of 
coastal and lake shores to mitigate damage from storm tides and 
wave action; water supply and conservation through the develop- 
ment of water storage space for municipal and industrial pur- 
poses in multipurpose projects; natural resource management 
designed to provide a quality outdoor recreational experience 
while maintaining or enhancing the quality of the natural 
environment; fish and wildlife management; and environmental 
enhancement. 

Effective management of CE projects calls for collection of a 
wide variety of environmental, hydrological, and meteorological 
data, Satellite systems provide the only feasible means for 
repetitive, large aerial extent, and up-to-date collections of 
terrestrial, oceanographic, and atmospheric data. 

This chapter describes the CorpsQse of NO= satellite data 
and systems to fulfill its mission. 

B. OPERATIONAL SATELLITE DATA PROG 

1. GOES Data Collection System 

Until the mid-1970ss, land-line communication was the most 
common means of real-time water control data collection within 
the Corps. Despite general cost effectiveness, land-line 
communications are vulnerable to failure under severe weather 
conditions, when the need for real-time data is the greatest. 
The development of satellite technology for use in hydrometeor- 
ological data collection allowed the Corps, in 1972, to begin 
using data transmitted from on-site Data Collection Platforms 
(DCPs) via the Landsat satellite, The drawback of the Landsat 
data csllection system was that the satellite, in polar orbit, 
could not provide continuous data relay for a given area. 
Satellites in appropriate geosynchronous locations do provide 
the round-the-clock coverage needed, In view of this, the 



Corps switched, in 1976, to NOMBs Geostationary Operational 
Environmental Satellite (GOES) Data Collection System (DCS) to 
transmit real-time river runoff data to the streamflow models 
used to regulate lake and reservoir levels for flood control, 
navigation, hydropower, fish and wildlife management, and 
recreation. The primary types of data collected through DCS 
are lake stage, lake/reservoir elevation, volume of discharge, 
precipitation, temperature, snow depth, evaporation, and water 
quality. 

The GOES DCS provides the Corps with 24-hour-a-day coverage of 
its DCPs. The data from GOES are accessed at the NOAA receiv- 
ing station at Wallops Island, Virginia, and are transferred 
via dedicated high-speed links to a central National Weather 
Service (WS) data distribution facility in Maryland for relay 
to Corps offices. 

The CE further reduced its reliance on land-line communications 
(microwave and wire) by establishing six operational GOES 
direct readout ground stations to receive DCP data. These are 
located in Vicksburg, Mississippi; Cincinnati, Ohio; Fort 
Worth, Texas; Waltham, Massachusetts; Omaha, Nebraska; and Rock 
Island, Illinois. 

There were approximately 200 CE DCPs being serviced by the GOES 
DCS in 1977, Now there are more than 1,500, with more than 
1,200 in an active status. The Corps is the largest user of 
the GOES DCS system today. Eventually, all divisions in the 
Corps will automate their data systems for compatability with 
GOES DCS satellite telemetry. The CE plans on increasing its 
DCP number to 2,650 by 1990 and to 3,350 by 1995. 

2, Landsat Emersency Access and Products 

Landsat Emergency Access and Products (LEAP) is a cooperative 
program between N O M  and the Federal Emergency Management 
Agency (FEE%) that was initiated and codeveloped with NOAA by 
the CE. LEAP is designed to provide Landsat Multi-Spectral 
Scanner (MSS) data quickly to Federal, state, and local 
government agencies. LEAP delivers disaster-area coverage 
information to Corps and other users within 12 hours of its 
receipt by NOAA. LEAP coverage of the disaster scene is 
continued in the postevent period, as an aid in conducting 
postdisaster recovery activities. Without CEes codevelopment 
and implementation of LEAP, Landsat data would not be available 
for disaster recovery operations until the days or weeks of 
normal processing and delivery methods had passed. The MSS 
data are ideal for studying river and coastal flooding and 
other disasters affecting large geographic areas. The Corps has 
been using LEAP since the service became operational in 1984. 



C. REMOTE-SENSING RESEARCH AND DEVELOPMENT ACTIVITIES 

In 1983, the Cold ~egions Research and ~ngineering Laboratory 
(CRREL) was assigned the responsibilty of managing the CE9s 
Civil Works Remote Sensing Research and Development Program. 
CEDs program includes laboratory research and development 
efforts, demonstration projects, and user assistance. The 
research is designed to feed directly into demonstration 
projects, which are carried out in cooperation with Corps 
field offices. Feedback from the demonstration projects (and 
ultimately from operations) prompts changes in the research 
and development program to meet field requirements, 

The CE document in Appendix B, civil Land Processes Research 
from Space, January 1985, describes in depth CEDs Remote- 
Sensing Research and Development Program in support of civil 
works. It also describes the CEts remote-sensing research, 
demonstration, and technology transfer programs. From this 
source and others, the following capsules offer a view of CE's 
present and future satellite requirements. 

The main objectives of the C E 9  remote-sensing program are: 

To understand the capabilities of remote sensors 
(satellite, aircraft, in situ) 

e To demonstrate the use of sensor data 

e To establish cooperative programs with CE districts and 
other agencies 

1. Understandins the Capabilities of Remote Sensors 

The sensors aboard NOAA% Landsat and meteorological satel- 
lites, and on foreign satellites, are being evaluated by CE8s 
laboratories to determine how their data can be used in 
accomplishing CEfs mission, 

a. Environmental and Hydrolocfical Data. High-resolution digi- 
tal satellite data have great potential for supplying hydro- 
logic and environmental information for the Corpsv planning 
process, CE presently is evaluating the use of Landsat-5 MSS 
and Thematic Mapper (TM) data, as well as simulated data for 
the French SPOT satellite, due for launch in 1985, in flood 
forecasting, habitat evaluation, water quality, and flood 
damage models. 

b. Wildlife Habitat Data. The Fish and wildlife coordination 
Act calls for a comprehensive study of the impact of each 
Corps project on natural species. Large areas are affected by 
Corps projects, so guidelines are needed for finding out how 
remotesensing technology can help develop wildlife data at 



reasonable expense. The Corps is comparing the information 
content, reliability, and cost of acquiring and analyzing TM, 
MSS, and SPOT data for wildlife identification and mapping. 

c. GOES Data Collection System. Various hydrologic and 
meteorologic sensors, such as for measuring wind speed and 
direction, winter river flow, precipitation, and snow water 
equivalent, are required for flood forecasting by CE district 
off ices. Reliable data, transmitted and received even during 
severe weather conditions at the observation site, are needed 
in near-real time. The Corps is evaluating ways to interface 
state-of-the-art hydrometeorological and environmental sensors 
(for deployment on data collection platforms) to the GOES DCS 
and other data relay systems. 

2. Demonstratins the Use of Sensor Data 

a. Land Use Data. The Corps is developing procedures for 
using satellite digital data in CE planning, engineering, and 
operational activities. Currently, the Corps is using Landsat 
TM data to prepare land cover maps for sites in the Ohio River 
Main Stem study area. The satellite maps will be used to 
detect areas of urban change and assign priorities to areas 
where more detailed surveys are required to update the Corpss 
structure inventories (dams, construction, etc.). Landsat TM 
and MSS data will be evaluated for recreation resource 
management of Berlin Lake, Pennsylvania, by the Pittsburgh 
District. Landsat TM land cover information also will be 
placed into a geographic data base for use in hydrologic 
runoff modeling, and for mapping crop types for use in 
agricultural flood damage assessments. 

b. Flood Location Data. The Corps is developing a capability 
to obtain rapid, repetitive coverage of flood water extent 
over the total Lower Mississippi Valley District region. The 
area is subject to large Mississippi River floods, and the 
information would be used in flood water control and emergency 
operations. During floods, the Corps must gather information 
both for itself and for other Federal, state, and local 
agencies. The information must be gathered faster and be more 
accurate than is now possible by conventional data collection 
methods. Environmental satellites can provide synoptic views 
of flood progress over large areas at intervals of 1/2 (GOES) 
to 12 (POES) hours. The Landsat revisit period is 16 days. 
Flood location maps must be readily available during emergency 
operations; the frequent views provided by NOAAts environmen- 
tal satellites can contribute to this availability. 

The primary source of data for this effort will be NOAAvs 
Polar-orbiting Operational Environmental Satellites (POES), 
each of which provides twice-a-day coverage of the whole Earth 
through a five-channel multispectral scanner with a 1,l km 



spatial resolution. Secondary sources of data will be NOAAvs 
GOES and the spacecraft of the Defense ~eteorological Satel- 
lite Program (DMSP) . GOES visible data are available at 
1.0 km spatial resolution every 30 minutes during daylight, 
and 7 and 14 km infrared during daylight and darkness. Data 
collection platforms that transmit flood stage data through 
the GOES DCS also will be used. The goal of the program is to 
produce a set of initial flood interpretation maps within 24 
hours of the first satellite image of flooding and to repeat 
this operation once every 2 hours over the flood's duration. 
The planned improvement of POES imager spatial resolution to 
500 m by the end of the 1980's will aid Corps programs in 
determining flood extent. 

c. Soil Moisture Data. The Corps is developing methodology 
and analytical techniques for using remotely sensed soil 
moisture data in hydrologic modeling. Some soil moisture 
information can now be inferred by using infrared channels 4 
and 5 of the Advanced Very High Resolution Radiometer (AVHRR) 
instrument on POES. The next POES series will include the 
Advanced Microwave Sounding Unit (AMSU), which will add new 
capabilities for gathering direct information about soil mois- 
ture by using microwave capabilities. 

Establishins Cooperative Prosrams 

The CE plans to develop and demonstrate the capability to 
quickly delineate flooded areas. In parallel, the CE will 
attempt to develop fast and cheap ways to establish and update 
land use profiles based on Landsat data, and to incorporate 
into this data base historical information on flooding. A 
system called Flood Analysis Simulation Technology (FAST) has 
been developed and applied to eight major flood control plan- 
ning studies for areas in the Vicksburg District, and to two 
additional areas in the Mobile District. FAST is designed to 
use Landsat as a source for its land use data. Techniques for 
rectifying an entire Landsat scene to the Universal Transverse 
Mercater standard coordinate system are being developed, A 
prototype procedure will be developed for mapping historical 
flood areas in the same coordinate system. 

The CE requires improved satellite remote-sensing data for 
applications in topographic mapping, geographic positioning, 
land use analyses, soil moisture delineations, coastal wave 
and current assessments, and ether areas under the Corpsr 
purview. These requirements are referenced in more detail in 
Appendix B. 

In the area of satellite sensor development, the CE sees the 
need for improvements in visible and infrared imaging systems 



that would result in increased resolution, higher radiometric 
quality, and simplified analysis procedures. The development 
of both active and passive operational microwave sensors, with 
all-weather capabilities, would be of great advantage to the 
Corps. Microwave remote sensing, among other advantages, 
would allow surface observations in the presence of the clouds 
associated with disaster-causing storms, measurements of soil 
moisture, and new data sources for land use and coastal 
processes assessments. 

The CE has plans to expand greatly its use of GOES DCS ser- 
vices. CE will continue to access data from its remote 
observation platforms both by intercepting GOES direct readout 
broadcasts at CE ground stations and receiving NOAA messages 
containing platform information. 
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VI. SATELLITE REQUIREMENTS OF 
THE DEPARTMENT OF DEFENSE 

The Department of Defense (DOD) works closely with other 
Federal agencies to ensure that all national capabilities are 
used efficiently in national security activities. The DOD 
mission requires global capabilities. Satellites, the most 
important source of data on global environmental conditions, 
contribute to the accomplishment of this mission. NOAA, as 
operator of U.S. civil environmental satellites, has capabil- 
ities that complement the data and service capabilities 
provided by DOD1s Defense Meteorological Satellite Program 
(DMSP) . Major areas of cooperation between NOAA and DOD 
include the exchange of meteorological, oceanographic, and 
space environmental observations, operation of the Joint Ice 
Center, and the sharing of data processing responsibilities to 
enhance the efficiency of satellite data handling and exchange 
among the Navy, Air Force, and NOAA. 

DODfs DMSP operations diverge from NOAA8s Polar-orbiting 
Operational Environmental Satellite (POES) operations in 
significant aspects, such as orbit requirements, sensor pay- 
loads, and the provision of direct readout services. The two 
programs do share the same spacecraft design, and all POES data 
ingested at NOAA8s Command and Data Acquisition ground stations 
also are acquired at DOD locations. A detailed analysis of the 
two programs, and outlooks on their immediate futures, are 
given in the ENVIROSAT-2000 Report, Comparison of the Defense 
Meteorolosical Satellite Prosram (DMSP) and NOAA Polar-orbitinq 
Operational Environmental Satellite (POES) Prosram, August 
1985. 

The report that follows has been provided by DOD for use in 
this volume. Together with Appendix C, it establishes DODts 
requirements for environmental satellite support. 

A, INTRODUCTION 

Department sf Defense missions require capabilities to conduct 
operations anywhere in the world, Support of global operations 
rewires a full spectrum of meteorological, oceanographic, topo- 
graphic, and space environmental observations, provided by sys- 
tems that are secure, survivable, and responsive to changing 
meeds. Satellite-based data collection and dissemination 
systems are key sources of the needed information. Combat- 
critical environmental data are normally provided by dedicated 
military satellite systems (including platforms, sensors, 
csmmunicatisns, processing, and dissemination subsystems), 
which can be tailored to meet unique requirements. These 
requirements and the dedicated military capabilities designed 
to meet them are described fully in the associated EMVPROSAT- 



2000 Report, Comparison of the Defense Meteoroloqical Satellite 
Prosram (DMSP) and NOAA Polar-orbitinq Operational Environ- 
mental Satellite (POES) Prosram, August 1985, and in the Joint 
Chiefs of Staff memorandum MJCS 251-76, s'REVALIDATION OF 
MILITARY REQUIREMENTS FOR METEOROLOGICAL SATELLITE DATA,'' 
Appendix C, which will be superseded by MJCS XXX-85, '!MILITARY 
REQUIREMENTS FOR DEFENSE ENVIRONMENTAL SATELLITES," now being 
coordinated for publication later this year. 

The Department of Defense relies on the elements of the Defense 
Meteorological Satellite Program and, in the future, will 
depend on the Navy Remote Ocean Sensing System (N-ROSS) to 
satisfy critical combat-related requirements. Neither of these 
systems can meet the full range of environmental sensing needs 
of DOD; therefore, some elements of the DOD environmental 
support system rely upon data or services from NOAA. Speci- 
fically, DOD will use NOAA data or services in all cases where 
the limitations of security, survivability, and responsiveness 
can or must be accepted. 

B. SATELLITE REQUIREMENTS 

DOD activities to which satellite-sensed data are applied cover 
virtually the full range of military functions. They include 
communications; concealment; construction; electronic counter- 
measures; geolocation/navigation; intelligence evaluation; 
maintenance; maneuver (ground, sea, air, and space); mission 
planning; reconnaissance/surveillance; research, development, 
design, testing, and evaluation; resource protection; search 
and rescue; training; weapon development; weapon guidance; 
weapon selection; target planning, selection, evaluation, 
acquisition, identification, lock-on, tracking, and kill. 

Nearly every environmental element that can be sensed from a 
satellite platform has relevance and utility to DOD, Sensors 
with DOD relevance include topographic, oceanic, and atmos- 
pheric imagers (visual, infrared, microwave, etc.); atmospheric 
sounders (multispectral, microwave, laser, etc.) ; altimeters, 
scattersmeters, radiometers, particle spectrometers, magneto- 
meters, plasma probes, ultraviolet and X-ray spectrometers, 
ultraviolet and X-ray imagers; and radiation dosimeters. 

DOD applications of satellite-sensed environmental data can be 
conveniently divided into four categories: land, ocean, atmos- 
phere, and space. In each area, environmental information is 
used to increase the effectiveness of a weapon system, provide 
intelligence for tactical and strategic command decisions, 
protect life and property, support military research and 
development projects, and contribute to other military 
activities. Examples of requirements and applications follow, 
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Land-related data are used to improve and produce geoid, geo- 
detic, and topographic models and maps of the Earth. Informa- 
tion is applied to analyses of snow and ice location and charac- 
teristics; soil moisture; vegetation; and surface, subsurface, 
and ocean bottom features. Data from the U.S, Landsat program 
are now used by DOD to meet some of these requirements. 

Ocean-related data are used to support maritime military 
operations, Sea ice, sea state, sea surface temperature and 
topography, surface winds, and other information may be meas- 
ured directly or derived from satellite data. Remotely sensed 
ocean data are used to improve analyses and forecasts of ocean 
fronts and eddies, internal waves, subsurface characteristics, 
and other physical variables in the open ocean. Research and 
development projects to measure and understand the air-sea 
interaction are heavily dependent on both ocean and atmospheric 
data, as are research programs aimed at improving predictions 
of birth, growth, and movement of typhoons and hurricanes. A 
specific example of the DOD application of NOAA data and 
services exists in the NOAA/Navy Joint Ice Center, Suitland, 
Maryland, which relies on the NOAA polar-orbiting satellite 
system for its basic observational data. 

Atmospheric data provide operational meteorological information 
for military weapon systems, tactical and strategic commanders, 
and safety. Cloud images and soundings of temperature and 
moisture are used in analyzing and forecasting weather para- 
meters affecting military operations. Engineering and develop- 
ment projects use climatic-atmospheric data for military system 
design. Research and development projects use atmospheric data 
to improve point and area forecasting capabilities, to improve 
models, and to simulate the battlefield environments of 
tactical areas over the globe. Of particular importance is the 
DOD use of NOAA satellite data for resource protection 
(equipment, facilities, and people) in the continental United 
States; access to the GOES-Tap system is important to the 
resource protection mission of DOD weather support units 
throughout the United States. 

Additionally, NOAW data and services related to atmospheric 
soundings provide significant support to the global analysis 
and forecasting responsibilities of both the Navy and the Air 
Force under a formal 9fMemorandum of Agreement on the Shared 
Processing of Satellite Dataq@ among three major computer 
centers : the National Environmental Satellite, Data, and 
Information Service (NESDIS), the Fleet Numerical Oceanography 
Center (FNOC), and the Air Force Global Weather Central 
(AFGWC) . Shared processing of data will be for the sensors on 
DMSP, N-ROSS, and POES. Each computer center will be a @"enter 
of expertiseu for an area of primary interest, NESDIS is the 
center of expertise for atmospheric soundings, FNOC for sea 
surface measurements, and AFGWC for cloud imagery. Wide band 



satellite communications will be used for data exchange between 
the three centers of expertise. The processing of satellite 
data by sensors is as follows: 

NESDIS. 

@ TOVS (NOAA) 
@ SSM/T (DMSP) 
@ SSM/I (DMSP) 

FNOC . 
@ SSM/I (DMSP, N-ROSS) 
e Altimeter (N-ROSS) 
e Scatterometer (N-ROSS) 
e Low Frequency Microwave Radiometer (N-ROSS) 

AFGWC . 
S OLS (DMSP) 
@ AVMlRR (NOAA) 

Space-related data are used by DOD to support surveillance and 
reconnaissance systems, communications sytems, and on-orbit 
operations of military satellite systems. Impacts include 
degradation in the performance of communications and surveil- 
lance systems (related primarily to changes in the ionosphere), 
changes in orbital elements of satellites caused by atmospheric 
heating and subsequent neutral-density changes, and deteriora- 
tion or physical damage to satellites caused by enhanced radia- 
tion levels in near-Earth space ( e . ,  inside the magneto- 
sphere) , Direct observations of the near-Earth space environ- 
ment acquired by polar-orbiting and geostationary satellites 
provide the primary source of intelligence on characteristics 
of that environment. NOAA and the U.S. Air Force jointly 
operate the Space ~nvironment Services Center (SESC) in 
Boulder, Colorado. The function of SESC is analogous to the 
NOAA/Navy Joint Ice Center. The SESC relies heavily on space 
environment data from DMSP, POES, and Geostationary Operational 
Environmental Satellites (GOES). 

C. SERVICES REQUIREMENTS 

DOD use of services provided by NOAA is not limited to direct 
environmental observation and data processing. NOAA provides a 
vital interface with international data sources for important 
peacetime applications, especially those related to cost 
reduction efforts for aircraft and ship routing, and worldwide 
resource protection functions. 

DOD does not have a requirement to provide an archive for 
environmental data collected by military systems. Such data 
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can be of high value for research, climatic, and postanalysis 
projects. DOD provides unclassified environmental data from 
military satellites to NOAA for the national archive, and 
relies on NOAA to store and retrieve data as required, 

Currently, copies of DMSP imagery and DMSP space environmental 
data are sent to the NOAA archives in Boulder, Colorado, within 
30 to 60 days after observation. Selected digital data tapes 
are maintained by DOD, for DOD operational purposes, beyond 60 
days. NOAA retrieves data (i.e., data no longer retained by 
DOD in its operational data bases or on selected digital tapes) 
from the national archive for DOD as needed. 
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VII. SATELLITE REQUIREMENTS OF THE 
DEPARTMENT OF THE INTERIOR 

A. INTRODUCTION 
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The Department of the Interior (DOI), through its various 
bureaus and offices, has direct administrative responsibilities 
for more than 500 million acres, or roughly 40 percent, of the 
total land and continental shelf areas of the United States. 
In addition, the Department is responsible for mapping and 
resource appraisal for the entire country, has responsibilities 
in the Trust Territories of the United States and Antarctica, 
and conducts studies in other countries in cooperation with 
foreign governments. The vastness of the territories involved 
in the inventory, monitoring, mapping, and management 
activities of the Department requires efficient and effective 
means for acquiring many different types of information. 
Satellite remotely sensed data represent one such source of 
information that has been applied and will continue to be 
applied with increasing frequency by DO1 bureaus and offices. 

B. SATELLITE DATA AND SYSTEM REQUIREMENTS 

1. Satellite Remote-Sensina Data Amlications and System 
Requirements 

DO1 uses satellite remote-sensing data for geologic and 
hydrologic investigations, cartographic mapping, land manage- 
ment, wildlife management and inventory, and environmental 
monitoring. The spatial resolution needs of most of these 
activities are in the range of 10 to 80 m and, therefore, rule 
out current environmental satellite sensors. However, lower 
resolution data may be necessary to supplement or substitute 
for land remote-sensing data to fulfill requirements for more 
frequent and complete data coverage than is possible from 
NOAA9s Landsat or the French SPOT satellites. Once detailed 
base maps are completed, Advanced Very High Resolution 
Radiometer (AWRR) data from NOAAvs Polar-orbiting Operational 
Environmental Satellites (POES) can be used by DO1 for 
operational monitoring of large-scale changes in surface 
conditions. 

Many sf the bureaus and offices within DO1 use satellite data 
to collect and disseminate information to assess the Nationgs 
energy and mineral resources, evaluate geologic hazards, and 
conduct basic geologic investigations that support administra- 
tive responsibilities. The satellite data are unique in that 
they provide continuous information over large areas, from 
which interpretations relating to the composition, form, distri- 
bution, and structural relationships of geologic materials 
exposed at the Earthss surface can be made. Such information 



is used to compile regional geologic maps, delineate structural 
features, determine rock composition, facilitate prediction of 
geologic hazards, and conduct geobotanical investigations. 

Satellite data are used in combination with other types of 
ground-based data to determine the occurrence, extent, quan- 
tity, quality, and use of the Nation" water resources. 
Because of the increase in the frequency and severity of water 
problems, satellite data will likely play a more important role 
in the future, being used to monitor mountain snowpack and 
surface water, measure irrigation usage, interpret shallow 
aquifers, and detect pollution in lakes, streams, and coastal 
areas. 

Satellite remotely sensed data are being used to create image 
maps that are merged with thematic data such as terrain, land 
cover, and other base cartographic data to support specific 
management needs in several DO1 bureaus. Satellite image maps 
fitted to other thematic data can be used to inventory and 
update land and cultural resources; the periodic coverage, 
spectral sensitivity, sensor resolution, and geometric accuracy 
of satellite data are important parameters for these 
applications. 

Vegetative land cover mapping represents one of the major 
operational uses of satellite data by the bureaus with land 
management responsibilities. Monitoring public rangelands, 
detecting change such as conversion of agricultural land to 
urban or new mining activities, observing natural disasters, 
and detecting vegetation changes induced by variations in 
climatic conditions, crop disease, and insects are important 
factors in making timely and prudent land management 
decisions. The vast area of public lands in the western United 
States and Alaska, the diversity sf terrain and land cover, the 
demands for timely information, the requirement for repetitive 
coverage, and the urgent need to conserve manpower and budget 
resources all point to the important role satellite remote 
sensing plays in DO1 land management activities, 

Bureaus and offices within DO1 are responsible for the manage- 
ment and preservation of the Nationss wildlife resources. 
Satellite remote sensing is used to collect some of the 
information required for wildlife-related activities, 
especially in vast, inaccessible remote areas, such as in 
Alaska, that require initial data collection and frequent 
updating. Applications of satellite data include habitat 
inventory, analysis and monitoring, and wetlands inventory and 
evaluation. 

Research and development activities in geographic information 
systems (GIS) within DO1 will include the integration of 
remotely sensed satellite data with other types of disparate 



data, The ability to integrate various data sources into the 
decision-making process enhances the execution of responsibili- 
ties of all DO1 agencies, Vertical integration of multiple 
layers of data that are spatially registered permits a variety 
of information on a specific area to be analyzed sin~ultaneous- 
ly. Horizontal integration of data sources permits analyses of 
large areas with consistent and coherent results. Remotely 
sensed data provide spectral and spatial information from which 
geologic, hydrologic, vegetative, cultural, and geographic 
information can be interpreted. The geometric registration of 
digital remotely sensed data allows a convenient and efficient 
incorporation of the data into geographic information systems, 
which are amenable to the application of a multitude of 
extraction techniques. 

Appendix D is a detailed report submitted by DO1 listing and 
describing representative examples of existing or potential 
applications of remote-sensing satellite data. It identifies 
corresponding satellite system characteristics required to meet 
the information needs of those applications. 

2. GOES Data Collection System 

DO1 is the second largest user of the Geostationary Operational 
Environmental Satellite (GOES) Data Collection System (DCS), 
currently employing more than 660 active Data Collection 
Platforms (DCPs) and using 29 percent of the total system. 
Within DOI, the major users are the Bureau of Reclamation 
(BOR), the Bureau of Land Management (BLN), and the U.S. 
Geological Suweyss (USGS) Water Resources and Geological 
Divisions. 

a. Bureau of Reclamation, The Bureau of Reclamation uses more 
than 260 active DCPs and operates two GOES DCS direct readout 
stations (Idaho and Colorado) to collect hydrometeorologica% 
data for a variety of operational and research purposes, The 
Pacific Northwest Region maintains an operational hydromet 
system that gathers near-real time data from several river 
basins. Data collected at the Boise, Idaho, direct readout 
station are fed into the Columbia River Operational Hydromet 
System for the use of several agencies in the Pacific 
Northwest; some data are fed into the National Weather 
Service" Automatic Hydrologic Observing System (AHOS), 

The Division of Atmospheric Resources in Denver, Colorado, 
operates a GOES DCS direct readout station mainly for research 
programs involving weather modification, solar energy, and dam 
safety, while providing some operational data to other BOR 
off ices. BOR intends to implement the Standard Hydro- 
meteorologic Exchange Format on the Denver direct readout 
station so that data can be exchanged automatically with other: 
environmental data networks, 



The types of data collected through the GOES DCS for BOR are: 
river stage, reservoir elevation, water temperature, precipita- 
tion, air temperature, soil moisture, solar radiation, wind 
speed and direction, water quality, relative humidity, snow 
water content, discharge, pan evaporation, air pressure, and 
wind run. 

b. Bureau of Land Manasement. The Bureau of Land Management 
is cooperating with the Department of Agriculture's Forest 
Service in a joint wildfire warning network using about 400 
DCPs (150 BLM, 250 Forest Service), with a goal of more than 
800 (about 400 DCPs for each agency). (For details, see 
Chapter 11). 

c. U.S. Geolosieal Survey. The U.S. Geological Survey (USGS) 
uses the GOES DCS for cost- and time-effective automated remote 
acquisition of data in response to the needs of cooperating 
agencies that rely on USGS for the collection and analysis of 
hydrologic data. USGS has primary responsibility for collect- 
ing hydrologic data for Federal agencies, and provides major 
support to state and local agencies in the collection and 
interpretation of hydrologic data. 

Data collected using the DCS includes precipitation, river 
stage, temperature, water quality, reservoir levels, and select- 
ed meteorological parameters. Cooperating agencies, including 
the Corps of Engineers, Bureau of Reclamation, National Weather 
Service, Soil Conservation Service, and state and local govern- 
ments, use the data for river forecasting, flood warning, 
reservoir management, irrigation control, and water quality 
monitoring. USGS uses the telemetry to enhance station opera- 
tions, including instrumentation monitoring and sampling, and 
measurement activities in response to hydrologic events. 

There are 1,400 GOES DCPs operating at USGSss stream-gauging 
stations, located in every state. They monitor hydrologic data 
from every major river basin in the country, Approximately 
1,000 of these units are operated for, or by, Federal cooperat- 
ing agencies. The remaining units are operated for sfate and 
local agencies by USGS. It is anticipated that USGS will 
operate 3,000 DCPs (2,000 for other Federal agencies) by 1990 
and 7,000 by 1995. 

The U.S. Geological SurveyDs Water Resources Division (WRD) 
collects stream flow data from DCPs located throughout the 
United States. USGS is engaged in developing a network that 
will tie together approximately nine direct readout ground 
stations operated by WRD itself or by other users. WRD is 
working to transmit data received at these direct readout 
stations over a private telecommunication network that operates 
throughout the continental United States, Alaska, Hawaii, and 
Puerto Rico. 



USGSts Geological Division plans to install 10 BCPs at Mammoth 
Lake to monitor the seismic activity in that area. The Geolog- 
ical Division also is engaged in earthquake monitoring along 
the San Andreas Fault in California and operates its own direct 
readout station to support that program. 

FUTURE SATELLITE REQUIREMENTS 

The GOES DCS is a vital element in the collection of hydro- 
meteorological data for water resources and land management 
programs, DO1 plans to increase its number of DCPs in the 
future. The Bureau of Reclamation anticipates approximately a 
doubling of DCP usage during the next 5 years. For the next 10 
years, enhancements of BORfs data collection network will 
include emphasis on sharing data, improving instrumentation, 
and optimizing the use of the satellite transponder. BOR will 
be participating with NESDIS in an effort to improve the 
efficiency of data transmissions. USGS and the Bureau of Land 
Management also plan on increasing their DCP usage. 

In order for NO=% data collection system to expand, the 
ground system must be upgraded. A proposed budget initiative 
for FY86 would expand total DCP capacity to at least 12,500 per 
spacecraft (a 20 percent increase). Provisions also will be 
made for increased DCP data rates and a wider band width on the 
random reporting channel, although other funding may be needed 
to implement these last two improvements. 

In the areas of geologic and hydrologic investigations, 
cartographic mapping, land management, wildlife management and 
inventory, and environmental monitoring, DO1 has requirements 
for land remote-sensing satellites, such as NOMss Landsat and 
the French SPOT satellites, with spatial resolutions in the 
range of 10 to 80 m (see tables in Appendix D). These resolu- 
tions exceed the capabilities of GOES and POES. However, GOES 
and POES data can fulfill requirements for more frequent and 
complete data coverage than is possible from Landsat or SPOT. 
In addition, once detailed base maps are completed, AWRR data 
from POES can be used by DOT for operational monitoring of 
large-scale changes in surface conditions. Higher resolution 
AVHRR data also would be an extremely useful source of 
information for DBPDs programs; the improvement of AVHRR 
spatial resolution from 1,100 m to 500 m, planned for a 1990 
implementation, should increase the advantage of POES data to 
DO1 programs. 

The Department of the Interiorss responsibilities include 
administration of vast areas of public lands; assessment, 
inventory, and management of the Nation's energy and mineral 
resources, water resources, land cover resources, and wildlife 



resources; preparation of cartographic maps; and monitoring 
environmental changes and impacts. These responsibilities 
require the use of satellite data in combination with ground- 
based and other sources of data to effectively serve the 
information needs of the public. DO1 bureaus currently are 
making extensive use of Landsat image data and data from 
environmental satellites, and the requirements for these data 
will increase in the future. DO1 plans to increase the number 
of DCPs to collect site-specific data on hydrologic, geologic, 
and climatolsgic variables, The use of AVHRR data to monitor 
large areas in the western U.S. and Alaska, to detect changes 
in biomass and predict the potential for wildfires, is 
operational, 

Satisfying DOIss information requirements in the future will 
depend heavily upon the availability of a combination of 
satellite data with varying resolutions, spectral sensitivi- 
ties, geometric characteristics, and frequency of coverage. 
Data with 500 to 1,000 m resolution, acquired frequently, will 
be used for regional mapping, monitoring, and change detection; 
10 to 80 m data acquired less frequently will be needed for 
site-specific mapping, inventory, and resource assessment. 
Stereoscopic data will be used for topographic mapping, 
geologic investigations, and other studies that require 
three-dimensional observation sf the Earth" surface. Increased 
spectral sensitivity in the visible, near-infrared, and short 
wavelength infrared bands will be needed to support geoscience, 
bioscience, and natural science investigations. Microwave data 
will be used for snow and ice investigations and for cloud 
penetration to support disaster assessment, 

To effectively process, manipulate, analyze, and display the 
varied combinations of satellite data collected at point 
locations and over large geographic areas, DO1 is conducting 
research and development of geographic information systems to 
integrate remotely sensed data with other sources of informa- 
tion. For DO1 to carry out its mission responsibilities and 
meet information demands in the future, the use of GIS 
technologies is required. The GIS approach will allow DO1 to 
extract needed information efficiently from data originating at 
a wide variety of sources and appearing in varied formats, 
scales, and structures. NOAA satellite data will play an 
integral role in meeting DOIDs mission responsibilities, 
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VIII. SATELLITE REQUIREMENTS OF THE 
NATIONAL AERONAUTICS AND SPACE ADfrlINISTMTION 

A. INTRODUCTION 

The National Aeronautics and Space Act of 1958, as amended, 
vests in the National Aeronautics and Space Administration 
(NASA) the responsibility for conducting space-based research 
and development aimed at increasing humanity's understanding of 
the Earth and its environment, and for providing the widest 
possible dissemination of the results of that research. The 
role of the Earth Science and Applications program in NASA's 
Office of Space Science and Applications is to conduct the 
space-based research necessary to carry out the Earth science 
responsibilities assigned to NASA by the Space Act. This 
research is directed toward increasing human understanding of 
the physical, chemical, and biological processes of the solid 
Earth, as well as the terrestrial environment, and includes 
space-based, in situ, and laboratory measurements. 

