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In Noverper 1973, the National Aeronautics and Space Administration’(NASA) '
. asked the National Academy of Engineering* to 'conduct a summers study of future

-, - ‘applications/ of space systems, with particular emphasis on practical approdches,

’ _taking into consideratzon.éocioeconomic,benefits, NASA asked that the s#udy
also.consider how these; applications would-influence or bé'influenéég,by the .,
Space Shuttle System, the principal space transportation system of the 1980's.

p{n December 1973, the Academy agreed to perform the stgﬁy amd assigned the
ask /to ‘the Space Applications Board (SAB). N
In the summers of 1967 and 1968, -the National Academy of Sciences had
convened a group of eminent scientists and engineers to determine what research

. . and development 'was necessary to permit the exploitatjon of useful applications

. Oféarth-oriented ‘satellites. The SAB conclided fhat since the NAS study,
operatiohal weather and comnunications satellites and the successful first
year of use of the experimental Earth Resources Technology Satellite had demon-
strated conclusively a technological capability that could forh a foundation
for expanding the useful applications of space-derived information and services,
and that it was now necessaty to obtain, from a bread cross-sgction of pOtential .
users, héw ideas and needs that might guide the development of future space .
systems for practical, applications. B ) ] ; v -

After discussions with NASA and other -interested federal agencies, it
was agreed that a major aim of the."summer study" should be to involve, and
to attempt to understand thg needs of, resource managers and other decision-
makers who had as yet only considered space systems as ‘experjmental rather -
than as useful elements of major.day-to-day operational information and service .
systems, Under the general direction of the SAB, then, a representative group
of users and potential users conducted an intensive two-week study to define
user needs that maght be met by information or Services.derived from earth-
orbiting satellites. This work was*done in July 1974 at Snowmass, Colorade,
) For the study, nine uset-oriented panels were formed, comprised of present
or potential publac and private users, including businessmen, state ard local
government officials, resource nanagers, and other decision-makers. A nquer )

*Effective July 1, 1974, the National Academy of Sciences and’ the National

Acadeny of Engineering reorganized the National Research Council into eight -
assemblies and commisSions. All_.National Academy of Engineering program units
including the SAB, became the Assembly of Engineering.
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of scientists and stechnologists also part1c1paxed functioning essentially

as expert con:ultants The’ assignment’ made to the panels included rev1eW1ng
progress in space applications sinse the NAS study of 1968* and defining user
needs’ potentially capible of being met by space-system applications. User
specialists, drawn from, federal, stete, and local governments and from business

%nd 1ndustry, were 1mpane1ed in the follou1ng fzelds - .

Panel 1: Weather and Climate . T,
. Panel 2: Uses of Communications™ .
. . . Sanel 3: Land Use Planning , )

Panel 4: Agriculture, Forest, and.Range . ' '

. » Panel 5: Inland Water Resources . § .

. Panel 6: Extractable Resourees .

Panel 7: "Environmental Quality , . I

= Panel 8: Marihe and Maritime Uses ™ - o .
Panel 9: Mate:}aie'Proceésing in Space ;o .

'
L 4

RN ¢ 1 addltlon to study the socioeconomic benefits, the influence of tech-
nolog), and the 1nterface with space transportation systems the folLow1ng
papels (termed 1n;eract1ve panels) were convened: K

Panel 10: Institutional Arrangements ‘
Panel 1l: -Gosts and Benefits - : T .
Panel“12: ‘Space Transportation

Parnel 13: Information’Services and Information Proce551ng "

Panel 14: , Technology .

’
~

AS a basis for their de11berat10ns, the latter groups used needs expressed
by the user panels., A substantial,amount of interaction with the iser panels
was.désigned into the sﬁydy .plan and was found to be both de51rab1e and neces-
sary. :

. THe majoxr part of the study was accomﬁ41shed by the panels. " The functlon
of the SAB was to review the wor}'of the panels, to evaluate their findings, -
and to derjve from their work an integrated set of major conclusions and recom- .
mendations. The Board's findings, which include certain significant recommen-
dations from the panel reports, as well as more general ones arrived at by
considering the work of the study as a whole, are contained in-a report pre-
pared by the Board.** N

It should be emphasized that the stydy was not de51gned to make detailed
assessments of all of the factors which should be considered in establishing
priorities. In some cases, for example, options other than space systems for
accomplishing the same obJectlves may need to be assessed requirements for

. s

-

ad . v

*National Research Coundil. Usef: ul Applications of Earth-Oriented Satellites,
Report of the Central Review Committee. Natiopal Academy of Sciences,

Washington, D.C., 1969. .
**Space Applications Board, National Research Council. Practical 4pplications
of Space Systems. National Academy of Sciences, Washington, D.C., 1975. .
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Institutional or organizational suppoft; may need to be appraised; multiple /

N uses of systems may. need to be evaluated tq. achieéve the most efficient and
economic returns. In Some cases, analyses of costs and benefits will be *

. -needed. If this connection, specific .cost-benefit studies were not conducted
as a part of the two-week study. ‘Recommendations for certain such analyses, - ' .
"however, appear in the Board's repdrt,‘ togethér with récommendations designed
to provide an Improved basas upon which to make cost-benefit assessments. /\

‘In sum, the study was designéd to provide <an opportunity for knowledgeable ,

and experienced 'users, ‘expert in their fields, to express their needs for L A
information or services which might’.(or might not) be met by'space systems, - .
and to. relate the present and *potential capagbilities of space .systems to their «
needs. - The study did not attempt to eiémine in:detqil the scientiﬁip, technical, '
or economic bases ‘for the needs expressed by the users. : ) .

- - The SAB was rmpressed by ‘the quality of the panels' work and has’'asked
-.that_the%r reports“be made available a§esupporting‘documents Tfor the Board's
report. HKhile the Board, is in general accord with the panel répdt;s,_it does

nbt necessarily endorse them in every detail.. ‘
The conclusions and recommepdations Qf this panel. report should be con-
sidered within the -context of the report prepared by .the Space Applications SR

+ Board. The views presented in the panel report represent’ the general consensus -
‘'of the panel. Some individual members of the panel may not agree with every

conclusion or recommendation contained in the report.’ .. . Ny
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S R S, OBJECTIVES OF PANEL ON INLAND WATER RESOURCES - . '~ .
- ’ . ‘\. . . . , ] . J . . ] '~ .
. ' .. TTHe stated purpose of thé 1974"Sigmer Study on Sé@ce Applications held -7
C at Snowmdss, Colorddo, was as fotlows: -  , ‘'~ - Co TS
‘\-“: ' ":k‘. ’ - ’ ’ : .. .’ . ' ) s -, > T .! ~ .u'
"The objective™is to conduct a tomprehensive study of applications .
» . .of space systems'for the 1980's}™tricluding practical approaches, «
T . assessment’of sdcio-economic benefits, praphing for implementation, :
- and influemces, on or by the pfincipal space transportatijon system . . _ !
. ~ of the era," - « : . ‘. : Sl e . . ¥ "

‘The primary objéctive of the Panel on nland Watér Resources was established
by the Pan&i-as determining how and to what extent space technology can be used
in the timely development and: imfiroved mahagément of the nation's -fnland water
. -résourtes.. !’ B ) .. N “ RN
" +The texnf "space technology,! as used hereip, refers toa system or systems
) which may inglude sat_:gnitgzgigh-alti;ude aircraft; and ground installations
N /wit’q attendant sehsors that “%e otely medsube various parameters and collegt .
. ground“based data and relay them via satellité to processins centers, _Data so .. Q
obtained may be .applied ® four main areas in the mé:rage_amént'of water Tesources:

) [\

* oo -} Inventory o - . * - o, Lo e
- o . Basicryxesearch on hydrologic balance . | ~7, .
_ a Planning . st , ¢ T -
C T Operation, =~ .~ R . / DU e
N—" i ' R v / PR . - o, : ?
. Emphasis has been placed on user, applications which the Panel believes ,.. .
, will arise within“the ng'xt décade. Primaty users are seen as federal, state, ‘

. " and local govemnmental.agencies #nd fifms and jgHividuals in the private sector,
* . L€Ss attention is given to the needs of jndiitidua] researchscientists 6r
P engineers in universities ox, in government agehci€s, although pa¥ts of the pro-
. . -6, [ .- N .
gram may be highly beneficial-to them. No attempt has been: made 40 ‘treat “'spin-
of f* applications of space technology although mafy are used, particylarly im .
, new sensors. It is believed that adarge body” of space relaged .teghnology exists
", whiseh® could-profitably be applied to problems related $o-inland water Tesgurces
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but which, for. varlpus reasons, has had little application.to date. The Panel
. belleves this calls'for plac1ng a high pr1or1ty on practlcable appllcatlons
of 'space technology. .

e

.
.- ‘. 4

P . %t .. 'SCOPE OF THE TERM "INLAND WATERS" . .
The Panel applies the term "inland wagers" to those waters bounded by 1and
» Within the various states and possessions “of thg Un1ted States. In adazt1on,
the Panel includes coastaI‘uate;s, as is customary,’becaise of their inseparable
1nterrelat10nsh1ps with riverine systems, Also included are the Great Lakes
,and comtiguous waters. It should be recognlzed that much of the content of the

- present report also app11es generally to simi ar, lnIand waters throughout the
,world, . .




Buring the. summers of 1967 and 1968 technical panels were convened at Woods
Hole, Massachusetts, to assess future useful and practical applications of earth-
oriented satellites. From these effortp-a series of reports were published
which treated the potential role of satgzlités in various disciplines. Hydrology .
was,one of the disciplines.* .- ) . .
In the perspettive of 1974, a little over one-half decade since the comple- .
tion of the *1967-68 study, the appropriatenkss and insight provided by the Panel d
« on Hydrology is noteworthy. This is particularly true when_ the work is consider-
ed in 1light of economic, pplitical, technological, and other changes that have
occurred, Major findings and recommendations of the 1967-68 Panel,on Hydrology'

* are reviewed briefly in order ta assess the progress made between then and now
in applying gpace technology to a better understanding and management of water
resources. In general, one can see that these findings and recommendations have |
provided an excellent stimulus to and framework fox program development.
. It could‘Very easily be concluded that these findings are even more valid
in 1974 than they were in 1967-68, The successful progress that has been made
supports these findings in every case and suggests that the implied and explicit
goals set forth in the 1967-68 study should be pursued even more vigorously,

-

L8

1967-68 FINDINGS AND RECOMMENDATIONS * }

& . ) .
"\\\}he Panel on Hydrology summarized its findings as follows:
. - . R .

N -

-

.. .hl. "The application of space technology to hydrologic problems * .
promises significant benefits in scientific understanding of hydrologic
systems and in plann®hg and management of water-resources projects, *ay

N Ld
. ' , -

) "2, Four hydrologic objectives amenable to current space technol-
ogy and promising substantial immediate and long-term benefits have -
been identified: basic studies of hydrologic cycle and large-scale

——ee \// ¢ )

) . . ' ¢ . )
*National Academy of Sciences. Useful Applications of Earth-Oriented Satellites,

Rbpgyt of . the Panel on Bydrology (Panel 3). Washington, D.C., 1969.

>
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. hydrologic systems; snow and ice mapping; surveys "of coastal hydrologic .
o » . * features and large inland lakes; and real- tine c.onmunmatlons of‘ground-
- based hydrologlg data. ) »
< : ] . . Y

° "3. The proposed hydrologic-satellite program consists of a com- |
oo munications satellite (HCS), a sensing satellite now considered feasible
. (HSS-1), and a sensing satellite embracing greater capabilities after y
"further research and development. To achieve maximum net bemefits, . -

these propoded satellite progrgps may be integrated with other proposed
earth-resources satellite pnpgrams ) . .

ﬁ
L e "4, Solld economic evaluatlon of these applications is not pos-
. . sible at this time, .
s .2 . ¢ - >
s s, .In’ spite df this lack "of economic evaluatlon,.the prospects {
of success warrant. a substantial satellite program in hydrology.

“ "6, _Extended research and'development aré necessary to develop
much-needed spaceborne sensor capabilities ‘such as: snow depth and

° its water content, and ice thickness; precipitation rdte at the ground . !
" surface; identification of chemical and biological character of water ‘
and pollutants; streamflow veloeities and discharge; groundwater -
elevdtion and discharge; and vertlcal and horizontal movement of ~
. atmospherlc water vapor., . ’ \\

"7. Major bemefits to hydrology expected from interdisciplinary
programs of space technology include: improved weather forecasts;
imptoved land-use mapping and classification; improved topographic and "
geologic mapping; precipitation reporting on a real-time basis; and ,
areal estimates of 5011 temperature. : . e

‘g, Space technology applied to hydrology should be evaluated *
and exploited in the interest of the users, taking into consideration
the following: ‘the transfer of d¢ata from groumnd stations pr sensors . .
finally to thie users; the-impact of’ economic, social, and pdMtical
) factors on water-resources develgpment and the ‘needs for hydrologic
. . data; and the adm1n1strat1ve structures to coordinate and 1ntegrate
all space programs regarding applIcatlons in hydrology.

. ¢ "9,  No particular hardware can.be recommendedjby this Panel at.
this time pending studies of alterngtes, including the sharing of
. . space and communications hardware,"’ e
The Panel on Hydrology made the following recommeqpations:_ St D
- l~ .

"8,  NASA with other appropriate ageocies shguld‘continue the A E
steps neegded for®developing a capability for dcquiring data im an
operational hydrologic-satellite program in or before 1975, " -

;. :
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'"b.  Appropriate agencies shoula institute long-range. compre- o L
hensive research programs to upgrade, hydrologic theories anq;method— '
’ ologies to exploit_new capabilities of space technology.

-~

.1

[y

. "c. Prompt dissemination should be made available space \,
** photdgraphs dnd imagery to the hydrologic co ity,'"* :

[
>

, . . UPDATING FINDINGS

-~

»

Several Teviews that detail the advances made in applying space technology
. to hydrologic and water resources monitoring and management objectives are avail-
. . able and show that noteworthy progress has been made sinbe 1968, Some of the
" most recent are those by Bock (1973), Molloy and Salomonson (1973), Freden et al,
(1973), Salomonson and’ Greaves (1974) ;* Salomonson (1974), and Rango et al. (1974).
(See Bibliography, Appendix A.) In addition, the National Academy of Sciénces
» (NAS) Committee on, Remote Sensing Programs for Earth Resource Surveys (CORSPERS)
has made avaigable its 1974 draft conclusions on the status of remotg sensing in :
, hydrology for review by the Papel on Inland Water Resources. - '_ N ‘
’ It seems fair to indicate that probably the most significant spacetraft
technology advance made in the 1968-74 peried was .the launching of the first *
Earth Resources Technology Saterlite (ERTS-1) on July 23, 1972, This satellite -
provided relatively high-<resolution (80 m) multispectral (0.5 to 0.6 um,
0.6 to 0.7 um, 0.7 to 0.8 um, and 0.8 to 1.1 pm) observations over the earth
with a nominal 18-day periodicity. Observations over areas of 186 km by 186, km
were produced in photographs and computer-cogpatible tapes. The photogrdphs” and.
tapes were and are still-being analyzed by approximately 300 investigatofs includ-
ing some 40 who deal primarily with waten resources. The ERTS-1 was the culmina-
. tion of. several years of-sensor development and data analysis effort that was >
accomplished in NASA earth-resources aircraft p»ogram, the Mercury, Gemini, and
\ Apollo flights, satellite researsh and operational meteorological programs by
the National Oceanic and AtmosphSric Administration (NOAA) and NASA, and other . :°
prograns ertaken by perSonnel in universities, private industyy, and federal
agencies. Technologicai developments of ,considerable significance to hydrology. *
and other water resources disciplines have been provided by recent launches
of the NOAA-2 satellitd with.its Very High Resolution Radiometer (VHRR)}, the com-
pletion of a series of observations in the Skylab Earth Resources ‘Experiment
* Package (EREP), and the flight on NIMBUS-5 of several improved sensors including, °
in particular, the Electrically Scanned Microwave Spectrometer (ESMR) and the
~  NIMBUS-E Microwave Spect;obetezb(NEMS). Economic ‘studies cogpleted since 1968
. (see, for example, Dynatrend, 1973; ECON, Inc., 1974) fully support finding
,mumber S of the 1967-68 Panel on Hydrology. !

. .~l [Y .
-~ R . K-
. . .

e
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*Report of the Pane? on Hydrology, (1969), pp. 1-2.
**ERTS has since been renamed LANDSAT.
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Monitoring apd Mapping Surface Water Bodies

The 0.8 to 1.1 am spectrtal band iffcluded in the Multlspectral Scanner

- Subsystem {MSS} on ERTS-1 has been shown to be qulte effective in loca;zng and
mapping surface water bodies only a few hectares in"area. A program is now inm-
progress, sponsored by the U.S. Army Corps of Engineers, which utilizes- this
capability for mapping water impoundments {(McKim et al., 1972). Other investiga-
tors have documented this capabzl;t} with relationship to wetlands monitoring,
playa lakes studies, etc. (See, for example, Freden et alaf 1973.)

Monitoring Snow and Ice ) .- '

Early in the 1968-74 period it Vés shown that the regiohal extent of snow ',

and ice can be repetitively observed' (Barnes and Bowley, 1970). The *ERTS-1 and, . .
the NOAA-2 VHRR .observations havg improved upén tiis capability (Rango et al., .
1974). EW¥S-1. observations- havé been shown ¢o be capable of monitoring the .
areal extent of snow and to agree to + 60 mykith surveys and estimations of snow-
line elevations made from operational @ircraft. These observations can serve ‘to
calibrate, the more frequent 1-kn AOAA-Z 'VHRR observations. ERTS-1 observations ,
are quite useful for observing glacier$, including surg;ng glaciers, and attend- .
ant features such as snowlines and medial and termlnal moraihes., Several detailed
observations of ice cover on the Great Lakés have been obtained from ERTS-1 and
fromr NOAA-2 VHRR, Analyses of mitvrowave data al1d indicate that there is sub-

"stantial promise in.this spectral region f£or obtaining quantitative, observations
of snowpack parameters (Meier and Edgerton, 1971). Furtherdore, results from
the NIMBUS-5 ESMR'as applied to the monitoring of sea ice, along with alrbqgne
microwave, observations,; indicate fhat this spectral region has very suQ;tantlal .
utility.for monitoring ice cover, Low-altitude surveys of wdter equivalemt in . '
snow have also been successful using an abjlity to measure background gamma
radiation emission (Peck et al., 1971; Jones et al., 1974). ?

“~ .
te . . N -
13 . ‘ - o

Mapp1ng Flooded Areas ¢ .

One of the mostinteresting capabllltles of the ERTS-1 MSS is its ability
to observe the extent of flooded areas as much as 1 to 2 weeks after the actual
occurrence of the flood. Flood inundated areas can be mapped on scales of
1:250, 000 and smaller and positive.results have been reported at the 1:100,000
scale. (See reports by Rango and Salomonsen, 1973, and Deutsch et. al., 1973
as well as others already c1ted concernlng ERTS-1. )

¢ -+

. "

Detectiﬁg and -Surveying Turblditi and Pollution . ¢

2

Several intriguing observations of turbidity variation in reservoirs,
coastal regions, and at the mouths of rivers have been reported. These have
been related to pollutlon plumes, algal activity, and waste dumping. The -
dynam1c5 of circulation have been inferred in various water bodies 1nclud1ng v e
Utah Lake,.the Great Lakes, and the Chesapegke Bay, for-.exarple, and in the




£ »

interaction of rivers emptying into large water bodies. Sofe empirically estab-
lished estimates of sediment load can be derived for near-surface layers of -
reservoirs and lakes (Freden et al., 1973). The 18-day repeat ¢ycle has limited
the operational applicability of these data, but some considerable potential
seens indicated in improved systems with greater observational-frequenoy._v

Determining Soil Moistyre

. R . v .
The- most signifidiﬁfaadvances in the determination of soil moisture have
beén associated with the utilization of the microwave portion of the spectrum
and the mpnitoring of -background gdmma radiation. Airborne microwave radiation
neasurements up to depths of 21 cm show that soil moisture and brightness temper-
ature are linearly related over smooth, bare soil surfaces (Schmugge. et al,,

1574; Ulaby, 1974). Jositive results using background gamma "radiation for soil

" .moisture determinations are Teported by Wiesnet and Peck, 1974,

3

Monitoring Watershed Land Cover ¢ ' "
v T , N .

The multispectrai character of ERTS-1 observations has provided an ability
to monitor the extent of various ground-cover types, such as the amount of bare
soil, vegetation, open Water, and impervious, area, on scales of 1:250,000 and
soaller. This capability permits the timely updating of maps on these scales
so as to reflect hydrologically significant changes that may have- occurred since

the issuance of the map itself. In'many cases a“capability to provide infoima-

tion commensurate with larger scales such as 1:24;000 is desirable,and thie o
would come ‘with higher instrumept spatial resolution. o -~ ‘ )

.

. . .
' e N * ~

.

Locating Groundwater Supplies . .
» ) . . " - 1 N\
The ERTS-1 MSS has provided enough spectral and.spatial resolution to be

-quite useful in delineating geological featutes including, for example, uhpapped

lineamgnts and major trends in karst terrain., These features offer guidance or

clues that ean facilitate drilling for groundwater. . , ,
. ‘ .

g .3 -

. i e ’

‘onitoring Paraméters by Use of Data Relay

Parameters such as river stage or discharge and various water+quality para-
meters are difficult to'observe via remote sensing., The ability of the ERTS+1 |
data collection system (DCS) to collect data on parameters .such as these over
Targe and remote regions has been con¢lusively demonstrated, Over 100 ERTS-1
data %ollection platforms (DCP} are now in operation in areas stretching from
Iceland to Hawaii and_from forthe#n Canada to Central America (Cooper and Ryan,
1974), * This kind of capability will be continued on polar-orbiting spacecraft
such as ERTS and NIMBUS and op the Geostationary Operational Environmental
Satellite (GOES) series, ° ) -

.",-’f‘,‘
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Observing Hydrometeorological Paraﬁeters ) .. \\

-

The NOAA VHRR and the Applications Technology Satellites, ATS-1 and ATS-3,
have shown that cloud-top temperatures and cloud features can be observed from
space and are usaful in forecasting severe storms. These observatlons are sub-
sequently imporfant in terms of providing input relative to dangerous or anoma-
lous river runoff. The SMS-1 ahd ATS-6 spacecraft, which were launched recently,
provide atmospherlc "window" obseryations in the 10 to 12 ym spectral region and
thus produce significantly improved capabilities from geostatidnary altitude.

Relative humidity in the lower troposphere can be estimated with errors less
than 30 percent (Smith and Howell, 1971), )

Prec1p1tab1e water above 1000 millibars can be estlmated to within 20 per-
cent using the NIMBUS-4 Satellite Infrared Spectrometer (SIRS-B) in a cloud-free
atmosphere, Early results from the NIMBUS-5 ESMR indicate that preC1p1tab1e
water can be estimated to within 10 percent and the liquid whter content of clouds
to within 25 percent (private communication from NASA).

An excellent review of methods used for rainfall estimation from satellites
~'is given by ¥artin and Scherer, 1973, Over oceans, the yecent Tesults from the
NIHBUS-S ESMR indicate that the areal extent of rainfall can be delineated well
and the.ralnfall rate directly estimated to within a factor of 2, No results
demonstrating direct measurement from spacécraft of precipitation over land
. appear to be available and- this remains a goal for the future, -

- -
L3 ?
"
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+ Examinatiop of the 1967-68 recommendations listed earller'lndlcates that
some progreéss of substance has been made, but considerable.work-remains in order
. to.gchleve the gobals indicated in those récommendations.’® = -7.° .

Recommendation 3 has been partially met in that the Department of the
Interior SDIJ Earth Resources Observatlon.System (EROS) Diata Center has been
establishdd in Sioux Falls, South Dakota. This Center serves as a source from'
which anyone can obtain image data such as from ERTS-1 and the NASA Earth
Resources Alrcraft Progran. Delivery of these dq}a, however, is still not ‘rapid
enough for operational application to 1ngand‘wat resources. The\de11yery
process needs to be sabstantially improved.

With reference to Recommendation 2, some 40 hydrologic investigators have
been funded in association with the ERTS-1 program, and several significant §nd 1
productiye programs exploring the utility of remotely sensed data for monitoring
hydrologic parameters exist in federal agencies other than NASA. These include
NOAA, the USDI, the U.S. Army Corps of Engineers (USCE) and the Environmeptal
Protection Agency (EPA). However, these efforts generally have not been le-
mented in such a way as to improve tlieories -and understanding of the hydrologic
-cycle on various time .and distance scales.