B. CURRENT SATELLITE REQUIREMENTS 

NASA has two basic requirements for operational environmental 
satellite data. The first is to support research in Earth 
science disciplines, providing observations of relevance to 
studies of biogeochemical cycles. The second use is to support 
space launch operations. NOAA provides special meteorological 
satellite data products to NASA for use in launch activities. 

NASA and NOAA have a formal Memorandum of Understanding estab- 
lishing their respective roles in the development, procurement, 
launch, and operation of operational environmental satellites. 
This agreement is under revision, and annexes are being 
developed covering data management, advanced sensor develop- 
ment, research, and operational satellite activities. These 
documents will lay out the framework within which the two 
agencies provide support to each other. In the data area, NASA 
and NOAA use data generated by each other's programs for both 
operational and research purposes. Without a consistent 
baseline of time-series data sets, future research missions 
would not have a foundation upon which to evaluate their 
results. NASA has a major program of global, interdisciplinary 
studies that is built upon existing satellite observations. It 
will lead to improved understanding of our environment and may 
contribute to future operational capabilities. 

In launch operations, NASA relies on NOAA-provided observations 
to forecast weather conditions at its launch and landing 
sites. At 48 to 24 hours before launch, NOAA provides a 
briefing to NASA8s Launch Management Team. Data provided 
include temperature, precipitation and precipitation forecasts, 



wind and wind forecasts, cloud ceilings, and visibility. 
Weather reports and forecasts are provided until launch time. 
After launch, meteorological data from Geostationary 
Operational Environmental Satellites (GOES), Meteorological 
Satellites (Meteosat), and the Geostationary Meteorological 
Satellite (GMS) are provided to Mission Control at Johnson 
Space Flight Center. 

C. FUTURE SATELLITE REQUIREMENTS 

NASA9s Earth Observation System Science and Mission Require- 
ments Working Group issued a technical memorandum in August 
1984, Earth Observinq System, Volume I, examining important 
Earth science questions for the 19909s and defining the 
requirements for low Earth-orbit observations needed to answer 
these questions on a comprehensive, multidisciplinary basis. 
The following information is extracted from that report. 

NASA views Earth science research as ready for a unified 
approach based on the view that the physical, chemical, and 
biological processes at work on the Earth comprise a coupled 
global system. NASA plans to establish an Earth Observing 
System (EOS) consisting of an advanced information system, 
including a data system and new observing facilities, to pursue 
a comprehensive multidisciplinary approach to understanding the 
Earth as a system. 

To address the multidisciplinary problems confronting Earth 
science research, NASA will require observational capabilities 
ranging in scale from detailed in situ and laboratory measure- 
ments to the global perspective offered by satellite-based 
remote sensing. Parameters that need to be measured include 
the composition and dynamics of the atmosphere, the dynamics 
and biological activity of the ocean and inland waters, the 
distribution of sea and land ice, the distribution of both 
biological and geological regimes over the land surface, and 
the underlying structure of the planet. Since many of the 
important changes at work in the Earth system have time scales 
of seasons to years, persistent observations of dynamic 
phenomena are needed to build data records that stretch over a 
decade or more, 

Part of NASA9s strategy for EOS is to make use of the observa- 
tional satellite systems already or soon to be available that 
can provide long-term data records, These include the Polar- 
orbiting Operational Environmental Satellite (POES), GOES, the 
land satellite (Landsat), non-U.S. geostationary meteorological 
satellites, the Navy Remote Ocean Sensing System (M-ROSS), the 
European Space Agencyss (ESA) Remote-Sensing Satellite (ERS-1), 
Japan's Marine Observation Satellites (MOS-I), and other ocean- 
observing satellites. POES, GOES, and Landsat have provided 
years of observations, many of which are crucial to NASAvs 



research efforts. The continuation of MOWB9s environmental 
satellites is an essential basis for and complement to EOS. 

In general, NASA requires that acquisition of data sets for a 
given environmental parameter of the Earth system should 
continue until new techniques for obtaining these data have 
been developed and implemented, and the new data records have 
been overlapped with the old ones for intercalibration, NOAAvs 
operational satellites will provide significant contemporary 
data to EOS science investigations and will greatly reduce the 
need for EOS to carry certain types of instruments. POES and 
GOES will provide cloud coverage, temperature soundings, and 
limited-resolution moisture soundings for understanding the 
atmospheric condition, the global distribution of precipita- 
tion, energy inputs, moisture, sea surface temperature, and the 
circulation patterns of the atmosphere. Landsat could provide 
morning, high-spatial-resolution viewing of sites that EOS 
would view at another time of day with enhanced spectral 
resolution at both moderate and high spatial resolution. 

Table VIII-1 lists NASA's future observational needs. The 
table provides not only the observations needed, but also some 
of the driving requirements for these observations, periodicity 
of observation and, in some cases, the level of resolution or 
sensitivity. Many of these observations will be provided by 
NASAss planned Earth science research missions. 



Table VIII-1 
National Aeronautics and Space Administration 

Observational Needs 

ACCURACY OBSERVATION 
PARAMETER APPLICATION DESIRED REQUIRED APPROACH SPATIAL RES. FREQUENCY SPECTRAL RES. 

Soid Features 
0 Moisture Hydrologic and 5 moisture 5 moisture 

geochemical cycles levels levels 
Surface 5% 107~ Microwave Radiometer 1-10 km 2 day 

5 Root Zone 5% 10% Model 30-10M) m 1 week 

0 Types-Areal Extent Geochemical cycles 10% 10% VisiblelSAR 
(peat, wet lands) Agricultural & Forestry 

0 Texture-Color Agriculture & Forestry 10% 10% VisibleISAR 

0 Erosion Geochemical cycles 10% 10% VisiblelSAR 

5 Elemental storage Geochemical cycles 
0 Carbon 10% 10% VisibleISAR 
0 Nitrogen 1070 10% VisibleISAR 

annual 

annual 

annual 

monthly 
monthly 

@ Permafrost Geochemical 10% 10% VisibleISAR 30m annual 

Surface Temperature 
8 Land Primary production, soil 0.5"C r 1°C Thermal IR 1 km -t 0.5 km 12 hours 

moisture and respiration 
0 Inland Waters MasslEnergy Flux 0.1 "C 0.5"C Thermal IR 30m 12 hours 
8 Ocean MasslEnergy Flux 0.1 "C 0.5"C Thermal IR, Microwave 4 km (open ocean) 12 hours 

1 km (coastal ocean) 12 hours 
8 Ice MasslEnergy Flux 0. 5°C 1°C Microwave, Thermal IR I km 1 day 

Vegetation 
0 Identification Hydrologic cycle, biomass 1% 5 7 ~  Visible, Near IR, I km 

distributions and change, Thermal IR 
8 Areal Extent primary production, plant 1% 10% Visible, Near IR, .30 m 

productivity, respiration, Thermal IR 
e Condition (stress, nutrient cycling, trace gas, 10% 15% Visible, Near lR 30m 

morphology, source sinks, vegetation- Thermal IR, SAR 
phytomass) climate interaction, 

microclimate 

Leaf area index canopy 
structure and density 

10% 20% Visible, Near IR, 30 m 
Thermal IR, SAR 

7 day 

30 day 

3 day 

3 days 

a o u d s  
@ Cover Radiation balance, weather 2% 5% Visible, Thermal lR 1x1  km 6 hours 
8 Top h e i t  forecasting, hydrologic + .25 km + .5 km Lidar I k m  6 hours 
@ Emission temp. cycle, climatologic + .5"C + 1°C Thermal IR 1 x 1  km 6 hours 
0 Albedo processes, tropospheric + 0.01 + .02 Visible 50x50 km 6 hours 
6 Water Content chemistry .05 kgm/m2 . I  kgm/m2 Microwave 50xMkm 6 hours 

Water Vapor Wather forecasting, .001 ppm ,002 ppm Microwave, Thermal IR, 100 x 100 km 12 hours 
hydrologic cycle, Lidar x 100 mbar (vertical) 
climatologic processes 



Table VIII-1 
National Aeronautics and Space Administration 

Observational Needs 
(continued) 

ACCURACY 
DESIRED REQUIRED 

OBSERVATION 
SPATIAL RES. FREQUENCY SPECTRAL RES. PARAMETER APPLICATION APPROACH 

Snow 
@ Areal Extent 
@ Thickness 

Hydrologic cycle 
Water equivalent 

VisibleMcrowave 
Microwave 

7 days 
7 days 

0.6-0.7 ~ d l  cm 
3 bands, 0.8-3.0 cm 

Radiation 
@ Shortwave 
0 Longwave 
0 Short 81 Long wave 

Visible 
Thermal 1R 
Visible, Thermal IR 

Surface energy budget 
Surface energy budget 
Hydrologic cycle 

1 x 1  km l day 
1 x 1  km l day 
100 x 100 km 6 hours broadband 

several bands, 0.1-10 cm Precipitation Hydrologic cycle 
Climatologic cycle 

Microwave or in situ 
in situ 

daily 
daily 

Evapotranspiration Hydrologic cycle Thermal IR, Visible, 
Micmwave combination 
(model) 

1 km daily multiple sensors 

Thermal IR, Visible, 
Microwave combination 
(model) 

- daily multiple sensors Runoff Hydrologic cycle 

Wetland Areal Extent Hydrologic cycle 
Biogeochemical cycle 

Biogeochemical cycles 

Visible, Thermal IR 
Visible, Near IRISAR 

30-100 m monthly 
30m 3 days 

multiple bands 
20 n d 2  radar bands 

10-30 nm 

5-15 nm 

~h~topiankton 
@ Chlorophyll 

Open OceanlCoastal 
Oceanllnland waters 

0 Fluorescence 
Open OceanlCoastal 
Oceanfinland waters 

@ Pigment groups 
Open OceanlCoastal 
Oceanllnland waters 

Visible, Near IR 4 k d l  k d 3 0  m 2 days 

Visible, Near IR 4 k d l  k d 3 0  m 2 days 

Visible, Near IR 4 kmll kmmO m 2 days 

Turbidity 
@ Inland waterlcoastal 

ocean 

Biogeochemical cycles 
Erosion assessment Visible, Near IR 30 d l  km 2 days 

Bioluminescence Ecological processes Visible 

Visible, Near IR, SAR 

monthly 

3 days 

10-20 nm 

three bands120 nm Wetland areal extent Biogeochemical cycle 

Surface Elevation 
9 Land Conttnental techtonics and 

surface processes 
Interpretation and 
modeling of gravity and 
magnetic field data 

Laser or radar altimetry 
or stereo- 
photogrammetry, SAR 
altimeter, 1 meter, laser 
altimeter 

100 m lFOV 10 years 

+ 3  m (from 
averaging 
within 3 km 
blocks) 

1 cm 
0.1 m 1.0 m 

300 m x 300 m for I0 years 
averaging into 3 km 
blocks 

e Ocean 
6 Inland Ice 

Circulation 
Hydrologic cycle 

Microwave altimeter 
Altimetry 

2 days 
5 years 



Table VIII-1 
National Aeronautics and Space Administration 

Observational Needs 
(continued) 

OBSERVATION 
SPATIAL RES. FREQUENCY SPECTRAL RES. 

ACCURACY 
PARAMETER APPLICATION DESIRED REQUIRED APPROACH 

Wave 
Height 

e Spectrum 
10% 
-c 10 degrees 

10% Scanning altimeter, SAR 50 km 3 days 
+ 20 degrees Scanning altimeter, SAR 50 km 3 days 

Air-Sea interactions 

Inland Ice 
e Thickness 2% Radar Sounding (probably 1 km 50 years 

airborne) 
5% SAR, ADCLS one per 100 x 100 km 10 years 
10% Thermal IR, Microwave, one per 100 x 100 km annual total 
1.O0C AWLS annual mean 

Ice dynamics 

9 Velocity Field 
e Mass Balance 

Pmperature 

Ice dynamics 
Ice dynamics, 
Hydrologic cycle, 
Climate 

Sea Ice 
9 Areal Extent 
9 Concentration 
e Sea Ice Dynamics 

100 km Microwave radiometer 5-20 km 
10% Microwave radiometer 1 km 
100 m SAR, AWLS 100 m 

weekly 
bi-weekly 
daily 

Hydrologic cycle 
Oceanic processes 
Climatological processes 

Ahnospheric Constituents 
(Ozone & Compounds 
of Carbon, Nitrogen, 
Hydrogen, Chlorine, 
Sulfur, etc.) 

20% DiaUCorrelation 1 0 x 1 0 ~ 1  km 1 day 
Spectrum 

10% Thermal IR, UV, etc. 500~500~3 .5  km 1 day 
25% Thermal IR, UV, etc. 500~500~3 .5  km 1 day 

Tropospheric chem. 

Middle atmosphere 
Upper atmosphere 

Tropospheric chem. 
Stratospheric chem. 

20% Lidar lOxlOx1 km 1 day 
50% Lidar/Occultation 200x500~1 km 1 day 

Aerosols 

Troposphere 1" K Thermal IR, Microwave, 100 x 100 x 5 km 1 day 
Lidar 

2" K Thermal IR, Microwave 500 x 500 x 3.5 km 1 day 
10" K Thermal IR, Microwave 500 x 500 x 3.5 km 1 day 

Temperature 

Middle atmosphere 
Upper atmosphere 

2 d s  Doppler Lidar 100 x 100 x 3.5 km 12 hours 
3 d s  Visible, IR 500~500~3 .5  km 1 day 

(Interferometer) 
10 d s  Visible, IR 500x500 x3.5 km 1 day 

(Interferometer) 
1 d s  Scatterometry 50 km2 1 day 

Winds Troposphere 
Middle atmosphere 

Upper atmosphere 

Surface 

Lightning 
(number of flashes, 
cloud to cloud, cloud to 
ground) 

same Visible to near IR 10 x 10 km continuously 
Electromagnetic spectrum 1 x l km continuously 
from ground 

Tropospheric chem., 
Atmospheric elect. 

stroke 
count 

Emission Features 

Electric Fields 

Rock Unit Mineralogy 

Upper Atmosphere 

Global electric circuit 

Continental rock types 

25% Near lR 10 x 10 x 3.5 km 10 minutes 

10% In situ electric field probe 

1% absolute 

.lo K (NEAT) 

1% relative Visible, Near IR-spectral 30 m pixel 10 years 10 nm; -200 channels 
reflectance 

.3' K (NEAT) Thermal lR-spectral 30 m pixel Seasonal coverage 6 channels, 8 to 14 wm. 
emissivity once wery 10 years 500 nm; 2 channels, 3 to 

5 Fm, 500 nm 

Continental soil and rock 
types and distribution 



Table VIII-1 
National Aeronautics and Space Administration 

Observational Needs 
(concluded) 

ACCURACY OBSERVATION 
PARAMETER APPLICATION DESIRED REQUIRED APPROACH SPATIAL RES. FREQUENCY SPECTRAL RES. 

Surface Structure Tectonic history 7dB SNR in 5 db SNR in SAR 
image image 

30 m radar cell width yearly 
(4 looks) 

Gravity Field 

Svrface Stress 

Oceanic Ceoid 

Magnetic Field 

Plate Motion 

Mantle convection, oceanic 0.5 mgal 1 mgal gravity gradiometer <30 x 30 km 10 years 
lithosphere, continental tethered system, satellite 
lithosphere, sedimentary tracking 
basins, passive margins, 
etc. 

Weather forecasting, u* = 2.5 cmls ue = 5 cmls Radar scatterometer 50 x 50 km 
climate processes, 
oceanography 

Mantle convention oceanic 0.5 cm 1 cm Altimeter 
lithosphere 

Crust & upper mantle, 0.5 nT 1.0 nT Magnetometer, <30 x 30 km 
composition and structure, Magnetometed 
lithospheric thermal gradiometer, tethered 
structure, secular variation systems 
of main field (core 
problem) upper mantle 
conductivity 

10 years 

10 years 

Plate tectonic theory, fault 0.5 cm in 1 cm in each Satellite tracking by radar Varies with problem, 1 0.5 years in most 
motion each component laser, CPS, VLBI, ground km cases, more 

component transponder arrays in 1000 km frequently in areas 
conjunction with satellite of very active 

deformation 

variable incidence; 
variable frequency; 
variable polarization 





IX. CONCLUSION 

Agencies of the Federal Government have wide responsibilities, 
ranging from providing for national security to managing wild- 
life habitats. The data and services of NOAA8s operational 
environmental satellites are broadly used by these agencies, 
but to degrees and purposes that vary according to the business 
of the particular agency. 

The preceding chapters have provided the views of several 
Federal agencies regarding their current uses of and projected 
requirements for support and services from NOAA8s satellite 
systems. The Department of State, while not a direct satellite 
user, plays a role in overseeing the foreign relations aspects 
of NOAA" arrangements with the operators of foreign systems, 
the open exchange of satellite data, and NOAA cooperation in 
international space undertakings. The ENVIROSAT-2000 Report, 
International Coordination of and Contributions to Environ- 
mental Satellite Proqrams, June 1985, discusses this aspect of 
NOAA1s satellite programs in detail. 

NOAA interacts constantly with other Federal agencies to ensure 
that the current operations and future satellite plans take 
into account the requirements of this user community. This 
interaction includes the meetings of formal committees and 
boards, exchanges of reports, and the working of interagency 
technical committees, as well as informal, continuing 
discussions at every level. 

The development of this report is a vital step in the process 
of defining NOAADs future satellite programs; the cooperation 
of the other Federal agencies in defining these requirements 
has made realistic planning possible. Combined with the analy- 
sis of NOAA" internal requirements, which is presented in the 
ENVIROSAT-2000 Report, NOAA Satellite Recmirements Forecast, 
May 1985, and the outlooks for science and technology that are 
presented in companion reports of the ENVIROSAT-2000 series, a 
basis for NOAA's long-range planning for satellite programs has 
been established. 
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APPENDIX A 

CURRENT AND PLANNED NOAA SATELLITES 

NOAADs Polar-orbiting Operational Environmental Satellites 
(POES) : 

The current POES series has spacecraft in sun-synchronous polar 
orbits at 833 and 870 km. Imaging, surface temperatures, and 
cloud mapping are provided by a 5-channel visible and infrared 
radiometer with 1.1 km resolution. Three instruments provide 
atmospheric sounding data: a 20-channel high-resolution infra- 
red sounder, a 3-channel selective absorption sensor to deter- 
mine weighting functions at 15 pm wavelengths, and a 4-channel 
Dicke microwave radiometer. Additionally, these satellites 
monitor solar particle flux at the spacecraft and provide for 
the collection and relay of data from fixed and moving auto- 
matic sensor platforms. Satellite sensor data are broadcast 
continuously for intercept by any ground station within range. 

The next POES series will include the Advanced Microwave 
Sounding Unit (AMSU), which will replace the 3-channel infrared 
absorption and 4-channel Dicke microwave sounding instruments 
now in use. The AMSU will provide 15 channels of coverage in 
the 20-90 GHz range and 5 channels in the 90-184 GHz range. It 
will add new capabilities for atmospheric humidity measure- 
ments, distinguishing sea ice, and gathering information about 
snow thickness and soil moisture. AMSU will make soundings 
more accurate and will permit sounding through clouds over 
areas with active weather patterns. The current imager will be 
improved by providing a spatial resolution of 500 m at all 
viewing angles, adding one or two new channels, and sharpening 
others; some channel changes also are planned for the 
High-Resolution Infrared Sounder (HIRS). A ma j or planned 
sensor addition is the Ocean Color Instrument (OCI), which 
probably will be introduced on an early spacecraft in this 
series. The other functions and services of the series will 
remain as they are currently. 

NOAAss Geostationary Operational Environmental Satellites 
(GOES) : 

The current GOES series provides imaging and sounding data via 
a single instrument. A visible channel (0.55 to 0.75 pm) and 
12 IR channels (from 3.9 to 15.0 ym) are provided. Subpoint 
resolution is 1 km in the visible and 7 or 14 km in the IR, 
determined by detector selection. The single optical system of 
the instrument precludes its simultaneous operation in both the 
imaging and sounding modes: GOES are equipped to monitor the 
flux of solar X-rays, alpha particles, protons, and electrons 



at the spacecraft. They are provided with data collection 
systems for the relay of information from automatic sensor 
platf oms. Sensor data are broadcast continuously for receipt 
by ground stations. A GOES service is the retransmission of 
meteorological charts and other environmental information, 
including satellite imagery, in facsimile format. 

The next GOES series will provide separate imaging and sounding 
instruments, so that these functions can occur simultaneously. 
More imaging and sounding channels will be included. The other 
capabilities and services of the current series will be 
continued. 

NOAA" Land Remote-Sensing Satellites (Landsat): 

Current Landsat spacecraft provide Earth imaging through two 
separate instruments. One, the Multi-Spectral Scanner (MSS), 
is a 4-channel instrument that provides visible and infrared 
data at 80 m subpoint resolution. The other, the Thematic 
Mapper (TM), is a 7-channel visible and infrared spectrometer 
that provides data at 30 m resolution, except for 120 m 
resolution in the thermal infrared band. Two spacecraft of the 
current series are in orbit, Landsat-4 and -5. The orbit is 
sun-synchronous at 705 km, providing a 16-day repeat cycle for 
revisits to the same Earth scene. Direct data broadcasts are 
provided to non-Federal ground stations, which pay a data 
access fee and enter into formal agreements covering the 
receipt and distribution of Landsat data. 

The Landsat system is being commercialized. Under the expected 
conditions of commercialization, the U.S, Government will 
continue services from Eandsat-4 and -5 through their design 
lifetimes (probably mid-1987) by contracting with a private 
company for the day-to-day operation of the system. The same 
company also will be responsible for the marketing of Landsat 
data. The company will continue service beyond Landsat-5 by 
launching an improved Landsat-6 in late 1988. Landsat-6 will 
provide a TM-class instrument and an MSS emulator to convert TM 
data to MSS format. The new satellite also will provide a 
panchromatic imager with 15 m subpoint resolution. A 5-year 
lifetime is projected for Landsat-6. Landsat-7 probably will 
replace it in orbit in late 1992. 



APPENDIX B 

ARMY CORPS OF ENGINEERS 

CIVIL LAND PROCESSES RESEARCH FROM SPACE 



E??: ,.... :...: 
%?' 
I.......' g;j$ 



APPENDIX B 

U.S. Army Corps of Engineers 
C i v i l  Works 

CIVIL LAND PROCESSES RESEARCH FROM SPACE 
January  1985 

PACE - 
I .  Curreht  Programs 

A .  Coals  . . . . . . . . . . , , . . . . . . . . . . . . . . . . . . . . e . e ~ e . e . . . e . . ~ e . e . ~ . e e . e . 1  
B I  Migsions ..,....,.,..............e...ae.a..ee..e.ee.eee.eee.e.l 
C .  A u t h o r i t i e s  . . . , . . . . . . , . . . . . . . . . . . . e a ~ . e . e O . . m . . . . . . . . e . . ~ e e . e e a . 3  
b, A c t i v i t i e s  ..................bO~.e.e~.~~~a.e.e.~.eO..e...e.e..~4 

1 . CE Reseal-ch and Development Program 
i n  suppor t  of C l v i l  Works 

2 .  CE Remote Sens ing Research P r o g r m  
3 CE Remote Sens ing Demonstration Program 
4. CE Reaote Sens ing  T e ~ h n o l o g y  Tr'ansfer Program 

E,  Coordinat ion  Mechanisms ......,.,.............................32 
1 .  Corps of Engineers 
2. En te ro rgan iza t ion  

F. Funding , , , . . . . . . . . . . . . . . e . . e . , b . e e . . w . . ~ ~ ~ I I . e ~ . . e . e . . ~ e e ~ e e 3 ~  
1 .  C i v i l  Works Program 
2.  Reinote Sens ing Program 

11. Futu re  Programs 
A .  Goals .................10.,~.,~...~m,eO..~.~....~..~.....e~.ee.35 
B.  S t r a t e g i e s  . . . . . . . . . . . a . . . . . . . . . . . ea . . . . . . . . . . . . . . e . . eee .aae . . 35  
C ,  Data Requireaents  .b..b............b..I..eb~.e-.r.bae~..e....~36 

1 .  C'E Program Data Requirements 
2.  CE LANDSAT TM & SPOT Requirements ................. D. Coordinat ion  and Planhing Improvements ..-. 51 
1 . Prografn Overview 
2.  F u t u r e  Data Needs for- Spacebbrne Systems 
3 .  Sensor  Development 



I ,  CURRENT PROGRAM 

A ,  Goals 

CIVIL WORKS 

PROGRAM OBJECTIVES 

Support  the  defense  of the  U .S . by mainta in ing an experienced engineer  
o r g a n i z a t i o n  immediately a v a i l a b l e  f o r  defense  needs. 

Promote the  q u a l i t y  of l i f e  by r e f l e c t i n g  s o c i e t y ' s  p re fe rences  f o r  a t t a i n i n g  
t h e  o b j e c t i v e s  of: , 

Enhancing n a t i o n a l  economic and s o c i a l  development by inc rea?  i n g  the  value  
of the  na t ionq  s output  of goods and s e r v i c e s  and improving n a t i o n a l  economic 
e f f i c i e n c y .  

P r o t e c t i n g  t h e  q u a l i t y  of the  environment by t h e  management, conse rva t ion ,  
p r e s e r v a t i o n ,  c r e a t i o n ,  r e s t o r a t i o n  o r  improvement of the  q u a l i t y  of c e r t a i n  
n a t u r a l  and c u l t u r a l  resources  and e c o l o g i c a l  systems. 

Determine the  a p p r o p r i a t e  r o l e  of water r e sources  i n  so lv ing  c u r r e n t  and 
emerging problems. 

B e  Missions 

PROJECT PURPOSES 

Navigation Improvements 

Development, improvement, c o n s t r u c t i o n  and maintenance of the  n a t i o n ' s  
r i v e r s  and harbors  f o r  safe and e f f i c i e n t  conduct of waterborne commerce 

Flood Damage Reduction 

Contro l  and a l l e v i a t i o n  of the  e f f e c t s  of f loods  through s t r u c t u r a l  and/or  
non-s t ruc tu ra l  measures and p a r t i c i p a t i o n  i n  f lood p l a i n  management 

Hydropower Generat ion 

Development, c o n s t r u c t i o n  and maintenance of p r o j e c t s  which provide 
s a l e a b l e  power. These .p ro jec t s  may a l s o  i n c l u d e  f lood  c o n t r o l ,  nav iga t ion ,  
r e c r e a t i o n  and o t h e r  purposes. Power c o s t s  a r e  f u l l y  recovered through sale 
of e l e c t r i c  power. 

Beach Eros ion Contro l  

R e s t o r a t i o n  and p rese rva t ion  of c o a s t a l  and l a k e  shores  through such 
remedial  works as beach replenishment,  dunes,  g r o i n s  and seawal l s  designed t o  
prevent  .damage from storm t i d e s  and wave a c t i o n .  



Water Supply and Conservation 

Development of water s t o r a g e  space f o r  municipal  and i n d u s t r i a l  purposes 
i n  mult ipurpose p r o j e c t s .  

Natura l  Resource Management 

P r o t e c t i o n  and management of n a t u r a l  r e sources  i n  such a manner as t o  
provide  a q u a l i t y  outdoor r e c r e a t i o n a l  exper ience  while mainta in ing or 
enhancing t h e  q u a l i t y  of the  n a t u r a l  environment, ~ o n s i s t e n t  with o t h e r  
p r o j e c t  purposes. 

F i s h  and W i l d l i f e  Management 

Environment a1 Enhancement 



C . A u t h o r i t i e s  

IMPORTANT STEPS I N  THE DEVELOPMENT OF THE CIVIL WORKS PROGRAM 

F i r s t  a p p r o p r i a t i o n  f o r  improving navagab i l i ty  of r i v e r s  
Comprehensive s tudy  of Miss i s s ipp i  River  author ized  
Regulatory a u t h o r i t y  over navigable  waters  e s  tab1 i shed 
F i r s t  f lood c o n t r o l  a u t h o r i z a t i o n  (Lower M i s s i s s i p p i  and 
Sacramento Rive r s )  

F i r s t  a u t h o r i z a t i o n  f o r  comprehensive r i v e r  bas in  s t u d i e s  
Author iza t ion  of t h e  M i s s i s s i p p i  River  and T r i b u t a r i e s  P r o j e c t  
Author iza t ion  of Lake Okeechobee l e v e e s  (precedent  f o r  hur r i cane  

p r o t e c t i o n )  
F i r s t  major Corps h y d r o e l e c t r i c  power f a c i l i t y  au thor ized  
F i r s t  genera l  f lood  c o n t r o l  l e g i s l a t i o n  
Comprehensive coordinated  planning and development encouraged, Corps 

r e q u i r e d  t o  p r e s c r i b e  opera t ion  of a l l  Federa l  f lood c o n t r o l  s t o r a g e  
Beach e ros ion  c o n t r o l  program s t a r t e d  
Pub l i c  Law 99 broadened emergency f l o o d  a u t h o r i t i e s  
Water supply au thor ized  a s  p r o j e c t  purpose 
Flood p l a i n  informat ion  program au thor ized  
Water q u a l i t y  c o n t r o l  au thor ized  as p r o j e c t  purpose 
Framework r i v e r  bas in  planning au thor ized ,  r e c r e a t i o n  au thor ized  a s  

p r o j e c t  purpose 
National  Flood Insurance  Program Act 
Nat ional  Environmental P o l i c y  Act 
Four n a t i o n a l  p lanning o b j e c t i v e s  (Sec 209) and s i g n i f i c a n t  p r o j e c t  

e f f e c t s  (Sec 122) 
Nat ional  dam i n s p e c t i o n  program 
P r i n c i p l e s  and S tandards  f o r  water resources  planning approved by 
P r e s i d e n t  

General  a u t h o r i t y  t o  cons ider  n o n s t r u c t u r a l  a l t e r n a t i v e s  i n  a l l  f lood 
c o n t r o l  p lanning,  F i r s t  n o n s t r u c t u r d  f lood c o n t r o l  p r o j e c t s  
a u t h o r i z e d  

Authorized streambank and s h o r e l i n e  e r o s i o n  c o n t r o l  demonstrat ion 
programs 

Court d e c i s i o n  expanding j u r i s d i c t i o n  of S e c t i o n  404 permit  
r e g u l a t i o n s  

Clean Water Act of 1977-changed F e d e r a l / s t a t e  r e l a t i o n s h i p s  i n  
r e g u l a t i n g  d i scharge  of dredged o r  f i l l  ma te r i a l  i n t o  U . S .  wa te r s  

Reagan Adminis t ra t ion  proposal on Navigation Cost Shar ing  



D , ACTIVITIES 

1, C E  Research and Development Program i n  Support of C i v i l  Works 

R&D Elements 

Cold Regions Research and Engineering Labora tory  (CRREL) 
Cons t ruc t ion  Engineer ing  Research Laboratory (CERL) 
Engineer Topographic Labora to r i e s  (ETL ) 
Waterways Experiment S t a t i o n  (WES) 
Hydrologic Engineer ing  Center  (HEC) 
I n s t i t u t e  f o r  Water Resources ( I W R )  

Funct ional  Areas 

Mate r i a l  
Coas ta l  engineer ing  
Flood c o n t r o l  and nav iga t ion  
Environmental qua1 i t y  
Water resources  p lanning s t u d i e s  
Surveying and s a t e l l i t e  a p p l i c a t i o n s  
Environmental and water  q u a l i t y  opera t iona l  s t u d i e s  
Cons t ruc t ion ,  Opera t ions  and Maintenance 
Aquatic  p lan t  c o n t r o l  

2.  Corps of Engineers Remote Sens ing Research Program 

a .  Overview: The o b j e c t i v e  of the  Corps of Engineers S a t e l l i t e  
Remote Sens ing Research Program is t o  provide c o s t - e f f e c t i v e  methods t o  
a c q u i r e  d a t a  t o  assist i n  the  planning,  eng inee r ing ,  des ign ,  c o n s t r u c t i o n ,  and 
maintenance of Corps of Engineers p r o j e c t s .  The program is managed by f o u r  
co- technica l  monitors from Water Resources Support  Center  Data C o l l e c t i o n  & 
Management D i v i s i o n  , (WRSC-C) , Department of t h e  Army Engineering C i v i l  Works 
Planning D i v i s i o n  (DAEN-CWP) , C i v i l  Works Hydraul ics  and Hydrology Div i s ion  
(DAEN-CWH) , and Engineer ing  and Cons t r u c t i s n  (DAEN-EC) . U ,S. Army Cold 
Regions Research and Engineer ing  Laboratory (CRREL) , i s  the  Research and 
Development (DAEM-CWZ-RDZ), l a b o r a t o r y  program manager. 