Recommendation 1 invelving the establishment of an operatlonal hydrologic
satellite program by 1975 will not be met. As already indicated, some progress
has been made, such as with ERTS-1, but the time whenr an operational earth -
resources satellite program will be established is unclear. One 1mportant
elenent of an operat10na1 hydrologic system, a data collection system, is being

L 8
ol & -
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. This goal, however,

- ) ) -, ’ \ ’ :
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’ ) .
%mplement?d in c9njunction with the NOAA-GOES program., There is substantial: - .o
interest in obtaining this capability on an operational polar-orbiting satellite.
remains' tor be accomplished, ) o

. .
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DATA REEDED- FOR MANAGEMENT OF
) . . . _ r
‘ ’ INLAND WATER RESOURGES . -
- . * . , o ‘ ) J.
L . . t Tl w A .
. Most current needs 'for data on inland water resources can be met using . Y

* existing technology., Measurements are obtained from point-sampling Idcations, -
field surveys, aerial photographs, etc. . Cuwrent data collectjon methods, however,
\‘often are expensive, and are labor-intensive, and ‘thus data collection programs
are limited by budgetary constraints. In addition, current data collection
technology does not readily facilitate synoptic studies of water resourcgs nor
does it allow an overview so that individyal -sampling points may be optimally-
- ‘selected. The use of earth satellites may alleviate some of these limitations, . ;
As direct sensing from.space becomes more readily availabl® and as spacetzaft . -
. are used more extensively for data relays, sthe Panel anticipates that needed

hydrologic data,gill be, supplied more systematically, Space.technology wili-be = , -
used when it pgVides better or che#per data than conventional means of data' .
collection. '

Tables I and II show the more common water baktance and environmental para-
peters for which data are fieeded in the mdnagement of inland water Q;'esdur'cés and
for vhich space technology may be used to acquire the data, Measurement capabtl-
ities that are requii'e%for obtainipg*écceptable data ¢n these parameters and
the needed range anticipated for each type of measurement are includéd, - .
Numerical values are given for geograph'ic Scale, spdtial. resplution, accuracy, °

" Speed of data delivery, frequency of coverage, and‘'rélative benefit, Relative
benefit is based od the priority the parametter should receive according to its -

*  importance in management and is rated H (high),, M (medium), ox L (low). (The °
list of parameters is far from complete but should $urnish insight into possible’ - *
applications of space technology.. The parameters intluded and the range of ' :
values presented are as compréhensive and accuraté as the Panel could.make them s
within the working time available., The Panel believes that Tables IandII | . -

‘*may be used as“$fdrking documents even while they are subject to refinement and
extension. Individual values encompass and are expressed in the range that is |
: I:equired to take care of specific intended uses. For example, the messursment -,
of background surface temperature of natural water bodies dften requires differ-

ent resolution, accuracy, ‘and possibly other variances from those required in .t
the measurement of thermal Jyastewater discharge. Therefore, no one set of* )

requizments for measurement of watet surface temperatuxe' can be specified to. . .
suffife for all possible uses. For nearly.all of the parameters presented-in < "
"®Tables J and II, exact.measurement requirements depend upon.the specific intend- ,

ed use of the data. o : b R
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It should be understood that the requirements exprgssed in Tables I and II1.
are based solely on needs related to inland water resources and are not 1nflu-

enced by présent or.prospective capabilities of remote or in situ sensofs. Thus, A\
these requirements in effect represent recommended goals for sensor development .. .
From the information in Tablés I and 11, one may compile some general
requiréments for'data, as follows. . . N :
Geographlc scale , ) ‘
. . hd . . ~ . .
- B . . ¢ '3'" - ~ .
Range from local to global . < o, -
~ For most uses, local to regional Lo . ;
. - * . : Ee ¢ .' . . : *
~ Spatial resolution . t . . o
1. Surface ' ' . ' : .
. Range. from l m to 10 km . : . oo e
_ . oL Node*fron 10mtoS50m 7{ '{
- 2. Depth . € EECA T
: Range from 0.3 m to 100 m e ‘o ~
t o~ R ! > '
. N "_ ., P ,

o Frequency of coverage . I . .,
B - - d
-t \ . Varies greatiy A - ,

» o' Hourly in some cases . ) e v 2

5 Daily to weekly in many .cases. . el . : ~
' " Annually or longer in, some cases.' S © . . ) -

. Speed of data delivery ) I :' I L
Varies greatly . ) . >
Real-time delivery optimal for certain usés ' 5 :

. - From hours to 2 to 7 days in many cases‘
From 1to 2 monfhs for many areal measurements and mapp1ng purposes:
e ' . « T ' . ) .
) “ ~ . » . ) '
> . . ' . ‘/ . . \ L] R
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* ANALYSIS OF CONCEPTS

, The Panel has concluded that estimation of nationwide tangiblte benefits
for operational applications of space technology-in the field of inland water . .
resources is wholly impracticable in view of the limited time &nd the limited . C,
information available to the Panel during the study. The Panel recognizes that
incremerital costs and benefits*should be used in evaluating space applications.
Comprehensive estimates of benefits and costs for the several demonstration
Jprojects suggested (see "Proposed Demonstration Prajects’) are also considered
to be impracticable for the same reasons. Partial estimates of costs and benefits - .
have been made to the extent possible for the projects which, seem to have great-
est potential for,applications of space technology. s

Benefits from the use of space systems to acquire data will rgsult\ftggs
(1) reductions in the cost of data acquisition, {2) improvements in the data
acquired, and (3) reductions in management costs. Benefit estimates are made
on 2 "with space-acquired data and without" type of analysis. In some cases, - "L .
intangible secondary benefits are realized. Potential benéfits from acquisition
of new types of information which can be obtained only with the use’ of space
Systems appear in some cases to be very substantial. In' cases where additional
costs are required to adapt.to new uses or to modified,teghnique§<fox the han~- | =2 . -
dling of data by user agencies,. the potential benefits cvited are the net of these
costs and benefits. . ) ) Lo :

" The Panel is aware that there is a need to exampine the relative benefits
. and costs between use of satellites and use of aircraft. While recognizing

the general advantages and disadvantages of each method, the Panél has not
attempted to decide which technique should be used. The use of satellites is . oL
usually advantageous in applications where data‘are required over large areas or ..
where repetitive acquisition of data is needed. . -
""" On the demonstration projects, the’ Panel has attempted to work closely with N
the Panel on Costs and Benefits. Identification of benefits is complicated by
the fact! that precise costs are not available on present data-gathering activities
and by the fact that remote sensing frequently provides useful information which
previously had not been acquired because of prohibitive costs or difficulties
of acquisition. ° ‘

The Panel has not attempted to evaluate existing economic analyses of space
applications. Its analyses of the proposed demonstration projects are prelipi-
nary and the Panel considers that careful ecopomic analysis should be made in .
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depth and .at an early date for each of the demonstration projects. These analy-
ses should project savings which can be reallzed from extendlng the applications
throughout the United States, \

Another complicating factor in attempting to _apply -economic analysis is the
need to relate an information requirement to an end product rather than to a .
rigid definition of the data elements. . When 3 user describes information require-
ments, vhere is a tendency to demand the same data elements that are currently
used, Improvements thpn relate to 1ncreased .accuracy or resolution and/or
decreased costs in acquiring these data elements. Since the use of these data
frequently has developed because of ,the structure. and limitations of present
acquisition methods, remote sensing)techniques fréquently are not‘competltive.

The accuracy required for point sampling may,be h1gher than that necessary for

synoptic sampling. -When infprmation about an area is developed with use of con-
ventional sampling techni » the accuracy and resolution must be high- because

of the inherent degradatlon which results’from interpolation between the sample

points. Since remote Sensing provides symoptic coverage, no interpolation is

required and therefore the accuracy and resolution requlred for sampling may be

less. It may be that data sensed from space should be of an entirely different . €
form or character, and that such alternative approaches should be examined,

~

.-

DEVELOPMENTS NECESSARY FOR ACHIEVEMENT OF BENEFITS

, The potential benefits of using space technology in many facets of managing
inland water resources have been recognized and affirmed by the Panel., To real-
ize these potential benefits certain deficiencies must be overcome. These

deficiencies can be categorized as follows: (1) inadequate sensors, (2) inade- <
quate data processing programs, (3) need for improved mathematical models, and ’ .
(4) the absence of fully effechive institutional arrangements. Throughout the _ ° !
ensuing discussion the transport of sensors inté space, space packaging systems,

and other aspects of space transport are not considered to be constraints on any

pgtential program.

&

Sensors: .

A

It is readlly apparent that the prlmitlve state bf present sensor technology
primary constraint on the application of space.technology to the management
e 1n1and water resources, Many of the parameters included in Tables I‘tand II ..
not now be monitored from space, and many cannot be sensed autdmatlcally'from
ground stations. The Panel therefore places an extremely high pr rity op sensor
development and believes that a lack of adequate sensors probably%g;“} impede
- other developments for some time to come. !

The use of aircraft --'both high-flying, such as the U-2 and B-57, and LQw
level -- has prqQvided remotely sensed water data that have relevance and srpli-
ability Multi-lens cameras with high-resolution broad band films are ahlg to
Jdeteet a combination of water quality fadtors although more work needs to Be done _ |
to quantify those parameters.

Data ¢ollection platforms (DCP) and low-level alrcraft Have’shown great
capability for sénsing many of the wanted parameters. These include measurements

A . - .

&
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. of the water content of ice and snow, crop-canopy emittance and other parameters

" related to subsurface water, the dynamics of surface water- flux, and"many of the .
water quality and environmental constituents. .Present sampling; monitdring, and
laboratory techniques are available and, in most cases, standardized to obtain
these measurements. In order to utilize space technology, accurate automated
stations which can operate service free over long periods of time need to be
developed. Their data output can be relayed by. satellite or aircraft without

. the need for human intervention and thus coverage canibe ﬁroVided for many loca- .

tions, some of which may be remote and difficult to service.

_ There are two key ateas in which substantial ‘breakthroughs are needed to
devélop ground sensors compatible with the capgbilities of satpllitg-borne data
«collection systems. PMirst, present equipment is not rugged enough to survive

. 'the severities’ of weather, vandalism, and envirommental contaminefion for periods

of 6 months to 1 year. The improvement required is largely an-engineering prob-

lem and should be attainable. Secondly, present sensors either cannot duplicate

the laboratory analysis required for detection of many parameters or they require
‘in-place equipment which impedes navigation or other uses of inland waters. .

- For 'some of the basic water resources parameters, direct measurement from

space may be impossible and it is doubtful that complete independence from ground
stations will ever be desirable. Many parameters can be sensed directly, however,

and others can be inferred. The Panel believes .that the development of airborne
and spaceborne sensors shows great promisé and should be pursued’vigorously.

w Areal coverage offered by direct space measurement is quite valuable and, where
technically feasible,. probably will prove more cost effective than ground
stations. v . .

Finally, a plea is made for use of imagination in sensor developmgnt.
Tables I and II are based on well-defined descriptiorfs which have<bebﬁ developed
and used by engineers and scientists for many years, but they are ’not sacred.
It'is essential that, sensor technology be sensitive to user needs, but it is
also important that new capabilitiesg{nherent in space-based sygtems not-be.
forced usellessly into old patterns, Since developers of sensors and water
resources experts usually are not expert in each other's field, a continuing
dialogue between the two is required. The result can be beneficial to both and \
.may produce new approaches in the management of inland water resources. -

.

-

. Data-Handling Systems '

The Panel believes that data handling is a major unsolved problem in the
practical use of spdce data by the water resources community, The satellite

"with its subsystems is an effective means of datg collection whereas the means
for data reduction, processing, dissemination, and feedpack/ﬁtom users. are
neither adeguate nor effective. S > .

. Data-handling systems have traditionally fallen short. of t%g expectations ..
of users concerned with inland water resources, Operational systems now exist .
within EPA, NOAA, U.S. Bureau of’Reclamation (USBR), U.S. Geological Survey .
(USGS), and several states, but none is” entirely suitable for space-relayed data. -
The USDI facility at Sioux Falls was (Teated gpecifically for this purpose and,
if developed properly, may become the ‘est vehicle for disserlination of space -

data. . - ¢

* .
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User feedback, from federal,, state; and Io agencies and from the private
sector, is absolutely essential both in the design and operation of an acceptable ’ ]
information system. Tht lack of user feedback hds ‘contributed greatly to the >
shortcomings of existifg systems. The user must have effective access to the
system, that is, he must be able to get the data he, wants in a timely.and : }b '
efficient manner. ! ' - < o»

Timeliness is an important element in data on inland wateT resources. . Many
uses are concerned with hazardous events such as flooding or ice jams. Emphasis
in these cases is on'rapid perception of what i's happening so that warnings:can
be issued and corrective measures taken. This requirement is akin to a realk
time response. For certain pollution problems, such instant rgpbftiqg is not
neéded but a response time of a few hours will be beneficial. Frequency and ,
area of coverage, as well as resolution, -relate directly to the data-protessing ~ *
system. In many cases, data that are not efficiently handled bewilder the user
and discourage practical application, Many problems require frequent coverage,
and some users will be served best by continuous monitoring from ground stations
or from a geosynchronous satellite. Also there should be added a capability for tS
selectivity, either ag, ‘the time of collection (through pointable sensors) or K
during the processing cycle, o -

Many levels of sophistication are found among potential users.: Some want
raw data or data which have been only radiometrically or geometrically corrected.
Others desire fully interpreted or analyzed data. Data systems which evolve for
use in the management of inland water resources should reflect these varying user
needs. Graphic displays, photographic imagery, and digital-data forms all are
of interest, : '

-

Mathematical-Models ' CE 3
_ *Much of the work in the field of inland water resources has been descriptive

in nature, and space technology is viewed by many as an extension of the descrip-

tive process, . However, a mature prograp of space technology must be adaptable

to predictive as well as t¥ descriptive techniques. = In order for this to be .
done, the data obtained from space technology must be applicable to mathematical -
modeling of systems of inland water resourdes. ' .

e usage for modeling can take several gorms..At the, first level, the
capability for synoptic ceverage of large geographitc areas at-frequent intervals
provides input to models much like the present ones, but these must be moze
dependable, and more accurate to be widely ‘accepted and used by professionals in
the ,field of inland water resources., ,The use of real-time modeling for water . . N
management is currently arousing wide interest and data from the space program
can help to make it a reality. -, ‘ s ‘ _
Space systems can provide not only data similar to.those which can currently .
be collected but also thasé that are not currently available, for example,
reflectivity measurements at various wavelengths that can be categorized by vary-
ing intensities. This can and should lead to totally new concepts in water ‘
resources models. As the parameters obtained from space systems are confirmed
in relation to the behavior of water resource systems, considerable reliance
will be placed on the new parameters. It is believed that sych an approach
is warranted for numerous modéls, including but not limited ‘to the following: .

’

.
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Estuaries and tidal givers:. * .
River basins, including streasmflow and groupdwater and their )
interrelationShips = . ' : N ' . p
'« Lakes and -reservoirs . o .
The Great Lakes- L K C LR, S
* Urban runoff -+, . . " ' '

N\ .

Show depletion and snowmelt. . .. . . .

e

‘ ' * . - 'l

&
Institutional Arrangements =~ . ;

\ ¢
.

Attainment of benefits through the ug% of spacc systems is not only a matter

of hardware and data processing. - It is also gssential to have the proper ‘data -° . .
delivered_at the-appropriage time to meet the demafhds and requirements of specifjc ]
users., o vater resources this'is particularly important since the data in many -
cases may be "perishable" for some users but need- to be clpssified and,stored ’
for others. In order to créate acceptablé links between data acquisition and, = ',
Intermediate and ultimate users, cameful consideration must be given to institu-_
‘tiondl arrangements. oL . : - . ‘ :

- The Panel concludes that, to dewvelop operational p&ograms_utilizing spdce * T
systems for water resourges management; some federal agency or agencies. must
take the lead, since it is -congidetred unlikely that the statés will be able to o
do so. The -Panel also stresses the importance.of integrating inputs and require--

ents, not ofily from fiederal, and State.'agencies, but also from local agencies,
universitiés, private individuals, and cdrpgfitlpns.- The Panel notes that
acceptable 1nstitutional arrangements “;must Take into account the.legal responsi-

-

bilities of federal agencies for, ceftain functions. The Panel believes that

‘legal, 'moral, and ethical responsibilities must be continuously exercised and °

publicly reéviewed. Views ‘of the Panel goncerning institutional arrangements Rave

been furnished to the Panel on Institutional Arrangements. - LA S
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POSSIBLE APRLICATIONS OF SPAC% TECHNOLOGY
TO MANAGEMENT OF INLAND WATER RESOURCES

S o
. .
.

INVENTORY . r
[ ’ ‘ ! /

. Managepesy of inland water resources begins with inventories or assessments .
of the resources. There is a continuing need for invenfories of the quantity ;
and quality of the water resources. of the U.S., of all the states, of regions of
interest to other levels of government, and of-specific hydrologic basins.
Hydrologic, water quality, and water use data, all time-Telated and fixed, are
collected throughout the nation by many agencies and at many levels of detail..
Data are needed, for ex 234, in the understanding of ‘river mechanics and shore
processes. Requirements Yor sinventories also stem from legal considerations
embodied in laws, tre#ies, compacts, water rights, and lawsuits. Most of the
basic parameters that are needed for 4invento are included in Tables I and II.

~ Thé degree of detail needed varies over a wide range. Where general recon-’
naissance studies are being made, general characteristics may be satisfactory.

.On the other hand, if a detailed program in water quality monitoring is being °
carried out, it will be necessary for a remote sensing system to have the accuracy .

_of detail and measurement provided by in situ sampling and laboratory analysis.
Too much detail where not needed can be just as detrimental as insufficient
accuracy for more precise programs. . '

The Water Resources Planning Act of 1965 Stipulates that a national.inven-
tory be made biannually. To date only one inventory has been made and it‘was .

“tess than satisfactory because basic data were lacking on both the supply and
the use of water and because, at that time, there was an almost complete lack of

“data on the quality of the nation's water. Currently another national inventory
is underway at an appropriated cost of $605 million, The total cost will prob-
ably be double, this amount. Other inventories for specific purposes are fre-
quently being undertaken on a national scale. For example, the recent National
Estuaries, Shoreline and Styeambank Erosion, Native Ocean Survey, National Lakes
and Wetlands inventories are a few that come to mind. “Space technology might
have had significant and favorable impact on most of these Studies if the neces-
‘sary RED on space systems had been completed and if thé studies had been designed
to use space techn,ologg§ Since these studies, except for the 1akes and possibly

c

the ocean surveys, are omplete pr are too advanded to benefit from space !
tecﬁhblogy, the, Panel h ot attempted the sterifle exercise of estimating benefits
for these activities. It can“be expected, howevelr, that future inventories
will be required and that appropriate space systems should be available and
should be used. -

3




+ In the past 10 years g%e U.S. has expended in excess of $150 million on
framework studies to inventory in more detail the conditions, problems,\and needs
of its inland waters. State agencies have speat about $30 milltion for silmilar
‘purposes. The expenditure for collection and evaluation of basic data on inland
water resources in one state (California) is approximately $26 million annually,
This expenditure is broken down by sources Qf funds as follows: federal,
$5.3 million; state, $5 million; local, $14 million; private sector, $1.7 million.
Further details on the expenditures for water resources data in California are
shown in Table III. )

.

- 4 ’ \

Expenditure in Millions of Dollars

Type of Data : Golleétion: Evaluation Total
Sﬁf}acé water quantity 4,12 " 0.83 . 4,95
- Groundwatér measure 1,57 0.31 1.88
Flood fozfcasting . 3.12 ' .0.63 3.75 \\\\\
Climate and snow* - 1.21 ) 0.24 - 1.45 .
Surface water quality 5.38**‘ 1,07 6.45-
' Groundvater quality 3.54%* 01 4,25 .
Sedi?ent ) 1.09 -0.21 1.30 . 2
Land use survey , - 161 " 0.3 b 2.00 -’
TOTAL Sz 23,70 4,33 26,03
*Inhcludes precipitation, temperature, and snow surveys. - - \

**Includes laboratory analysis. : . o

-

.

TABLE FII  CURRENT EXPENDITURES FOR WATER RESOURCES DATA IN CALIFORNIA
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BASIC RESEARCH ON HYDROLOGIC BALANCE . N

The hydrologist must forecast basin water balance, but determination of the.
complete hydrologic balance for a river basin is currently limited by. the state
of the art. Understanding of the exchange between subsurface and atmospheric
Tegions can be enhanced by use of satellite-acquired data. Some features not
now available may be detemiqed with’such data. * .

>

PLANNING

Planning for management of inland water resources must consider the full - —
cycle of water occurrence, water use, and waétq water disposal. The objectives
are to meet, at minimum cost, public needs for the beneficial use of water and
to protect life andsproperty from the damaging effects of water. Water quality
planning should not be separated, from water quantity planhing since quality
affects various beneficial uses. Management planning must provide for collect-
ing the basi¢ data needed (see Tables‘I and II) and preparing for decision and
implementation. A successful management program must insure adequate.water
supply, improve its quality, and develop facilities for the sanitary gdisposal
of waste, y

Most urban and industrial usgs require long-range planning, particularly
where surface water developments may be necessary (for example, agricultural
irrigation uses over 85 percent of the water consumed in the southwestern %.S,).
,To plan these developments, data are rnieeded on the character, occurrence, and
quality of potential surface water supplies. The planning process may be of
" a reconnaissance nature, exploring the feasibility of a basin-wide scope, or
of a more specific project nature. This sMould be recognized and considered in
applying space systems to provide the basic data, since the capabilities required
for area, resolution, and accuracy vary with the level of planming, ‘

Groundwater is an important source of supply in many areas. Planning for R
managenent of this resource requires that its limits, character, and potential
for replenishment be known. Many 'coastal groundwater basins are being intruded
with salt water. Other groundwater basins are now being overdrawn, so that their
future use is limited. Locating and assessing additional groundwater supplies
are necessary, and space systems may be able to assist in making a general
-inventory. .

Protection of life and property from floods and wave damage entails the )
use of both structural and nonstrictural methods. Flood runof# is affected by
meteorological and hydrological phenomena and watershed characteristics. .Poten-
tial damage is a function of many.factors including the extent and type of
.development -in the flood plain. Long-term hydrological records are needed for
effective planning but real-time data are not ‘necessary at this stage of manage-
ment, Planning of shoreline structures such as groins, breakwaters, and jetties
is a part of the protection function, Adequate mapping measurements of wave
and tidal spectra are needed. ‘ '

o -. \. T, l _" n ——
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. OPERATION

L]

Operation and control of water resource systems require data that space
‘systems can provide, particularly through real-time observations. Floods and
other storm hazards need rapid assessment for.dissemination of warnings. Real-
time information on rate of precipitation, yhow cover, inclyding water content
and rate 'of melt, and soil moisture are essential to operate flodd-control sys-
tems and to provide hazard warnings. v ‘

Reservoir operations require forecasts of storms and. sealonal runoff to
control water storage space (for flood control), for generation of hydroelectric
power, and for conseryation of water supplies. Long-range (3 month), medium-
range (1 week), and short-range (2 day) forecasts of runoff would all.contribute_
to better reservoir operation. Meteorological and hydrological data are essen-
tial since both disciplines must be applied interactively for effective operation
of .reservoirs. ) ) . .

Real-time data are also needed in water pollution monitoring and control.
"Rnowledge of the water quality parameters shown in Tables I and II is esseptial
to implement many programs related to water quality and pollution control. For
broad-scale surveillance, lower resolution and adcuracy may be adequate. For
precise monitoring, it is necessary that measurements be comparable to those
now obtained from laboratory analysis..

" .

SPECIFIC EXAMPLES BY CATEGORIES

»
?

Appendix B lists a number of feasible uses of space systems which the Panel
has _not been able to examine in the limited time available. Included are .
specific examples of activities in which remote-sensing techniques can be applied
to problems related to inland water resources. These activities are grouped -\
into catégories that cover large areas of concern in the management of these
resources. The Panel believes that with further thought the list can be greatly
. expanded, » t
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PROPOSED DEMOﬂSTR&TION PROJECTS

The Panel on Inland Water Resources has stated its objectives in the intro-
duction of this report. In discussing these objectives and how they may best

be achieved, it was concluded that certain basic parameters, should be given

priority for/sensing by space systems. These parameters are-essential to
adequate performance of certain types of activities which are demonstrated in a
series of specific projects or programs set forth' and-given high priority by theé -
Panel. Selection is based on filling gaps in current knowledge and on opportuni-
ties for demonstrating economic advantage. .

The Panel attempted to establish priorities for 16 demonstration projects.
It soon became evident that adequate.information was not available at the Summer
Study for an ebjective and rational priority ranking of these projects. 1In the
discussion it was brought out that many of thése projects have economic benefits
which are difficfit to define since they are $cale sensitive. Questions of
interagency responsibilities alsolgrise, and it is difficult in some .cases to
establish the state of the art 4n existing technology.. For these reasons the
projects, whese Faskb are as follows, afe not ranked in this report: ;

: Improved forecasting of runoff from mountain snowpacks .

Mapping areal extent and depth of groundwater I

Mapping areal extent and location of seepage from reservoirs,
canals, and levees . )

~

Surveillance of river chammel and beach migration
= .,

Delineation and assessment of shoreline processes

Mapping of water-related land areas ) '
Relating-urban development to éhanges in runoff

Nationwide inventory of thermal conditions

. " Deteotion and measurement of suspended solids

. .

Detection and measurement of salinity 'in water and soil

/ 35
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_Assessment of lake eutrophication

Assessment of tidal régimés in estuaries .
Sutveillance ¢f ice condit#fns

. Asse;smgnt of flood damage-
Survey of rooted and attach?d aquatic vegetation

Detection and early warning of poliution violations.
r

Some of these projefts are descrihed in considerably more detail than others.
Mhenever possible, costs ¥nd economic benefits are estimated. The projects are
derived from an examination of data problems considered to be of high priority
by federal, state, and private users., It appears that space systens would be
highly beneficial in aceomplishing the tasks but demonstrations in an operational
zode are needed. Research and development .are required as a part of certain -
projects, since the needed technology is not available. When the projects are
‘developed, consideration should be given to trade-offs among the detail desired
by the user, the cost and the technology attainable. Data from remote sensing
with less detail than normally preferred may be acceptable if other benefits to
the user outweigh ‘the loss in detail,

The Panel beiieves that space systems nay have heretofore unexploited
capabilities which could achieve large economies in the management of inland
water resources if the whole subject of space app11cat1ons could be thoroughly -, .
investigated by technological and user teams working togethgr.

IMPROVED FORECASTING OF RUNOFF FROM MOUNTAIN SNOWPACKS

A need exists to ude space-acquired and space-related data to improve the
menitoring of winter smowpack accumulation and melt rate. Operation of downs -
"streak reservoirs for hydroelectric power production, irrigation, flood control,
and water supply can be optimized with a better knowledge of the total amount
and the rate of water availability on a near real-time basis, Present space
systems such as ERTS and NIMBUS “should be ut111;9d to full advantage ard new
Spacecraft sensors, such as active and passive microwave systems and thermal
‘scanner systens, should be developed to provide wide-area, repetltlve, all-
weather -observation and measurement of ice and“Snow., .

All systems capab111t1es should be demonstrated and tested in a pilot study
conducted on a major western river system, for example, the Rio’ Grande, San Juan, .
Gunnison, Upper Colorado, or'Greem River. The pilot study should be a long-term
one, lasting 5 to 10 years to permit establishing the relationship hetween
neasured parasieters and actual runoff conditions. The demonstration should lead
to establishment of techniques for rapld (near real-time) data retrieval, inter-
pretation, processing, and analysis in order to provide information of 1mmed1ate 1
utiliﬁy to managers of inland water systems.