The FY 85 budget of $750,000 suppor t s  n ine  re sea rch  work u n i t s  be ing 
accomplished by Waterways Experiment S t a t i o n  (WES), CRREL, U.S Army Engineer 
Topographic Labora to r i e s  (ETL) , and Hydrologic Enineer ing  Center  (HEC) . The 
Corps of Engineer f u n c t i o n s  being addressed by t h e s e  n ine  work u n i t s  a re :  
rea l - t ime d a t a  f o r  emergency opera t ions  and water c o n t r o l ,  w i l d l i f e  h a b i t a t  
s t u d i e s  , l a n d  use, f o r  hydrologic and environmental s t u d i e s ,  updat ing  of f lood  
damage d a t a  bases ,  and c o a s t a l  engineer ing .  The remote sens ing  technologies  
be ing addressed a r e  LANDSAT Thematic Mapper (US c i v i l  land s a t e l l i t e  wi th  30 
meter r e s o l u t i o n ) ,  SPOT ( a  French c i v i l  land s a t e l l i t e  t o  be launched i n  1985 
w i t h  20 and 10 meter r e s o l u t i o n ) ,  t r ansmiss ion  of environmental ground sensor  
d a t a  v i a  s a t e l l i t e  communications, and a c t i v e  ground rada r s .  Paragraph 
I.D.2.b. provides  d e t a i l s  of funding,  o b j e c t i v e s  and a r e a s  of i n v e s t i g a t i o n  
f o r  the  remote sens ing  resea rch  work u n i t s .  



b .  Program Summary: Provided  is  a d e t a i l e d  summary of t h e  
i n d i v i d u a l  work u n i t s  f o r  remote s e n s i n g .  
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FlVE YEAR RESEARCH PROGRAM WORK UNIT SUMMARY I FY FUNDING REOUIREMEN13 -THOUSAND DOLLARS 

E v a l u a t i o n  of SPOT, Landsat  and F u t u r e  S a t e l l i t e  Sensor  Data 

OBJECTIVE. DESCRIPTION OF WORK AND WHY RILD IS NEEDEO 

OBJECTIVE: To e v a l u a t e  t h e  u s e  of Landsat-5 TM and MSS, SPOT HRV d a t a  
p r o d u c t s  and f u t u r e  s a t e l l i t e  s i m u l a t i o n  s e n s o r  d a t a  f o r  a d d r e s s i n g  
G a t e r  r e s o u r c e s ,  geology and c o l d  r e g i o n s  phenomena r e l e v a n t  t o  t h e  
Corps of  Engineers  (CE) miss ion .  

DESCRIPTION OF WORK: Research and development is r e q u i r e d  t o  keep 
a b r e a s t  of new and emerging remote s e n s i n g  technology  f o r  a p p l i c a t i o n  
t o  CE problems. The approach used i n  t h i s  work u n i t  is  t o  e v a l u a t e  
s i m u l a t i o n  d a t a  of  f u t u r e  s a t e l l i t e  s e n s o r  sys tems  and t h e n  t o  t e s t  
t h e  developed a l g o r i t h m s  on  t h e  a c t u a l  s a t e l l i t e  d a t a .  E v a l u a t i o n s  
a r e  a l s o  made of t h e  i n c r e a s e d  s p a t i a l  and s p e c t r a l  r e s o l u t i o n  of  t h e  
s e n s o r  d a t a  and t h e  impact on computer p rocess ing .  C o o r d i n a t i o n  w i t h  
t h e  French Toulouse Space Center  on  CE d a t a  requi rements  f o r  t h e  SPOT 
s a t e l l i t e  HRV (High R e s o l u t i o n  V i s i b l e )  s e n s o r  d a t a  p r o d u c t s  w i l l  be  
cont inued .  The s a t e l l i t e  is scheduled  f o r  l aunch  i n  August, 1985. 
A c q u i s i t i o n  o f  SPOT HRV 20-m and 10-m d i g i t a l  d a t a  over  s e l e c t e d  Corps 
p r o j e c t ,  a r e a s  w i l l  be  accomplished.  Algori thms developed f o r  t h e  SPOT 
HRV s i m u l a t i o n  d a t a  !ill be  t e s t e d  on t h e  a c t u a l  SPOT HRV d a t a .  
Cognizance of  f u t u r e  s a t e l l i t e  s e n s o r  systems w i l l  be main ta ined .  A s  
r e q u i r e d ,  p r o p o s a l s  w i l l  be  i n i t i a t e d  f o r  u s i n g  d a t a  from: t h e  West 
German MOMS (Modular O p t o - e l e c t r i c  M u l t i s p e c t r a l  Scanner)  system, 
scheduled f o r  l aunch  i n  1985-1986; t h e  ESAIERS-1 (European Space 
AgencyIEarth Resources S a t e l l i t e - 1 ) ,  scheduled  f o r  l aunch  i n  1988 w i t h  
a C-band (5.7cm) SAR ( S y n t h e t i c  A p e r t u r e  Radar) s e n s o r ;  t h e  Japanese  
ERS-1 ( E a r t h  Resources S a t e l l i t e - 1 ) ,  scheduled f o r  l aunch  i n  1990 w i t h  
a n  L-band (23.5cm) SAR; and t h e  Canadian s a t e l l i t e ,  Radarsa t ,  
scheduled  f o r  l aunch  i n  1990. e i t h e r  a C- o r  L-band SAR. 

MILESTDNES AND FORM OF OUTPUT It 
Report  on u s e  of  Landsat  and 
SPOT HRV d a t a  a t  a Corps s i t e  It 
Report  on  a n a l y t i c a l  p rocedure  
f o r  u s i n g  s a t e l l i t e  d a t a  i n  
Corps modeling a c t i v i t i e s  
(Sep 86) I 
Report  on u s e  of  s a t e l l i t e  
d a t a  i n  Corps C i v i l  Works, 11 

NO. 

BFY / + l  / +Z / +3 1 I 

MISSION PROBLEMS ADDRESSED I 
TITLE 

FIELD 
RANK --- 

S t u d i e s  

f o r  C a l c u l a t i n g  S p a t i a l  Averages 
a s  I n p u t  i n t o  Hydrologic ?lodels  

S o i l  Mois ture  f o r  Flood Fore- 
c a s t i n g  Modeling 

w i t h  S t a t i s t i c a l  Sampling of 
F loodpla in  S t r u c t u r e s  f o r  COE 
Flood Damage C a l c u l a t i o n s  

E s t i m a t i o n  of Flood Damage - 
P o t e n t i a l  

i p p l i c a t i o n  of S a t e l l i t e - D e r i v e d  
Data f o r  H a b i t a t ,  F i s h  and Wild- 
l i f e  E v a l u a t i o n  

? v a l u a t i o n  of  F u t u r e  S a t e l l i t e  
Sensor Systems f o r  S p a t i a l  and 
M u l t i s p e c t r a l  Resolu t ion  

f i l d l i f e  H a b i t a t  I d e n t i f i c a t i o n  
and Mapping Using Landsat Data 

issessment of Snow Pack Water 
Equivalency and S o i l  Mois ture  

jnowpack and S o i l  Mois ture  
Assessment f o r  F o r e c a s t i n g  Snow 

I Melt  Runoff P o t e n t i a l  

High ( I )  

High (A) 

High (A) 

High ( I )  

H i g l ~  ( I )  

I I I J 
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technology f o r  d i g i t a l  d a t a  input  compatible wi th  t h e  
d a t a  base management schemes used i n  planning, engineer ing,  and 
ope ra t iona l  p r o j e c t s  and a c t i v i t i e s .  P re sen t ly  hydrologic models 
(SSARR, NWS and o the r s )  cannot accept  s p a t i a l l y  d i s t r i b u t e d  d a t a  on 
s o i l  mois ture  o r  snow water content .  A modif ica t ion  t o  t h e  models is Mul t i spec t r a l  S a t e l l i t e  Data 
required  f o r  t h e  i n t e r a c t i v e  u se  of t h e  s a t e l l i t e  d i g i t a l  da t a .  

I 
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Remote Sensing and S p a t i a l  Data Appl ica t ions  
- -. - . . - . . . . - . -. 
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OBJECTIVE. DESCRIPTION OF WORK AND WHY R&D IS NEEDED MILESTONES AND FORM OF OU~PUT - . .  . 
I I t  I I )  
I I A N K  

... - -. -- . . - - 
of Future S a t e l l i t e  

Incorpora te  s p a t i a l l y  d i s t r i b u t  
Hydrologic, environmenkd a d  socio-economic s o i l  mois ture  i n t o  e x i s t i n g /  

Graphic Data Bank 

f  those  c r i t i c a l  components i n  t h e  models. 
*-.----- 
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PROGRAM TITLE 
-. . - .. - . . -- -- 

ORGANIZATIONAL SYMROL D A l E  
Surveying and S a t e l l i t e  Applications/Remote Sensing WESEN-B 85 01 15  - -- I - - -- 

- FIVE YEAR RESEARCH PROGRAM WORK UNIT SUMMARY FY FUNDING flEOUlREMENTS --- THOUSAND DOLLARS 
-. - -- - - 

PRIORITY 3 TITLE PRIOR cFy eFy ,, + i.3-..----......--. 10 

YEARS COMI'Lk l t 1 0 ' A L  

WORK UNIT NO Regional Flood Location Data Update f o r  Emergency Operations Fv85 FY 86 FY87 fv88 -- r y 8 9  ---  
32237 

$ s S 0 s 1s. S 0 -- - < .- . - -- . - - - - . . . - -  

MISSION PRORLEMS AOUHCSSED 

OBJECTIVE, DESCRIPTION OF WORK AND WHY R&O IS NEEDED MILESTONES AND FORM OF OUTPUT - - - - - - - . . - - - .. . . . -- . . .- 

NO. TI1 LE 
i I f  ( ft 
R A N K  

. -. ... .- . .. . . ... 
OBJECTIVE: To develop and demonstrate a c a p a b i l i t y  t o  provide  r ap id  Develop Procedures t o  Rec t i fy  33-040-8 Emergency Flood Fight ing  High ( I )  
r e p e t i t i v e  coverage of t h e  f lood wa te r s  over  t h e  t o t a l  LMVD region  N W  S a t e l l i t e  Data t o  Ea r th  Techniques 
involved i n  l a r g e  Mis s i s s ipp i  River f l o o d s  f o r  u s e  i n  f l ood  water  c o n t r o l  Coordinate System (Sep 84) 
and emergency opera t ions .  62-009-1 Regional Flood Location Data Up- Med (A) 

Crea t e  Flood Maps from S a t e l l i t e  d a t e  f o r  Emergency Opera t ions  
DESCRIPTION OF WORK: The primary sou rce  of d a t a  w i l l  be t h e  NOAA Data (Feb 85) Using S a t e l l i t e  Data 
s a t e l l i t e s  and t h e  secondary source  t h e  GOES and Defense Meteorologica l  
S a t e l l i t e s  Program (DMSP). The NOAA s a t e l l i t e s  provide  twice-a-day Ver i fy  Accuracy of Flood Maps 
coverage of t h e  whole e a r t h  through a f ive-channel m u l t i s p e c t r a l  scanner (Sep 86) 
wi th  a 1.1 ki lometer  s p a t i a l  r e so lu t i on .  V i s i b l e  d a t a  is  a v a i l a b l e  a t  
0.8 k i lometer  and i n f r a r e d  a t  8.0 k i lometer  s p a t i a l  r e s o l u t i o n  every  30 F i r s t  Generation Flood Mapping 
minutes dur ing  day l igh t  from GOES spacec ra f t .  V i s i b l e  and i n f r a r e d  d a t a  Capab i l i t y  (Apr 86) 
a t  0.6 k i lometer  s p a t i a l  r e s o l u t i o n  a r e  a v a i l a b l e  from DMSP every  6 
hours.  The i n t e r p r e t a t i o n  of t h e  f l ood  l o c a t i o n s  from s a t e l l i t e  d a t a  Report on S a t e l l i t e  Data Recti-  
w i l l  be r e g i s t e r e d  t o  topographic maps a t  vary ing  s c a l e s  s o  t h e  f lood f i c a t i o n  Procedures and Flood 
l o c a t i o n  maps w i l l  be  r e a d i l y  u sab l e  f o r  emergency opera t ions .  I n  Mapping Capab i l i t y  (Sep 87) 
a d d i t i o n  t o  p roduc ing . t r anspa ren t  map ove r l ays  on a p l o t t e r  t h e  capa- 
b i l i t y  w i l l  be t e s t e d  t o  combine t h e  f l ood  l o c a t i o n  g raph ic s  w i th  a T rans fe r  of Emergency Flood 
v ideo  d i s k  image of t h e  topographic map f o r  l a r g e  v ideo  image d i s p l a y  Mapping Procedures t o  LMVD 
i n  a b r i e f i n g  room. The primary p r o j e c t  goa l  w i l l  be  t o  produce one s e t  (Sep 88) 
of f lood i n t e r p r e t a t i o n  maps w i th in  24 hours  of s a t e l l i t e  image formation 
and t o  r epea t  t h i s  ope ra t i on  once every 24 hours. Th i s  w i l l  be done Evaluat ion  of Opera t ional  
through use  of a v a i l a b l e  s a t e l l i t e  d a t a  r ece iv ing  s t a t i o n s  and w i l l  System (Sep 89) 
not r e q u i r e  t h e  purchase of  s p e c i a l  d i r ec t - r ecep t ion  equipment. For 
example, NORDA i n  S l i d e l l ,  LA, is scheduled t o  r e c e i v e  d a t a  d i r e c t l y  F i n a l  Report on Opera t ional  
from GOES and NOAA s a t e l l i t e s .  System (Sep 90) 

WHY R&D I S  NEEDED: During f l oods ,  t h e  Corps must g a t h e r  informat ion  
both  f o r  i t s  own use  i n  f lood f i g h t i n g  ope ra t i ons  and f o r  o t h e r  Federa l  
agencies  and s t a t e  and l o c a l  governments. Extens ive  f l o o d s  occur w i th  

C I 11 I 
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Surveying and S a t e l l i t e  Applications/Remote Sensing 85 01 15 

FIVE YEAR RESEARCH PROGRAM WORK UNIT SUMMARY 

OBJECTIVE. DESCRIPTION OF WORK AND WHY RBD IS NEEDED I 

PRIORITY 

3 
WORK UNIT NO 

32237 

frequency i n  t h e  Lower Mis s i s s ipp i  Valley, and t h e  d a i l y  ex t en t  of 
f looding and floodwater movement a r e  determined from measurements taken 
from hydrographic survey boa t s  and t h e  s c a t t e r e d  permanent gage loca t ion  
throughout t h e  Valley. The required  d a t a  must be co l l ec t ed  and manually 
i n t e r p r e t e d  from these  measurements. Attempts a r e  being made t o  i n s t a l l  
very  expensive remote gaging appara tus  capable  of te lemeter ing  f lood 
s t a g e  da t a .  It is incumbent on t h e  Corps t o  advance i ts  c a p a b i l i t y  t o  
ga the r  informat ion on f lood development more r ap id ly  and accu ra t e ly .  
S a t e l l i t e s  o f f e r  t h e  p o t e n t i a l  of providing synopt ic  views of f lood 
progress  over l a r g e  a r e a s  a t  i n t e r v a l s  of 1 t o  12 hours. The developed 
system w i l l  be u s e f u l  not  only  i n  t h e  Mis s i s s ipp i  Valley but a l s o  i n  
Corps' f lood con t ro l  work involving any l a r g e  r i v e r  system such a s  t h e  
Red River of t h e  North o r  r i v e r  systems i n  t h e  Republic of China. ZMVD 
schedules  f lood f i g h t  exe rc i se s  annual ly  t o  t e s t  emergency ope ra t ions  
procedures i n  a n t i c i p a t i o n  of poss ib l e  high water s t a g e s  i n  t h e  per iod 
March-June. The scena r io s  i nc lude  t h e  u se  of e x i s t i n g  c a p a b i l i t y  t o  
p r e d i c t  flooded a r e a s  from r i v e r  s t age  fo recas t s .  This  i s  evidence of 
t he  importance of accu ra t e  and r ap id  assessments of f looded a r e a  and 
protec ted  a r e a  evaluat ions  i n  emergency floodways. This research  is 
aimed d i r e c t l y  a t  improving t h e  Corps' ope ra t iona l  c a p a b i l i t y  i n  
emergency flood s i t u a t i o n s  f o r  t h e  b e n e f i t  of reducing flood damages t o  
publ ic  and p r i v a t e  property.  This  technology a l s o  w i l l  have immediate 
app l i ca t ion  p o t e n t i a l  t o  d i s p l a y  t h e  a r e a  subjec ted  t o  su rge  f looding 
before  (p red ic t ed )  and a f t e r  ( a c t u a l )  hu r r i cane  l a n d f a l l  d i s a s t e r  
emergency n pe ra t  ions.  

--- 
TITLE 

PRIOR 10 
Regional Flood Location Data Update f o r  Bnergency Operations Y E A ~ S  cOMI 'L~  I E  "" AL 

-- - - - -  
s 

MILESTONES'AND FORM OF OUTPUT 

--- -- ---- - .- --- 

NO. 
TIELL) 
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FIVE YEAR RESEARCH PROGRAM WORK UNIT SUMMARY FY FUNDING REOUIREMENTS - THOUSAND DOLLARS 

PRIORITY 1 TITLE I CFY I BFY I t l  I t2 I +3 . 1 I 
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MISSION PROBLEMS ADDRESSED 

OBJECTIVE. DESCRIPTION OF WORK AND WHY R&D IS NEEDED MILESTONES AND FORM OF OUTPUT 

NO. I TITLE 
FIELD 
RANK 

4 
PRIOR . 

Demonstrat ion of S a t e l l i t e  D i g i t a l  Data i n  Corps P lanning ,  Engineer ing  and YEARS 

WORK UNlT NO FY 85  
32297 

O p e r a t i o n a l  A c t i v i t i e s  
S S 

OBJECTIVE: To deve lop  and document procedures  f o r  t h e  u s e  of  s a t e l l i t  
d i g i t a l  d a t a  i n  Corps p lanning ,  e n g i n e e r i n g  and o p e r a t i o n a l  a c t i v i t i e s .  I 
DESCRIPTION OF WORK: The approach used i n  t h i s  work u n i t  is t o  o b t a i n  
remote s e n s i n g  d a t a  f o r  u s e  i n  Corps demons t ra t ion  p r o j e c t s .  The 
a n a l y s e s  a r e  performed i n  c o o p e r a t i o n  w i t h  t h e  Corps D i s t r i c t s .  The 
remote s e n s i n g  d a t a  a r e  format ted  f o r  t h e  D i s t r i c t ' s  d a t a  base  manage- 
ment system t h a t  is  being used f o r  t h e i r  p a r t i c u l a r  p r o j e c t .  The 
Corps D i s t r i c t s  work c l o s e l y  w i t h  t h e  r e s e a r c h  l a b o r a t o r y  t o  e n s u r e  
t h a t  t h e  ana lyzed  d a t a  s e t s  meet w i t h  t h e i r  own needs.  The d a t a  a r e  
r u n  through t h e  Corps models t o  s e e  how c o s t - e f f e c t i v e  and a c c u r a t e  
t h e  remote s e n s i n g  d a t a  a r e  i n  comparison t o  t h e i r  own convent iona l ly-  
g a t h e r e d  d a t a .  New demons t ra t ion  s i t e s  a r e  s e l e c t e d  a s  r e q u i r e d .  
Repor t s  a r e  prepared  documenting t h e  procedures  used and t h e  usefulnest  
of  t h e  remote s e n s i n g  d a t a .  

FY 86  

s 

The procedures  r e q u i r e d  f o r  u s i n g  remote ly  sensed  d a t a  f o r  parameters  
s u c h  a s  s o i l  t y p e ,  s l o p e ,  f u t u r e  land  u s e ,  e t c . ,  t h a t  a r e  used i n  
Corps modeling a c t i v i t i e s  w i l l  be  cont inued .  The 30-m TM r e s o l u t i o n  
w i l l  b e  e v a l u a t e d  and documented f o r  u s e  i n  t h e  Corps emergency 
o p e r a t i o n s  and water  r e s o u r c e s  management r e s p o n s i b i l i t i e s .  A major 
emphasis w i l l  be placed on t h e  t r a n s f e r  of imformation t o  t h e  p u b l i c  
and p r i v a t e  s e c t o r s .  T h i s  w i l l  e n s u r e  t h a t  t h e  Corps w i l l  have a 
group  of c o n t r a c t o r s  c a p a b l e  of performing a c c o r d i n g  t o  t h e  Corps '  
r e s p o n s i b i l i t i e s .  

Report  on t h e  u s e  of  remote 
s e n s i n g  i n  Corps hydro logic ,  
envi ronmenta l  and economic 
models (Sep 8 5 )  

FY 87 

Repor t s  on m o d i f i c a t i o n  of 
e x i s t i n g  Corps models t o  
a c c e p t  remote ly  sensed d a t a  
(Sep 8 5 ,  8 6 ,  8 7 )  

Update of t h e  a p p l i c a t i o n s  
s e c t i o n  of  t h e  Corps Remote 
Sens ing  Manual (Sep 8 5 ,  8 6 ,  8  

FY 88 

S S S S  

P u b l i c a t i o n  of  t h e  Remote 
Sens ing  Informat ion  Exchange 
B u l l e t i n  (Sep 8 5 ,  8 6 ,  8 7 ,  8 8 )  

P r e p a r a t i o n  of remote s e n s i n g  
demons t ra t ion  p r o j e c t s  (Sep 
8 5 ,  8 6 ,  8 7 ,  8 8 )  

FY 8 9  

GNO FORM 4413-R, May 81 

TO 
COMPLETE 

Use of Remote Sens ing  i n  Planning 
S t u d i e s  

The Use of Remotely Sensed Data 
f o r  C a l c u l a t i n g  S p a t i a l  Averages 
a s  Input  i n t o  Hydrologic Models 

Use of S a t e l l i t e  Data Coupled wit1 
S t a t i s t i c a l  Sampling of Flood- 
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l i f e  Eva lua t ion  
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mat ion  of Flood Damage Potel i t  i a l  

E v a l u a t i o n  of F u t u r e  S a t e l l i t e  
Sensor Systems f o r  S p a t i a l  and 
M u l t i s p e c t r a l  Resolu t ion  

W i l d l i f e  H a b i t a t  I d e n t i f i c a t i o n  
and Mapping Using Landsat  Data 

A c q u i s i t i o n  of R e l i a b l e  Real Time 
Data f o r  I n p u t  i n t o  Hydrologic 
and Environrrental  Models 

Landsac Dnta Gridr'c.rl Gfc~; . tdp' l i :  
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Graphic Data Bank 

Programmed Image I n t e r p r e t a t  ion  
Genera l  Land Use Napping Using 

M u l t i s p e c t r a l  S a t e l l i t e  Data 
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and Mapping Using Landsat Data 

DESCRIPTION OF WORK: Representa t ive  w i l d l i f e  spec i e s  models w i l l  be Design and Planning Tool) System 

Land Cover Data f o r  Hab i t a t ,  Fish,  
and W i l d l i f e  Evaluation Using 
S p a t i a l  Data Management Techniques 
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WORK UNIT NO 

OBJECTIVE. DESCRIPTION OF WORK AND WHY R B D  IS NEEDED I MILESTONES AND FORM OF OUTPUT 

TITLE 

YEARS 
VJildlife Habi ta t  I d e n t i f i c a t i o n  and Mapping Using Airborne Sensors 

WHY R&D IS  NEEDED: The pas t  decade of environmental l e g i s l a t i o n  require  
a s t eady  growth in  CE D i s t r i c t  monetary and manpower commitments f o r  
w i l d l i f e  h a b i t a t  impact s t u d i e s  and h a b i t a t  m i t i g a t i o n  plans.  A much 
b e t t e r  balance i s  needed between the  q u a l i t y  of h a b i t a t  da t a  acquired 
f o r  a n a l y s i s  and the  commitment of manpower and f i s c a l  budget. A need 
e x i s t s  f o r  a r e a d i l y  updatable,  cos t - e f f ec t ive ,  and more r ap id  c a p a b i l i t  
f o r  developing w i l d l i f e  h a b i t a t  maps and numerical h a b i t a t  d a t a  f o r  
Corps p ro j ec t s .  

Detecting and mapping w i l d l i f e  h a b i t a t  by environmental photoin terpre-  
t a t i o n  of a e r i a l  photography and a n a l y s i s  of Landsat Thematic Mapper and 
m u l t i s p e c t r a l  scanner da t a  should be sys t ema t i ca l ly  evaluated.  The basic 
u n i t  of a h a b i t a t  a n a l v s i s  i n  t h e  F i sh  and W i l d l i f e  Service ' s  HEP and 
o t h e r  procedures i n  use  by t h e  CE D i s t r i c t s  is t h e  vege ta t ive  cover type.  
In add i t i on ,  f a c t o r s  such a s  d i s t ance  from f o r e s t  cover t o  roads , s i ze  of 
c l ea r ings ,  and o the r  s p a t i a l  da t a  a r e  required .  Present  HEP methodology 
recommends t h e  use  of US Geological  Survey topographic maps and high 
a l t i t u d e  co lo r  i n f r a r e d  photography f o r  d e l i n e a t i o n  of cover types  and 
subsequent h a b i t a t  mapping. High q u a l i t y  I R  photography a t  1:58,000 
s c a l e  from t h e  National High Al t i t ude  Program provides  an exce l l en t  
oppor tuni ty  f o r  evaluat ion .  I n  add i t i on ,  t h e  advantages of low 
(1:6,000) and in termedia te  (1:24,000) a e r i a l  photography should be 
evaluated .  Recent advancements i n  information extraction from d i g i t a l  
s a t e l l i t e  da ta  have demonstrated t h e  f e a s i b i l i t y  of us ing Landsat d a t a  a: 
a more r ap id  and comparatively inexpensive source  of h a b i t a t  da ta .  The 
Thematic Mapper on board Landsat-5 has  a r e s o l u t i o n  element of 30 x 30 m 
compared t o  a nominal s i z e  of 57 x 79 m f o r  t h e  m u l t i s p e c t r a l  scanner 
Landsat sensors .  The SPOT s a t e l l i t e  has a 10 m and 20 m r e so lu t ion .  

1 These p o t e n t i a l  d a t a  sources  must be developed f o r  HEP ana lys i s .  

- -- 
Field  demonstration of t o t a l  
system c a p a b i l i t y  f o r  t h e  deer  
model a t  a new study s i t e  
(Sep 88) 

Technical  Report on t h e  demon- 
s t r a t i o n  p r o j e c t  (Sep 89) 

I n s t r u c t i o n  r e p o r t  on appl ica-  
t i o n  of r ano te  sens ing and 
d i g i t a l  map modeling techniques 
t o  HEP (Sep 90) 

NO. 

I I - - - -  
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PRIORITY TITLE 

6 PHIOH 
I n  S i t u  Automated Procedures  f o r  Measurement of Hydrologic and Environmental  ~EAfis 

WORK UNIT NO Parameters  i n  Cold Regions t ~ 8 5  F Y  86 F Y  87 - - 
31792 -- -- 

OBJECTIVE. DESCRIPTION OF WORK AND WHY R&D IS NEEDED 

- $ - Q  - t o  
C O M P L ~  i t  

t Y  88 F Y  89 -- - - -- - - - - 
S s 

OBJECTIVE: To t e s t  and e v a l u a t e  t e c h n i q u e s  f o r  i n t e r f a c i n g  s t a t e - o f -  
t h e  a r t  geophys ica l ,  hydrometeoro logica l  and envi ronmenta l  s e n s o r s  t o  
GOES and o t h e r  d a t a  r e l a y  systems and demons t ra te  t h e  u t i l i t y  of  d a t a  
a c q u i s i t i o n  r e l a y  sys tems  on  a n  o p e r a t i o n a l  b a s i s .  

----- . - --- - - -- 
1 1 - -  

- 

DESCRIPTION OF WORK: Sta te -of - the-ar t  g e o p h y s i c a l ,  h y d r o l o g i c  and 
envi ronmenta l  s e n s o r s  ( such  a s  snow and i c e  gages ,  t empera ture  s e n s o r s ,  
e t c )  w i l l  be  t e s t e d  under c o l d  weather  f i e l d  c o n d i t i o n s .  M o d i f i c a t i o n s  
w i l l  be  made and i n t e r f a c e s  f o r  r e l a y  systems developed and demonstrated 
The s p a t i a l  d i s t r i b u t i o n  f o r  a g i v e n  s e n s o r  w i l l  be  s t a t i s t i c a l l y  
de te rmined  t o  y i e l d  a p p r o p r i a t e  sample spac ing .  

WHY R&D I S  NEEDED: As new s e n s o r s  and e l e c t r o n i c s  a r e  developed t o  
measure i n  s i t u  c o n d i t i o n s  i n  t i m e  and space ,  it w i l l  be  p o s s i b l e  t o  
de te rmine  s p a t i a l  a v e r a g e  v a l u e s  f o r  t h e  measured parameters .  These 
a v e r a g e s  can  t h e n  be  p laced  i n t o  a d a t a  b a s e  management system and used 
a s  r e q u i r e d  f o r  t h e  Corps p lanning ,  e n g i n e e r i n g  and o p e r a t i o n a l  
m o n i t o r i n g  and modeling a c t i v i t i e s .  

I MILESTONES AND FORM OF OUTPUT 

--- 
s e n s o r  package and 

document f i n d i n g s  ( r e p o r t )  
( Jun  85) 

I Report  on  each s e n s o r  system 
performance (Sep 85, 86, 87) 

Report  on d e f i n i n g  Corps u s e r  
requi rements  based on f i n d i n g s  
from 85-87 (Sep 88) 

. 

NO. 

ETL'S on f i e l d  i n s t a l l a t i o n  
and performance of s p e c i f i c  
s e n s o r  packages ( Jan  85, 86, 87) 

- -- - . - - - . - 
TflLE 
-- - .- - - . - . 

Opt imiza t ion  of Parameters  f o r  
Use i n  Streamflow Simula t ion  
Models 

Continuous Mois ture  Accounting 
f o r  F o r e c a s t i n g  Flood Events 

A c q u i s i t i o n  of R e l i a b l e  Real Time 
Data f o r  Input  i n t o  Hydrologic 
and Environmental  Models 

The Use of Remotely Sensed Data 
f o r  C a l c u l a t i n g  S p a t i a l  Averages 
a s  Input  i n t o  Hydrologic Yodels  

Remote Sensing Determina t ion  of  
S o i l  Mois ture  f o r  Flood Fore- 
c a s t i n g  Modeling 

Water Cont ro l  Data Management 
System 

Assessment of Snow Pack Water 
E q u i v a l e m ~ a n d  S o i l  Moisture 

Snow Pack and S o i l  Moisture 
Assessment f o r  F o r e c a s t i n g  Snow 
Melt Runoff P o t e n t i a l  

Use of  Real  Time Airborne Micro- 
wave and Gamma Data i n  Hydrologic 
F o r e c a s t i n g  

R e l i a b l e  I n s t r u m e n t a t i o n  f o r  
Measuring Marine, Freshwater  and 
T e r r e s t r i a l  Environmental Para- 
m e t e r s  

1 II I 1 1  
ENG FORM 4413-R, May 81 IP ,c ,~o , ,~ , ,~  L ~ I N  I I I J I  st+t I r 1 1 -. 
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PRIOR 

7 Coasta l  Engineering Remote Sensing Appl ica t ions  Research Program (CERSARP) YEARS 

WORK UNlT N O  
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OBJECTIVE. DESCRIPTION OF WORK AND WHY R&D IS NEEDED MILESTONES AND FORM OF O U I P U I  -. - - - - . -  

NO. l i l L E  
- - - --- .- -- - - - .- -- . .- 

OBJECTIVE: To provide accu ra t e  c o a s t a l  engineering da t a  us ing remote Workshop - Workshop on Capabili-  62-023-2 Use of Remote Sensing i n  Planning High ( I )  
s ens ing  techniques;  t o  t e s t  and eva lua t e  remote sens ing techniques and t i e s  f o r  Radar Detec t ion  of S tud ie s  
systems and demonstrate t h e i r  c o s t  e f f e c t i v e  p o t e n t i a l  f o r  t h e  c o l l e c t i o n  Waves ( Jo in t  with 31592) 
and a n a l y s i s  of da t a  i n  t h e  c o a s t a l  zone. Nork w i l l  be coordinated and (Jan 85) 62-001-8 Remote Sensing of Underwater 
accomplished wi th  t h e  coopera t ion  of o the r  f e d e r a l ,  p r i v a t e ,  academic Topography 
and fo re ign  i n s t i t u t i o n s ,  wherever f e a s i b l e .  CETN - High Frequency Radar, 

Wave Direc t ion  (Oct 85) 23-004-9 Estimating Along Shore Sand Move- High (A) 
DESCRIPTION OF WORK: The required  accuracy f o r  wave d a t a  (he igh t ,  l eng th  ment from Incident  Waves 
and d i r e c t i o n )  and cu r r en t  v e c t o r s  w i l l  be  def ined with r e spec t  t o  and Report - CODAR - User ' s  Guide 
matched wi th  remote sensing systems. The r e l a t i o n s h i p  of s p a t i a l  remote f o r  Measurement and In t e rp re t a -  21-007-9 Predic t ing  Wave Conditions i n  
sensing d a t a  versus  temporal i n  s i t u  d a t a  w i l l  be  e s t ab l i shed .  t i o n  of Surface  Currenta and Shallow Water 
Coincident f i e l d  da t a  s e t s  from remote sens ing and i n  s i t u  ins t ruments  Wave Data (Sep 86) 
w i l l  be analyzed. The c o a s t a l  imaging r ada r ,  coherent  wave radar ,  high 21-006-9 Wave Direc t ion  
frequency r a d a r  (CODAR), and T r i f a r  r ada r  w i l l  be t h e  main systems Report - Wave and Current 
i nves t iga t ed .  S a t e l l i t e  remote sens ing systems, p a r t i c u l a r l y  systems Measuring Techniques f o r  21-012-0 Nearshore Current P red ic t ion  
planned f o r  t h e  SPOT and NROSS s a t e l l i t e s ,  and t h e  su r f ace  contour radar  Ca l ib ra t ion  of Numerical Models 
w i l l  a l s o , b e  considered.  As remote sensing systems and d a t a  a r e  v a l i -  (Jun 87) 21-014-0 Wave Current I n t e r a c t i o n  
dated ,  they w i l l  b e - i n t e g r a t e d  i n t o  t h e  c o a s t a l  engineering r e sea rch  
programs. 62-013-1 Wave Transformation 

WHY R&D IS NEEDED: A need e x i s t s  t o  develop improved cos t - e f f ec t ive  
techniques  f o r  acquir ing  wave and cu r r en t  da t a  f o r  c o a s t a l  p r o j e c t  desigr 
and t o  be  appl ied  t o  numerical models f o r  v a l i d a t i o n  and c a l i b r a t i o n .  
Present  i n  s i t u  techniques a r e  expensive and o f t e n  u n r e l i a b l e  f o r  long- 
term opera t ion .  There i s  no adequate i n  s i t u  technique f o r  long-term 
a c q u i s i t i o n  of deep water d i r e c t i o n a l  wave spec t r a ,  a  c r i t i c a l  gap i n  
technology. Fur ther ,  i n  s i t u  techniques sample waves and c u r r e n t s  a t  a  
po in t  i n  space which may not  be r ep re sen ta t ive  of t h e  s p a t i a l  a r e a  over 
which t h e  physica l  processes  of i n t e r e s t  occur. Remote sens ing tech- 
n iques  a r e  very  promising a l t e r n a t i v e s  t o  i n  s i t u  devices.  