Operation of water reservoirs in the western U.S. is based largely on
estimates of the anmount of water contained in the moumtain snowpacks. Storage 1

L4
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- .
space for the anticipated runoff must be.adequate and should include an allogance
for error to prevent floods., If improved methods for monitoring snowpack accumu- -
lation and melt rate throughout the season can be coupled with knowledge of soil
conditions, short-range weather forecasts, and climatic conditions during the
melt cycle, a maximm amount of power production can be realized, irrigation .
interests will be better served by more available water, and all but the most ,
severe flood situations will be eliminated. - . )

Hydroelectric power is a clean form of energy, already extensively developed
in the western U.S. Power is produced most efficiently when waters are at high
levels in the reservoirs. If present runoff prediction methods are used, a -
trade-off must be made between power, production (energy storage) and flood control.
Estimates of expected runoff are based at present on a limited number of ground
observations in remote areag. These estimates invQlve much uncertainty, which
makes it impossible to use the water with maximum efficiency, There is clearly
a need to reduce’ this uncertainty and to apply more reliable information to the
managenent of hydroelectric power systems, Two additional parameters of value in
runoff forecasting, snol evaporation losses and ground storage, should be measured,
Under certdin conditions these _dre.believed to repreSent a significant amount of
the total available water.

The U.S. Bureau of Reclamation and the U.S. Army Corps of Engineers presently
produce hydroelectric power with an annual value estimated at $164 nillion,
These two federal agencies produce about 25 percent of the total hydroelectric
* power in the U.S. With improved runoff forecasts that would permit reservoir
operation at maximum head, a 15 pefcent increase in revenue could be realized, an
annual benefit of nearly $25 million. Improved techniques should be applied to
state gnd privately owned utilities, which also use the present uncertain runoff
forecasts, so that potential benefits can be further and significantly increased.
’ A project in which cloud-seeding éechniques are used to augment the snowpack
(presently being tested by the USBR in the San Juan Mountains of Colorado) can
- be better managed with reliable runoff predictions. The data can be used to
avoid cloud seeding in areas where snow accumulations are above normal usable
amounts or otherwise excessive. Gperational ‘use of weather modification is con-
ceivable for (the Upper Colorado River system\fﬂ the near future.

MAPPING AREAL EXTENT AND DEPTH OF GROUNDWATER °

* A definite need exists for the development of sensor capability to measure
from aircraft or space platforms the depth below the earth's surface of ground-
water. Such a sensor should have a spatial resolution of approximately 4000 m?
and a vertical resolution’ equal to approximately 15 percent of the total ground
penetration. These sensors should be able to measure directly the depth of °
groundwater regardiess of surface conditions. The Panel recognizes that develop-
ment of the regquited sensors may be extremely difficult, but considers that the.
importante of finding and managing groundwater justifies the required research
and development, - .

In ‘the initial investigation of én area to be developed as an irrigation
project, depth to water barrier, groundwater depth, and soil permeability are
some of the paratheters that must be deteimined to evélpate the drainage character-
istics of the area. Irrigated lands having inadequate natural and/or nanmade
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groundwater drainage can become unusable for agpiculture. The development of
drainage problems on irrigated lands has been noted throughout the world.

Irrigation of agricultural lands alters the groundwater regimen and usually
produces a rising water table. If groundwater invades the root zone, crop growth
is adversely affected by the presence of excessive moisture. In arid climates,,
soluble salts that avé detrimental to crop growth tend to concentrate at the
soil surface and in the root zone. The net results are waterlogged and salinized
soils which pose serious threats to*continuance of productive agriculture within
these areas, As a result, drainage studies have been and are being conducted in
areas affected by rising water tables. These studies are quite costly and entail
a considerable expenditure of time, N

The only practical solution to a subsurface drainage problem, if land is
to be retained for agricultural use, is the removal of excessive groundwater -and
salinity by deep drains or wells. Effective and permanent drainage facilities
require extensive and time-consuming field investigations, precise design require-
ments, and careful construction. Drainage investigations are presently performed
by dr1111ng an extensive network of holes in the specific area to be investigated
to measure water depths-and to sample soils. Because the areas involved are
large, numbers of personnel are limited“and, in some cases, access is. limited
during the growing season, much of the groundwater data for drainage investiga-
tfons must be extrapolated.

The potential savings in both time and money which would result from the
successful use of remote-sensing techniques to detect the location, nature,
and extent of drainage-problem areas, has led the USBR, through the USDI EROS
Program, to initiate studies aimed at the utilization of data required from ERTS
and from aircraft. A recent USBR and EROS study (under contract with Socuth
Dakota State University) in which aircraft data were used to relate crop-canopy
emittance and reflectance to variations in water depth has found significant
correlation. Initial phases of this study show that multi-feature analysis of
thermal imbgery “has good potent1a1 for detection of near-surface groundwater.
¥hile the study thus far is showing success, it is limited to regions of irrigated
agricylture and the results are affected by the ‘wide variation of environmental
conditions on the surface such as weather conditions, types of crop cover, and
individual farming practices.

The deuelopment of sensor technology to detect water table depths from
1 meter down.to 5 meters would result in far-reaching worde1de consequences.
It would, to say the least, revolutionize groundwater hydrology. - It has been
estimated by the USBR that 1£ techniques can be developed to detect groundwater

\

at depths of 2.5 nmeters to 3 meters, a savings of 40 to 50 percent may be realized

in investigatiens of ,irrigation drainage .alone. This represents a savings of
$3000 per square kilometer, based oh an average cost of $5000 to $6000 per
square kilometer investigated. This .amounts to an annual -benefit of $180,000
from irrigation drainage 1nvest1gat10n ajehe since in 1973 the USBR investigated
60 square kilometers for 1rr1gat10n dpefnage.

, In"addition to sensing shallow undwater that is 1mportant to the plan-
ning and management of irrigated agrlculture, there is a need for sensing of
groundwater aquifers at depths of the order of 100 meters. Much of the nation's
water supply is produced from groundwater at these depths. The areal extent
of aquifers as well as their depths and characteristics are important factors in
their Study and utilization. The understanding of groundwater basins is
complicated by cértain phenomema, including the frequent occurrence of several
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aquifers at varying depths, Separated by aquicludes or other geologic formations
of low permeability. Subsurface drilling, logging, and testing are among the
procedures normally used to locate and measure aquifers in such cases.

Remote senﬁipg that could penetrate to a depth of approximately 100 meters

. and give an indication of areal extent would be useful in locating potential

groundwater basins, particularly in desert areas where little subsurface informa-
tion is available. The development of sensor technology to detect water-table i
depths from 1 meter to 100 meters would have far-reaching worldwide consequences. ’

ce

MAPPING AREAL EXTENT AND LOCATION OF SEEPAGE
: FROM RESERVOIRS, CANALS, AND LEVEES

h Y N .

’ A high resolution space-borne senSor is needed-to provide ‘annual observation
‘of -effects of seepage from water reservoirs, canals, and levees at selected sites
throughout the U.S. and in foreign countries. The sensors should provide multi-
spectral imagery in the visible, near-infrared (IR), and thermal IR portions of
the electromagnetic spectrum with a spatial resolution of 10 meters and covering
an area of approximately 130 square kilometers er scene. ..

Facilities for water storage, water distr ution, and flood protection\
require surveillance of their operation and surrounding environment in order] to
detect, seepage, which may be observed from surface or near-surface groundwatler
levels. Seepage.results in loss of valyable water, and if continued, may $feaken
or erode dams and embankments to the extent that failure occurs, Dids

Because in most cases the features related to seepage losses are too small

to be detectable within the spatial resolution of the ERTS imagng systems, it‘is
recommended that a satellite high resolution imaging system be prﬁggded. An. .o

alternative approach’is fo use aircraft remote sensing for this pyrpose. The
cost of doing this on a wide scale is prohibitive; data has been aCquired by this
method only in special cases where the need was urgent, )
 The satellite high'resolution imaging, system described herein will have a°
wide variety of valuable uses in every area of earth resources as well as 'in the’
field of inland water resources. Initiallyy the system would be experitental,
The technology is available to provide a large quantity of data. User needs for .
.+ data are not ybt fully understood and until they are matched to the available P
technology, care must be exerfised to supply the amounts .and kinds of data that
thedser commmity is ready #o assimilate. L . -
. The current cost of using aircraft Systems to acquire pictorial coverage of - -
ter resource facilitigs can be conservatively estimated at well.over §1 million
. (\EEI year:for one-time Covergge. It may be possible to "R}ggy back'' water resource
observation systems with other spacecraft on space shuttle missions and thus
share the launch costs ang make the water resource observation concept cost-
effective. It is-po i} however, that the wide rdnge of benefits envisioned
from ultimate'use o e’data for water resource.management may justify a separate
satellite placed in orbit. '

] N A

. SURVEILLANCE OF RIVER CHANNEL AND BEACH' MIGRATION
l Y

Over periods of time the flow of water in a river channel or in littoral

currents along a coastal area tends to. erqade banks and beaches, move the loosened
< * »

‘“ - . ’
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" that of the 156,000 kilometers of U.S. sho®gline, 38,000 kllometers are expef!-

‘of inlets, and erosion of bedches., The topography of the channel or beach area

material to-rfew locations, and redeposit it. This pfocess causes the river
channel to migrate, with continuously changing bend locations and radii, stage-
discharge characteristics, and buildup and dissipation of shoal areas. If the
stream 1is nav1gab1e, Yt is desirable to stabilize the channel to prevent costly
drédglng operations, possible vessel gropndings, and accidents. Sonmetimes
river chagnels are straightened as a flood reduction measure, to change the flow
characteristics, and as an aid to navigation. It is then necessary that the
straightened channel be maintained, Early detection of changes in channeis
which may endanger preventative works or requixe remedial work will reduce pre-
vedtative and maintenance costs.

In response to a requirement established.in Section 120 of the Rivers® and
Harbors Act of 1968, the U.S. Army Corps of Engineers has presentéd estimates
of the extent of streambank erosipn in the U,S. In August 1969, the Corps
estimated that 1 million kildmeters of banks were experiencing some degree of,
damage. This is about 8 percent of the total 13 million kilometers of stream-

banks in the U.S. Damages estimated at $90 million annually were occurring .
on 275,000 hilometers of banks and were sufficiently serious to require remedial
measures.# Approximately one-half of the damage was due to‘sedlmentatlon, one- .

third was due to land losses, and the remainder was due to mlscellaneous effects..
Now, 7400,kilometers of bank protective works have been completed at a cost of
§i.8 million and another 3700 kilometers are under construction. .

In coastal areas, wave action and littoral currents cause bea erosion
which resqits in loss of high-value Weachfront property and in mghy cases
requires t -establlshment of costly beach nourishment programs # If littoral
drift is occurrrng near a coastad inlet, material is frequently¥ deposited at the
inlet, which ma) eventually be close&‘unless costly malntenan programs such as
uredg1ng are performed. )

In order to gain “an understandggg ﬁf the magnltdag of "th osaon problﬁm,

a

it is helpful to examine some estimi¥es of its extéﬁt, In the NaGt:
Shorelire St udy (U.S. House of Repr&SéntaBives Document '93-121), .it.is ﬁ%&g@

enc1ng critical erosion prdblems. It is esf?hated that_ 1t houlq cost $1. 8 bii-
lion in 1974 dollars to halt this erosion.®.

It is necessary to detect incipient changes in channel and oeach conflgura-
tion and location so that measures .to control erosion can be initiated where
justified. Data are requlred to describe lateral movements of channels, w1den1ng
or narrowing of channels, formation or destruction of channel bars, narrowing

must be mapped to water depths up to 30 meters, The watér is usually sediment-
laden. Resolution is required that permits mapping at a scale of. 1:24,000 with
accuracy of 1 to 2 meters in the horizontal dimension, and 0.1 meter in the
vertical. The areal extent of such Teasurements ranges from 10 square kilometers
upward., Since channel migration is relatively slow, measurement and comparison
to detect changes need to be repeated annually and following major floods or
storms. The data should be made available to the user within 10 days of the
measurements o allow prompt initiation of corrective actions. Coverage, shou
include all coastal areas, the Great Lakes, and all major rivers and wate
of the U.S. .
In order to demonstrate the ut111ty of such J‘Eapablllty, it is | posed,”
that a pllot project be established for monitoring the rate of migr :




hY

shoaling of a portion of a major river, such as a segment of the Arkansas-White-
Red River system, the Missouri River, or the Willamette' River, and oftgjmajor
rinlet which has bewn experiencing serious shoaling problems, such as tfie south-
west pass of the Mississippi Rivgr or the Masonboro Inlet, South Carolina,
Methods available for such monitoring involve land, aerial, and hydrographic
surveying., The benefits of obtaining the data rapidly and more frequently than
is presently possible include-savings in- the determination of dredging require-
ments, in prompt planning of programs for bank and channel stabilization, and

in their maintenance in advance of failure, and allow evaluation of the effec- :
tiveness of engineering works. These benefits are highly site-specific and
average values are meaningless., The test program can be initiated in areas of
very high return and proceed to areas with fewer benefits. '

The potential for savings may be estimated by examining the latest costs

of related programs of the U.S. Army Corps of‘Engineers. Approximately $4 mil-
lion was expended in fiscal year 1973 for beach erosion control.” Costs for
Stream channel stabilization are included in the general category of, "Channel
and Harbor Operation and Maintenance," which required $170 million during the

same period. It is estimated that approximately $75 million was used for bank {
protection and channelization, while the remainder was required for dredging :
operations,

' DELINEATION AND ASSESSMENT OF SHORELINE.PROCESSES
-t . 4 . L
. Many facets of shoreline processes along the Great Lakes are poorly under-
stood, Shorelihe processes have a significant bearing on a number of serious.
problems in the Great La*es regiom; including shoreline erosion and. flooding,
design of structures and"shoreline protective works, power plant, siting and
thermal dischatge restrictions, dredging to maintain navigation, associated
dreng-spoil disposal, and sediment and other pollutant inputs from tributaries. .
further complication is introduced by the fluctuation of levels of the Great
~Lakes. Additional problems dufing low-water periods include reductions in
) ////' navigation capacity dnd interference with recreational boating facilities.
- . ¥ Research programs employing remote sensing techniques offer a potential
» avenue for advancing the present understanding of shoreline processes in the
Great Lakes. This advancement will assist various federal and state agencies
in carrying out regulatory and management programs, Data desired include wind
ditections, durations, and forces; wave heights, periods, directions, and pat-
terns; surface.and subsurface current patterns; littoral-drift transport
quantities, patterns, and dynamics; near-shore bathymetry and dynamics of off-
.Shore sand bars; impact of navigation structures on littoral drift and shore-
line erosion; upwelling phenomena; and djspersa{ of sediment and other tributary
inputs. A , -
It is recommended that a research project be undertaken to- assess how space
Systems can be applied to assist in the further understanding of shoreline
\“‘ erosion processes along the Great Lakes. This effort can benefit from work
ongoing in, the NOAA Marihe Resources and Ocean Survey Program, Additionally,
concurrent efforts can be devoted to the development of models to explore and
to utilize fully the data colleeted. ' This research program can be correlated
 with present meteorological data collection programs, with the activities of
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sensing programs offers an aitractive\:nd cost-effective alternative.