ENG FORM 4413-R. May 81 
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Flood Damage Data Base Updating Using Landsat YEAflS 
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1 WORK UNIT NO. 
31697 
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FY85 FY86 FY87- f . . Y88 -- f Y  -. 89 -. . . - . . . . . . . .. .. .- 
5 I 

OBJECTIVE. DESCRIPTION OF WORK AND WHY R&D IS NEEDED 

OBJECTIVE: To develop and demonstrate t h e  c a p a b i l i t y  t o  expedi te  
d e l i n e a t i o n  of f looded a r e a s  a s  a func t ion  of r i v e r  s t a g e  and land u s e  
c l a s s e s ,  and develop t imely  and economical procedures f o r  e s t ab l i sh ing  
and updating land use  with Landsat-5 and SPOT s a t e l l i t e  d a t a  and 
h i s t o r i c a l  f lood da t a  bases wi th  archived Landsat da t a .  

DESCRIPTION OF WORK: The e x i s t i n g  LMVD Regional Flood Damage Estimation 
System w i l l  be used a s  t h e  s t a r t i n g  point  f o r  t h i s  development e f f o r t .  
P a r t s  of t h e  e x i s t i n g  system w i l l  be  replaced,  o t h e r s  w i l l  be  improved 
and map d i sp l ay  c a p a b i l i t i e s  w i l l  be added t o  t h e  system. A major con- 
s i d e r a t i o n  w i l l  be  t o  have a working system a t  a l l  t imes which w i l l  be  
improved wi th  changes and a d d i t i o n s  t o  provide more r ap id ,  economical 
and accu ra t e  c a l c u l a t i o n  c a p a b i l i t i e s  t o  achieve  improved performance 
and e f f i c i e n c y  i n  system opera t ion .  Procedures w i l l  be  developed t o  u se  
Landsat d i g i t a l  imagery a s  a primary source  of d a t a  f o r  t h e  land use  d a t a  
base. However, t h e  system w i l l  r e t a i n  t h e  c a p a b i l i t y  t o  accept  
equivalent  d a t a  from a l t e r n a t e  sources  t o  compensate t h e  s i t u a t i o n s  when 
land use  d a t a  canno t -be  obta ined from Landsat o r  t h e r e  is  a c o s t  o r  t ime 
advantagel to  us ing a l t e r n a t e  d a t a  sources.  The system is  t o  be  robust-- 
operable  on d i f f e r e n t  computer and o t h e r  hardware equipment--and available 
f o r  t r a n s f e r  t o  Corps' FOA's wi th  minimum l o s s  o r  change of system 
c a p a b i l i t i e s .  Check point  meetings between WES and LMVD and Corps 
D i s t r i c t  personnel w i l l  be  scheduled t o  p e r i o d i c a l l y  review t h e  program, 
r e v i s e  methodologies a s  necessary,  and ensure  t h a t  t h e  products  a r e  
address ing t h e  user  needs. 

--- --- 

MILESTONES AND FORM OF OUTPUT 

Prepare Report 1 on Geographic 
Data Base (data  formats,  d a t a  
base  s t r u c t u r e ,  management 
programs, r e t r i e v a l )  (Sep 84) 

Prepare Report 2 on Data Pre- 
pa ra t ion  (Landsat,  e l eva t ion  
and polygon map d a t a )  (Mar 85) 

Prepare  Report 3 on Use of FAST 
System (Include  Appendix on 
co lo r  over lays  t o  maps) (Sep 85) 

Publ ish  Report 1 (Jun 85) 

Publ ish  Report 2 (Oct 86) 

Publ ish  Report 3 (Aug 87) 

I n t e g r a t e  Use of Thematic Mapper 
Data i n t o  Data Base Updating 
Procedures (Sep 85) 

Develop Procedures f o r  Mapping 
Flooded Area from H i s t o r i c a l  
Landsat Data (Sep 85) 
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Use of Remote Sensing in  Planning High (1) 
Stud ie s  

Water Control  Data Management High (A) 
System 

Appl ica t ion  of t he  ADAPT (Aer ia l  High (A) 
Design and Planning Tool) System 

Advanced Procedures f o r  Calculating Med (A) 
Stage-Area Flooded Rela t ions  
Using S a t e l l i t e  Data 

General Land Use Mapping Using Med (A) 
Mul t i spec t r a l  S a t e l l i t e  Data 

Landsat Data Gridded Geographic Med (A) 
Data Bank Appl ica t ions  Gridded 
Graphic Data Bank 
Programmed Image I n t e r p r e t a t i o n  Med (A) 



r--- RESEARCH AND DEVELOPMENT PROGRAM SUMMARY 
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PROGRAM TITLE 
Surveying and Applications/Remote Sensing 

1 FIVE YEAR RESEARCH PROGRAM WORK UNIT SUMMARY 

PRIORITY TITLE 

Flood Damage Data Base Updating Using Landsat 

31697 
---- A 

OBJECTIVE. DESCRIPTION OF WORK AND WHY R&D IS NEEDED I 
WHY R&D I S  NEEDED: LMVD pre sen t ly  ope ra t e s  a Regional Flood Damage 
Es t imat ion  System used f o r  water management and c o n t r o l ,  f lood c o n t r o l  
p r o j e c t  planning,  and r eg iona l  f l ood  damage es t imat ion .  The system 
p r e s e n t l y  ha s  d a t a  f o r  pro tec ted  and unprotec ted  a r e a s  a long t h e  
Mis s i s s ipp i  River and major t r i b u t a r i e s  from t h e  Gulf of Mexico t o  
Cai ro ,  I l l i n o i s .  The system and ma jo r i t y  of t h e  d a t a  r equ i r ed  by t h e  
system were developed by WES. There is  a need t o  improve and expand the 
c a p a b i l i t i e s  of t h e  system and t o  develop more economical procedures 
f o r  updating t h e  land u se  p a t t e r n s  used i n  r e g i o n a l  damage e s t ima te s .  
The r ap id  updating of t h e  land u se  informat ion  is  b e s t  accomplished 
through i n t e r p r e t a t i o n s  of Landsat d a t a ,  p a r t i c u l a r l y  because of t h e  
l a r g e  geographic r eg ion  on f i l e .  A major requirement i n  system capa- 
b i l i t y  improvement involves  t h e  u s e  of informat ion  on pas t  f l oods .  One 
of t h e  most u s e f u l  r eco rds  of  h i s t o r i c a l  f l ood  d a t a  is  preserved i n  
Landsat d a t a  a r ch ives  from 1972 t o  t h e  present .  The p re sen t  system 
must be  modified t o  accept  t h e  Landsat d a t a  and t o  output  g r aph ic  pro- 
d u c t s  r equ i r ed  by u se r s .  LMVD is us ing  t h e  system f o r  water 
management and c o n t r o l  dur ing  main stem f lood f i g h t  e x e r c i s e s  and f lood 
c o n t r o l  pkojec t  planning s tud i e s .  LMVD a n t i c i p a t e s  f u r t h e r  
automation of t h e  system and update  of t h e  1975 land u se  d a t a  base  w i th  
Landsat Thematic Mapper da t a .  P a r a l l e l  t o  development of t h e  LMVD 
Regional Flood Damage Es t imat ion  System, t h e  b a s i c  techniques  have been 
modified and app l i ed  t o  7 f lood c o n t r o l  planning p r o j e c t s  i n  t h e  
Vicksburg D i s t r i c t  and 2 p r o j e c t s  i n  t h e  Mobile D i s t r i c t .  These modifie 
techniques  now c o n s t i t u t e  t h e  Flood Analys is  S imula t ion  Technology 
(FAST) System f o r  direct-wide app l i ca t i on .  

MILtSTONES A N 0  FORM OF OUTPUT 
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Integration of Videodisc Technology with Image Analysis Equipment 

OBJECTIVE. DESCRIPTION OF WORK AND WHY R&D IS NEEDED MILESTONES AND FORM OF 

Technical Report (Sep 86) 

terrestrial environmental para- 
DESCRIPTION OF WORK: Identify a suitable testing area of the Corps, in 

Measuronics VGS-300. 

WHY R&D IS NEEDED: The Corps must keep on hand vast amounts of maps and 
imagery to monitor changes in project areas. This involves both storage 
time, filing time and retrieval time. 

The Measuronics image analysis station offers the capabilities of low 
cost image digitization and analysis. The videodisc system enables one 
to store up to 50,000 frames of data. The videodisc system could be 
used to store archival images and maps of project areas which would 
supplement recent imagery for change analysis, analysis of different 
factors, and comparison with topographic maps. 

The integration of these units would assist in the rapid analysis of 
areas of concern. 

ENG FORM 4413-R, May 81 



3e CE Remote Sens ing Demonstration Program 

a ,  Overview 

The i n i t i a l  demonstrat ion p r o j e c t s  began wi th  U.S. Army Engineer Div i s ion ,  
Lower M i s s i s s i p p i  Val ley  Div i s ion  (LWD), South A t l a n t i c  Div i s ion  (SAD), & WES 
u s i n g  t h e  Flood Analysis  S imula t ion  Technology (FAST) system i n  t h e  l a t e  
1970's .  I n  1980 t h e  demonstrat ion program was formalized and expanded t o  
i n c l u d e  phase I design s t u d i e s  us ing S p a t i a l  Analys is  Methodology (SAM) 
p lann ing  techniques.  SAM is comprised of a s p a t i a l l y  o r i e n t e d  d a t a  bank and a 
f ami ly  of d a t a  management and d a t a  a n a l y s i s  computer programs. Remote Sens ing  
technology can provide va r ious  d a t a  base elements and being i n  d i g i t a l  format 
is compatible t o  SAM, I n  March 1981 a n  Memorandum of Understanding (MOU),  w a s  
s igned  wi th  Nat ional  Ai ronau t i c s  and Space Adminis t ra t ion  (NASA) . The 
o b j e c t i v e  is t h e  j o i n t  Corps/NASA technology assessment and t r a n s f e r  programs 
t o  assess and demonstrate t h e  u t i l i t y  of remotely sensed d a t a  and a s s o c i a t e d  
t echno log ies  i n  course  planning s t u d i e s  and p r o j e c t s .  Cur ren t ly  t h e  prograra 
c o n s i s t s  of s i x  completed and seven ongoing s t u d i e s ,  and i t  is planned t o  
expand t h e  program t o  inc lude  more eng inee r ing  and opera t iona l  s t u d i e s  , 

b . Completed Demonstration P r o j e c t s  

WES has  completed a s e r i e s  of demonstrat ions of the  Flood Analys is  S imula t ion  
Technology (FAST) system and dur ing FY84 and FY85 WES w i l l  complete t h e  
documentation, These demonstrat ions were supported by LMVD and SAD with  a 
funding of $8 1 9K. 

I n  1980, t h e  program was i n i t i a t e d  wi th  North Cen t ra l  Div i s ion  ( N C D ) ,  i n  
con junc t ion  wi th  the  Upper M i s s i s s i p p i  River  and Cl in ton  River Bas in  Planning 
Study.  I n  1982 t h e  program was expanded t o  inc lude  NCD/Saginaw Planning Study,  
Cottonwood River  Bas in  Engineering Study and t h e  NPD ColurnbialRiver Opera t ion  
Demonstration. Ohio River  D i v i s i o n  ( O R D )  , i n  the  s p r i n g  of 1982, began t h e  
p rocess  of submi t t ing  t h e  Ohio Mainstem Study.  CRREL has  been t h e  l ead  
l a b o r a t o r y  providing t h e  t e c h n i c a l  e x p e r t i s e  and coord ina t ion  f o r  t h e s e  
p r o j e c t s ,  I n  FY84, WES i n i t i a t e d  a demonstrat ion f o r  W i l d l i f e  H a b i t a t  
Eva lua t ion  wi th  NCD on the  Saginaw Planning Study,  The completed remote 
s e n s i n g  demonstrat ion p r o j e c t s  a r e  as fol lows:  

1 .  LMVD/Vicksburg District: Yazoo River Bas in  Backwater and 
Headwater Areas. 

Tensas River Bas in  
LaFourche River Bas in  
Boeuf River Bas in  
Ouachi t a  River/Bayou Desiard  
Bayou Macon 

SAD/Mobile District: Tibber  River Bas in  
Sawasbee Creek 



Object ives :  

Data: 

P a r t i c i p a n t s :  

S t a t u s :  

Flood Control  Planning 
Economic Impact Analysis  
Land-use Analysis  

Varied wi th  bas in  
80m LANDSAT MSS 
D i g i t a l  T e r r a i n  e l e v a t i o n  
Hydrographic parameter and p r o f i l e s  
Urban a l t i t u d e  co lo r  I R  photography 
Airborne l a s e r  e l e v a t i o n  d a t a  

WES 
LMVD 
SAD 
NASA 

The a n a l y s i s  and products  have been 
completed. Report and documentation of 
procedures w i l l  be completed by FY85. 
Updating and t h e  i n t e g r a t i o n  of 
LANDSAT-4 Thematic Mapper (TM), d a t a  is  
being considered  
f o r  FY85. 

NCD/Upper M i s s i s s i p p i  River  Bas in  (Planning) 

Object ives :  

Data: 

P a r t i c i p a n t s :  

S t a t u s  : 

Natura l  resources  planning 
Impact assessment 
H i s t o r i c a l  land-us e change 
Dredge d i sposa l  s i t e  s e l e c t i o n  

8010-LANDS AT MSS 
30m-Simulated Thematic Mapper (STM) 

NASA 
NCD 

Data a n a l y s i s ,  s p a t i a l  d a t a  base ,  and 
f i e l d  v e r i f i c a t i o n  completed i n  FY 1982. 
F i n a l  Report completed i n  FY 82 and 
papers  were presented a t  t h e  U .S. Army 
Corps of Engineers Remote Sens ing 
Symposium (1981) and F a l l  ASP Convention 
1982. 



3 ,  MCD/Clinton River  Bas in  Study,  (SAM Planning) 

Object ives :  

Data: 

P a r t i c i p a n t s :  

S ta tus :  

Flood assessment 
F loodp la in  d e l i n e a t i o n  
Economic impact evaluat ion  
Environmental q u a l i t y  . 
10m 20m 30m Simulated Thematic Mapper 
(STM) 80m-LANDSAT (MSS) Low-level A e r i a l  
Photography (APPS-IV) . 
CRREL 
ETL 
NCD 
N A S A  

LANDSAT MSS Level I land-use 
c l a s s i f i c a t i o n ,  APPS-IV s t r u c t u r a l  
a n a l y s i s  and LANDSAT STM c l a s s i f i c a t i o n  
have been completed. Reports  on remote 
s e n s i n g  d a t a  a n a l y s i s  and i n t e g r a t i o n  
were completed i n  FY 1983. 



4 NPD/Columbia River (Opera t ions)  

Object ive:  

Data: 

P a r t i c i p a n t s :  

S t a t u s :  

S h o r e l i n e  change 
Land-us e change 
H i s t o r i c a l  d a t a  base 

Multi-year low-level aerial photography 
( APPS-PTI) 

E n  
NPD 

Autometrics Pnc. c o n t r a c t  f o r  d a t a  
a n a l y s i s  us ing  APPS-IV and AUTOGIS 
awarded i n  September 1982. Data 
a n a l y s i s  and d a t a  base development were 
completed S p r i n g ,  March 1983 and f i n a l  
r e p o r t  F a l l  1983. 

5 *  WRSC/LANDSAT Emergency Access and Products  (LEAP): The primary 
purpose was t o  develop procedures t o  a c q u i r e  LANDSAT products  wi th in  12 hours  
of a c q u i s i t i o n  f o r  use by emergency opera t ions  f o r  n a t u r a l  and n a t i o n a l  
d i s a s t e r s .  

Objec t ives :  

Data: 

P a r t i c i p a n t s :  

S t a t u s :  

Emergency Opera t ions  
D e l i n e a t i o n  of Flooding 
Improve D i s t r i b u t i o n  of LANDSAT d a t a  

NOAA 
FErn 
WRSC 
ms 
CRREL 
SWD 
USDA 

T e s t  and eva lua t ion  of producers were 
completed i n  March 1984. Opera t ional  
s e r v i c e  w i l l  be adver t i sed  by Nat ional  
Oceanic and Atmospheric Admis i s t r a t ion  
MOAA dur ing  t h e  s p r i n g  and summer 1984, 



6. WRSC/Remote Sens ing f o r  the  Corps of Engineers Dredging Program. 

Data: 

P a r t i c i p a n t s :  

S t a t u s :  

Define Remote Sens ing Appl ica t ion  f o r  
D r e d g i  ng 

Dredge S i t e  S e l e c t i o n  
Monitoring Dredge Material 
Monitoring Water Q u a l i t y  
Mapping Vegeta t ion  

LANDSAT, SPOT, CZCS , Airborne Lase r  

WRSC 
CRREL 
Jn iv .  o f  Deleware 

Report has been completed. 
A demonstrat ion p r o j e c t  has been 
s t a r t e d  wi th  NAB i n  FY 84. 

C . Current  Demonstration P r o j e c t s  

1. The primary emphasis is t h e  use  of i n  s i t u  and a i r b o r n e  microwave 
and gamma systems can o b t a i n  s o i l  mois ture  informat ion  over l a r g e  a r e a s  f o r  
i n p u t  t o  CE hydrologic  models. 

NCD/Cottonwood River Watershed Study 
(Engineer ing)  

Object ives :  

Data: 

P a r t i c i p a n t s :  

S t a t u s  : 

Run o f f  p r e d i c t i o n  
S o i l  mois ture  eva lua t ion  
Hydrologic f o r e c a s t i n g  
S p a t i a l  a n a l y s i s  

L-band microwave radiometer  
Gamma ray radiometer  
I n  s i t u  s o i l  mois ture  probe 
DCP gaging s t a t i o n  

NOAA (NWS) 
N A S A  
USDA (SCS, A R S )  
USGS 
CE ( S t .  Pau l ,  D e t r o i t ,  Rock I s l a n d  

Districts) 
U n i i e r s i  t ies  (North Dakota, Minnesota) 

Airborne and ground d a t a  c o l l e c t i o n  was 
completed i n  FY 1982. I n i t i a l  
e v a l u a t i o n  of d a t a  q u a l i t y  has been 
completed, and a s p a t i a l  d a t a  base has 
been developed and is being t e s t e d .  



2 NCD/Saginaw River  Bas in  Study (Planning-SAM) 

Objec t ives  : 

Data: 

P a r t i c i p a n t s :  

S t a t u s :  

Flood con t ro l  and run-of f p r e d i c t i o n  
Environmental q u a l i t y  
Environmental impact eva lua t ion  

80m-LANDSAT MSS 
3 Om-LANDS AT TM 
20m & 10m Simulated SPOT 

CRREL 
NCD 
NASA 

LANDSAT MSS Level I land-use 
c l a s s i f i c a t i o n  completed and bas in  
hydrologic  run-of f model run. Two 
r e p o r t s  on remote sens ing  d a t a  a n a l y s i s  
and d a t a  base i n t e g r a t i o n  were completed 
February  1983. SPOT d a t a  is being 
i n t e g r a t e d  wi th  t h e  s p a t i a l  d a t a  base.  

3. ORD/Ohio River  ~ a i n s t e m  Study (Planning): Two small test s i t e s  
have been s e l e c t e d  t o  test  and eva lua te  t h e  f e a s i b i l i t y  of remote s e n s i n g  and 
SAM techniques t o  be used f o r  the  e n t i r e  s tudy ,  

Objec t ives :  

Data: 

P a r t i c i p a n t s :  

S t a t u s :  

Flood assessment 
Extreme bank e ros ion  
Environmental d a t a  q u a l i t y  
Hydropower p o t e n t i a l  
Water q u a l i t y  

30m Simulated Thematic Mapper (STM) 
80m-LANDS AT MSS 
30m-LANDS AT TM 
20 and 10m Simulated SPOT 

CRREL 
NASA 
ORD 

Level  I LANDSAT STM land-use 
c l a s s i f i c a t i o n  has been completed and 
provided t o  t h e  P i t t s b u r g h  District f o r  
s p a t i a l  d a t a  base i n t e g r a t i o n ,  .The 
d i s t r i c t  completed, i n  FY 84, t h e  
c o r r e l a t i o n  of D i g i t a l  E leva t ion  Model 
( D E M ) ,  land-use c l a s s i f i c a t i o n  and 
t a x  record  maps t o  develop t h e  
l a n d / s t r u c t u r a l  va lues .  



4 NCD/Saginaw River  Bas in  Study 

Object ives :  

Data: 

P a r t i c i p a n t s :  

S t a t u s :  

W i l d l i f e  H a b i t a t  
HEP Model 

8Om - LANDSAT MSS 
30m - LANDSAT TM 
20m - Simulated SPOT 
Low Level  A e r i a l  Photography 
NHAP Aer ia l  Photography 

WES 
CRREL 
NASA 
NCD 

Aerial photo,  LANDSAT TM, and s imula ted  
SPOT d a t a  has been acquired  and is 
p r e s e n t l y  being analyzed and 
incorpora ted  i n t o  a s p a t i a l  d a t a  base. 



5. I n  Spr ing  1984, t h e  Rock I s l a n d  D i s t r i c t  completed a 
comprehensive, s i x  year  Remote Sens ing Demonstration plan of s tudy t o  
i n c o r p o r a t e  planning,  eng inee r ing  and opera t ion  func t ion ,  

NCD/Rock I s l a n d ,  In land  Waterways 

Object ives :  

Data: 

P a r t i s i p a n t s :  

S t a t u s :  

Flood/drought opera t ions  
Water q u a l i t y  d a t a  c o l l e c t i o n  
Emergency management/dam daf'ety 
Seepage moni t o r i n g  
Channel Scour moniroting 
Flood damage assessment 
Cul t u r d ,  resources  monitoring 
H a b i t a t  monitoring 
Wetland iden t i f i ca t ion /mapp ing  

Born LANDSAT MSS 
30m LANDS AT TNL 
20 and 10m s iumlated  SPOT 
I n  s i  t u  Hydrometerological and 

environmental  sensors  
A e r i a l  Photography 
Airborne Laser  Mapping 
CODAR 
Spect roradiometer  

NCR 
N OAA 
NAslA 
USGS 
CRREL 
ms 
WRSC-HEC 
USD A 
SPOT 

The demonstrat ion plan has been 
forwarded t o  OCE f o r  approval  and 
funding,  Rock I s l a n d ,  i n  t h e  f a l l  83,  
i n s t a l l e d  A GOES DCP r e c e i v i n g  s t a t i o n  
and 10 DCP. 



6,  SPD/Coast of C a l i f o r n i a  Storm and T i d a l  Wave Study 

Object ives :  

Data: 

Sediment Transpor t  
Ocean Wave and Current  
S h o r e l i n e  Change 
Land-use Change 

CODAR 
CERC Ground Base Radar 
SAR 
S u r f a c e  Contouring Radar 
Airborne Laser  
METSAT 
LANDS AT 

P a r t i c i p a n t s :  WES 
CRREL 
SPD 

S t a t u s :  P lan  of Study has  been completed and 
Data  C o l l e c t i o n  was i n i t i a t e d  i n  FY 84. 

7.  NAD/Miller Hart I s l a n d  Dredge Disposal :  The primary purpose is  t o  
t e s t  and e v a l u a t e  remote s e n s i n g  systems c a p a b i l i t i e s  t o  monitoring dredge 
d i s p o s a l  s i t e s  . 

Object ives :  

Data: 

Dredge Disposa l s  
Sediment De tec t ion  
P r o j e c t  Monitoring 

80m LANDSAT MSS 
3 Om LANDS AT TM 
20 and 10m Simulated SPOT 

P a r t i c i p a n t s :  WRSC 
CRREL 
N AD 
NASA 

S t a t u s :  Simulated SPOT and LANDSAT TM d a t a  have 
been c o l l e c t e d  i n  conjunct ion  wi th  
ground sample i n  J u l  83. P r e s e n t l y ,  
a n a l y s i s  and comparison of ground and 
remote s e n s i n g  d a t a  is being 
accomplished . 



4 CE Remote Sens ing  Technology Trans fe r  

a. Overview: The CE remote sens ing  technology t r a n s f e r  program 
o b j e c t i v e  is t o  provide forums and promote remote s e n s i n g  i n t e g r a t i o n  wi th  t h e  
s t a n d a r d  o p e r a t i n g  procedures of the  Corps of Engineers ,  During t h e  p a s t  t h r e e  
y e a r s ,  t h e  district and d i v i s i o n  p a r t i c i p a t i o n  has inc reased  s i g n i f i c a n t l y .  
The t h r e e  mechanisms are t h e  Corps of Engineers  Remote Sens ing Symposium, t h e  
CE q u a r t e r  p u b l i c a t i o n  nRemote Sens ing Informat ion  Exchange Bul le t in t1 ,  and 
p a r t i c i p a t i o n  i n  I n t e r n a t i o n a l  Symposiums. 

b . Discussion:  The Corps of Engineers Remote Sens ing Symposium 
a t t endance  has inc reased  from 175 i n  Reston,  V i r g i n i a ,  i n  1979, t o  225 i n  
N a s h v i l l e ,  Tennessee, i n  198 1 ,  and t o  275 i n  Reston, V i r g i n i a  i n  1983. A t  t he  
1979 symposium, t h e  ma jo r i ty  of the  papers were presented  by i n d u s t r y  
s c i e n t i s t s  and R&D people from o t h e r  government agencies .  I n  1983, t h e  
~ a j o r i t y  of the  papers were presented by Corps of Engineer f i e l d  o f f i c e s ,  and 
t h e r e  was a c t i v e  p a r t i c i p a t i o n  by OCE Div i s ion  C h i e f s ,  t h e  Deputy A s s i s t a n t  
S e c r e t a r y  of t h e  Army f o r  C i v i l  Works, and d i s t r i c t  and d i v i s i o n  engineers .  
The F i f t h  CE Remote Sens ing  Symposium is scheduled f o r  October 1985 i n  Ann 
Arbor, Michigan. 

The CE Remote Sens ing Informat ion  Exchange B u l l e t i n  is a q u a r t e r l y  CRREL 
p u b l i c a t i o n ,  i n i t i a t e d  i n  1983, which h i g h l i g h t s  d i f f e r e n t  CE d i v i s i o n s ' s  
remote sens ing  a c t i v i t i e s .  To d a t e ,  NCD has  been f e a t u r e d  wi th  planned 
~ u b l i c a t i o n  on SPD and SWD. The majo r i ty  of t h e  art icles a r e  w r i t t e n  by FOA 
personnel  . 

The Corps p a r t i c i p a t i o n  i n  i n t e r n a t i o n a l  symposiums has g r e a t l y  inc reased  
i n  the  p a s t  3 year9.  L a s t  year  at  t h e  I n t e r n a t i o n a l  Symposium on Remote 
Sens ing  of Environment, a paper presented by t h e  D e t r o i t  D i s t r i c t  rece ived 
Honorable Mention f o r  bes t  s c i e n t i f i c  paper. T h i s  y e a r ' s  Corps of Engineers 
p a r t i c i p a t i o n  i n  the  I n t e r n a t i o n a l  Symposium on Remote Sens ing of Environment 
i n c l u d e s  papers from WRSC, ORD, NCD, and CRREL. 

E, Coordinat ion  Mechanisms 

1 .  Corps of Engineers: The CE has  four  des ignated  func t ions  f o r  
coord ina t ion  of Remote Sens ing  a c t i v i t i e s  a s  follows: 

a. Technica l  Monitors 

The t e c h n i c a l  monitors r ep resen t  t h e  i n t e r e s t s  of t h e  FOA 's, D i r e c t o r s  
o f  C i v i l  Works and EDC; provide  t e c h n i c a l  d i r e c t i o n  f o r  the  Remote Sens ing R&D 
program, determines  p r i o r i t i e s  and funding l e v e l s  f o r  the  i n d i v i d u a l  work uni ts 
p e r  program funding lid ts set by the  R&D committee, Decis ions  made by t h e  
t e c h n i c a l  monitors  are forwarded by t h e  p r i n c i p a l  t e c h n i c a l  monitor t o  DRD . 
The t e c h n i c a l  monitors meet monthly a t  OCE t o  coord ina te  rqnote  sens ing  
a c t i v i t i e s ,  review program o b j e c t i v e s  and d i s c u s s  f u t u r e  program a c t i v i t i e s .  



The Technica l  Monitors have amongst themselves de l inea ted  a r e a s  of major 
r e s p o n s i b i l i t i e s  as fol lows:  

1 )  DAEN-CW ( P l o t t ) :  OCE Coordinat ion and Planning 
Div i s ion  Coordinat ion.  

2)  DAEN-ECE-B ( E a s t ) :  Engineering & Const ruct ion  
Coordinat ion ,  and M i l i t a r y  Programs Coordinat ion.  

3) DAEN-CWH (Tseng): Hydrology and Hydraulics ,  Opera t ions  
and Emergency Opera t ions  Coordinat ion.  

4)  WRSC-C (Lichy) : I n t e r n a t i o n a l ,  In teragency and T r a i n i n g  
Coordinat ion.  

b e  D i r e c t o r a t e  of Research and Development (DRD) 

DRD is respons ib le  t o  provide o v e r a l l  management of the  CE Research Program 
and Labora to r i e s .  DRD depends upon t h e  t e c h n i c a l  monitors t o  provide 
programmatic and t e c h n i c a l  guidance f o r  i n d i v i d u a l  research  programs. DRD 
forwards the  t e c h n i c a l  monitors dec i s ions  t o  t h e  Program Manager (CRREL) . 

c .  Program Manager 

I t  is the  program managers r e s p o n s i b i l i t i t e s  t o  d isseminate  programmers 
guidance provided by t h e  t e c h n i c a l  monitors  v i a  DRD t o  t h e  p a r t i c i p a t i n g  l a b s  
and p r i n c i p a l  i n v e s t i g a t e s  . The program manager accumulates the  r equ i red  
informat ion  f o r  program review, semi-annual p rogress  r e p o r t s  and necessary  
in fo rmat ion  requ i red  by t h e  t e c h n i c a l  monitors  f o r  programmatic guidance and 
r e v i  e w e  

d .  Remote Sens ing Coordinators  

Each f i e l d  o f f i c e  has a person des ignated  as t h e  Remote Sens ing Coordinator  
which is respons ib le  t o  d isseminate  informat ion ,  encourage use,  determine needs 
and coord ina te  t h e i r  f i e l d  o f f i c e s q  a c t i v i t i e s  regarding remote sens ing.  

2.  In teragency:  The CE is represen ted  on numerous water r e sources  
r e l a t e d  panels ,  committees, o r g a n i z a t i o n s ,  M O U 8 s  and e t c , . . ,  which is too 
numerous t o  list. L i s t e d  a r e  those  which a r e  s p e c i f i c a l l y  regarding remote 
s e n s i  ng . 

a. DOD P n t e r s e r v i c e  Board f o r  Commercialization of C i v i l  Land 
S a t e l l i t e s .  

b . DOC. Source of Eva lua t ion  Board f o r  Commercialization of 
C i v i l  Land S a t e l l i t e s .  

c e  In te ragency  Board f o r  C i v i l  Observation E a r t h  S a t e l l i t e  
Systems . 

d .  I n t e r n a t i o n a l  Symposia on Remote Sens ing of Environment, 
Execut ive  Committee. 



e ,  S a t e l l i t e  Data C o l l a c t i o n  Systems In te ragency  Working Group. 

f , GOES DCP Technical  Working Group. 

g. MOU; between CE and NASA, s u b j e c t :  Cooperative Program of 
Remote Sens ing Technology, 

h, MOU; between CE and NOAA/NZSDIS, sub jec t :  GOES DCS. 



11. FUTURE PROGRAMS 

A. Goals 

CHANGING PRIORITIES 

Response t o  changing n a t i o n a l  p r i o r i t i e s  and pub l i c  a t  t i  tudes 

Current  P r i o r i t i e s  

Completion of h y d r o e l e c t r i c  energy s t u d i e s  and p r o j e c t s  

Improvement and maintenance of navigat ion  f a c i l i t i e s  c r i t i c a l  t o  movement 
o f  energy and food commodities 

Completion of p r o j e c t s  providing water supply s t o r a g e  needed a t  an e a r l y  
d a t e  

Urban f lood c o n t r o l  

Water conservat ion  

Dam s a f e t y  

B e  S t r a t e g i e s  

Funct ional  Trends 

General i n v e s t i g a t i o n s :  Complexity and scope inc reas ing  due t o  emphasis 
on a1 t e r n a t i v e  p lans ,  broader c o n s i d e r a t i o n  of s o c i a l  and environmental 
e f f e c t s  of water  resource  planning and development, pub l i c  involvement, c o s t  
s h a r i n g  of s t u d i e s ,  and inc reased  a t t e n t i o n  t o  non-s t ruc tura l  a l t e r n a t i v e s  

Const ruct ion:  Decreasing as a percentage of t o t a l  program because of 
s t r e t c h o u t  i n  a u t h o r i z a t i o n  and planning process ,  funding c o n s t r a i n t s ,  and 
i n c ~ e a s i n g  percentage of opera t ion  and maintenance. 

Operat ion and maintenance: I n c r e a s i n g  a s  a d d i t i o n a l  p r o j e c t s  a r e  
completed and dredging c o s t s  i n c r e a s e  t o  provide f o r  environmental 
c o n s i d e r a t i o n s  mandated by l e g i s l a t i o n .  

General  expenses: General a d m i n i s t r a t i v e  and managerial a c t i v i t i e s  have 
remained r e l a t i v e l y  c o n s t a n t .  

Regulatory program: I n c r e a s i n g  scope and complexi t ies  of' 
r e s p o n s i b i l i t i e s .  



C . Data Requirements 

1 . CE Program Data Requirements 

The major d r i v e r  i n  the  design of a system f o r  us ing LANDSAT-D d a t a  f o r  t h e  
U.S. Army Corps of Engineers C i v i l  Works A c t i v i t i e s  is an estimate of t h e  d a t a  
needed t o  meet t h e  demands of the  C i v i l  Works opera t ions .  These estimates are 
based on t h e  o v e r a l l  CE o p e r a t i o n s ,  D i v i s i o n / D i s t r i c t s  opera t ions  and Corps 
C i v i l  Works programs. A g r o s s  e s t ima te  of d a t a  load ing  was e s t a b l i s h e d  and 
reviewed i n  o rde r  t o  have an accep tab le  d a t a  base f o r  use i n  t h e  trade-off 
a n a l y s e s  . 
A series of CE documents were reviewed, t o  ga the r  an overview of c u r r e n t  
a c t i v i t i e s .  CE s 'bxperience wi th  CE LANDSAT i n v e s t i g a t i o n s  and NASA 
9 p p l i c a t i o n s  Systems V e r i f i c a t i o n  and T r a n s f e r  (ASVT) p r o j e c t s  was a l s o  
i n t e g r a t e d  i n t o  our p r o j e c t i o n  of a reasonable  s c e n a r i o  of CE u t i l i z a t i o n  of 
LANDSAT d a t a  i n  the  1981 t i m e  frame. S e c t i o n  II.C.2 provides  an update f o r  
combined LANDSAT TM and SPOT requirements.  The CE C i v i l  Works A c t i v i t i e s  
o v e r a l l  programs were summarized as follows: 

a. S t u d i e s  

Framework. and Assessment 
Regional River  Bas ins  
Implementation 

b. S p e c i a l  Continuing A u t h o r i t i e s  

Small Flood Contro l  P r o j e c t s  
Snagging and C l e a r i n g  P r o j e c t s  (Floods)  
Small Navigation P r o j e c t s  
Smal l  Beach Erosion Contro l  P r o j e c t s  
M i t i g a t i o n  of Shore  Damage 
Review of Completed P r o j e c t s  
Emergency Bank P r o t e c t i o n  
Snagging and Clea r ing  P r o j e c t s  (Navigat ion)  
Removal of Wrecks and Obs t ruc t ions  

c. Disaster Ass i s t ance ,  Flood F i g h t i n g  and Opera t ion  F o r e s i g h t  

d . Flood P l a i n  Management S e r v i c e s  

e. Urban S t u d i e s  

f , Environmental S t u d i e s  

g .  Diked Disposal  Area Program 

h ,  Recreat ion ,  F i s h  and W i l d l i f e  Program 

i . National  Dam S a f e t y  Program 

j. Permit Programs Regulatory 



k. Ice Survey 

1. Corps Informat ion  System Program 

Within each of these  genera l  headings t h e r e  e x i s t  a r e a s  where remote s e n s i n g  
d a t a  could be used, I n  t h e  fo l lowing d i s c u s s i o n ,  t h e  areas are descr ibed and 
t h e  poss ib le  remote sens ing  a p p l i c a t i o n s  are i d e n t i f i e d :  

S tud ies :  There are t h r e e  major types  of s t u d i e s .  They a r e  r e f e r r e d  t o  a s  
1 . FrameworWAssessment S t u d i e s ,  2. Regional/River Bas in  S t u d i e s ,  
3, Implementation S t u d i e s .  They a l l  may i n c l u d e  ( 1 ) i nven to ry ,  needs, and 
d e s i r e s  of people  f o r  the  development and u t i l i z a t i o n  of water and l and  
r e s o u r c e s ,  (2) problem s o l u t i o n ,  and (3)  i d e n t i f i c a t i o n  of a r e a s  f o r  which 
more d e t a i l e d  i n v e s t i g a t i o n  and a n a l y s i s  are needed. These s t u d i e s  may be 
r e g i o n a l  o r  n a t i o n a l  i n  scope. The Framework/Assessment and the  
Regional/River Bas in  s t u d i e s  a r e  d i r e c t e d  by t h e  Water Resources Council 
(WRC), w i t h  t h e  Corps g e n e r a l l y  a major p a r t i c i p a n t .  Regional o r  River  Bas in  
S t u d i e s  are devoted t o  eva lua t ion  of water and l a n d  resources  and a r e  more 
d e t a i l e d  i n  scope and l i m i t e d  i n  a r e a  than framework s t u d i e s .  They a r e  
in tended  t o  s o l v e  complex, long-range problems i d e n t i f i e d  by framework 
s t u d i e s .  The t h i r d  type  of s t u d i e s ,  t h e  implementation s t u d i e s  i c e l a d e  most 
Corps i n v e s t i g a t i o n s ,  These a r e  d e t a i l e d  s t u d y  programs f o r  the  purpose of 
recommending a u t h o r i z a t i o n  o r  f ni t i a t i o n  of p lans  t o  s o l v e  resource  problems. 

I n  each of the  a p p r o p r i a t e  s tudy  c a t e g o r i e s  d a t a  from t h e  Thematic Mapper has 
a p p l i c a t i o n  t o  t h e  areas of geo log ica l  s t r u c t u r e  mapping, environmental 
geology,  physiographic mapping and l a n d  cover mapping. 

S p e c i a l  Continuing Author i t i e s :  Under t h i s  item, n i n e  c a t e g o r i e s  a r e  
i d e n t i f i e d :  

a ,  Small  Flood Contro l  P r o j e c t s :  The ca tegory  al lows t h e  Corps t o  
b u i l d  small f lood  c o n t r o l  p r o j e c t s  t h a t  have not  been s p e c i f i c a l l y  au thor ized  
by Congress. It is assumed t h a t  remotely sensed d a t a  would be app l i ed  t o  t h e  
a r e a s  of environmental geology and cover mapping and change d e t e c t i o n  mapping 
( f lood  vs. non-flood cond i t ions )  f o r  t h i s  ca tegory .  

b. Snagging and Clea r ing  (F loods ) :  Th i s  ca tegory  provides f o r  
c l e a r i n g  and s t r a i g h t e n i n g  of s tream channels  and t h e  removal of accumulated 
snags  and o t h e r  d e b r i s  i n  t h e  i n t e r e s t  of f lood c o n t r o l .  I t  is  assumed 
remote ly  sensed d a t a  is not a p p l i c a b l e  t o  this ca tegory .  

c . Small  Navigation P r o j e c t s :  The Corps is au thor ized  t o  c o n s t r u c t  
s m a l l  r i v e r  and harbor improvements p r o j e c t s  not  s p e c i f i c a l l y  author ized  by 
Congress. It is a n t i c i p a t e d  t h a t  Thematic Mapper d a t a  would be a p p l i c a b l e  t o  
this category ,  e s p e c i a l l y  f o r  bathymetric  mapping, wetland mapping, s u r f a c e  
wa te r  p a t t e r n  mapping, i c e  mapping, e t c .  

d. Small Beach Eros ion Contro l  P r o j e c t s :  The Corps provides f o r  
c o n s t r u c t i o n  of small shore  and beach r e s t o r a t i o n  and p r o t e c t i o n  p r o j e c t s  not 
s p e c i f i c a l l y  au thor ized  by Congress, The areas of a p p l i c a t i o n  of Thematic 
Mapper d a t a  f o r  t h i s  ca tegory  are l and  cover mapping, bathymetric  mapping, 
wet land mapping, change d e t e c t i o n  of s h o r e l i n e s ,  and water  p a t t e r n  mapping 
(sediment t? a n s p o r t )  . 



e ,  M i t i g a t i o n  of  Shore  Damages: The Corps is author ized  t o  
i n v e s t i g a t e ,  s t u d y  and i n i t i a t e  p r o j e c t s  $or t h e  prevent ion  o r  m i t i g a t i o n  of 
s h o r e  damage a t t r i b u t a b l e  t o  Federa l  nav iga t ion  works. Th i s  ca tegory  would 
u s e  remotely sensed data i n  a manner s i m i l a r  t o  t h e  use  by t h e  Small Beach 
Eros ion Contro l  P r o j e c t s  . 

f ,  Review of  Completed P r o j e c t s :  The Corps is author ized  t o  review 
t h e  opera t ion  of completed p r o j e c t s  which are cons t ruc ted  by t h e  Corps, i n  t h e  
i n t e r e s t  of navigat ion ,  f l o o d  c o n t r o l ,  wa te r  supply and r e l a t e d  s u b j e c t s .  It  
is  assumed t h a t  Thematic Mapper d a t a  is a p p l i c a b l e  al though remote s e n s i n g  
d a t a  is not c u r r e n t l y  used i n  this a p p l i c a t i o n ,  

g .  Emergency Bank Pro tec t ion :  The Corps is author ized  t o  r e s t o r e  o r  
modify streambank and s h o r e l i n e  p r o t e c t i o n  t o  prevent  damage t o  highways, 
b r i d g e  approaches and o t h e r  publ ic  works. Remotely sensed d a t a  is not 
a p p l i c a b l e  t o  this category .  

h. Snagging and Clearing:  Th i s  ca tegory  a u t h o r i z e s  snagging and 
c l e a r i n g  of navigable harbor ,  r i v e r s  and o t h e r  waterways. Use of remotely 
sensed d a t a  is not a p p l i c a b l e  t o  this category .  

i ,  Removal o f  Wrecks and Obst ruct ions :  The Corps is au thor ized  t o  
i n v e s t i g a t e  wrecked v e s s e l s  and o t h e r  o b s t r u c t i o n s  t o  navigat ion ,  Use of 
  he ma tic Mapper d a t a  is not a p p l i c a b l e  t o  this category .  

Disaster Ass i s t ance ,  Flood F igh t ing  and Operat ion Fores ight :  The Corps 
h a s ,  a t  its d i s c r e t i o n ,  funds f o r  f lood  emergency p repara t ions ,  f l o o d  f i g h t i n g  
and rescue  o p e r a t i o n s ,  o r  f o r  the  r e p a i r  o r  r e s t o r a t i o n  of any f l o o d  c o n t r o l  
work th rea tened  o r  des t royed by f lood .  Tke Corps is author ized  t o  provide 
emergency p r o t e c t i o n  f o r  hurr icane  and s h o r e  p r o t e c t i o n  p r o j e c t s ,  when 
th rea tened .  The Corps a l s o  cooperates with t h e  Federa l  D i s a s t e r  Ass i s t ance  
Admin i s t r a t ion ,  i n  providing a s s i s t a n c e  t o  s t a t e  and l o c a l  governments, i n  
d e a l i n g  with n a t u r a l  d i s a s t e r s .  Operat ion Fores igh t  is a program designed t o  
enab le  t h e  Corps t o  react, when every i n d i c a t i o n  f o r e c a s t s  the  t h r e a t  of 
s e v e r e  f lood ing .  Data c o l l e c t e d ,  r e l a t i v e  t o  l a r g e  snowpacks o r  o t h e r  
c o n d i t i o n s ,  may i n d i c a t e  a p o t e n t i a l  f o r  s e v e r e  f looding.  In t h e s e  c a s e s ,  t h e  
Corps may dec ide  t o  send Operat ion Fores igh t  teams i n t o  a c t i o n .  

Thematic Mapper d a t a  is expected t o  be u s e f u l  i n  s e v e r a l  a p p l i c a t i o n s  i n  t h i s  
ca tegory ,  i n c l u d i n g  change d e t e c t i o n  monitoring,  snow mapping and l and  cover 
mapping , 

Flood P l a i n  Management Se rv ices :  The o b j e c t i v e  of the  program is planning 
f o r  f lood  damage prevent ion ,  a t  a l l  government l e v e l s ,  t o  encourage and guide  
t h e  use of f l o o d  p l a i n s ,  f o r  the  b e n e f i t  of t h e  n a t i o n a l  economy and welfare .  
Flood p l a i n  informat ion  r e p o r t s  and t e c h n i c a l  a s s i s t a n c e  on f lood  p l a i n  
hazards  are fu rn i shed  t o  f e d e r a l ,  s t a t e ,  and l o c a l  government agencies ,  
Typica l  r e p o r t s  inc lude  maps o r  mosaics, p r o f i l e s ,  c h a r t s ,  t a b l e s  and a 
n a r r a t i v e  d e s c r i b i n g  the  e x t e n t ,  depth ,  p r o b a b i l i t y  and dura t ion  of f lood ing  
by f l o o d s  of the  p a s t  and the  f u t u r e .  The Corps a l s o  provides t echn ica l  
a s s i s t a n c e  t o  s t a t e  and l o c a l  governments, upon r e q u e s t ,  t o  a i d  i n  p repara t ion  
of f lood p l a i n  r e g u l a t i o n s ,  i n t e r p r e t a t i o n  of d a t a  i n  f lood p l a i n  informat ion  
r e p o r t s ,  e v a l u a t i o n  of f l o o d  hazards,  f l o o d  proof ing of s t r u c t u r e s  and o t h e r  
p e r t i n e n t  informat ion ,  I n  a d d i t i o n ,  t h e  Corps, upon reques t  of HUD , conducts  



f lood insurance  s t u d i e s  i n  s e l e c t e d  communities. Under t h e  1974 Water 
Resources Development Act, t h e  Corps can assist any s t a t e  i n  t h e  p repara t ion  
o f  p lans  f o r  t h e  development, u s e  and conservat ion  of water and r e l a t e d  
resources  of dra inage  bas ins  loca ted  w i t h i n  its boundaries, 

For this category ,  Thematic Mapper da ta  would be app l i ed  t o  s e v e r a l  areas, 
i n c l u d i n g  physiographic mapping, land cover mapping, change d e t e c t i o n  
moni tor ing  and i c e  mapping. 

Environmental S t u d i e s :  The Corps, i n  its comprehensive s t u d i e s  and 
p r o j e c t  i n v e s t i g a t i o n s ,  c o n s i d e r s  environmental va lues  and needs equa l ly  wi th  
economic, eng inee r ing  and s o c i a l  f a c t o r s .  For  a l l  p r o j e c t  proposals ,  
environmental impact assessment is required .  From t h e  assessment, d e c i s i o n s  
are made determining the  need f o r  environmental impact s ta tements .  The 
s tatement cons ide r s  t h e  environmental impact of the  proposed ac t ion :  t h e  
adverse  e f f e c t s ,  which cannot be avoided i f  the  p r o j e c t  AS c a r r i e d  o u t ,  t h e  
a l t e r n a t i v e s  t o  t h e  proposed a c t i o n s ,  t h e  r e l a t i o n s h i p  between t h e  short- term 
u s e  of the  environment and t h e  maintenance of long-term produc t iv i ty .  

For  this category ,  Thematic Mapper d a t a  would be app l i ed  t o  environmental 
geology,  l a n d  cover mapping, change d e t e c t i o n  monitoring sediment p a t t e r n  
mapping and water  q u a l i t y  a n a l y s i s .  

Diked Disposal  Area Programs: The Corps is author ized ,  under a t e n  (10) 
y e a r  progham, t o  c o n s t r u c t  diked d i sposa l  f a c i l i t i e s  on t h e  Great  Lakes f o r  
t h e  confinement of p o l l u t e d  dredging material. Under this program, t h e r e  
appears  t o  be no a p p l i c a b l e  use  of the  Thematic Mapper da ta .  

Recrea t ion ,  F i sh  and W i l d l i f e  Program: Pre-author iza t ion  and 
pos t -au thor iza t ion  planning and p r o j e c t  development is coordinated  with both 
F i s h  and W i l d l i f e  S e r v i c e  and t h e  agency admin i s t e r ing  f i s h  and w i l d l i f e  
r e sources  of the  s t a t e  wherein a p r o j e c t  is contemplated. Any use  of remotely 
sensed d a t a ,  i n  this category ,  has been assumed t o  be included i n  t h e  
Environmental S tudy Category. 



Permit Programs - Regulatory: Corps of Engineers permits  a r e  r equ i red  f o r  
work o r  s t r u c t u r e s  i n  navigable  waters .  The purpose of the  program is t o  
i n s u r e  t h a t  t h e  chemical /b io logica l  i n t e g r i t y  of the  waters  is pro tec ted  from 
d i scharge  of dredged o r  f i l l  ma te r i a l .  The Corps eva lua tes  each permit 
a p p l i c a t i o n ,  r e l e v a n t  t o  such f a c t o r s  as conservat ion ,  economics, a e s t h e t i c s ,  
f l o o d  damage prevent ion ,  wa te r  supply ,  and water q u a l i t y .  It is a n t i c i p a t e d  
t h a t  t h e  program would use  Thematic Mapper d a t a  f o r  such a p p l i c a t i o n s  as 
change d e t e c t i o n  monitoring and water q u a l i t y  a n a l y s i s .  

: Although t h e  Corps is not  r e spons ib le  f o r  doing ice  su rveys ,  
t h e y  are concerned wi th  mainta in ing navigable  waterways, Theref o re ,  i t  is  
assumed t h a t  t h e  Corps would be concerned i n  performing i c e  surveys i n  
s e l e c t e d  navigable  waterways, i . e , ,  Great Lakes, Chesapeake Bay, e t c , ,  u s i n g  
remote ly  sensed data .  

Corps Informat ion  System Program: Informat ion  (hydrologic ,  economic, 
environmental ,  etc. ) ga the red  by t h e  Corps w i l l  even tua l ly  be c e n t r a l l y  f i l e d  
i n t o  a Corps geo-coded re fe rence  d a t a  base. Remotely sensed d a t a  w i l l  be one 
d a t a  sourced a s s i s t i n g  i n  t h e  compilat ion.  I n  genera l ,  Thematic Mapper d a t  
w i l l  be f i l e d  i n t o  t h e  system. The system w i l l  s e r v e  s e v e r a l  of t h e  Corps 
programs, t h e r e f o r e ,  this item is not cons idered  s e p a r a t e l y ,  but as an 
i n t e g r a t e d  part of o the r  programs. 

Table  3-1 w a s  composed by cons ide r ing  t h e  i d e n t i f i e d  programs which could 
u t i l i z e  i n f o m a t i o n  der ived from LANDSAT-D da ta .  T h i s  t a b l e  desc r ibes  a 
h y p o t h e t i c a l  u t i l i z a t i o n  of TM d a t a ,  t o  suppor t  t h e  f u l l  range of p r o j e c t s  
be ing  performed f o r  each district .  A s e t  of requirement parameters were 
a s s igned .  These parameters  are l a b e l e d  as: 

Average Coverage Es t ima tes  
Appl i ca t ions  Technique used i n  P r o j e c t s  
Typica l  Output Data  Products  per  P r o j e c t  

The parameter,  "Average Coverage Es t ima ten ,  i s  divided i n t o  e i g h t  ( 8 )  
c a t e g o r i e s ,  

These c a t e g o r i e s  a r e  def ined a s  fol lows:  

F r a c t i o n  of Scene Used: An approximatioh of the  por t ion  of 185km by 185kn 
Thematic Mapper (TM) image requ i red  f o r  a n a l y s i s  f o r  the  t y p i c a l  p r o j e c t  
i d e n t i f i e d .  

Basic Number of  Scenes .per  P r o j e c t :  An approximation of the  number of TM 
images requ i red  f o r  a t j p i c a l  t e s t  si t e e  

Temporal Data: An approximation ,of the  number of temporal d a t a  sets 
r e q u i r e d  f o r  each p r o j e c t  update cyc le .  

Projec ts /Year :  An e s t i m a t e  of the  number of p r o j e c t s  conducted by a CE 
d i s t r i c t  annua l ly  per program. 

R e p e a t a b i l i t y  o f  P r o j e c t :  An e s t i m a t i o n  of the  number of y e a r s  be fo re  
upda t ing  a p r o j e c t ,  



Est imat ion  of  Data Channel(s)  Required: An es t ima t ion  of TM d a t a  channels  
r equ i red  f o r  a n a l y s i s .  

Timel iness  of Data: The time requ i red  by CE u s e r  t o  r ece ive  TM d a t a  i n  
s p e c i f i e d  format.  Critical turnaround time of two (2) days is  a s s o c i a t e d  w i t h  
two (2)  program areas, i .e.,  Disaster Ass i s t ance  - Flood F i g h t i n g  - Operat ion 
F o r e s i g h t  and Permit /Regulatory Programs, The first program r e q u i r e s  t h e  
moni tor ing  of floods and snowpacks. The second program r e l a t e s  t o  t h e  
environmental and r e g u l a t o r y  monitoring requirements.  

T o t a l  Equivalent  Scenes p e r  Year p e r  D i s t r i c t :  Derived by f r a c t i o n  of 
scene  used, times b a s i c  number of scenes ,  times temporal d a t a ,  times p r o j e c t s  
p e r  yea r ,  T h i s  value y i e l d s  and es t ima te  of  an amount of TM d a t a  r equ i red  p e r  
CE d i s t r i c t ,  For  t h e s e  va lues  t o  be a p p l i e d  t o  ind iv idua l  CE d i s t r i c t s ,  
ad jus tments  are made, r e l a t i v e  t o  district s i z e  and geographic l o c a t i o n ,  

The parameter wAppl ica t ion  Techniques used i n  P r o j e c t s w  is divided i n t o  t e n  
(10) c a t e g o r i e s ,  These c a t e g o r i e s  are i d e n t i f i e d  and def ined a s  fol lows:  

E nvironmental Geology: Addresses t h e  eva lua t ion  of s i t e s  f o r  engineer ing  
s t r u c t u r e s  i n  terms of geo log ic  hazards,  e a r t h  materials f o r  engineer ing  usage 
and environmental impact. 

Geologica l  S t r u c t u r e  Mapping: The mapping i n c l u d e s  d e l i n e a t i o n  and 
a n a l y s i s  of f o l d s  ( a n t i c l i n e s ,  s y n c l i n e s ,  monoclines, s t r u c t u r e  t e r r a c e s ,  
e t c . )  and f r a c t u r e s .  

Geomorphic Fea tu re  Mapping: The mapping r e l a t e s  t o  g l a c i a l ,  f  l u v i a l  , 
d e s e r t ,  permafrost  f e a t u r e s  and f e a t u r e s  r e l a t e d  t o  bedrock s t r u c t u r e s  . 

Physiographic Mappine;: The mapping of watershed bas in  a rea  and shape,  
stream network o r g a n i z a t i o n ,  d ra inage  d e n s i t y  and p a t t e r n .  

Snow Mapping: Mapping snowpack a r e a s  of watershed f o r  f o r e c a s t i n g  runoff .  
A c t i v i t y  i s  confined t o  t h e  western,  nor thwestern ,  n o r t h  c e n t r a l  and 
n o r t h e a s t e r n  U .S . 

Inventory  Land Cover: C l a s s i f i c a t i o n  of mapping of land cover,  r e l a t i v e  
t o  p o l i t i c a l ,  watershed,  etc.  boundaries.  

Chawe  De tec t ion  Monitoring: Temporal a n a l y s i s ,  i . e . ,  f lood  damage 
assessment ,  s u r f a c e  water  inven to ry ,  p e r i o d i c  watershed l and  cover updated, 
e t c .  

Sediment Transpor t :  Mapping of p a t t e r n s  of suspended s o l i d s  i n  l a k e s ,  
r e s e r v o i r s ,  nav igab le  r i v e r s ,  e t c .  

Water Q u a l i t y :  S t u d i e s  r e l a t i n g  t o  water  q u a l i t y  of r e s e r v o i r s  and l a k e s  
and corresponding surrounding 1 and cover.  

Ice Mappiq:  I c e  surveys  and monitoring of i c e  cond i t ions  i n  navigable  
wa te r  bodies.  



The f i n a l  parameter i n  Tab le  3-1 is  tfTypical  Output Data  Products  per  
P r o j e c t n .  T h i s  parameter c o n s i s t s  of seven c a t e g o r i e s .  These c a t e g o r i e s  
p e r t a i n  t o  output  products  and t h e i r  d i s t r i b u t i o n ,  The c a t e g o r i e s  a r e  l i s t e d  
as: 

: Ext rac ted  theme d a t a ,  coded a t  a s p e c i f i c  map scale. 

: Ext rac ted  theme d a t a ,  on r e g i s t e r e d  t r ansparen t  material, a t  
s p e c i f i c  map scales. 

Enhancements: D i g i t a l l y  enhanced images, processed us ing l i n e a r  and 
non- l inear  s t r e t c h e s ,  r a t i o s ,  f i l t e r i n g  techniques ,  etc. 

Area Measurements: Computer p r i n t o u t s  con ta in ing  thematic a r e a  
measurements, r e l a t i v e  t o  g e o p o l i t i c a l  boundaries.  

Di s t ance  Measurements: Computer p r i n t o u t s  of s tream leng ths ,  s h o r e l i n e  
l e n g t h s ,  l ineament l e n g t h s ,  etc. 

P r o j e c t  U t i l i z a t i o n :  Level of product  d i s t r i b u t i o n  ( d i s t r i c t ,  d i v i s i o n ,  
e x t e r n a l  t o  Corps ) .  

Images ( f i l m ) :  Thematic Mapper de r ived  imagery. 



TM SCENE REQUIREMENTS 

I n  Table  3-9, t h e  Thematic Mapper reqai rements  a r e  es t imated  f o r  t h e  Corps of 
Engineers C i v i l  Works programs, The programs a r e  def ined a s  t y p i c a l  programs, 
performed by t h e  s p e c i f i e d  d i s t r i c t s  wi th  adjustments f o r  district unique 
a c t i v i t i e s  a p p l i e d ,  For  i n s t a n c e ,  c e r t a i n  districts are not involved i n  snow 
mapping; some districts have s m a l l  c o a s t a l  waterways, Adjustments a r e  made i n  
t o t a l  equ iva len t  scenes  per  year ,  r e l a t i v e  t o  t h e  districts, Likewise, o n l y  
d i s t r i c t s  where the  CE l a b o r a t o r i e s  are l o c a t e d  a r e  a l l o c a t e d  TM d a t a  f o r  R&D 
programs. TM scene requirements are shown i n  Table  302, r e l a t i v e  t o  Corps 
d i s t r i c t s  (and d i v i s i o n s )  and programs. Corps TM scene requirements sum t o  
3056 scenes/  year .  

An assessment was made of t h e  a c t u a l  number of TM scenes  produced i n  each 
r e g i o n  per  year  t o  determine i f  the  average Corps requirements exceed t h e s e  
l i m i t s .  The l i m i t s  were obta ined by count ing  t h e  number of LANDSAT-D World 
Reference System frame c e n t e r s  f a l l i n g  w i t h i n  t h e  r eg ion  m u l t i p l i e d  by t h e  
number of o r b i t  passes  per  year  (23.8) . No c o r r e c t i o n  had t o  be a p p l i e d  
s i n c e ,  i n  g e n e r a l ,  Corps requirements were lower than t h e  limits. 

Cloud cover s t a t i s t i c s  are func t ions  of l a t i t u d e  and season,  but averages over 
season  and over the  U S ,  may be used t o  g e t  g ross  estimates of the  amount of 
d a t a  t h a t  must be processed t o  meet the  Corps requirements. The p r o b a b i l i t y  
o f  scenes  having l e s s  than 55% cloud cover is about 0.65 f o r  the  U .S. F o r  
real-time 'da ta  (cont inuously  acquired  and used) ,  t h i s  means t h a t  only 65% of 
t h e  scenes  w i l l  be processed. On t h e  o t h e r  hand, t h e  expected usable  f r a c t i o n  
o f  a scene  i$ l e s s  than 0.5. Th i s  means t h a t  two (2 )  o r  more scenes  ( t a k e n  a t  
d i f f e r e n t  times) may be processed,  t o  o b t a i n  f u l l  coverage of a given scene  
a r e a  f o r  non-real time requirements.  However, f u l l  co+erage is not o f t en  
needed f o r  s t a t i s t i c a l  assessmetlts,  and s o  no adjustments wer made i n  t h e  
r o u t i n e  coverage numbers. 

The near-real- t ime r e ~ u i r e m e n t s  i n  Table  3-2 are t h o s e  f o r  t h e  Flood 
P r e d i c t i o n  Programs ( 1035 scenes )  and f o r  t h e  Regulatory Permit Program ( 152) 
s c e n e s ) .  The t o t a l  number (1187 scenes )  i s  t h e  number of r e l evan t  scenes  
t aken  per  year; no o t h e r  scenes  taken a t  o the r  times of the  year ,  can be 
s u b s t i t u t e d  s i n c e  this number accounts  f o r  a l l  u s e f u l  scenes and they a r e  
r e q u i r e d  i n  e s s e n t i a l l y  realtime, Hence t h e  number worth process ing,  i , e . ,  a t  
least  45% free of cloud cover,  i s  obta ined by applying t h e  p r o b a b i l i t y  f a c t o r  
0,65 t o  t h e  number a v a i l a b l e ,  y i e l d i n g  772 scenes  t o  be processed each year  i n  
near-real- t ime.  Snow mapping and f lood  p r e d i c t i o n  e x e r c i s e s  a r e  performed 
p r i m a r i l y  i n  t h e  four  ( 4 )  months from March through June ,  i n  the  nor the rn  
p o r t i o n  of the  U .S,  . Hence, t h e  r a t e '  a t  which t h e s e  d a t a  must be prdcebsed 
must be based on the  f o u r  ( 4 )  month time i n t e r v a l  r a t h e r  than a year .  
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2. CE LANDSAT TM and SPOT Requirements 

a ,  Overview 

The CE, i n  1980, completed a s tudy which determined t h e  CE requirements 
f o r  LANDSAT Thematic Mapper (TM) d a t a  (Appendix E) which provides a b a s e l i n e  
f o r  CE land  s a t e l l i t e  remote sens ing  d a t a  requireolents.  The r e p o r t  determined 
t h a t  t h e  t h r e e  f a c t o r s  which impact CE requirements are: t imely d a t a  
d e l i v e r y ,  frequency of coverage and sensor  s p a t i a l  r e so lu t ion .  Table 1 
p rov ides  a summary of the  CE LANDSAT TM requirement by numbers of scences per  
yea r  versus  CE func t ion .  Designated are those  func t ion  which a r e  s e n s i t i v e  t o  
t i m e l y  d a t a  d e l i v e r y ,  frequency of coverage and/or r e s o l u t i o n ,  The fo l lowing 
paragraphs compare t h e  t e c h n i c a l  a s p e c t s  of the  LAMDSAT TM versus  the  SPOT 
system as a f u n c t i o n  CE requirements.  

b ,  CE Requirement Update 

S ince  t h e  9 980 LANDSAT TM requirement s tudy  was completed, two f a c t o r s  
have con t r ibu ted  t o  a dec rease  i n  t h e  requirement as presented ,  

The requirement i n  Tab le  1 f o r  t h e  Nat ional  Dam S a f e t y  program of 307 
s c e n e s  per  year  has been d e l e t e d  because at  t h e  present  t h e  CE is not r equ i red  
t o  update t h e  Nat ional  Dam S a f e t y  inventory .  