Ky

the NOAA Great Lakes Center, with the Littoral EnvirbnmenE'Observation (LEO)
program of the USCE Coastal Engineering Research Center, and with state coastal- -
zone management -programs. Collectfon by conventional means of research data

of this type is very expensive and difficult, Effective application of remote

’

MAPPING OF WATER-RELATED LAND AREAS - 9 :
\ ' .
. Management of inland water resources is concerned with and influenced by
the location, extent, type, use, and management of various land .areas which ex-
hibit varying degrees of interrelationship with water quantitx'and quality. A
partill list includes wetlands, both coastal and intand, of various types; lake-
shores, shorelines,.and stream corridors which through their use, development, ~
and management impact the use and quality of adjacent waters; developed urban
areas which often substantially modify natural hydrologic conditions; lands used
for waste disposal as in an increasing number~of waste-water treatment systems;
irrigated agricultural areas; and lands associated with water-based recreation, 1)
comheyce and indus{fy,;apd various other water projects. ) ' .
7/~ Accurate data on geneéral and specific land uses and characteristics are
ingredients in the planning and, to a lesser degree, in the operations S
elated to water resources, Such data are also necessary in waterfowl and other
#ildlife management programs, in wetlands and other environmental preservation
and management programs, and in numerous related activities. In general, the
data required include location, extent, classification by use or character, and
possibly other attributes. The level of detail needed varies accérding to" the
user and the intended use. In.some cases, 80 méter resolution is satisfactory;
‘'other cases may need 10 meter resolution. . ’
A land-use mapping program specifically for water resources management is
probably not warranted. Instead the data'needed can be acquired by a space
system designed to serve a variety of uses, all part of a community concerned
with land use., It is recommended.that priority be given to the development of
assystem with the capability to smpply land use data to users at federal, state,
and local levels. Specific steps required are improvements in ground resolution ‘rv
Yo perhaps 20 meters; increased sensitivity and accuracy in sensors to delineate
land use classes’ so that a minimum of satellite data will be acquired thus mini-_
mizing gosts; and a user-servicing organizational framework which parallels the *

present role of NOAA in providing satellite meteorological data, . . \

A general land-use mapping program will significantly assist water-resource
programs. At present, data on inland water resources are collected by .expensive .
and tihe-consuming techniques including field surveys, aerial-photographic inter-
pretation, and questionnaires.. Securing up-to-daté data is a major, problem. -
Some useful information ¢amnot be collected in the desired detail because the
‘cost 6f using current methods would be too high. Water resources and other = . N

land planning and management programs have many data needs in common, and this

can contribute to a cost-effective approach, It should be recognized, however,

that some water managers may need highly,iﬁecialized land use data which will T

require individual collection and analysiss . ' : »
& \ ’.
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. ) RELATING URBAN DEVELOPMENT TO CHANGES IN RUNOFF

The existing data-base on wuantity and quality of urban runoff is very .
small, and no,cBmprehensive attempt has been made to reiape urban growth to
changes in runoff., A pilot project is needed to establish how urbanization and
associated changes 'in physiography are related to modifications of .runoff and
runoff quality, ‘

.~ Typically, the most harmful effects of storms in urban areas occyx during
-and following thunderstorms when short periods of intense rainfall produce high
'flow rates. The: result is local flooding, often severe, combined with very high
concentrations of pollutants, Maximum flooding and maximum pollution frequently

" occur at about the ‘same time.

«

<

.

- In large watersheds, the results of ur anization upstream can be very seri-
ous and, although many studies have noted #he general nature and magnitude of
changes, much is still unknown about specific cause-effect relationships. A
particularly obvious ‘shortcomimg in previous investigations is the spotty char-
acterization of runoff data with little, if any, attempt to collect data on a
synoptic basis. -

.~ The recommended project seeks to compensate previous shortcoming by smaking

maximum use of space data, both directly sensed and transmitted Ffom ground

sensors, to trace the basic changes in watershed physiography through a-period

of urbanization and to relate these changes to changes in flow and quality,
Specifically, it is recommended that one or more rapidly developing areas be
selected and monitored over a peri?od of 10 years. The Panel has no particular
area in mind, but the_areas selected should resemble the Santa Ana Valley area .
in Célifornia or.Fairfax County in northern Virginia as they existed 10 or so
years ago. § . . :

Complete records of land use Should be compiled at. regular inhtervals, say
annually, during the study period. In addition to the traditional measures of
‘land use, such items as permeabilify, ground cover, channel modification, instal?
lation of -sewers, and changes in topography should be noted. * Flow and qua}lity
should be monitored, both from space when possible and from a series of 10 to
25 ground locations. The’quality parameters to be measured include biological
‘oxygen demand (BOD), suspended and total sotids, nutrients, and temperature, .
'At least three major storms would be sampled annually and more, if possible.,

.. Data sensed directly from space require a resolution of approximately one-
"half hectare (one acre) for land use characteristicé and perhaps 25 meters for
]stream related variables. 'Flow and qualitysshould be accurate to + 25 percent,

; pT better, .

Several good mathematical models of urban -systems- exist, but their use is -
seveérely hampered by lack of data. It is propesed that this,study use existing
models. As the study proceeds it may poifit the way toward ifew :and improved ones.
The resulting tools will be invaluable to urban”planners and engineers and not
only will have a direct benefit to planning fon flood control and pollution
abatement but also will pemmit more deliberate and rational planning of urban
development and resources tonservation, N

The cost of the program described here is.very hard to estimategbbut an ;

.

estimate of $300,000 per year can be postulated. A study on the scal proposed*
has never been attempted, but it'is #ear that to attempt it with conVentional .
data gathering methods would be prohibitively expensive, and the information.
obtained would.be incomplete. «
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: . ., NATIONWIDE INVENTORY.OF. THERMAL CONDITIONS

’ ) . . - * .

The Panel recommends the establishment of a thermal baseline for all major
surface waters in the U.S. The natural temperature of these waters is increas-
ingly subJect to modification, either through the direct action.of man as when
the water is uded for cooling in industry or through indirect action as in urban
development or in the destruction of forests. Water temperature is a vital
factor in the aquatic ecosystem, and it is now widely recogn1zed that changes in
the thermal regime may alter the entire food web, cau51ng the rise of certain
species and the loss of others. Unfortunately, there is not a good thermal base-
line, and investigators today are not able to make valid compar1sons with con-
ditions of a decade ago. The purpose of the recommended study is to provide such .
information for the future. Data on responses of surface waters to thermal load-

'ings will also permit a check on important thegretical calculatidns.. The
electric utility industry has a need for large’ volumes of water for cooling of
thermal electric power plants. Onceythrough cooling with ocean water, and to a
limited extent, inland surface water, has in the past provided the means for dis-
sipating the waste heat. Because of limitations for ambient temperature rise
being established by regulatory environmental agencies, increased attention is .
being given to evaporat1ve cooling systems.L,Large additional quantities of

water for consumptive use are not available in many parts of the country. To .
examine the trade-offs with once-through cooling, there is a need for careful and
well-documented measurement of the thermal characteristics of 1n1and and coastal
waters,

An ideal study would measure average monthly temperatures for all major
surface waters, but the Panel believes that valid data for any year, by month,
will be valuable even though that year may not be average or even typical. The
important factor is to obtain a 'spapshot" of present conditions. What are
mayjor surface waterg? This classification includes as many bodies of water as
possible, but the Panel recognizes that every creek and pond cannot be -covéred.
Basically, all navigable streams should be included, all lakes in excess of ...
about four hectares (ten acres), and all .streams w1th flow in excess of
2.8m /sec. All situations should be covered for which a satellite-borne )
thermal sensor having a resolution of about 25 meters can take a good read1ng.
In situ sensors are desirable to furnish vertical thermal distributigns in deep.
lakes. Data should be collected at least seasonally; weekly intervals would be
optimall Space data should be supplemented by ground data at a number of loca-
tions sufficient 4o provide indications of daily €luctuations, The finished

in both d1g1ta1 and o orms, For large Jakes and' r1vers, a significant amount
of. Sampllng is implied; for small water bodies, a single-po1nt value may be ’
adequate,

The Panel considers thqé 1nventory of *thermal conditions impractical by
any known means other than satellite and remote sensing. U51n§'p space system
can give the wide coyerage desired and the added advantage of ¥ uniform approach
The benefits of this proJect are based largely on health and social values in
much the same way as is the current massive pollution control program, a program
which involves a commitment of as muth as $100 b1111qp over @ 1§-year per1od
and which has been decided tpon withéut any serious attempt to make a cost-
benefit assessment. The.cost of preparing the inventory of thermal conditions

1
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by conventional means, if it is possible, would.be immense. The Panel estimates

that the use of space systems may result in savings in excess of 50 percent of k o~
this cost,’ o -

i

’ ) -,
— - DETECTION AND MEASUREMENT OF .SUSPENDED SOLIDS, . LT s

, . Marly reservoirs in the arid western U.S. lose stdrage space because suspend-
ed solids are carried in both from tributaries and from the watershed itself,
Additional volume to compensate for silting must be provided when the Treservoir’
is constructed. Often high maintenance costs are incurred be e of siltation
of outlets and other operational fdcilities, Silt deposited in waterways gnd
: bays become,s. an impediment to navigation and requirés continual dredging. “Where
cod-control dams have been built on sediment-Carrying streams, reductions of .
\f\/go.ws below the dams may-allow sediment’ deposition, This.deposition can detri-
, “‘mengally affect. fish spawning areas and habitats to a significant degree, \
Starvation of coastal beaches can occur-when suspended solids, which would nor- i
mally nourish the beaches’ are instead trapped in reservoirs. Without such
nourishment vegetation does not grow and- the,erosion of coastal features often
.takes place, ] C N _
" It is recommended that 4 demonstration pregram be, designed to determine how -
satellite and aircraft remote sensing capabilities can be. applied to the problems
of siltation in reservoirs and waterways, A study model can be based on an
existing reservoir where sedimentation is a problem. An addjitional -study can .be
.undertaken to measure the shoaling in'a U.S. harbor., Remote’ sensing-should be .
‘capable of 'measuring suspended solids along a stream in concentrations from *
0 to 5 kg/m3 with an accuracy of + 10 percent, ' In & bay or harbor» various scour-
ing and shoaling patterns should be.observable, _ .., . & . ° R el
e bggefits of such a demonstration program will be extensive. For streams -
and reservoirs, more effective project designs and reduced operating costs will

Tesult, The danger of envArprimental damage to- fish can be defined ‘and cox-"rgcted
or mitigated, Dredgi@g ay or harbor caii be dope in’a

greater efficiency, .
ws - ) . $ ; ." e e . .- :

.. . -, . . - V!
AND MEASUREMENT OF SALINITY IN WATER AND SOIL L

Remot® sensing salifity, including electrical condqcti\;i’l:‘y and chlorine

. content, will be of hajor assistance in the, mapagement of inland w ater regources, o

While the occurrence and extent of salinity varies widely throughout , u.s.,

the problem affects many aspects of ;}}e'benefigiai use of water. . ‘

* "

1. .Salt water intrusion into estuaries can affect both pignt,and.

- - ' animal life. The shape and extent of the salt water weﬁge‘ .o RS
: must be taken into considgkation ,in the diversion ‘of water" for ,
1rrigation, mmicipal, and industrial purposes., - ) o
2 %w_ . . . o .