The requirement i n  T a b l e  1 f o r  disaster a s s i s t a n c e ,  f l o o d  p r e d i c t i o n s  
(snow) of 1035 scenes  per  year  was based on t h e  use of LANDSAT TM a s  t h e  
s i n g l e  source  of s p a t i a l  d a t a .  1 t has been determined t h a t  METSAT AVHRR d a t a  
can  s u f f i c i e n t l y  provide t h e  larger  area and high r e p e t i t i v e  coverage reqLRre&. 
The r o l e  of LANDSAT type  l and  remote s e n s i n g  s a t e l l i t e s  w i l l  be f o r  
c a l i b r a t i o n  of METSAT d a t a  and f o r  a r e a s  of s t e e p  t e r r a i n .  I h e  requirement has 
been ad jus ted  f o r  a 50% r educ t ion ,  

Th i s  update results i n  a 671 scenes /year  r educ t ion  i n  LAMDSAT TM 
requirement as presen t  i n  TABLE 1 . The r e v i s e d  f i g u r e s  a r e  presented i n  
TABLE 2 and ano ta ted  w e  those  func t ions  which r e q u i r e  m u l t i s p e c t r a l  l and  
remote s e n s i n g  da ta .  

c ,  Timely Data De l ive ry  

The Corps of Engineers  requirement f o r  land remote sens ing  d a t a  has two 
t i m e  requirements f o r  d e l i v e r y  of da ta .  32% of the  CE s a t e l l i t e  d a t a  r e q u i r e s  
d e l i v e r y  i n  less than 48 hours  a f t e r  a c q u i s i t i o n  t o  be a p p l i c a b l e  f o r  
emergency o p e r a t i o n s ,  d i s a s t e r  assessment,  and f lood  p red ic t ion ;  68% of the  
CE requirement is non-time dependant but  s i t e  s p c i f i c  and can be acquired  from 
e i t h e r  SPOT o r  LANDSAT a r c h i v e s .  I t  is a n t i c i p a t e d  t h a t  f o r  non-time 
dependent data t h e  m a j o r i t y  of the  CE d a t a  w i l l  be acquired from the  LANDSAT 
TM a r c h i v e s  because SPOT a r c h i v e  w i l l  be o r i g i n a l l y  l i m i t e d ,  The decid ing 
f a c t o r  f o r  source  of zlon-time dependent d a t a  i n  the  out  years  w i l l  be which 
system has the  b e s t  q u a l i t y  d a t a  f o r  t h e  s p e c i f i c  CE s i t e .  

For  t h e  t imely  d e l i v e r y  of d a t a  i t  w i l l  be assumed t h a t  both LAMDSAT and 
SPOT systems can provide t h e  da ta  w i t h i n  48 hours ,  t h e r e f o r e  t h e  decid ing 
f a c t o r  is the  frequency and a t  what time coverage is a v a i l a b l e  f o r  a s p e c i f i c  
s i t e ,  



d.  F'requency of Coverage 

For  frequency of coverage t e c h n i c a l l y  LANDSAT and SPOT systems have a 
s i g n i f i c a n t  d i f f e r e n c e .  The LANDSAT system has a 16 day repea t  cyc le  where a s  
t h e  SPOT p o i n t a b l e  sensor  can provide r e p e t i t i v e  coverage approximately every  
2 days of a s p e c i f i c  s i t e ,  t h e r e f o r e ,  SPOT has an 8 t o  1 improved p r o b a b i l i t y  
of a c q u i r i n g  d a t a  of a s p e c i f i c  s i t e  and time than LANDSAT. SPOT w i l l  p rovide  
a s i g n i f i c a n t  advantage f o r  the  32% of  the  CE requirement which is time 
dependent and s i t e  s p e c i f i c .  

e. S p a t i a l  Resolut ion 

The s p a t i a l  r e s o l u t i o n  of SPOT is  20 meter m u l t i s p e c t r a l  and 10 meter 
panchromatic. S ince  89% of CE requirement must have m u l  t i s p e c t r a l  d a t a  t h e  
comparisons is between LANDSAT TM 30 meter and SPOT 20 meter.  The inc reased  
r e s o l u t i o n  of SPOT versus  LANDSAT i s  not  enough of a s i g n i f i c a n t  impact t o  
r e q u i r e  SPOT 20 meter m u l t i s p e c t r a l  d a t a  i n s t e a d  of LANDSAT TM, P r e s e n t l y ,  
turn-key d i g i t a l  c l a s s i f i c a t i o n s  s y s  tems f o r  SPOT 20 meter mu1 t i s p e c t r a l  do 
n o t  exist .  P re l iminary  results of the  CE s i m u l a t i o n  p r o j e c t  shows t h a t  new 
and more complex c l a s s i f i c a t i o n  a lgor i thms  f o r  SPOT d a t a  need t o  be developed. 
11% of the  CE requirements is f o r  high r e s o l u t i o n  d a t a  which 10 meter 
panchromatic SPOT sensor  can provide. 

f .  S p e c t r a l  Resolut ion  

89% o f  t h e  CE d a t a  r e q u i r e s  m u l t i s p e c t r a l  da ta .  The LANDSAT TM provides  
more s p e c t r a l  bands and narrow bandpass than SPOT, t h e r e f o r e ,  LANDSAT TM w i l l  
be  t h e  r equ i red  da ta  source .  If LANDSAT TM is not a v a i l a b l e  SPOT can be a 
s u b s t i t u t e .  11% of the  CE d a t a  requirements can be s a t i s f i e d  by t h e  SPOT 10 
meter  panchromatic da ta .  

g. S t e r e o  

A unique c a p a b i l i t y  of SPOT versus  LANDSAT TM is the  a b i l i t y  t o  a c q u i r e  
s t e r e o  imagery. SPOT s t e r e o  data can be analyzed f o r  s l o p e ,  a spec t  and 
e l e v a t i o n  inf'ormation, It i s  a n t i c i p a t e d  t h a t  e l e v a t i o n  d a t a  can be acquired  
from SPOT d a t a  w i t h i n  one p ixe l  o r  +10 meters .  The CE requirement would be 
f o r  s t e r e o  d a t a  where d i g i t a l  t e r r a i n  t a p e s  do not  concurr  wi th  CE s tudy  s i t e  
which r e q u i r e  less than +10 meter e l e v a t i o n  o r  s l o p e  and aspect  da ta .  T h i s  
requirement should not exceed 5% o f  the  CE t o t a l  requirement o r  112 scenes  per  
yea r .  

h e  Summary 

The sensor  c h a r a c t e r i s t i c s  of SPOT d a t a  can meet and be s u b s t i t u t e d  f o r  
t h e  CE LANDSAT TM d a t a  requirements,  LANDSAT TM d a t a  f o r  m u l t i s p e c t r a l  
c l a s s i f i c a t i o n  is p r e f e r r e d  over SPOT m u l t i s p e c t r a l  da ta .  The minimum CE SPOT 
requirement provided i n  Tab le  3 is based on t h e  high r e s o l u t i o n  panchromatic 
SPOT d a t a  r equ i red  f o r  s h o r e l i n e  mapping and r e g u l a t o r y  permit program 
t o t a l l i n g  1 32 s c e n e d y e a r  and an a d d i t i o n a l  CE requirement which cannnot be 
s a t i s f i e d  by LANDSAT TM f o r  SPOT s t e r e o  coverage of 112 s c e n e d y e a r e  The 
t o t a l  minimum CE SPOT requirement is 364 scenes /year .  The maximum CE SPOT 
requirement c o n s i s t s  of t h e  CE SPOT minimum requirement p lus  10% of  the  
non-time dependent d a t a  requirement and an 8 t o  1 i n c r e a s e  f o r  time dependent 
d a t a  r e s u l t i n g  from t h e  inc reased  r e p e t i t i v e  coverage c a p a b i l i t y  of SPOT. The 
t o t a l  maximum SPOT requirement is 1,18g/scenes per  year .  



D .  Coordina t ion  and P lann ing  Improvements 

1 . Program Overview. Spaceborne s y s  terns p rov ide  t h e  only f e a s i b l e  
means f o r  r e p e t i t i v e  l a r g e  a e r i a l  e x t e n t  and up- to-da te  d a t a  c o l l e c t i o n  f o r  
terrestrial and oceanographic d a t a .  Advances i n  s e n s o r  and computer d a t a  
p r o c e s s i n g  technology w i l l  enhance t h e  a p p l i c a t i o n  of space  technology.  F o r  a 
F e d e r a l  l and  p roces ses  r e s e a r c h  from space  program t o  be f u l l y  s u c c e s s f u l ,  i t  
must  encompass technology t r a n s f e r .  If t h e  program a d d r e s s e s  only high r i s k  
r e s e a r c h  this still l e a v e s  t h e  use r  i n  a v u l n e r a b l e  inves tment  p o s i t i o n  f o r  
technology t r a n s f e r .  With NASA's r e c e n t  s h i f t  away f o r  technology t r a n s f e r  and 
t r a i n i n g  f o r  t h e  u s e r ,  f u t u r e  u t i l i z a t i o n  of space  technology has been 
hampered, Without  a complete "end t o  end" program, t h i s  program w i l l  never  
p r o v i d e  t h e  f u l l  b e n e f i t  t o  our  na t ion .  

The p a s t  space  program has designed and developed s e n s o r s  and c o l l e c t e d  d a t a  
v e r y  s u c c e s s f u l l y ,  bu t  t h e  o p e r a t i o n a l  u s e  of space  c o l l e c t e d  d a t a  must be 
add res sed .  The o p e r a t i o n a l  u s e  r e q u i r e s  a n a l y s i s  and d i s semina t ion  t o  be 
a c c u r a t e ,  t i m e l y  and inexpens ive .  An area of f u t u r e  p o t e n t i a l  is development 
o f  a n l y s i s  a lgo r i thms ,  d e s i g n  "end t o  end9' d a t a  hand l ing  sys tems and compact 
computer data s t o r a g e  hardware. The r e s e a r c h  program should  be a t h r e e  prong 
e f f o r t  of s e n s o r  des ign ,  d a t a  a c q u i s i t i o n  and a n a l y s i s .  

2 .  F u t u r e  Data  Needs f o r  Spaceborne Systems.  F u t u r e  improved d a t a  
needs  m e  p o s i t i o n i n g ,  t opograph ic  mapping, d e l i n e a t i o n  of urban a r e a s ,  s o i l  
m o i s t u r e  and c o a s t a l  waves and c u r r e n t s .  These  f i v e  c a t e g o r i e s  can use  t h e  
r e p e t i t i v e  o r  cont inuous  advantages  of spaceborne  sys tems.  Improved s e n s o r  
d e s i g n  and d a t a  p roces s ing  w i l l  b e  r e q u i r e d  t o  s a t i s f y  t h e s e  requi rements .  

I t  is necessa ry  t o  know t h e  p o s i t i o n  on l a n d  o r  wa te r  f o r  f i e l d  personnel  and 
d a t a  c o l l e c t i o n  in s t rumen t s .  These f i e l d  personnel  are g e n e r a l l y  changing 
l o c a t i o n  h o u r l y ,  t h e r e f  o r e ,  t h e  s y s  tem must a l l ow a c c u r a t e  l o c a t i o n  
d e t e r m i n a t i o n  i n  less than  one hour. The l o c a t i o n  d a t a  must be qu ick ly  
a v a i l a b l e  t o  f i e l d  personnel  t o  be i n c o r p o r a t e d  i n  t h e i r  f i e l d  d a t a  bases .  

Topographic mapping by spaceborne  photographic  cameras o r  scanning  l a s e r s  cou ld  
p r o v i d e  up-to-date  d a t a  w i t h  reduced f i e l d  o p e r a t i o n s  i n  i n a c c e s s i b l e  and h a r s h  
envi ronments .  Fo r  emergency o p e r a t i o n s  d u r i n g  n a t i o n a l  and n a t u r a l  d i s a s t e r s  , 
n e a r  r ea l - t ime  damage assessment  is neces sa ry ,  b u t  u s u a l l y  u n a t t a i n a b l e .  F o r  
a l l  e n g i n e e r i n g  s t u d i e s ,  r e c e n t  t opograph ic  d a t a  is needed, bu t  o f t e n  no t  
o b t a i n e d  due t o  c o s t  and t ime de l ay .  

Hydrologic  modeling and r e l a t e d  economic s t u d i e s  r e q u i r e  l a n d  use i n f o r m a t i o n .  
Much has  been accomplished i n  t h e  p a s t  decade,  b u t  a c c u r a t e  de t e rmina t ion  of 
urban a r e a s  still  has  a high degree  of u n c e r t a i n t y .  R e l i a b l e  s enso r  t e c h n i q u e s  



and c l a s s i f i c a t i o n  schemes t o  d i f  f e r e n t l a t e  between v a r i o u s  l a n d  u se s  such a s  
s i n g l e  d w e l l i n g ,  mu1 t i - f a m i l y  dwe l l i ng ,  commercial ,  i n d u s t r i a l  and impervious 
a r e a s  such as a s p h a l t  and c o n c r e t e  a r e  needed,  

S o i l  c o n d i t i o n s  of mo i s tu re  c o n t e n t  and f r o z e n  o r  non-frozen a r e  an  e l u s i v e  
parameter  f o r  hyd ro log ic  and traf f i c a b i l i  t y  s t u d i e s ,  The need e x i s t s  t o  
deve lop  a  r e l i a b l e  s enso r  t o  d e t e c t  and p r o v i d e  s p a t i a l  s o i l  c o n d i t i o n s  
i nf ormat ion ,  

C o a s t a l  waves and c u r r e n t  i n fo rma t ion  are r e q u i r e d  f o r  mar ine  des ign ,  d r edg ing  
o p e r a t i o n s  and nav iga t ion .  The oceanographic  a p p l i c a t i o n s  of remote s e n s i n g  
t e c h n i q u e  are r a p i d l y  emerging,  and t h e  marine community i s  e x p r e s s i n g  
i n t e r e s t .  Because of t he  dynamic a s p e c t  of a  marine environment ,  r e p e t i t i v e  
d a t a  is  r e q u i r e d  which spaceborne  p l a t f o r m s  can p rov ide .  

3 .  S e n s o r  Development. Improvements of v i s i b l e  and i n f r a r e d  imaging 
s y s t e m s  shou ld  con t inue  f o r  i n c r e a s e d  r e s o l u t i o n ,  r a d i o m e t r i c  q u a l i t y  and 
a n a l y s i s  p rocedures .  However, t h e  g r e a t e s t  p o t e n t i a l  is t h e  development of 
b o t h  a c t i v e  and p a s s i v e  microwave s e n s o r s .  A microwave system p rov ides  t h e  
c a p a b i l i t y  of a l l  weather ,  n i g h t  and day o p e r a t i o n s ,  which a t  l e a s t  doubles  t h e  
d a t a  a c q u i s i t i o n  f requency  ove r  t h e  v i s i b l e /  i n f  r a r e d  s y s  tems . Many times t h e  
c r i t i c a l  d a t a  is du r ing  s e v e r e  weather  c o n d i t i o n s  when v i s i b l e  and i n f r a r e d  
s y s t e m s  are u s e l e s s .  An added dimension of  v a r i o u s  microwave f r e q u e n c i e s  is 
p e n e t r a t i o n  of  v e g e t a t i o n  and s o i l  t o  p rov ide  s u b s u r f a c e  d a t a .  

a r y  , t h e  needs through t h e  y e a r  1995 are: 

a ,  Technology t r a n s f e r ,  t r a i n i n g  and c o o p e r a t i v e  demons t ra t ion  
programs. 

b .  Improved d a t a  p roces s ing  and computer s t o r a g e .  

c .  Improved d a t a  c o l l e c t i o n s  sys t ems  f o r  p o s i t i o n i n g ,  t opograph ic  
mapping, d e l i n e a t i o n  of urban a r e a s ,  s o i l  m o i s t u r e  and c o a s t a l  waves and 
c u r r e n t s .  

d .  Improved r e s o l u t i o n ,  r a d i o m e t r i c  q u a l i t y  and a n a l y s i s  f o r  v i s i b l e  
and i n f r a r e d  imaging s y s  tems . 

e.  The development of microwave s e n s o r s  and b a s i c  b a c k s c a t t e r  t h e o r y .  
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TABLE 2: UPDATED REQUIREMENT 

Program 

S tud ie s  

Spec i a l  Continuing Author i t i es  

a.  Small Flood P ro j ec t s  

b . Navigation 

c. Shore l ine  e t c .  

D i sa s t e r  Assistance 

a .  Damage Assessmmt 

b. Flood Pred ic t ion  (snow) 

Floodplain MGMT. Serv i ce s  

Urban S tud i e s  

Environmental S tud i e s  

Regulatory Permit Program 

T O T A L  

LANDSAT TM Req. 

No. Sceneslyr  % Req. 

245 11.0 

MSS 

Req . 



TABLE 3: LANDSAT/SPOT REQUIREMENTS 

Program 

S t u d i e s  

Spec i a l  Continuing Au tho r i t i e s  

a .  Small Flood P ro j ec t s  

b . Navigation 

c. Shorel ine  e t c .  

D i sa s t e r  Assistance 

a,  Damage Assessment 

b. Flood Pred ic t ion  (snow) 

Floodplain MGMT. Serv ices  

Urban S tud i e s  

Environmental S tud i e s  

Regulatory Permit Program 

S te reo  Imagery 

T O T A L  

M I N I M U M  

No. Scenes/yr . 
LANDSAT Spot 

245 --- 

MAXIMUM 

No. Scenes/yr . 
LANDSAT Spot 

2 20 25 
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DEPARTMENT OF DEFENSE REQUIREMENTS 

FOR 

METEOROLOGICAL SATELLITE DATA 



THE JOINT CHIEFS OF STAFF 
WA5HI:IGTON. D.C. 20301 

MJCS 251-76 
31 Aaagusk 2976 

MCMOlV\NDUM F017 TEE DIRECTOR OF DEFENSE RESEARCII AND 
E1;IGINEERING 

Subject: Revalidation of Military Requirements for 
r.leteorological Sntellite Data 

1. Rcferoncc your rncmorandum: 28 May 1996, subject as 
above, which requested the Joint Chiefs of Staff to 
reevaluate the military requirements for meteorological 
satellite data and to subnit a new list of requirements 
to your office for transmittal to the National Aeronautics 
and Space Administration end tho Department of Commerce 
for their information. 

2. The Services have reviewed and revised the military 
operational requirements for meteorological satellite 
data. The new list and accompanying rationale are 
attached hereto, 

3. This memorandum supersedes JCSM-329-70 :? July 1970, 
"Meteorological Satellite Requirements." 

For the Joint Chiefs of Staff: 

f: Attached 
A *  Enclosure A to JCS  1910/95 





ENCLOSURE A 

MILITARY OPERATIONAL REQUIREMENTS FOR METEOROLOGICAL DATA 
FROM SATELLITES 

DEFINITIONS 

1. Horizontal Resolution - The dimension of the smallest object 

(or horizontal area represented by the parametric value) which 

can be distinguished by a satellite sensor. 

2. Vertical Resolution - The smallest height increment 
discernible by a satellite sensor. 

3. Tactical Station - A military unit with a direct meteorological 
satellite readout capability that provides direct weather support 

to tactical operations. 

4. Weather Central (MILITARY)- A military unit wjth a capability 

of routinely performing, on a realtime basis, the functions of 

environmental data collection, processing, analysis, prediction, 

and dissemination of macro, meso and micro scale environmental 

applications to multiple organizations in support of DOD 

operations worldwide. 

REQUIREMENTS 

5. Parameters below are tabulated without division into 

categories of importance, since the degree of importance of 

these parameters is dependent upon the particular strategic or 

tactical operation for which they are needed. However, tactical 

parameters apply when weather centrals assume the tactical 

support role for a limited area, These are identified by a 

double asterisk ( * * I  in the Remarks column. 

Enclosure A 



At Tactical At Weather 
Parameter Stations Centrals Remarks 

1, Cloud Cover 

(Including smoke, 
haze, smog, type, 
altitude of base 
and top) 

Horizontal 
Resolution 0.25 nm (0.5km) 0.25 nm (0.5km) 

Area 
Covered 

2000x 4000 nm Global 
(350Ox7500km) 

Frequency Available on 
call 30 min. 

Location 
Accuracy 

0.25 nm 0.25 nm 
(0.5 km) (0.5 km) 

Timeliness 5 min 15 min 

Vertical 
Resolution f 100 ft (30 m) same Below 10000 ft 

(3000 m) AGL 

2 1000 ft 
(300m) same Above 10000 ft 

- .  (3000 m) AGL 

Liquid (or solid) 
water content 0.1 in (0.3mm) 0.1 in (0.3mrn) Equivalent in 

(nun) of water 
in a column 

2. Vertical Moisture 
Profile 

Area covered 2000x4000 nm Global 
(3500x7500 km) 

Horizontal 
Resolution 5 nm (10 km) 50 nm(100km) 

Vertical 2 100 ft 2 100 ft Surface to 
Resolution (30 m) (30 m) 10000 ft 

(3000 m) AGL * 1000 ft 2 1000 ft 10,000 ft 
(300m) (300m) (3000 m) to 

Stratopause 

Enclosure A 
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A t  T a c t i c a l  A t  Wea ther  
P a r a m e t e r  S t a t i o n s  C e n t r a l s  Remarks 

F r e q u e n c y  h o u r l y  3 - h c u r l y  

L o c a t i o n  
Accuracy  1 nm (2km) lOnm (20km) 

A b s o l u t e  
Accuracy  + 1% 2 1% 

T i m e l i n e s s  1 h o u r  1 h o u r  

3 .  Vert ica l  T e m p e r a t u r e  
P r o f i l e  

Area  Covered 2000 x  4000 nm G l o b a l  
(350Cx7500 km) 

i i o r i z o n t a l  5 nm (10km) 50nm (100km) 
R e s o l u t i o n  (10x10 km) 

V e r t i c a l  6 100  f t  (30  m) same S f c  - 1 0 , 0 0 0  f t  
R e s o l u t i o n  (3000 m) AGL 

f 1000 f t  (300x11) same 10,000-30,000 
f t  (3 ,000-  
1 0 , 0 0 0  m )  

f 2000 f t  (600m) same 30,000-200,000 
f t  (10 ,000  - 

- 60 ,000  m )  

5're:uency h o u r l y  3 h o u r l y  

L c c a t i o n  
Accuracy  1 nm ( 2  km) l O n m  (20km) 

A b s o l u t e  
k c u r a c y  * ~ O K  f ~ O K  

T i n e l i n e s s  1 h o u r  1 h o u r  

4 .  Albedo  

Area  Covered 80Ox800nm G l o b a l  .x .x 

H o r i z o n t a l  
R e s o l u t i o n  5x5 nm 2 5  x  25 nm 

(10xlOkm) ( 4 5x4 5 km) 

F r e q u e n c y  h o u r l y  3  -hour  1 y  

L o c a t i o n  
Accuracy  1 nm (2km) 5  nm(l0km) 

A b s o l u t e  2 5 %  + 5% 
A r c u r a c v  

E n c l o s u r e  A 



At Tactical At Weather 
Parameter Stations Centrals Remarks 

Timeliness 1 hour 1 hour, 

5. Visibility 

Area Covered 80Ox800nm 20OOx4OOOnm 
(1500xl500km) (350Ox7500km) 

Horizontal 
Resolution 5 nm (10km) 5 nm (10km) Sic-15000ft 

Vertical 500 ft (150m) 500 ft (150 m) Sic-15000it 
Resolution (4500m) 

1000 ft (300m) 1000 ft (300 m) 15000-40000 ft 
(4500-7500m) 

Wavelength. 0.4-0.7 5)hn 0.4-0.7 ym 

Frequency hour 1 y hourly 

Timeliness 1 hour 1 hour 

Location 
Accuracy 1 nm (2 km) 1 nm (2 km) 

~bsolute 
Accuracy f 0.5 nm (~km) + 0.5 nm (1 km) 

Area Covered 80Ox80Onm Global * * 
(150Ox1500km) 

Fraquency Available on 3-hourly 
call 

Horizontal 
Resolution 0.5 nm (lkm) 2.5nm (5 km) 

Location 
Accuracy 1 nm (2 km) 5 nm (10 km) 

Absolute f 0.1 in/hr + 0.1 in/hr 
Accuracy (0.3 mm/hr) (0.3 mm/hr) 

Timeliness 15 min. 15 min. 

Winds * * 
Area Covered 2000 x 4000 nm Global 

(3500x7500 km) 

Frequency Available on 3-hourly 
call 

Enclosure A 
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At Tactical At Weather 
Parameter Stations Centrals Remarks 

Horizontal 
Resolution 5 nm (10 km) 5 nm (10 km) 

Location 
Accuracy 1 nm (2km) 1 nm (2km) 

Vertical f 100 ft (30m) same 
Resolution 

2 1000 ft (300m) Same 

Sfc-10000 ft 
(3000m) AGL 
10,000-30,000 
ft (3000-10000m) 

f 2000 ft (600m) Same 30,000-200,000 
ft (10000- 

- - . . - -  60000 m) 
4 5 %  not t o  

- * 5% 120'; to 
Accuracy Speed: exceed 2 m/s w e e d  2 m / s  -. 

Direction: + 5' + so 

Timeliness Available 1 hour 
on call 

8. Surface Temperature 

Area Covered 8OOx80Onrn Global Temperature of 
(150Ox1500km) radiating sur- 

face 

Frequency hourly 3 -hourly 

Absolute 0.5Oc 0.5oC 
Accuracy 

Timeliness Available on 1-1/2 hours 
call 

Location lnm ( 2km) 5nm (10km) 0.5nm ( lkm) for 
Accuracy . sea surface 

temperature 
with IR. 

Horizontal 
Resolution 5 nm(l0km) 5nm(lOkrn) 

9. Snow and Landlocked Ice Cover 

Area Covered tactical areas Global 

Frequency 3-hour ly 6-hourly 

Horizontal 
Resolution 5 nm (10km) 25 nm (45km) 

Location 
Accuracy 1 nm (2 km) 5 nrn '(10km) 
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At Tactical At Weather 
Parameters Stations Centrals Remarks 

Timeliness Available on 1-1/2 hours 

Thickness 
Accuracy + 2 in (5cm) f 2 in. (5cm) 

10. Sea Ice Cover 

Area covered Tactical areas Global 

Frequency 6 hourly 12 hourly 

Horizontal 
Resolution 0.5nm (lkm) 0.5nm (1 km) 15m for 

ice bergs 

Location 
Accuracy O.5nm (lkm) 0.5nm (lkm) 

Timeliness Available on 3 hours 
call 

Thickness j: 5 in. f 5 in. 
Accuracy 

Age 6 months 6 months 

Concentration f 10% 2 10% 

11. Soil Moisture 

Area Covered 2000x4000 nm Global 
(3500x7500 km) -- 

Horizontal 
Resolution 1 nm ( 2  km) 5 nm (10 km) 

Absolute 

Location 
Accuracy 1 nm (2 km) 5 nm (10 km) 

12. Sea State 

Area covered Tactical areas Global 
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At Tactical At Weather 
Parameters Stations Centrals Remarks 

Frequency On call 3 hourly 

Timeliness 3 hours 3 hours 

Horizontal 
Resolution 1 nm (2km) 1 nm (2krn) 

Absolute Amplitude component: 0.3m 
Accuracy Wavelength Component: * 5% 

Directional Component: + 10' 

Location 
Accuracy 1 nm (2 km) 1 nm (2 km) 

13. Clear Air Turbulence 

Area Covered 8OOx8OOnm Global 
(150Ox1500km) 

Horizontal 
Resolution 5 nm (10km) 25nm (45km) 

Vertical 
ResoPution 1000 ft (300m) below 10,006 it 3000m) 

2000 ft (600m) above 10,000 ft 3000m) 

Frequency Availableon hourly 

Location 
Accuracy 1 nm (2km) 5 nm (10km) 

Absolute 
Accuracy Vertical gust speed to within f 3 knots 

(1.5m/s) 

Timeliness 15 min 15 min 

14. Neutral Density 

Area Covered N/A Global 

Timeliness N/A 10 minutes 

Vertical Coyrerage N/A 1500 meter intervals 0-60km 
3000m intervals from 60-400km 

Horizontal 
Resolution N/ A 25 km 

Location 
Accuracy N/A 5 km 

Absolute N/A + 5% 
Accuracy 
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ENCLOSURE E 

RATIONALE 

General 

a. Environmental da t a  ava i l ab l e  from s a t e l l i t e s  a r e  used 

i n  decisionmaking processes.  Information der ived from 

processed s a t e l l i t e  da t a  i s  important a s  an i npu t  f o r  

t a r g e t i n g  t a c t i c a l  and s t r a t e g i c  weapon systems. These 

da t a  a r e  a l s o  used f o r  i n t e l l i g e n c e  app l i ca t i on  a s  w e l l  

a s  f o r  d a i l y  synopt ic  weather analyses ,  and ionospher ic  

and magnetospheric analyses  a t  weather c e n t r a l s .  

b. For those meteorological  parameters on which da t a  a r e  

d i r e c t l y  ava i l ab l e  from s a t e l l i t e s ,  t he  delay caused by 

c e n t r a l  da t a  r e t r i e v a l  and r e d i s t r i b u t i o n  through var ious  

communications l i n k s  precludes ,  i n  some cases ,  r e a l  time 

support  f o r  t a c t i c a l  app l i ca t i ons .  However, DOD provides 

a growing amount of i ts  support  d i r e c t l y  from cen t r a l i zed  

production systems and, a s  a r e s u l t ,  t h e  weather c e n t r a l s  

may o f t en  r equ i r e  da t a  i n  a s  f i n e  a r e so lu t i on  a s  do t he  

t a c t i c a l  s t a t i o n s .  In  view of t he  d i f f e r ences  i n  sqme 

opera t iona l  requirements of t a c t i c a l  ( reg iona l )  a s  opposed 

t o  weather c e n t r a l  (g loba l )  l oca t i ons ,  s epa ra t e  require-  

ments a r e  s t a t e d  f o r  a l l  parameters. I n  genera l ,  t o  be 

of d i r e c t  t a c t i c a l  app l i ca t i on ,  determinat ion of environ- 

mental parameters must approach t h e  same s c a l e  a s  t he  

opera t ion  which i s  supported and be ava i l ab l e  when required 

without re fe rence  t o  a frequency i n t e r v a l ,  

c. The r a t i o n a l e  f o r  each parameter l i s t e d  i n  Enclosure A 

i s  presented i n  t he  following paragraphs. 

2 .  Cloud Cover 

a. Resolution 

(1) General. S u f f i c i e n t  r e so lu t i on  i s  required t o  def ine  
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cloud type accura te ly ,  inc lud ing  s t age  of development, 

cloud s i z e ,  and cloud d i s t r i b u t i o n  f o r  use i n  determining 

and fo recas t i ng  g loba l  synopt ic  condi t ions  and mesoscale 

condi t ions  over s p e c i f i c  ope ra t i ona l  a reas .  Mesoscale 

meteorology is concerned w i t h  t h e  de t ec t i on  and ana lys i s  

of t he  s t a t e  of t he  atmosphere a s  it e x i s t s  between 

meteorological  observing s t a t i o n s  o r  a t  l e a s t  we l l  beyond 

the  range of normal observat ions  from a s i n g l e  po in t :  

weather phenomena occurr ing i n  time wi th in  1 t o  100 

minutes and over a  ground a r e a  of from 1 t o  100 square  

ki lometers  (km). In  add i t i on ,  high r e so lu t i on  i s  

requi red  f o r  t e r r a i n  and landmark i d e n t i f i c a t i o n  which 

w i l l  provide accura te  l oca t ions  of cloud f e a t u r e s  i n  

r e l a t i o n s h i p  t o  po in t s  and a r ea s  of i n t e r e s t .  

( 2 )  Cloud c h a r a c t e r i s t i c s .  Cloud elements vary i n  s i z e  

from s e v e r a l  hundred f e e t  t o  many miles.  For example, 

small cumulus have ho r i zon ta l  dimensions on t h e  order  of 

300 f e e t  (100 meters ) ,  and developing cumulonimbus on the  

order  of 1 n a u t i c a l  mile (nm) (2km), whereas thunderstorms 

with well-developed a n v i l  tops  may cover t ens  of miles  (km). 

Bands of stratocumulus a r e  t y p i c a l l y  on t h e  order  of 0.5 

nm (1 km) wide and extend f o r  many m i l e s  ( km) .  Clouds 

assoc ia ted  with  s tanding waves, cap clouds,  and c i r r u s  

streamers assoc ia ted  with c l e a r  a i r  turbulence have 

t y p i c a l  dimensions of 0.5 nm (1 km) i n  width t o  s e v e r a l  

miles (km) i n  length.  S tud ies  of cloud element size 

d i s t r i b u t i o n  show t h a t  about 20 percen t  of stratocumulus 

clouds have widths l e s s  than  0.2 nm (0.4 km) and near ly  

80 percent  a r e  l e s s  than 0.5 nm (1 k m ) .  For cumulus 

clouds,  these  s t u d i e s  show t h a t  about 40 percent  a r e  

smal le r  than 0.2 nm ( 0 . 4  km) i n  width and more than 85 
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percent  a r e  smal le r  than 0.5 nm (1 km) wide, Limited 

s t u d i e s  of spacing between cloud elements show t h a t  

under some condi t ions  30 percent  of t he  clouds a r e  

spaced l e s s  than 1 nm ( 2  km) a p a r t ,  with l e s s  than 

15 percen t  being 0.5 nm (1 km) apa r t .  Fogs can o f t e n  

be i d e n t i f i e d  by t h e  way they f i l l  smal l ,  n a t u r a l  

geographic bas ins  o r  r i v e r  v a l l e y s  when high-resolut ion 

da t a  a r e  ava i l ab l e .  

( 3 )  Synoptic appl ica t ions .  The above cons idera t ions  of 

cloud c h a r a c t e r i s t i c s ,  combined with  experience gained 

i n  t he  appl ica t ion  of s a t e l l i t e  d a t a ,  i n d i c a t e  t h a t  f o r  

g loba l  synopt ic  ana lys i s  and fo recas t i ng  needs, a  

hor izonta l  r e so lu t i on  of 0.25 nm (0.5 km) i s  required,  

daytime and n igh t ,  f o r  i d e n t i f y i n g  and loca t ing  cloud 

f ea tu re s .  I n  add i t i on  t o  i d e n t i f y i n g  a l l  major storms 

and f r o n t a l  systems, such r e so lu t i on  i s  most e f f e c t i v e  

i n  determining t h e  o r i e n t a t i o n  of major cloud bands i n  

providing an i nd i ca t i on  of cloud types  and por t ray ing  

cloud f i e l d s .  