®

. -2.  The salinity of inland lakes is important’ in éetémfning e
extent of usable water supplies and in locating sumps fyf the ‘
" dispositionr of brine}and other waste waters, \ . : .
S LT :
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) 3. The salinity of soils affects the suitability f 1apd for many
uses, such as installation of p1pe11nes ds ¢s subject (
to corrosion. Salinity.is an-important factor in chSJderang .
whether land is potentlally useful 12 Irrlgéted fbr ‘
aguauumm ¢w . .1-:-« -
’ 4. S Concentratﬁons of, alts in. the root zones of pIants are a .

factor in’determining the most efficient irrigation practices

and the amount of water e applied, They .also are a factor

in the drainage of wate£§:2§9d lands whose productivity is s

decreased by salt bulldup. - '

’ S. -Sallnlty of surface streams is affected by both point-source "

' and nonp01nt-source degradation,. Natural runoff from surface
areas carries dissolved salts into stream systems, particularly
in arid southwestern U.S. Salt-laden springs frequently con-
tribute significant quantltlés to the system. The return flow 4
or dralnage from irrigated lands must return to streams salt '

o in quantity equal to that brought in by the water used for
irrigation, or else the salt balance of the irrigated 5011
will not be maintajped, Effluents from mumicipal sewage

i disposal and from many' 1ndustrlal processes increase the salt

1 -loading of surface streams. ' i S

'l

A demonstration ptogram should be designed:to provide for the research and -
development of a remote-sensing capability for salinity measurement., This
should be done on a basin-wide basis.and should include as many kinds of salt
occurrence as possible. The Colorado River is one example of an overcommitted
stred® system and displays most of the salt probleris préviously da.scussed. .
Salinity of the river occurs naturally because of leaching of soils in the basin
draining into the stream and because highly mineralized springs and geysers help
feed tHe stream. Saline retwrn flows from irrigated lands and high reservoir i
evaporation result in a continuing downstream degradation. 0il-shale processing,
,coal gasification and liquefaction, and other energy-related processes have an
effect on the river sghinity but the extent i$ unknown. It is desirable to
establish Baseline conditions along the ire Colorado River and its major _

: tributaries. Comtinued monitoring will/determine changes, assist in contrel of -
waste-dlscharge activities, and help in the enforcement of existing. regulations. ,

In order to conduct the demonstration prégram, additional ground truth will™

be needed. A remote sensing system should have the capability of 20 meter
" resolutioqp *for water, surfaces and a larger area of measurement for soils. The
desired meé’grement will .fange from 0 to 32 kg/m§ with an accuracy of + 5 percent.

The U.S. Bureau of Reclamation is authorized by Public Law 93-320 to under-

. take a salinity-improvement program on the' Colorado River System at a cost of
$284 million. While a remote-sen51ng program that proves effective on the
Colorado River will have long-range benefits along tha# river, its major benefit
will be in reducing the cost .of fuig:e instrumentation and data-gathering activi-
ties for other river b351ns and estuaries. For a basin comparable to the

V Colorado River that cost savzng night be 1n the order of $600,000 annually.
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’ " sunlight into a basic substance of life; the protoplasm of the phytoplamkton. '

The estuaries, providing abundant phytoplankton, support vast populgtions of .
mollusks, crustaceans, and other invertebrates which feed directly on unicellular
plants and in turn become the source of energy.for higher forms of life. .
Estuaries have also become other things: avenues of commerce, sites of
intensive commercial and sports fisheries, loci of residential and industrial ' |
development, convenient receptacles for enormous quantities of industrial and
domestic wastes, and in recent years heat sinks for producers of electrigal
energy. Despite characteristically enormous capacities for assimilation of ° - .
wastes and dispersion of heat, many estuaries are becoming degraded. Goverpment
. agencies are confronted with the very difficult problem of preventing further
degradation while accommodating continued residential and industrial growth in
the estuarine areas. Central to resolution of that problem is increased knowl-
.o edge of the dynamics of estuaries and particularly of the tidal regimes.
In some estuaries the tidal regime has become, in general, rather well under-
s *stood and documented, through many years of painstaking research that has epployed
conventional method% of data collection, storage, and retrieval.. Seldom, Jowever,
is that knowledge sufficiently detailed, complete, and current to provide ‘sure .
~guidance in such critical managemeﬁt\dgzisiohs as the following: where to
locate power-generating stations, how hany suciistations to permit, and what
restrictions to impose on their operation; where to permit the discharge of
" domestic and industrial effluents and in what quantities; whether to permit
™ major morphological alterations; how to dispose of dredging spoil; how to manage
fishery resources, * _
It is believed that with data from satellite-borne sensors there is promise
of acquiring definitive knowledge of the tidal regimes of estuaries, certainly
with timgliness and possibly with cost effectiveness. The critical data nee
are numerous. Accurate measurements of surface and subsurface temperature,
salinity, current velocity, and surface elevations must be obtained synoptically
on a precise schedule. If such data needs are to be met by remote sensing, -
‘resolutions of 100 meters in open waters and 10 meters in more confined waters
must be obtainable. Required accuracies are temperature, 0,1°C; salinity,
0.1 'part per thousand; current velocity, 0.5 cm/sec; current direction, 0.1
degree; and surface elevation, 5 cm. If the required data at hourly intervals
cannot be obtained by remote-sensing, the employment of in situ sensors report-
ing through a geosynchronous satellite may well be a viable alternative. Neces-
sary modifications of conventionally employed sensors appear technically and .
economically feasible. Jhe Chesapeake Bay appears to offer significant advan-
tages as a site for a demenstratign project. The Bay is large, complex, higkly .
productive, rather well researched, and deserves early attention. Construction .
by the U.S. Corps of Engineers of a hydraulic model centered on the Bay is near- ’
ing completion. Over the next several years, when the model’ is in process of
verification,. opportunities will exist for comparison of data obtained by
various methods. ) ) .
. The Panel is not prepared to quantify the benefits and costs'of the pro-
posed demonstration project, It is believed that if the required data are
obtainable’ by remote sensing, the ratio will be very favorable. If the same
data must be obtained by in situ sensing and relayed through a space ptatform, _
it is somewhat less 1ikely that the costs will be lower than with conventional ” e
methods. -In both cases, the probability of a reduction in the time required -
., to achieve the objective is a factor that .cannot be ignored.
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SURVEILﬁANCE OF ICE CONDITIONS *

JIncreased knowledge of jce conditions in lakes and streams is important for
Tesearch needs and for operational purposes,’ Navigation operations under winter
conditions are drastically affected by such factors as ice formation, types,
thickness, and areal extent. In addition, particularly in northern streams, ice
jamming causes serious f ooding which can be avoided only if anticipated and -
alleviated during early stages. The spatial resolution required for operational
purposes is about 20 meters with a Tequired accuracy of + 15 percent. Vertical.
accuragy should be within 10 centimeters.. Data must be delivered within 1, day
and preferably within 1 to 2 hours following observation. The geographical area
covered may .extend for 500 kilometers,

o - /The Panel believes that a demonstration project can be accomplished with

currently ayailable spacecraft and aircraft sensors and ground-truth information.
For research purposes additional sensoers including in situ sensors may be
required. The project will study the type and“distribution of ice in a number
of critical portions of the Great Lakes, the Illinois wategway, and the naviga-
ble portion of the upper Mississippi River. Arpas of interest will be monitored
during conditions of ice freezeup, growth, and breakup and during drastic weather
changes throughout the winter. Data collected will include ERTS-type imagery
and ground truth on ice thickness and types at selected locations at the time of
satellite passes and aircraft overflights. D4ta en air and water temperature
will be collected continuously. Estimates of ice thickness will be attempted
through interpretation of surfage temperatures. The dielectric constanttof sur-

. face materials will be utilized to assist in determination Qf® snow moisture con-

tent, snow temperature, impurities, and open water conditions. The project

should establish the types of ice, ice ickness, ice movement, and ice location, . ~

should predict the onset of ice formation and ‘breakup, and should permit correla-
tion of this information with the difficulties of navigation through ice fields.
' The benefits from this project will include a reduetioh in the cost of col-
lecting data, in comparison with current means. Collection of ground-truth
information’about ice for operational purpeses is very hazardous and the risk of
loss ‘of life is always very real. Loss of life has occurred from floods foilow-
ing the breaking of ice -jams.- Applications of remotely sensed data, will help -:
eliminate such hazards. =~ - - ‘
Benefits to-the’ waterborne shipping industry 2150 occur through an exten- -

- sion of the navigation season. Experience during the winter of 1973-74 from,

an indication of Wiese benefits., A test was conducted on the Great Lakey. It
involvéd providing ice-condition information to 30 vessels, or about 10 percent
of the total fleet. The information was obtained by using radar remote sensing

a joint.project igyolviflg NASA, NOAA, the USCE, and the U.S. Coast Guardkglves

"with surface observations on ice thickness. With this.information the vessels

were ‘able to extend their operation beyond December 15, 1973 to -Febapary 7, 1974,
This resulted in an estimated 5 million tons of additional shipping being moved
after December 15 and resulted in revenue to the shippers of $5 million. This
arount does not include the savings in inventory costs of _the commodity and in
the cost of providing additional storage at the terminals. If it is assumed
that similar extended periods can be obtained annually and if benefit can be *

-extended to the entime Great Lakes fleet, an estimated additional revenue to
shippers of $50 million can be realized. To this can be added additional value °

Teceived by the inland-waterway industry. .
49 : -

0

~

AR




;.
> . "
\ ASSESSMENT OF FLOOD DAMAGE

.During and following floods along rivers and in coastal areas, federal and
state‘agencies must assess the extent of the flood damage. The information is
used to support requests for emergency assistance, to determine recovery efforts
required, to determine what flood damage was prevented by existing protection
measures,” and to ewvaluate the need for new or additional flood protection. The
rapid availability from remote sensing of information about the extent of*flood-
ing can be most helpful, particularly when the flooding involves extensive areas, :
Visual imagery, before and after the flood, together with surveillance of develop- *
ments ih ther¥lood p}ain, may also beé useful in damage estimation. Presently,
damage assessments are conducted by expensive and complete in siiu surveys. o,
Finally, rapidly available data on water surface elevation and river width during
the progress of the flood together with topographic infermation throughout the
‘Tegion can be used to predict flooding downstream. Thid is very impoxtant since
channel characteristics change during high flows, as may be noted particularly
in ‘changes that have occurred in the lower Mississippi River.

Parameters required for assessing flood damage are the width across the
stream, both within and without the bank area, and the elevation of the water
surface. The width.of the water surface has been previously measured success-
fully with ERTS-1.imagery. Remote sensing has proven to be useful in providing
quick estimates of the gxtent of regiopal flobding. To.be most useful, the data
. should permit mapping the flooded atea to a standard scale of 1:24,000 (a sca¥e
nqt available from ERTS-1) and with an accuracy of S percent, The regional area
to be covered may range from 250 to 2500. square kitometers. All river basins .
within the U.S. must be included in this coverage. Areas subject to flooding
should be covered at least twice daily during tHe flooding period, préferably
every 4 hours. — ) )

As the required capability has been démonstrated previously, the main effort
in the proposed project should be diretteéd toward introducing the program into :
the operational procedures of appropriate agencies. Primarily involved are the
U.S. Army Corps of Engineers.and state and local agencies. Estimates of costs °
" and bénefits are difficult to obtain. As one measure, the USCE expended $8.5
million for flood and coastal ezergencies during fiscal year 1973, It is diffi-
cult to determine the amount expended in the assessment of flood damage because
‘of differing Jaccounting procedures. The figure given does include costs of
remedial measures taken during emergencies, for example, levee repairs.

- o ‘7

SURVEY OF ROOTED AND®ATTACHED AQUATIC VEGETATION

-~
>

Abundance and disgribution of rpoted and attached aquatic plants are of .o
significant interest in the management of inland water resources and related )
fields of fisheries arid waterfowl management. Both rooted and attached aquatics?
can be and frequently are detrimental where they occur in excessive abundance
and interfer® with navigation or impede water flow directly or by trapping sedi-

"~ ments and accelerating shoaling, clog intakes of water withdrawal systems, shade % .

out moré& valuable species, and interfere with recreation4l activities such as
swirming and fishing. Mahy species of rooted aquatics are more or less beneficial .

|

and some are extremely valuable gs cover and forage for many animals, inc¢luding !
. ¢ ', |
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Crustaceans and other invertebrates, fish, and waterfowl. . In estuaries and

large lakes, rooted aquatics provide relative stability where they occur in

shoal water and thus make possible the existence of commmities of lower amimal
species of great importance in the food chain. . '

Surveys of aquatic vegetation are routinely conducted by management agencies
as a means of obtaining early warning of need for control measures; for evalua-
tion of the effectiveness of control méasuy s; or, conversely, -for e:Siuatioh of
the effectiveness of efforts to establish desirable specie$, extend their range, .
or accelerate their growth. Such surveys usually combine air and ground observa-
‘tdons. The effectiveness of observations from the air is limited by turbidity
and by the fact that .many rooted aquatics are submersed rather than emergent or
floating. However, when most of ‘the submersed species are at or near full ]
growth, their terminal leaves extend to or very near the air-water interface and
are easily observed, particularly at low water levels. ‘

It is believed that multispectral sensing in the visible and near-infrared -
range from a polar-orbiting satellite or high-altitude aircraft can be advanta-
geously employed in surveys of rooted and attached aquatics. Resolution of
10 meters should be should be adequate except in a very few areas, and 100-meter
resolution probably will suffice’for some purposes. Species differentiation is
desirable,sbut less accurate identification can be useful. The matteérs of plant
type and density of poSﬁ?at&on can be resolved at the R&D level by coordinated
space-sensing and grgund surveys,? Logical sites for demonstration projects
appear to be (1) one or more states in the southeastern U.S. where problems have
long occurred with "pest' species of aquatics in watgrways and where control
programs are ongoing and (2) one or more states which have *important wintering . .
grounds for waterfowl, especially where there is an ongoing effort to promote
growth of one or more species of -aquatics, oo .