(4) T a c t i c a l  Applications.  A s  a  r e s u l t  of experience 

gained i n  applying s a t e l l i t e  d a t a  t o  t a c t i c a l  opera t ions ,  

users  have s t a t e d  a  requirement f o r  0.25 nm (0.5 km) 

r e so lu t i on  over t he  e n t i r e  t a c t i c a l  a rea .  This r e so lu t i on  

i s  requi red  t o  provide d e f i n i t i v e  d a t a  on cloud types 

and d i s t r i b u t i o n  necessary f o r  computing cloud f r e e  

l i n e  of s i g h t  and c l e a r  l i n e  of s i g h t  (CLOS) 

p r o b a b i l i t i e s  so  e s s e n t i a l  f o r  employment of p rec i s ion  

guided munitions, t o  improve t h e  assessment of t h e  

meteorological  s i t u a t i o n  a f f e c t i n g  e x i s t i n g  o r  p o t e n t i a l  

t a c t i c a l  opera t iona l  a r ea s ,  and t o  increase  l oca t ion  

accurac ies  by enabl ing more d e t a i l e d  t e r r a i n  recogni t ion  
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( i f  p i c tu re  includes  land a reas )  t o  be made. This 

reso lu t ion  w i l l  g r e a t l y  enhance the  q u a n t i t a t i v e  

determination of t he  amount of cloud cover over a  

t a r g e t  o r  o the r  opera t iona l  areas .  Airmobile and 

c e r t a i n  a i rborne and amphibious opera t ions ,  f o r  example, 

u t i l i z e  very small landing a rea  drop zones and beaches. 

Clouds which prevent v i s u a l  i d e n t i f i c a t i o n  of these  

a reas ,  and rou tes  t he re to ,  a f f e c t  t h e  mission. 

b. Area Covered 

(1) Synoptic coverage must be on a  g loba l  b a s i s  t o  

s a t i s f y  o v e r a l l  m i l i t a r y  requirements f o r  meteorological 

support .  Naval opera t ions ,  f o r  example, may occur i n  

any a rea  of the  world t h a t  would requi re  con t ro l  of 

the seas .  Antarc t ic  resupply and oceanographic operat ions  

requi re  coverage over t he  Antarc t ic  region. Arc t i c  

explora t ion  and oceanographic operat ions  ( t o  include 

some submarine operat ions)  requi re  t h a t  observations be 

taken of t he  Arc t ic  regions.  

( 2 )  For t a c t i c a l  s t a t i o n s ,  the  a reas  of i n t e r e s t  

( including the  surrounding a reas  from which weather 

condi t ions  may move i n t o  opera t iona l  a reas )  may range 

from a few square miles (km) involving a l o c a l  b a t t l e  

a rea  t o  more than a  mi l l ion  square miles (km) where 

a i r  and/or sur face  a c t i v i t i e s  range over an e n t i r e  

t hea t e r  of operat ions ,  The s t a t e d  2,000 x 4,000 nm 

(3,500 x 7,500 km) requirement w i l l  enable support  t o  

t a c t i c a l  operat ions  over an extended a rea  (mesoscale 

t o  macroscale) . 
(3) Shipboard and expeditionary forces  readout should 

be ava i l ab l e  2,000 m i l e s  (3,500 km) from s a t e l l i t e  

subpoint t o  allow task  fo rce  commanders t o  observe 

clouds over t a r g e t s  a t  extreme opera t ing  ranges. 
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c. Frequency 

(1) A t  weather c e n t r a l s ,  t h e  requirement i s  t o  have cloud 

observat ions  a t  l e a s t  every 3 hours and f o r  severe  

weather metwatch a t  l e a s t  every 30 minutes. A t  t a c t i c a l  

s t a t i o n s ,  t h e  requirement is  t o  have cloud observat ions  

ava i l ab l e  on c a l l .  

( 2 )  A study of t he  frequency of category changes i n  

cloud cover ( c l e a r ,  s c a t t e r e d ,  broken, and overcas t )  

based upon hourly observat ions  a t  s e l ec t ed  s t a t i o n s  

shows t h a t  s a t e l l i t e  observat ions  every 2 hours would 

observe about three-four ths  of t h e  hourly changes a s  

they occur and would m i s s  one-fourth. Observations 

every 3 hours would show about 6 5  percent  of t h e  changes. 

About 4 2  percent  of t he  changes would be noted i f  

observat ions  a r e  taken every 6 hours,  

( 3 )  The observa t iona l  frequency required i s  dependent 

on a number of va r i ab l e s ,  such a s  weather s i t u a t i o n ,  

local condi t ions  a f f e c t i n g  changes i n  cloud cover, the  

type of information t o  be der ived,  and the  use t o  be 

made of t h i s  information.  I n  t h e  t r o p i c s ,  storms move 

with a t y p i c a l  ve loc i ty  of around 15 knots.  In mid- 

l a t i t u d e s ,  f r o n t a l  zones and storm systems may move 

with a ve loc i ty  a s  high a s  50 knots.  A storm may change 

speed and d i r e c t i o n  o r  become s t a t i o n a r y .  The l i f e t i m e  

of a t y p i c a l  mid- la t i tude s q u a l l  l i n e  i s  about 4 hours. 

Thunderstorm development wi th in  t h a t  s q u a l l  l i n e  may be 

determined a s  much a s  3 hours p r i o r  t o  t he  onse t  of 

severe  weather. On the  o the r  hand, thunderstorms may 

develop and d i s s i p a t e  i n  t h e  course of 1 o r  2 hours. 

(4) Synoptic app l i ca t i ons ,  An ob jec t i ve  q u a n t i t a t i v e  

answer t o  t h e  ques t ion  of s a t e l l i t e  observa t iona l  
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frequency i s  extremely d i f f i c u l t .  Observat ions  by t h e  

g e o s t a t i o n a r y  o p e r a t i o n a l  envi ronmenta l  s a t e l l i t e  

i n d i c a t e  t h a t  s i g n i f i c a n t  s y n o p t i c  changes t a k e  p l a c e  

i n  t i m e  i n t e r v a l s  of  less than  30 minutes.  This  means 

t h a t  d a t a  r e q u i r e d  f o r  s e v e r e  weather  metwatch i s  

needed w i t h i n  t h a t  t i m e  pe r iod .  E x t r a - t r o p i c a l  

cyclones  have been observed t o  change d r a m a t i c a l l y  i n  

i n t e n s i t y  and speed i n  less t h a n  3 hours.  I n  t h e  t r o p i c s ,  

s i g n i f i c a n t  changes i n  a tmospher ic  p rocesses  can occur  

i n  l e s s  than 3 hours .  Hurricanes/ typhoons have been 

observed t o  develop r a p i d l y  from t r o p i c a l  d e p r e s s i o n s  

i n  3 hours  o r  less. 

( 5 )  T a c t i c a l  a p p l i c a t i o n s .  The o p e r a t i o n a l  commander 

should  have r e a l  t i m e  c loud cover  in fo rmat ion  a v a i l a b l e  

o n c a l l  f o r  making d e c i s i o n s .  Weather c e n t r a l s  

suppor t ing  t a c t i c a l  o p e r a t i o n s  r e q u i r e  a  frequency once 

eve ry  3 hours  t o  t r a c k  r a p i d l y  moving storms and f r o n t a l  

systems and t o  monitor  t h e  development of s e v e r e  weather  

t h a t  could a f f e c t  m i l i t a r y  o p e r a t i o n s .  

d. Locat ion  accuracy.  Locat ion  a c c u r a c i e s  must be 

compatible wi th  r e s o l u t i o n  requi rements .  

e. V e r t i c a l  Resolut ion  

(1) The most s t r i n g e n t  requi rements  f o r  cloud cover  

v e r t i c a l  r e s o l u t i o n  a r e  f o r  an i n t e r v a l  of  100 f e e t  

(30 meters)  below e l e v a t i o n s  of 10,000 f e e t  (3,000 

meters)  aboveground l e v e l  (AGL) , and 1,000 f e e t  (300 

meters) above 10,000 f e e t  (3,000 meters) AGL. 

( 2 )  Informat ion  of  t h e  above n a t u r e  i s  r e q u i r e d  i n  

suppor t  of t a c t i c a l  o p e r a t i o n s .  Such requi rements  a r e  

a l s o  a p p l i c a b l e  t o  f l i g h t  approaches d u r i n g  inc lement  

weather ,  low-level  reconnaissance  o p e r a t i o n s ,  s e a r c h  
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and rescue opera t ions ,  and r e f u e l i n g  a rea  operat ions .  

(3) Determination of cloud base and top  he igh ts  i s  

e s s e n t i a l  f o r  ana lys i s  of cloud types ,  changes i n  

v e r t i c a l  development, c o r r e l a t i o n  with  v e r t i c a l  

temperature p r o f i l e ,  and f o r  i nd i ca t i ons  of condi t ions  

favoring p r e c i p i t a t i o n  and i n - f l i g h t  i c i n g  i n  clouds.  

( 4 )  Based on a  s tandard atmosphere, these  requirements 

t r a n s l a t e  i n t o  temperature accuracy requirements of 

+ 0 . 3 O ~  below 10,000 f e e t  (3,000 meters)  AGL and + ~ O K  - - 
above 10,000 f e e t  (3,000 meters)  AGL. 

f. Liquid ( o r  s o l i d  water)  content .  Used i n  i n i t i a l i z i n g  

moisture f i e l d s  f o r  moist  p r imi t ive  equation models. 

3 .  Ver t i ca l  moisture p r o f i l e .  Water vapor a n a l y s i s  on a  

synopt ic  s c a l e  i s  needed f o r  ana lys i s  and fo recas t i ng  of 

weather systems, assoc ia ted  f r o n t s ,  and a i r  mass weather. 

This parameter fu rn i shes  an index of moisture a v a i l a b l e  f o r  

ad i aba t i c  energy processes such a s  conversion t o  v i s i b l e  

moisture i n  the  form of clouds,  p r e c i p i t a t i o n ,  o r  fog. Ve r t i ca l  

r e so lu t i on  i s  required t o  permit  s t r a t a  ana lys i s  i n  conjunc- 

t i o n  with fo recas t i ng  moisture and v e r t i c a l  e x t e n t  of clouds. 

These da t a  a r e  required f o r  de t ec t i ng  and fo recas t i ng  v e r t i c a l  

g rad ien ts  of r e f r a c t i v e  i nd i ce s  a f f e c t i n g  a  v a r i e t y  of systems 

including communications, missiles, su rve i l l ance  radar ,  

e l ec t ro -op t i ca l  weapon systems, and t a c t i c a l  support  missions.  

The a b i l i t y  t o  f o r e c a s t  accura te ly  conventional parameters 

such a s  fog,  cloud, haze, and p r e c i p i t a t i o n  i s  a l s o  s t rongly  

dependent upon water vapor da ta .  The frequency and t imel iness  

of t h i s  information should be comparable t o  rawinsonde da t a .  

The accuracy required i s  + 1 percent  of t h e  abso lu te  value;  - 
the  three-dimensional r e so lu t i on  should permit ana lys i s  of 

water vapor with a  50 nm (100 km) g r i d  i n  100-foot (30 meters)  
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increments from the  su r f ace  t o  10,000 f e e t  (3,000 meters)  AGL 

and 1,000-foot (300 meter) increments from 10,000 f e e t  (3,000 

meters) t o  t h e  s t ra topause .  

4 .  V e r t i c a l  temperature p r o f i l e ,  Since ho r i zon ta l  and v e r t i c a l  

temperature g rad i en t s  a r e  d i r e c t l y  r e l a t e d  t o  weather and 

i t s  changes, temperature da t a  a r e  a fundamental requirement. 

In  a r e a s  where t e r r e s t r i a l  observat ions  a r e  scarce  o r  absent ,  

s a t e l l i t e  temperature observat ions  a r e  needed f o r  ana lys i s  

and fo recas t i ng  of clouds,  fog,  p r e c i p i t a t i o n ,  winds, v i s i b i l i t y ,  

turbulence,  and o the r  weather elements. This information i s  

required t o  determine he igh ts  of cloud tops ,  v e r t i c a l  g rad ien ts  

of r e f r a c t i v e  index, CLOS, and he igh ts  of var ious  pressure  

sur faces .  This l a s t  i tem i s  a key i n p u t  i n t o  numerical 

ana lys i s  and prognosis programs on which meteorological  fore- 

c a s t s  a r e  based. Frequency, t imel iness ,  and accuracy of 

temperature da t a  should be a t  l e a s t  comparable with presen t  

requirements f o r  rawinsonde observat ions .  The ho r i zon ta l  

r e so lu t i on  should be about 50 nm (100 km) with 100-foot (30 

meter) v e r t i c a l  increments from t h e  su r f ace  t o  10,000-feet  

(3,000 meters) , 1,000-foot (300 meter) increments from 

10,000-feet  (3,000 meters)  t o  30,000-feet (9,000 meters)  ; 

and 2,000-foot (600 meter) increments from 30,000-feet 

( 1 0  km) t o  200,000-feet (60 km) . 
5.  Albedo. Varia t ions  i n  t i m e  and space of t h e  h e a t  budget 

of t he  e a r t h  and i t s  atmosphere, a s  represented by albedo 

observat ions ,  a r e  requi red  t o  e s t a b l i s h  la rge-sca le  t rends  o r  

changes whlcn cannot be foreseen by observat ions  wi th in  t h e  

e a r t h ' s  atmospheric envelope. The albedo can a l s o  be appl ied  

t o  cloud analyses  and c a l c u l a t i o n  of i nhe ren t  c o n t r a s t  between 

t a r g e t  and background f o r  e l ec t ro -op t i ca l  weapon systems. 

Albedo measurements a r e  required from the  v i s i b l e  through 
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near i n f r a r ed  wavelengths. Small-scale albedo d a t a  a r e  required 

with a 2 5  x 25 nm ( 4 5  x 4 5  km) r e so lu t i on .  

6 .  V i s i b i l i t y  

a.  General. The employment of p r ec i s ion  guided munitions 

i n  a t a c t i c a l  s cena r io  requi res  t a r g e t  acqu i s i t i on  using 

a v a r i e t y  of e l ec t ro -op t i ca l  devices .  The guided munitions 

r equ i r e  t h a t  t h e  apparent c o n t r a s t  seen by t h e  t e l e v i s i o n  

(TV) sensor  exceed a th reshold  value f o r  success fu l  lock-on 

t o  the  t a r g e t .  The parameter used i n  ope ra t i ona l  decision- 

making i s  the  s e e a b i l i t y  which i s  an express ion of t h e  

d i s t ance  a t  which t h e  target/background c o n t r a s t  exceeds 

the  required threshold.  This parameter i s  r e l a t e d  d i r e c t l y  

t o  the  aeroso l  content  along a s l a n t  path  between t h e  

t a r g e t  and sensor .  The aeroso l  e x t i n c t i o n  p r o f i l e  can 

be i n f e r r e d  from the  v i s i b i l i t y  p r o f i l e .  This information 

can be combined with da t a  on background r e f l ec t ance  t o  

es t imate  the  r a t i o  of sky radiance t o  ground r e f l e c t e d  

radiance.  These, i n  t u rn ,  can be used t o  es t imate  t h e  

t ransmiss ion of target/background c o n t r a s t  from t h e  

t a r g e t  t o  t he  sensor .  

b. Requirements. V i s i b i l i t i e s  a r e  required with 5 nm 

(10 km) ho r i zon ta l  r e so lu t i on  t o  support  t a c t i c a l  operat ions .  

V i s ~ b i l i t y  es t imates  a r e  required a t  500-foot (150 meter) 

i n t e r v a l s  i n  t h e  v e r t i c a l  t o  adequately de f ine  t h e  s l a n t -  

path s e e a b i l i t y .  The wavelength i n t e r v a l  0.4-0.7 ym 

coincides  approximately with t h a t  of most TV t a r g e t  

acqu i s i t i on  devices.  Requirements f o r  abso lu te  accuracy, 

t imel iness ,  l oca t i on  accuracy, and frequency a r e  cons i s t en t  

with t h e  time and space s c a l e  of t a c t i c a l  decisionmaking. 

7. P r ec ip i t a t i on .  Measurement of t h i s  parameter i s  required 

f o r  the  ana lys i s  of synopt ic-scale  weather f e a t u r e s ,  such a s  
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f r o n t s  and t r o p i c a l  storms, and f o r  evidence of i s o l a t e d  o r  

s c a t t e r e d  showers o r  thunder storm a c t i v i t y .  P r e c i p i t a t i o n  

d i sc r imina t ion  i s  needed t o  de f ine  i n t e n s i t y  t o  t he  nea re s t  

0 . 1  inch ( 0 . 3  m i l i m e t e r )  per  hour. Observations must be 

s u f f i c i e n t l y  f requent  t o  t r ack  storm movement and development. 

Data provided must permit assess ing  t h e  e f f e c t  of p r e c i p i t a t i o n  

on a i r  and su r f ace  operat ions .  On t h e  ground, t h i s  information 

i s  requi red  t o  f o r e c a s t  s o i l  t r a f f i c a b i l i t y ,  r i v e r  s t ages ,  and 

flooding.  E f f ec t s  on communications, a i r  opera t ions ,  and 

reconnaissance systems, weapons de l ive ry ,  f i e l d  engineer ing 

a c t i v i t i e s ,  and su rve i l l ance  systems a r e  determined by t h e  

i n t e n s i t y  and e x t e n t  of t h e  p r e c i p i t a t i o n .  Space mission 

recovery a r ea s  a r e  o f t e n  s e l e c t e d  on t h e  b a s i s  of p r e c i p i t a t i o n  

fo recas t s .  The hor izonta l  r e so lu t i on  requirement i s  based on 

the  s i z e  of a p r e c i p i t a t i o n  a r ea  assoc ia ted  with  a small-to- 

moderately s i z e d  r a i n  shower. P r e c i p i t a t i o n ,  p resen t ly  

observed v i s u a l l y  o r  by radar  and an input  t o  almgst a l l  

sur face  analyses ,  i s  a l s o  used ex tens ive ly  i n  making f o r e c a s t s  

and prognoses. Global coverage would provide p r e c i p i t a t i o n  

information i n  t h e  a r ea s  where t h e r e  a r e  no o the r  observat ions  

ava i l ab l e ,  thereby g r e a t l y  enhancing t h e  accuracy and e x t e n t  of 

the analyses .  

8.  Winds 

a .  Accurate su r f ace  (over ocean a r ea s )  and upper l e v e l  wind 

d a t a  a r e  requi red  t o  support  a l l  aspec ts  of m i l i t a r y  

opera t ions ,  such a s  assess ing  r ad ioac t ive  f a l l o u t  condi t ions ,  

movement of weather systems, and p red i c t i ng  winds f o r  

weapons de l ive ry  and t a c t i c a l  operat ions .  

b. A t  weather c e n t r a l s ,  wind observat ions  a r e  needed i n  

s u f f i c i e n t  s p a t i a l  dens i t y  t o  de f ine  low l e v e l  and layered 

wind f i e l d s ,  t o  de r ive  s ea  s t a t e  and a r ea s  of convergence 
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and divergence,  and t o  e s t a b l i s h  c r i t e r i a  f o r  i n t e g r a t e d  

wind f i e l d s  f o r  t r o p i c a l  storm development and s t e e r i n g  

f o r e c a s t s ,  Frequency of observa t ion  i s  based on s y n o p t i c a l l y  

s i g n i f i c a n t  shor t - term v a r i a b i l i t y  of wind. 

Surface Temperature 

a. A 5 nm (10 km) h o r i z o n t a l  r e s o l u t i o n  i s  r equ i r ed  f o r  

su r f ace  temperature analyses .  Sur face  temperature i s  

de r ivab l e  from i n f r a r e d  o r  microwave da ta .  

b. Sur face  temperature must be observed i n  o r d e r  t o  analyze 

e f f e c t s  a t  t he  i n t e r f a c e  between t h e  e a r t h  and i t s  atmosphere. 

Radia t ive ,  convect ive ,  and advec t ive  a c t i v i t y  i s  of g r e a t  

importance i n  e s t a b l i s h i n g  t h e  temperature s t r u c t u r e  of 

t h e  lower atmosphere, and depends on processe,s which can 

be q u a n t i t a t i v e l y  determined by observa t ions  of s u r f a c e  

temperatures.  Surface temperature informat ion i s  needed 

fcr suppor t  of rescue opera t ions  (a i rc ra f t / spacecraf t ) ,  

po l a r  a c t i v i t i e s ,  land/sea  a s s a u l t  ope ra t i ons ,  and s o i l  

t r a f f i c a b i l i t y ,  r i v e r  s t age ,  and f lood  f o r e c a s t s .  I% i s  

a l s o  requi red  f o r  con t igenc ies  involv ing  t h e  d i s p e r s i o n  

of chemical  and nuc lear  agents .  

c .  The F l e e t  Numerical Weather C e n t r a l  (FNWC) c u r r e n t l y  

analyzes  sea-surface temperature over  the oceans of the 

Northern Hemisphere, us ing l i m i t e d  observa t ions .  This  

a n a l y s i s  i s  an i npu t  t o  a nunber of meteorological  and 

oceanographic prognosis programs. Worldwide a v a i l a b i l i t y  

of sea-sur face  temperature would g r e a t l y  improve t h e  

a n a l y s i s ,  provide Southern Hemisphere coverage,  and 

improve t h e  dependent prognoses, Sea-surface temperature 

i s  s i g n i f i c a n t  i n  t he  f o r e c a s t  of s eve re  weather over 

ocean a r ea s  and i s  used i n  t h e  assessment of oceanographic 

e f f e c t s  on antisubmarine a c t i v i t i e s .  
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d. The Air Force Global Weather Central currently produces 

an automated 3-hourly cloud analysis for the Northern . 

Hemisphere and 6-hourly cloud analysis for the Southern 

Hemisphere. These analyses require accurate surface 

temperatures for cloud-no cloud decisions, 

10. Snow and Landlocked Ice Cover. These parameters are required 

for support of high latitude and mountain operations, Forecasts 

of soil trafficability, river stage, flood, air rescue condi- 

tions, and other phenomena are dependent on this information. 

Snow and ice cover data are used to determine types of equipment 

required for certain operations. These requirements can be 

partially satisfied by information derivable from cloud cover 

sensors, except when the ground is obscured by clouds. The 

high-resolution data will be used to locate snow lines in 

mountainous areas. These data are also used in the automated 

three dimensional cloud analyses for making the cloud-no cloud 

decision. Availability of measurements of snow and ice thickness 

would greatly enhance estimates of flooding due to snow/ice 

melt and localized damming. 

11. Sea ice cover. The knowledge of the degree and extent of 

sea ice coverage is essential to the planning and execution 

of polar operations. Availability of high-resolution ice 

cover data would greatly enhance the ice observation and 

forecast program of the Naval Weather Service, Elimination 

of many ice reconnaissance flights might result. Resolution 

of 15 meters would allow detection of icebergs in addition 

to providing accurate boundaries of sea and other information 

required for polar operations. 

12. Sea state. Wave and swell significant heights for the 

Northern Hemisphere are currently analyzed twice per day 

and forecast at FNWC, Monterey. Analysis is done by 
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computation from the  observed wind f i e l d .  Di rec t  measurement 

of wave he igh t  and d i r e c t i o n  would g r e a t l y  increase  t h e  

accuracy of t h e  ana lys i s  and improve t h e  accuracy of t h e  

dependent prognoses. These parameters a r e  extremely important 

i n  planning and conducting a l l  types  of naval and amphibious 

landing operat ions .  

13. S o i l  moisture,  This parameter i s  e s s e n t i a l  f o r  determina- 

t i o n  of t h e  c a p a b i l i t y  of t h e  s o i l  t o  support  land t r a f f i c ,  

t o  pos i t i on  heavy weapon systems, and t o  determine r i v e r  s t age  

and p o t e n t i a l  f looding f o r  f i e l d  engineer ing purposes. A 

r e so lu t i on  of 2 5  nm (45 km) f o r  synopt ic  purposes and 1 nm 

( 2  km) f o r  t a c t i c a l  purposes i s  considered adequate f o r  t he  

above uses ,  and the  required accuracy i s  wi th in  10 percent  

( i n  terms of s a t u r a t i o n ) .  

1 4 .  Clear a i r  turbulence (CAT). CAT, a t  a l l  l e v e l s ,  i s  a 

s i g n i f i c a n t  ope ra t i ona l  parameter requi red  by t a c t i c a l  

commanders and a l s o  by meteorologis ts  f o r  observa$ion and 

fo recas t  purposes. S a t e l l i t e  observat ions  appear t o  be an 

e f f i c i e n t  means of de t ec t i ng  and l o c a t i n g  CAT, providing 

s u i t a b l e  sensors  a r e  developed. CAT observat ion and f o r e c a s t s  

w i l l  permit  avoidance of a r ea s  where CAT would presen t  hazards 

t o  a i r  opera t ions  such a s  a i rd rops ,  a i r l i f t ,  air-to-ground 

weapons de l ive ry ,  and t r anspo r t  of shock-sensi t ive  cargo. 

15. Neutral  densi ty .  Density measurements i n  t he  0-to-200,000- 

f e e t  (0-to-60,000 meters)  a l t i t u d e  range a r e  requi red  f o r  high- 

p rec i s ion  t a rge t ing  of a r t i l l e r y  and b a l l i s t i c  missiles. 

Frequent r e a l  time dens i t y  measurements a r e  needed i n  order  

t o  improve t h e  pred ic t ion  of dens i ty .  Density measurements 

i n  t h e  60-400 ki lometer  i n t e r v a l  a r e  required f o r  p r ed i c t i on  of 

s a t e l l i t e  ephemeris. Command and con t ro l  of lower o r b i t i n g  

s a t e l l i t e s  must be responsive t o  a n t i c i p a t e d  changes i n  dens i ty .  

Space t r ack  f a c i l i t i e s  a l s o  need proper ephemeris t o  manage 

acqu i s i t i on  and t r a c i n g  operat ions .  
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MARCH 19, 1985 

Department of t h e  I n t e r i o r  S a t e l l i t e  Remote Sensing Data 
Applicat ions and System Requirements 

I, In t roduc t ion  

The Department of t h e  I n t e r i o r  (DOI), through i ts  var ious  bureaus and o f f i c e s ,  
has  d i r e c t  admin i s t r a t i ve  r e s p o n s i b i l i t i e s  f o r  more than 500 m i l l i o n  acres ,  o r  
roughly 40 percent ,  of t h e  t o t a l  land and conf inenta l  she l f  a reas  of t h e  United 
S t a t e s ,  I n  addi t ion ,  t h e  Department has mapping and resource a p p r a i s a l  
r e s p o n s i b i l i t i e s  f o r  t h e  e n t i r e  country, a s  wel l  a s  r e s p o n s i b i l i t i e s  i n  t he  
T r u s t  T e r r i t o r i e s  of t h e  United S t a t e s ,  i n  Antarc t ica ,  and f o r  conducting 
s t u d i e s  i n  o t h e r  coun t r i e s  i n  cooperat ion wi th  fo re ign  governments. The 
vas tnes s  of t h e  t e r r i t o r i e s  involved i n  t h e  inventory,  monitoring, mapping, and 
management a c t i v i t i e s  of t h e  Department of t h e  I n t e r i o r  requi res  e f f i c i e n t  and 
e f f e c t i v e  means f o r  acqui r ing  many d i f f e r e n t  types of information. S a t e l l i t e  
remotely sensed da t a  represent  one such source of information t h a t  have been 
appl ied  and w i l l  cont inue t o  be appl ied wi th  increas ing  frequency i n  many 
d i f f e r e n t  app l i ca t ions  by D O 1  bureaus and off  i ce s .  

The ob jec t ive  of t h i s  document i s  t o  i d e n t i f y  s a t e l l i t e  remote sensing system 
and da t a  c h a r a c t e r i s t i c s  needed t o  meet t h e  research and app l i ca t ions  
requirements of t he  Department of t h e  I n t e r i o r .  The information requirements of 
t h e  count less  e x i s t i n g  and p o t e n t i a l  Departmental uses and app l i ca t ions  of 
s a t e l l i t e  remotely sensed d a t a  provide t h e  bas i s  f o r  def in ing  those system and 
d a t a  requirements. This  document presents  and d iscusses  represent  a t  i v e  examples 
of such e x i s t i n g  and p o t e n t i a l  s a t e l l i t e  d a t a  uses and app l i ca t ions  under 
ca t egor i e s  of major Departmental r e s p o n s i b i l i t i e s  and func t ions ,  The ob jec t ives  
and information requirements of these  app l i ca t ions  a r e  b r i e f l y  descr ibed and 
consequent sat e l l i t  e sys  tem and d a t a  requirements a r e  i d e n t i f i e d  on 
corresponding matr ix char t s .  

11, Geologic Inves t iga t ions  

It is t h e  r e s p o n s i b i l i t y  of t h e  U*S, Geological  Survey t o  c o l l e c t  and 
d isseminate  b a s i c  geologic  information, access  t h e  Nation 's  energy and mineral 
resources ,  determine r eg iona l  geologic  frameworks and de f ine  t h e i r  formative 
processes ,  eva lua t e  geologic  hazards,  and conduct fundamental geologic  research  
t o  address  cu r r en t  and f u t u r e  n a t i o n a l  needs, Other DO1 bureaus and o f f i c e s ,  
such as  t h e  Bureau of Land Management ,- Bureau of Mines, Minerals Management 
Serv ice ,  Bureau of Reclamation, and t h e  Off i c e  of Surface  Mining a l s o  conduct 
geo log ica l  i n v e s t i g a t i o n s  i n  support of t h e i r  admin i s t r a t i ve  r e s p o n s i b i l i t i e s .  
The p r i n c i p a l  r o l e  of s a t e l l i t e  remotely sensed da t a  i n  t hese  inves t iga t ions  is  
a s  a source of geologic  information from which meaningful geologic  
i n t e r p r e t a t i o n s  can be mades S a t e l l i t e  d a t a  o f f e r  t h e  unique advantage of 
providing continuous information,  over  l a r g e  a reas ,  r e l a t i n g  t o  t he  composition, 
form, d i s t r i b u t i o n ,  and s t r u c t u r a l  r e l a t i o n s h i p s  of geologic  ma te r i a l s  exposed 
on t h e  Earth" sur face*  Such information can be used not only t o  map and 
c h a r a c t e r i z e  su r f ace  geologic  ma te r i a l s  and r e l a t i o n s h i p s  but a l s o  t o  
e x t r a p o l a t e  t o  t h e  subsurface t o  i n t e r p r e t  and p red ic t  important r e l a t i o n s h i p s  
present  beneath t h e  E a r t h ' s  surface.  While most DO1 requirements f o r  geologic  
information a r e  domestic i n  na ture ,  c e r t a i n  r e s p o n s i b i l i t i e s  r equ i r e  access  t o  
geologic  information from fo re ign  count r ies ,  t h e  p r i n c i p a l  source f o r  which may 
be s a t e l l i t e  da t a ,  



~ e g i o n a l / G e n e r a l  Geologic Mapping. The ob jec t ives  of geologic  mapping a r e  t o  
provide bas i c  l i t h o l o g i c  and s t r u c t u a l  information which descr ibe  the  geologic  
s e t t i n g s  and r e l a t i o n s h i p s  of spec i f i ed  a reas  and which can be used i n  such . 
va r i ed  endeavars as  i n t e r p r e t i n g  reg ional  t e c t o n i c  frameworks, eva lua t ing  energy 
and mineral resource p o t e n t i a l s ,  land use planning, e t c .  Spec i f i c  information 
requirements which can be addressed wi th  s a t e l l i t e  remote sensing inc lude  
landform i d e n t i f i c a t i o n ,  d e f i n i t i o n  of drainage p a t t e r n  and dens i ty ,  o r i e n t a t i o n  
of s t r a t i g r a p h i c  beds, lineament i d e n t i f i c a t i o n ,  and rock type determination. 

Deta i led  S t r u c t u r a l  Del ineat ions.  Inves t iga t ions  such a s  mine s t a b i l i t y  
s t u d i e s ,  dam s i t e  eva lua t ions ,  d e t a i l e d  s t u d i e s  of complex t e c t o n i c  regimes, 
and f l u i d  migra t ion  s t u d i e s  o f t e n  r equ i r e  more d e t a i l e d  determinat ion of t h e  
occurrence and o r i e n t a t i o n  of f a u l t s  and f r a c t u r e s  than i s  t y p i c a l l y  provided by 
rou t ine  geologic  mapping. Determination of such information r equ i r e s  
i d e n t i f i c a t i o n  of s u b t l e  landform boundaries,  sur face  ma te r i a l  boundaries, 
v a r i a t i o n s  i n  r e l i e f ,  and drainage pa t te rns .  S a t e l l i t e  d a t a  have p o t e n t i a l  
a p p l i c a t i o n  i n  i d e n t i f y i n g  these  s u b t l e  va r i a t i ons .  

Determination of Rock Composition. Knowledge of t he  d e t a i l e d  mineralogic  
composition of su r f ace  rock and s o i l  ma te r i a l s  is important i n  many geologic  
i n v e s t i g a t i o n s  such a s  f a c i e s  mapping f o r  sedimentary bas in  ana lys i s  and 
eva lua t ion  of hydrocarbon p o t e n t i a l ,  a l t e r a t i o n  mapping f o r  mineral and energy 
a p p r a i s a l ,  and many o the r  i n v e s t i g a t i o n s  where d e t a i l e d  l i t h o l o g i c  
determinat ions a r e  important.  Compositional information can be derived from 
phys i ca l  rock p rope r t i e s  expressed a s  t e x t u r a l  v a r i a t i o n s  on remotely sensed 
image da ta ,  however t h e  g r e a t e s t  promise f o r  determining unique compositional 
p r o p e r t i e s  from s a t e l l i t e  remotely sensed da t a  l i e s  i n  t h e  p o t e n t i a l  of f u t u r e  
systems f o r  d e t a i l e d  measurement of s p e c t r a l  responses which a r e  uniquely 
r e l a t e d  t o  t h e  mineralogic  composition of t h e  source. 

Geologic Hazard/ThermalMonitoring. Earthquakes and volcanic  e r rup t ions  a r e  
n a t u r a l  events  t h a t  c o n s t i t u t e  two common and p o t e n t i a l l y  devas ta t ing  geologic  
hazards.  P red ic t ing  t h e  occurrence of these  events  is a high p r i o r i t y  goal  t h a t  
can be f a c i l i t a t e d  w i t h  s a t e l l i t e  remotely sensed da t a  by mapping loca t ions  of 
p o t e n t i a l l y  a c t i v e  f a u l t s  and monitoring movement along those f a u l t s ,  and by 
monitoring thermal a c t i v i t y  assoc ia ted  wi th  a c t i v e  o r  p o t e n t i a l l y  a c t i v e  
volcanos. Thermal monitoring by s a t e l l i t e  systems a l s o  has p o t e n t i a l  
a p p l i c a t i o n  i n  geothermal exp lo ra t ion  and resource evaluat ion.  

Geobotanical S tudies .  A major percentage of t he  E a r t h ' s  land su r f ace  is covered 
by vegeta t ion ,  thus  prevent ing d i r e c t  observat ion of rock and s o i l  mater ia l s .  
Geobotanical remote sensing s t u d i e s  attempt t o  cha rac t e r i ze  and u t i l i z e  
v a r i a t i o n s  i n  vege ta t ion  type,  dens i ty ,  d i s t r i b u t i o n ,  and vigor  t o  determine 
rock type and d i s t r i b u t i o n  parameters and t o  i d e n t i f y  s t r u c t u r a l  f ea tu re s ,  
S p e c t r a l  information provided from f u t u r e  space systems may de t ec t  p lan t  
s t r e s s  condi t ions  induced by man-made p o l l u t a n t s  o r  by anomalous concent ra t ions  
of minerals  a s soc i a t ed  wi th  o r e  depos i t s  o r  hydrocarbon occurrences.  



111, Hydrologic Inves t iga t ions  

The r e s p o n s i b i l i t  i e s  of Department of t he  I n t e r i o r  i n  hydrologic i nves t iga t ions  
inc lude  the  determinat ion of water occurrence, ex t en t ,  quant i ty ,  q u a l i t y ,  and 
use. The scope of t hese  r e s p o n s i b i l i t i e s  includes Inventory, monitoring, 
eva lua t ion ,  development, management, problem so lv ing ,  and predic t ion .  
Conventional,  ground-based procedures a r e  i n  opera t iona l  use by t h e  Bureaus t o  
c a r r y  out most of t hese  hydrologic  a c t i v i t i e s .  Remotely sensed d a t a  a r e  
p re sen t ly  used mainly as  a secondary source of informatlon because of t he  high 
c o s t s  of d a t a  a c q u i s i t i o n  and an lays i s ,  t h e  need f o r  f requent  r e p e t i t i v e  
coverage f o r  most ob jec t ives ,  t h e  l imi ted  hydrologic information I n  t h e  d a t a  f o r  
any s i n g l e  ob jec t ive ,  and unce r t a in ty  as  t o  t h e  accuracy of information obtained 
from t h e  data .  Yet, t h e  p o t e n t i a l  f o r  b e n e f i c i a l  app l i ca t ion  of remotely sensed 
d a t a  i n  hydrologic  i n v e s t i g a t i o n s  is high. A number of t rends  suggest an 
inc reas ing  hydrologic  app l i ca t ion  need f o r  remotely sensed data .  These t rends  
inc lude  t h e  inc reas ing  frequency, a rea ,  and s e v e r i t y  of water problems, a need 
f o r  more hydrologic  informatlon,  acquired more f requent ly ,  a need t o  b e t t e r  
c h a r a c t e r i z e  drainage basins  and aqu i f e r s ,  and a need t o  ob ta in  more accu ra t e  
r e s u l t s  by hydrologic  modeling, Improved system parameters and improved da t a  
a v a i l a b i l i t y  w i l l  r e s u l t  i n  wider use of s a t e l l i t e  remotely sensed da t a  f o r  
hydrologic  app l i ca t ions .  

Monitor Mountain Snowpack, Most streamflow and near ly  a l l  aqu i f e r  recharge i n  
t h e  western s t a t e s  comes from melting of t he  mountain snowpack, thus lmportant 
p red ic t ions  of water  a v a i l a b i l i t y  r equ i r e  r e l i a b l e  information on snowpack 
condit ions.  The ob jec t ives  of snowpack mapping a r e  de t ec t ion  of snowlines and 
landmarks, measurement of a r eas  of t h i ck  and t h i n  snow, and t h e  determinat ion of 
some r e l a t i v e  d i f  Eerences i n  dens i ty  and l i q u i d  water  content of snow. Frequent 
cloud cover i n  mountainous regions is a cons t r a in t  on t h e  use of remote sensing 
t o  ob ta in  t h i s  information. Thermal i n f r a r e d  images, which can be obtained day 
o r  n ight ,  and radar  images, which can be obtained regard less  of cloud cover, a r e  
very  d e s i r a b l e  f o r  an ope ra t iona l  program of snowpack mapping, 

Monitor Lakes and Ponds. Most su r f ace  water  is  s to red  i n  l a rge  lakes and 
r e se rvo i r s .  However, small  l akes  and farm ponds s t o r e  s i g n i f i c a n t  amounts of 
water ,  provide an important p a r t  of t h e  water  used i n  r u r a l  a r eas ,  and represent  
a n  unknown quan t i t y  i n  water  budgets. Ex i s t i ng  records show t h a t  hundreds t o  
thousands of farm ponds have been constructed i n  most count ies ,  but n e i t h e r  
t h e s e  ponds nor small n a t u r a l  l akes  have ever  been adequately inventor ied ,  
There a r e  two purposes f o r  t h i s  app l i ca t ion :  - an inventory of small  l akes  and 
farm ponds, and t h e  monitoring of t h e  a r e a  of t hese  water  bodies as  an 
i n d i c a t i o n  of drought condi t ions  and f o r  water  budget purposes, Surface a r e a  of 
l akes  and ponds can be used t o  c a l c u l a t e  volume of water  i n  s torage .  

Measure I r r i g a t e d  Acerage, I r r i g a t i o n  c o n s t i t u t e s  about 70 percent  of t o t a l  
water  use  i n  t h e  western s t a t e s  and up t o  90 percent  of t o t a l  water  consumption 
by evapot ranspi ra t ion ,  Deta i led  farm inven to r i e s  of water d ive r s ion  and pumpage 
a r e  a v a i l a b l e  i n  a few a reas ,  but i r r i g a t i o n  water  use  i s  est imated from p a r t i a l  
i nven to r i e s  i n  most areas .  Est imates  by d i f f e r e n t  agencies commonly have 
cons iderable  v a r i a t i o n  from a rea  t o  a r ea  and from time t o  time. More accura te  
c a l c u l a t i o n s  of water  use can be made from t h e  measurement and monitoring of 
i r r i g a t e d  lands. This  ob jec t  requi res  a s epa ra t ion  of i r r i g a t e d  crops from 
dryland crops and n a t u r a l  vege ta t ion ,  The a r e a  of i r r i g a t i o n  can then  be used 
t o  c a l c u l a t e  water use*  Cloud cover is a cons t r a in t  on an ope ra t iona l  program, 
and i t  is lmportant t h a t  some images a r e  obtained regard less  of cloud cover. 



Monitor Water Turb id i ty ,  Water t u r b i d i t y  is  genera l ly  r e l a t ed  t o  t h e  l e v e l  of 
eu t roph ica t ion  i n  lakes  and r e s e r v o l r s  and t o  t h e  sediment content of water,  
Tu rb id i ty  p a t t e r n s  a l s o  show many water cur ren t  and water  c i r c u l a t i o n  pa t t e rns ,  
Deta i led  monltoring of these  water c h a r a c t e r i s  t i c s  requi res  a sampling approach: 
t h e  chances a r e  small  of a s i n g l e  image showing any se l ec t ed  condi t ion  o r  event ,  
bu t  t h e  chances of showing a range of condi t ion  o r  events  by a long sequence of 
images is exce l l en t .  

I n t e r p r e t  Shallow Aquifers.  Shallow aqu i f e r s  s t o r e  more f r e s h  water than  a l l  
l akes  and r e s e r v o i r s ,  and a q u i f e r s  supply most of the  water  f o r  a l l  
uses.  Consequently, information about a q u i f e r  c h a r a c t e r i s t i c s  and discharge 
p o t e n t i a l  i s  import ant  t o  many evaluat ion,  development, and management 
a c t i v i t i e s .  Remotely sensed da t a  show only the  land sur face ,  and t h e  
information on t h e  occurrence and s a l i n i t y  of ground water  must be obtained by 
i n t e r p r e t a t i o n .  These i n t e r p r e t a t i o n s  a r e  based on topography, landforms, 
dra inage  pa t t e rns ,  and vegeta t ion  types and pa t t e rns ,  S i g n i f i c a n t  improvements 
i n  t h e  accuracy of t hese  app l i ca t ions  r equ i r e  s t e r o  coverage, 

I V ,  Cartographic Mapping 

The National  Mapping Divis ion  (NMD) of t he  U .S. Geological Survey has t he  
mandated r e s p o n s i b i l i t y  f o r  base map production of t he  land areas  of t he  United 
S t a t e s .  Other agencies ,  inc luding  t h e  Bureau of Reclamation, t h e  Bureau of Land 
Management, and t h e  Bureau of Ind ian  A f f a i r s  car ry  out mapping a c t i v i t i e s ,  such 
a s  t h e  production of thematic  maps designed t o  support t h e i r  s p e c i f i c  management 
needs. S a t e l l i t e  remotely sensed da ta ,  when geometr ical ly  f i t t e d  t o  con t ro l  
d a t a ,  provide an image map t o  which thematic  information can be f i t t e d .  
Furthermore, t h e  remotely sensed s p e c t r a l  d a t a  can be c l a s s i f i e d  t o  provide a 
foundat ion  f o r  t h e  thematic  mapping process  and c r e a t i o n  of derived products,  
The derived products inc lude  t h e  image map i t s e l f  merged wi th  se l ec t ed  thematic 
over lays ,  t e r r a i n  d a t a  c rea ted  through s t e r e o  models from image data ,  and 
thematic  base ca t egor i e s ,  such as f o r e s t ,  waterbodies,  and urban f o r  inventory 
and update. The pe r iod ic  coverage of s a t e l l i t e  da t a  i s  p a r t i c u l a r l y  important 
f o r  updating thematic  base ca t egor i e s  and i d e n t i f y i n g  areas  t h a t  r equ i r e  base 
map rev is ion ,  These products a r e  u se fu l  both wi th in  t h e  United S t a t e s  and i n  
developing coun t r i e s  which may not have advanced mapping programs. 

Image maps. Image maps provide a syn thes i s  of s p e c t r a l  d a t a  with s e l ec t ed  
thematic  overlays which can be e f f e c t i v e l y  used f o r  i n t e r p r e t a t i o n .  Image maps 
can be used a s  base maps f o r  t a s k s  inc luding  land use l land  cover mapping, 
gene ra l  geologica l  and s o i l s  mapping, and co r r ido r  placement, a s  we l l  a s  f o r  
t a s k s  app ropr i a t e  t o  t he  o r i g i n a l  thematic  overlays.  Important cons idera t ions  
f o r  image maps a r e  da t e s  of coverage, s p e c t r a l  bands appropr ia te  t o  an t i c ipa t ed  
i n t e r p r e t a t i o n  needs, and sensor  r e s o l u t i o n  and geometric accuracy appropr ia te  
t o  map scale .  

Te r r a in  models. Product ion of accura te  topographic products is  present ly  a 
resource i n t e n s i v e  task.  Many regions of t h e  world have not y e t  been mapped i n  
d e t a i l .  S a t e l l i t e  imagery, acquired i n  s t e r e o ,  could se rve  a s  a bas i s  f o r  
mapping these  regions. S a t e l l i t e  platforms could a l s o  serve  as  an e f f i c i e n t  
source  of d i g i t a l  t e r r a i n  d a t a  f o r  many kinds of geographical ana lys i s .  Sensor 
and sensor  platform cons idera t ions  s p e c i f i c  t o  topographic mapping a r e  sensor  
r e s o l u t i o n  and geometric accuracy appropr i a t e  t o  t h e  map sca l e ,  s t e r e o  coverage, 
and accu ra t e  s a t e l l i t e  a t t i t u d e  da ta ,  



Thematic Base Cartegory Inventory and Update'. The pe r iod ic  coverage of 
m u l t i s p e c t r a l  sensors  from a s a t e l l i t e  platform provide an exce l l en t  
means f o r  t h e  inventory and update of thematic base ca tegor ies .  The 
compilat ion of inventory d a t a  f o r  use  i n  base mapping is o f t e n  not 
r e a d i l y  a v a i l a b l e  a t  t h e  n a t i o n a l  leve l .  By taking advantage of t h e  
synop t i c  coverage of s a t e l l i t e  da ta ,  broad themes can be r ead i ly  mapped, 
Examples inc lude  the  waterbody category, t h e  f o r e s t  ca tegory , the  wetlands 
category,  and the  urban category. S a t e l l i t e  da t a  can be used t o  de t ec t  a reas  of 
change r e l a t e d  t o  t he  ca t egor i e s  t h a t  r equ i r e  base map updating. 

V , Land Management A c t i v i t i e s  

The Bureau of Land Management and t h e  National  Park Serv ice  a r e  s p e c i f i c a l l y  
charged wi th  t h e  land management r e s p o n s i b i l i t i e s  of t he  Department of the  
I n t e r i o r .  Other  DO1 bureaus and o f f i c e s  a r e  respons ib le  f o r  t h e  c o l l e c t i o n  of 
d a t a  t h a t  a r e  used by o the r  governmental agencies  i n  t h e  land management process. 
Administrat ion of Federa l  lands requi res  an in t ima te  knowledge of what is  
c u r r e n t l y  on t h e  land and pe r iod ic  updates of t h a t  knowledge i n  order  t o  make 
proper dec is ions  about management of these  lands. Federal  lands a r e  a f f ec t ed  by 
man's use as  we l l  a s  by ca t a s t roph ic  events ,  each of which r equ i r e  s p e c i f i c  
information t o  a s se s s  t h e i r  e f f e c t s  on t h e  land and i t s  cover. I n  addi t ion ,  
mu l t ip l e  use demands made on these  lands make dec is ions  even more complex. The 
v a s t  a r e a l  ex t en t ,  d i v e r s i t y  of t e r r a i n  and cover, v a r i e t y  and t imel iness  of 
information needs, requirements f o r  r e p e t i t i v e  coverage, and r e s t r i c t e d  manpower 
and budget a l l  po in t  t o  t h e  important r o l e  remote sensing can and does play i n  
D O 1  land management a c t i v i t i e s ,  

Vegeta t ive  land cover mapping represents  one of t h e  major opera t iona l  uses of 
s a t e l l i t e  da t a ,  p a r t i c u l a r l y  i n  Alaska. Monitoring of land cover change, 
e s p e c i a l l y  due t o  man's a c t i v i t i e s ,  i s  use fu l  i n  fol lowing the  conversion of 
n a t u r a l l y  vege ta ted  lands t o  o the r  uses and t h e  change i n  n a t u r a l  cover due t o  
management o r  c a t a s t r o p h i c  events.  With improvements i n  s p a t i a l  and radiometr ic  
r e so lu t ion ,  r e l i a b i l i t y  of coverage, and a n a l y s i s  c a p a b i l i t i e s ,  add i t i ona l  uses 
of remotely sensed d a t a  w i l l  bene f i t  t h e  mission of D O I .  

Rangeland. Much of t h e  D O 1  land i n  t h e  western United S t a t e s  is managed as  
rangeland. Short  term and long term e f f e c t s  of use must be assessed and 
management dec is ions  made regarding cont inua t ion  o r  change of cur ren t  use. 
S t a t u s  of vege ta t ion  condi t ion ,  both during t h e  growing season and change with 
years  of management is  e s s e n t i a l  t o  maintaining o r  improving t h e  land cover, 
S a t e l l i t e  remote sensing provides a  means of monitoring vegeta t ion  condi t ion  
over  t he  l a r g e  a rea  of Federa l  lands and i n  t h e  r e p e t i t i v e  timeframe required. 
Current i n v e s t i g a t i o n s  a r e  designed t o  determine t h e  r e l i a b i l i t y  of biomass 
es t imat ions  under a  v a r i e t y  of c l ima t i c  and geographic condit ions and r e l a t e  
t hese  measurements t o  short-and long-term t rends  i n  t h e  vegetat ion.  

Land Cover Change Detect ion,  Change de t ec t ion ,  such as  conversion of 
a g r i c u l t u r a l  land t o  urban use,  i s  necessary f o r  updating of maps and 
s t a t i s t i c a l  d a t a  produced by D O 1  agencies.  Mining a c t i v i t i e s ,  n a t u r a l  
d i s a s t e r s ,  and degradat ion of n a t u r a l  land cover represent  a d d i t i o n a l  change 
events  which impact management decis ions.  Since s a t e l l i t e  remote sensing 
can sys t ema t i ca l ly  acqui re  d a t a  over a l l  a r eas  of concern, it provides a  



mechanism f o r  search  and loca t ion  of land cover change. Previously acquired 
d a t a  provides a bas i s  f o r  comparison with cur ren t  and f u t u r e  acqu i s i t i ons .  

S t r e s s  Detect ion,  Management of n a t u r a l  resources r equ i r e s  monitoring of t h e  
resource f o r  condi t ions  which a f f e c t  t h e  a b i l i t y  of t he  resource t o  maintain 
i t s e l f .  Drought, d i sease ,  and i n s e c t s  impose s t r e s s  condit ions on t h e  resource 
which, i f  not considered i n  management dec is ions ,  w i l l  have adverse e f f e c t s  on 
t h e  resource. S t r e s s  d e t e c t i o n  r equ i r e s  an e x a d n a t i o n  of t he  phys io logica l  
s t a t e  of t he  vegeta t ion ,  which r e l a t e s  d i r e c t l y  t o  t he  r e f l ec t ance  responses 
measured by s a t e l l i t e  sensors .  Frequent coverage during the  growing season a l s o  
i s  necessary t o  de t ec t  events ,  such as i n s e c t  i n f e s t a t i o n s ,  which can be of 
s h o r t  dura t ion  and in t ense  i n  e f f e c t  . 
A g r i c u l t u r a l  Crop C las s i f i ca t ion .  Knowledge concerning t h e  s p e c i f i c  crops grown 
provides a re f ined  l e v e l  of da t a  which impacts such th ings  as water use  
ca l cu la t ions ,  p o t e n t i a l  e f f e c t s  of n a t u r a l  d i s a s t e r s ,  and development of 
s t a t  i s t i c s  f o r  i r r i g a t i o n  p ro j ec t  planning. Si te-specif  i c  coverage requirements 
can be met through the  genera l  coverage acquired rout ine ly .  Multitemporal 
coverage over a growing season optimizes t h e  e f f i c i ency  of c l a s s i f i c a t i o n .  

Geographic Information Systems. The a b i l i t y  t o  i n t e g r a t e  var ious da t a  sources 
i n t o  t h e  decision-making process  enhances t h e  execution of r e s p o n s i b i l i t i e s  of 
a l l  DO1 agencies.  Remote sensing provides t h e  s p e c t r a l  information from which 
qelevent  vege ta t ion  information can be in t e rp re t ed .  The d i g i t  a 1  geometric 
r e g i s t r a t i o n  of remotely sensed da t a  provides f o r  a convenient and e f f i c i e n t  
incorpora t ion  of the  d a t a  i n t o  a geographic information system. Data 
requirements can be t a i l o r e d  t o  t h e  immediate task. 

V I .  Wi ld l i f e  Management and Inventory 

I n t e r i o r  r e s p o n s i b i l i t i e s  f o r  w i l d l i f e  management and inventory occur a t  
s e v e r a l  l eve l s .  For example, t h e  U.S. F ish  and Wi ld l i f e  Serv ice  conducts 
numerous programs involving t h e  management of w i l d l i f e ,  h a b i t a t  management, 
and t h e  r egu la t ion  of a c t i v i t i e s  a f f e c t i n g  w i l d l i f e  . Land management agencies 
w i t h i n  t h e  I n t e r i o r  such as  t h e  Bureau of Land Management and t h e  National  Park 
Serv ice  a r e  mandated t o  consider  f i s h  and w i l d l i f e e  as resources t o  be taken i n t o  
account when management dec is ions  a r e  made. Several  o t h e r  agencies ,  such as  t he  
Geological  Survey, Bureau of Reclamation, and Off ice  of Surface Mining, while 
not d i r e c t l y  involved i n  w i l d l i f e  management, a r e  required by t h e i r  cha r t e r s  t o  
c o l l e c t  da t a  which is e s s e n t i a l  t o  t h e  management and preserva t ion  of our 
n a t  ion1 s w i l d l i f e  resources.  

I n  many cases ,  s a t e l l i t e  remote sensing is used t o  c o l l e c t  a t  l e a s t  some of t he  
in£  ormation requi red  by these  agencies i n  t h e i r  w i l d l i f  e - re la ted  a c t i v i t i e s ,  and 
poss ib l e  f u t u r e  improvements i n  d a t a  q u a l i t y ,  t imel iness ,  and a v a i l a b i l i t y  w i l l  
' render remotely sensed d a t a  even more valuable .  Only r a r e l y  is remote sensing 
capable of providing d a t a  t h a t  is t e c h n i c a l l y  impossible t o  c o l l e c t  by 
ground-based techniques* However, it  o f t e n  makes poss ib le  da t a  c o l l e c t i o n  t h a t  
would not be economically f e a s i b l e  by o the r  means, The vas tnes s  of t h e  a r ea  
of i n t e r e s t ,  i n a c c e s s i b i l i t y  or  remoteness, and t h e  ephemeral na ture  of t he  
da t a ,  which r equ i r e s  frequent  updating and remeasurement, a r e  da t a  a c q u i s i t i o n  
problems t h a t  can be solved by s a t e l l i t e  remote sensing,  



Vegetat ion Mapping (Habitat  Inventory) ,  Wi ld l i f e  management is dependent on a 
knowledge of t h e  amount and d i s t r i b u t i o n  of h a b i t a t  a v a i l a b l e  f o r  w i l d l i f e .  This  
u sua l ly  r equ i r e s  a knowledge of t h e  amount, kind, condi t ion ,  and loca t ion  of 
land cover,  a s  land cover provides food and p ro t ec t ion  f o r  w i l d l i f e  and may 
a f f e c t  h a b i t a t s  elsewhere, f o r  example, i n  prevent ing e ros iona l  e f f e c t s  on 
downstream f i s h e r i e s .  S a t e l l i t e  remote sensing provides an opportuni ty f o r  
c o l l e c t i n g  t h e  l a r g e  q u a n t i t i e s  of da t a  needed due t o  t h e  broad a e r i a l  extent  of 
many habi t  a t  s of i n t e r e s t  

Vegetat ion Change Monitoring (Habitat  Analysis  and Monitoring). Although a 
one-time inventory of h a b i t a t  may provide suf f i c i e n t  d a t a  f o r  c e r t a i n  management 
a c t i v i t i e s ,  u sua l ly  a cont inuing pe r iod ic  monitoring program i s  necessary t o  
permit d e t e c t i o n  and documentation of changes i n  h a b i t a t ,  e i t h e r  as  a r e s u l t  of 
e x t e r n a l  forces  o r  a s  a r e s u l t  of management prac t ices .  S a t e l l i t e  remote 
sens ing  may permit r e l a t i v e l y  inexpensive t imely c o l l e c t  i o n  of the  d a t a  required. 

Wetlands Inventory and Evaluation. Numerous spec ies  a r e  dependent on wetlands 
f o r  su rv iva l ,  but  t hese  unique h a b i t a t  environments a r e  of p a r t i c u l a r  i n t  e r e s  t 
due t o  t he i r - impor t ance  t o  migratory waterfowl, and t h e  f a c t  t h a t  modern 
a g r i c u l t u r a l  p r a c t i c e s  a r e  r e s u l t i n g  i n  a d r a s t i c  decrease i n  wetlands. 
Furthermore, t h e  condi t ion  of wetlands, and hence t h e i r  s u i t a b i l i t y  a s  waterfowl 
h a b i t a t ,  v a r i e s  g r e a t l y  from yea r  t o  year  due t o  weather condit ions.  * This 
ephemeral chact e r i s t i c  makes frequent  monitoring of wetland ex ten t  and 
condi t ion  h ighly  des i r ab l e .  

Wi ld l i f e  Tracking. Although s a t e l l i t e  remote sensing does not lend i t s e l f  t o  
d e t e c t i o n  of w i l d l i f e  per  se, sa t e l l i t e -based  te lemetry systems have proven t o  
be very use fu l  i n  c o l l e c t i n g  da t a  from rad io  devices  a t tached  t o  w i l d l i f e ,  
t hus  providing information on movement and loca t ion .  These da ta ,  when combined 
w i t h  h a b i t a t  information,  can y i e l d  va luable  information on h a b i t a t  preference,  
mob i l i l t y ,  h a b i t s ,  e t c .  

V I I .  Environmental Monitoring 

The bureaus and o f f i c e s  of D O 1  have c e r t a i n  environmental monitoring 
r e s p o n s i b i l i t i e s  t h a t  must be ca r r i ed  out i n  conjunct ion with t h e i r  o v e r a l l  
admin i s t r a t i ve  and management r e s p o n s i b i l i t i e s .  Development of mineral 
resources,  domestic and i n d u s t r i a l  uses  of water  resources,  mu l t ip l e  uses of 
f o r e s t  and wi lderness  a reas ,  and o t h e r  development a c t i v i t i e s  have an 
environmental impact t h a t  must be considered, 

S a t e l l i t e  remotely sensed d a t a  can be used t o  de t ec t  and monitor s i t e  s p e c i f i c  
condi t ions  which a r e  p o t e n t i a l l y  de t r imen ta l  t o  t h e  environment as  we l l  as  t h e  
r eg iona l  e f f e c t s  of environmental po l lu t an t s ,  such as  ac id  ra in .  I n  add i t  ion,  
s a t e l l i t e  remotely sensed d a t a  can be used t o  monitor environmental recovery, 
such a s  s t r i p  mine reclamation,  

Detect ing Thermal Po l lu t ion ,  The most common method of d i sposa l  of l i qu id  
i n d u s t r i a l  was te  is  discharge i n t o  r i v e r s  and lakes.  I f  not properly cooled, 
t h e  waste o f t e n  w i l l  be warmer than t h e  rece iv ing  water  body, r e s u l t i n g  i n  
thermal  p o l l u t i o n  which may be de t r imenta l  t o  aqua t i c  p l an t s  and animals. 
S a t e l l i t e  thermal i n f r a r e d  sensing can d e t e c t  and monitor sources of thermal 
po l lu t ion .  



Detect ing and Monitoring O i l  Po l lu t ion ,  More in t ense  development of t h e  o i l  
resources  of c o a s t a l  waters  and remote land a reas  has increased t h e  p o t e n t i a l  
f o r  acc iden ta l  o i l  po l lu t ion ,  Ear ly  d e t e c t i o n  of o i l  s p i l l s  from p ipe l ine  
leakage o r  on water  and monitoring t h e  movement of o i l  s p i l l s  on water can 
s i g n i f i c a n t l y  reduce t h e  damage t o  t h e  environment, Repe t i t i ve  coverage by 
s a t e l l i t e  remote sensors  can f a c i l i t a t e  t h e  e a r l y  d e t e c t i o n  and monitoring of 
o i l  s p i l l s ,  

Monitoring Surface Mine Reclamation. Reclamation of sur face  mines is  a mandated 
a c t i v i t y  t o  prevent p o l l u t i o n  of su r f ace  water  and t o  r e t u r n  t h e  land t o  i t s  
former use by burying t h e  mine s p o i l s ,  reshaping t h e  t e r r a i n ,  rep lac ing  the  top  
s o i l ,  and revegeta t ing  t h e  surface.  An i n d i c a t o r  of successfu l  reclamation is 
t h e  condi t ion  of t h e  replaced vegetat ion.  S a t e l l i t e  remotely sensed da t a  can be 
e f f e c t i v e l y  used t o  monitor t h e  reclamation process. 

Monitoring Af fec t s  of Acid Rain, The use of f o s s i l  f u e l s  and o t h e r  i n d u s t r i a l  
processes  has r e s u l t e d  i n  t h e  p o l l u t i o n  of t h e  atmosphere with a c i d i c  chemical 
compounds, The a c i d i c  compounds a r e  returned t o  t h e  su r f ace  by r a i n f a l l  which 
comes i n  contact  with vege ta t ion  and eventua l ly  en t e r s  t h e  lakes  and streams, 
An e a r l y  i n d i c a t o r  of ac id  r a i n  po l lu t ion  is  the  s t r e s s  o r  death of f o r e s t  
vege ta t ion .  S a t e l l i t e  remotely sensed da t a  can be used t o  monitor t he  condi t ion  
of f o r e s t  i n  a r eas  s u s c e p t i b l e  t o  ac id  r a i n  pol lu t ion .  
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DEPARTMENT O F  THE INTERIOR SATELLITE REMOTE S E N S I N G  DATA REQUIREMENTS ACTIVITY: E n v i r o n m e n t a l  M o n i t o r i n g  
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Application 

Regional/ 
General 
Geologic 
Mapping 

Detailed 
Structural 
Delineation 

7 
Determina- 
tion of 
Rock 
Composition 

Geologic 
Hazard1 
Thermal 
Monitoring 

Geobotanica 
Studies 

F THE INTERIOR SATELLITE REMOTE SENSING DATA REQUIREMENTS ACTIVITY: Geologic Investigations 
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DEPARTMENT OF THE INTERIOR SATELLITE REMOTE SENSING DATA REQUIREMENTS ACTIVITY: W i l d l l f  e Management and I n v e n t o r y  

a" 

data d e l i v e r y  

*500-1000 m resolution is suitable for many large area mapping/monitoring/change detection applications. 
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APPENDIX E 

GLOSSARY OF ACRONYMS 

AFGWC 

AHOS 

AID 

AISC 

AMSU 

APT 

ASDAR 

AVHRR 

BLM 

BOR 

CE 

CG 

CRREL 

DCP 

DCS 

DOD 

DO1 

DOT 

DMSP 

DSB 

EOS 

ENS0 

ERS-1 

ESA 

- Air Force Global Weather Central 

- Automatic Hydrologic Observing System 

- Agency far International Development 

- Assessment and Information Services Center 

- Advanced Microwave Sounding Unit 

- Automatic Picture Transmission 

- Aircraft to Satellite Data Relay System 

- Advanced Very High Resolution Radiometer 

- Bureau of Land Management 

- Bureau of Reclamation 

- Corps of Engineers (U.S. Army) 

- Coast Guard (U. S. ) 

- Cold Regions Research and Engineering Laboratory 

- Data Collection Platform 

- Data Collection System 

- Department of Defense 

- Department of Interior 

- Department of Transportation 

- Defense Meteorological Satellite Program 

- Direct Sounder Broadcasts 

- Earth Obsewing System 

- El ~i%o/~outhern Oscillation 

-. ESA Remote-Sensing Satellite 

- European Space Agency 



FAA - 
FAST - 
FEMA - 
FNOC - 
GEOSAT - 
GIs - 
GMS - 
GOES - 
HRPT - 
ICAO - 
Landsat - 
LEAP - 
Meteosat - 
MSS - 
NASA - 
NESDIS - 

NOAA - 
NOS - 
N-ROSS - 
NWS - 
OFDA - 
POES - 
RAWS - 
SARSAT - 
SESC - 

Federal Aviation Administration 

Flood Analysis Simulation Technology 

Federal Emergency Management Agency 

Fleet Numerical Oceanography Center 

Geodetic Satellite (U.S. Navy) 

Geographic Information Systems 

Geostationary Satellites (Japanese) 

Geostationary Operational Environmental Satellite 

High Resolution Picture Transmission 

International Civil Aviation Organization 

Land Satellite 

Landsat Emergency Access and Products 

Meteorological Satellite (European) 

Multi-Spectral Scanner 

National Aeronautics and Space Administration 

National Environmental Satellite, Data, and 
Information Service 

National Oceanic and Atmospheric Administration 

National Ocean Service 

Navy Remote Ocean sensing System 

National Weather Service 

Office of Foreign Disaster Assistance 

Polar-orbiting Operational Environmental Satellite 

Remote Automated Weather Stations 

Search and Rescue Satellite-Aided Tracking 

Space Environment services Center 



SPOT 

TIROS 

TM 

TOVS 

USDA 

USGS 

WRD 

- Space Research and Remote Sensing Organization 
(Bangladesh) 

- System Probatoire dlObservation de %a Terre 
(France) 

- Television and Infrared Observation Satellite 

- Thematic Mapper 

- TIROS Operational Vertical Sounder 

- U.S. Department of Agriculture 

- U.S. Geological Survey 

- Water Resources Division 