Quantification of benefits and costs is not possible with the information
at hand., The Panel believes the benefits could be very substantial., A measure
of potential benefits may be obtained by noting the expenditure of one federal
agency. During fiscal year 1973 the U.S. Army Corps of Engineers required ’

.81 million for detection and $1.5 million for control of aquatic vegetation, -It
is estimated that a 30 percent reduction in the cost of detection and a 15 per-
cent redlction in the'cost of removal (due to early detection) would result in
‘a savings of $450,000 annually for one agency. The resulting savings in man-
poweT which can be used for other purposes is ‘also a substantial benefit,

»

DETECTION AND EARLY WARNING OF.POLLUTION VIOLATIONS ] *

During the past decade, the federal and various®state governments have
enacted or promulgated an unprecedented number of stringent laws and regulations
against water pollution and have issued great numbers of discharge permits
specifying the level at which permittees are authorized to "pollute." The speci-
fied levels are those at which, in the judgment of _the régulatory agency issuing
the permit, water quality standards are nof violated and the environment is not
degraded. Laws, regulations, standards, and permit specifications are meaning-
less, however, without effective enforcement, but enforcement has been exceeding-
ly difficult tb achieve. ) - . .

) The inherent difficulty in the enforcement process lies in the nature of .
most of ‘the violations, They often are inadvertent, usually are transient, and
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almost always are detected only hours or days after they occur and then only
through observation of secondary effects. A "slug" of acid mine drainage or an
ephemeral dlscharge of a toxic chemical from a paint factory, which ‘causes no
visible change in the receiving water, may kill thou%ands or millions of fish,
.genevate hundreds of telephone calls t6 the enforcement agency, and leave no
Substantial clue to the orlgtn or even the nature of the discharge. The frus-
trating experlences of a number of years of enforcement effort force the conclu-
sion that agencies responsible for prevention of pollution must have timely warn-
ing that pollution has occurred if they are to be effective, To be max1mally
effectlve, those agencies need to know that pollution 78 occurring and, to mini-
mize effects and fix respon51b111ty, they need to.know exactly when ‘it begins
and precisely wherg it is occurring. Supplying that information appears to be
within the capability of current technology. : '

Under the provisions of extant statutes, every discharger of a 51gn1£1cant
volume of effluent must obtain a permit. The regulatory agency is advised by
the applicant of the quantities and compositions of effluents proposed to be
discharged and {he permit, if issued, specifies rates of discharge which may not
be exceeded. The regulatory agency, in every case apprised of the nature of
‘the discharge, is often in a position to arrange for the design of sensors that
“~can be installed at or near the p01nt of discharge, are capable of detecting and
reporting violations of permit specifications, and can identify the location of
the violation. The Panel suggests that a communicatlons system be provided
through a geosynchronous satellite, with violations reported directly to enforce-
ment agencies, With full implementation of this proposal, an enforcement agency,
probably at the state level, will be able to dispatch investigators to the scene
of a V1or§tlon within mlnutes after occurrence rather than hours or days later.
The Panel believes that the proposed system will provide substantial assistance,
npt only 1in f1x1ng respon51b111ty for violations but also in dlscouraglng chronlc.
or intentional violators and in encouraging occasional or inadvertent violators
to be more careful.

.The Panel suggests that a research program be initiated now to design appro-
priate sensors and communications systems and that a demonstration project be
launched as soon as practicable in a region where pollution violations are
frequent The advantages of using the Chesapeake Bay for a demonstration project
have been discussed earlier. The Baltrmore harbor area seems particularly suit-
able for the project,

Potential benefits of an operatlonal program of the kind recommended include.
(1) saving of many man-hours of investigative effort now expended too late to be
effegtive and (2) the value of biotic resources that would not be destroyed if
damaging discharges were detected and terminated promptly.

h Y -

N , .
. '--.‘0




.

" CONCLUSIONS .AND RECOMMENDATFONS R

, INFLUENCE OF THE.PROPOSED SPACE TRANSPORTATION SYSTEM

The space transportation system for the 1980's in the form of space shuttle,
Spacelab and the associated upper stages (tugs) can have significant impact on
needs related to inland water resources in four areas. The Panel offers conclu-
sions and recommendations in these four areas as follows: .

1. The development of multiépeétral sensors is pertinent for water quality

L]

studies. The Panel on Inland Water Resources has pointed out several situations ‘
in which the quality of inland waters should be inventoried and monitored.- The
needs for quality characteristics apply not only to layers of water.near the .

surface, where spacetborne sensors have already been shown to have some potential,

byt alse' to watet well below the surface. Furthermo®e, many water quality para-

meters/need very precise spectrometric observations if they are to be identified,

by remote sensing., Spacelab, offers a possibility of permitting the development

of sensors which may achieve these results. A payload technician on board. the °

Spacelab would be dble, ideally, to coordinate observations with ground-based . -

experiment teams. ‘These teams would collect ground truth and coordinate and

refine the results of preliminary analyses performed by the payload technician.

There is a very 'significant challenge in this area of endeavor, and the potential
benefits are quite.large, - e -

2. The development of microwave sensors with high spatial resolution can
contribute to quantitative measurements of soil moist§re, ice cover and thickmess,
Snow water equivalent, and precipitation. Observations from space in the micro-

'wave portion of the electromagnetic spectrum offer considerable promise of
obtaining quantitative.measurements of these parameters. As described earlier,
promising results have already been obtained with use of sensors on NIMBUS, °®
Skylab, and high-altitude aircraft. However, instruments should be developed
with capabilities for high vertical “and horizontal resolution and for multi- . .
spectral active or passive microwave measurements involving theigse gf-iarge
‘antennas or synthetic aperture antennas. "These systems could in¥olve relatively
large amounts‘of power, include complex dn-board data-processing systems, and
produce large amounts of data. Before such a microwave system can become opera-
tional and thus be applied to problems related to inldnd water resources, includ-
ing the specific ones mentioned here, considerable research and development are .
needed. - This{RED very appropriately can be accomplished'in Spacelab, . :

-
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The presence of a payload technician should markedly increase the probébility
«qf obtaining successful results during the 7- to 30-day missions. -
3. The space shuttle can serve as a platform from which to launch unmanned
spacecraft, Data required for managetent of inland water resources generally
involve long-term repetitive observations from unmanned spacecraft. It is con-*
ceivable tfat large numbers of such satellites will be needed to implehment pro-
posed projects; The satellites may be launched, repaired in space, or retrieved
by means of the space shuttle and the procedure may offer considerable savings
to users of the data so obtaineg. "N . . N
4, Observations and interpretations provided by a human id spaca may make
a valuable contribution toward realizing the obyegilves of water resources man-
agement. Although it is difficult to describe speplflc situations in space
other than those already indicated where more human involvement will be required,
it nevertheless intuitively seems to the members of the Panel very probable that
a trained hydrologist or water resources specialist on board Spacelab can obtain
valuable 1n51ght from visual observation. For ‘instance, a hydrologist on board
Spacelab may be' able to survey and direct assessment of damage due to large )
floods in a way whiéh will expedite ground-based operations associated with
JAnsurance claims and r®scue operations. A hydrolagist should be included on at
least one Spacelab mission in order to evaluate this possibility.

14
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GENERAL CONCLUSIONS L v

In reV1ew1ng the 1969 report of the Panel on Hydrology, the Panel on Inland
Water Resources—concludes that the findings of the 1967-68 study generally remain
valid. The hydriloglc applications that were within the state of the art. in ,
;968 have been partially realized. Further development afld refinement of, these
applications will produce significant benefits. e Panel on Inland Water
Resources' further concludes that: )

1/ -The operational hydrologic program crecommended in the 1967-68 study
will not be realized in the time frame suggested by the Panel on Hydrology.

2, Programs based on applications of” space technology can generally be
grouped ifito four main areas related to the management of inland water resources:

a: InventoYy’
* b. Basic-research om hydfologic balance -
c. Plannlng . >

-

\\ d. Operation _ _ . B
3.

Whlle considerable bgsic research has been carrled'out that indicates
great potential for remofe sensihg, limited applied research has been conducted
to'develop the kinds of fully dperational systems that are needed in the broad
spegtrum of 1n1and water resources for application now by the nonresearch user.

’

. 4." In order fda!applled research to be successful it must have the direct
" involyement of potentlal users. : _

v« . .
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- . .
5. There is a need for all public agencies, federal and state, and the

private sector to take advantage of potential capabilities of space- technology .
.to meet user requirements, - . -

6.  Because aircraft, espegcially the U-2 and RB-57, offer needed flexibility
in operations, are useful in testing and developing equipment, and offer the
"advantage of increased resolution at lower elevations, the Panel has concluded
that they will tontinue to be useful for remote sensing,- . :

7. . ERTS-1'with its 80-meter resolution has demonstrated a limited but
usei!l capability to map snow and ice cover, large lakes, and flooded areas and
- to relay directly sensed data through DCS. .

8. Current practices for dissemination to users of available space data
on inland water resources are not satisfactory.” Prompt dissemination of data
is required for many operational programs because of the transient nature of
the data.

9. The Panel discussed a potential combination of data services now loca-
ted at Suitlands Maryland (National Environmental Satellite Service), Sioux Falls,
South Dakota (EROS Data Center) and Salt Lake City, Utah .(Agriculture Information
Center). It was noted that the National Cartographic Information Center "(NCIC)
is gurrently being established as a joint venture of the Depaftments of Commerce
and the Intexior to provide data location services. This ;mew venture combined
with-the existing structure appears to meet current user needs (provided NCIC
moves rapidly). This, combined with the fact that each ©of the-three centers -has
specialized missions, leads the Panel to conclude that no,merging of center
functions ‘should be considered at thi$ time. N .

. . ¢ . * R
10. - The practical application of space systems, while it offers potential
benefits to users, is being inhibited and may continue to be limited because of v
a lack of knowledge of how to use space technology in the user community,
., 11.  There is a need for professional and technical societies to promote
2 greater awareness of progress in the practical application of space. technology
and to encourage its developqgnt through their publicgfions and committees,

12. Advances in basic understanding of hydrologic phenomena and in capa~-
bilities for water resources management can be facilitated provided a vigorous, _
sustained, and coordinated effort is mounted similar to that which occurred in
the field of meteorology. - . 4

13. © To 'achieve maximWinet benefits any proposed satellite, water resources
program should be integrated with other satellite earth resources programs, for
example, land use, ®griculture, and environmental quality. '

14. There is a need to develop both in situ and remote sensors to measure
adequately -many of the water resources parameters required in an operational
satellite progran,
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15, Essential componenfs in the efféctive application of space technology =
to water resources problems are data process:mg, modelmg techrniiques, and ) .
mformat:.on-dlsplay procedures. p

&
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. . - - . . CGENERAL RECOMMENDATIONS . g\ 3
" The Panel on Inland Water Reswrces recfommends the following: i

1. #n opei‘atwnal satellite Water regources program should be developed
within the next § years. To achieve maximun benefits this program should be *
integrated with other satellite earth resources and weather programs. A data .
ccllection system must be one element of sugh a progran. The use of aireraft,
znc7ud7,ng the U2 and the RB-57, should contznue in the deveZopment of remote
sensing programs. ; ,

2. Pederal agenciee With responszbzig‘tzes in the development cmd manage-
ment of the nation's inland water resourceg.should take a lead role in the
development of operational systems using space technology. This role must include
"n,grams Sor dat:a and technology transfer ifa all users. To obtain maximen bene-
Fits these federal agencies must mamtcnn, “:m the development process, a partner-
sP.p ap;poach with state and loeal agencied and close coordination with industry,
private congsultants, and universities. Thgse agencies must develop a s
uwser interface with space technologwts in order to implement successfully such
operational systems. Federal agencies showld begin immediately to exploit .
Jdemons trated capaJnZzth of space technology and should incorporate them, wheré .
appropriate, into operating procedures for: fulfilling thezr migsions.

3. The EROS facility at Sioux Falls, South Dakota, should be expanded to
;- meet user needs more adequately, including more rapid, da‘ba chssamnthn, and
- zncreased technical -assistance, educatwn,‘and training. .

4. Proznswns should be made for the user@ to be assured timely
access to the fuZZ range of data obtcnned from a satellité vater-resources

_ . program. . _
5. . An RE&D program shouZd be carried out to deveZop and improve in gitu,

and remcte gensors that can supply data for use ‘in water resources management

.including, in particular, water quality parameters, soil and snow moisture con- .

tent, grozmdaater levels, river and near-shore hydrography, water velocity, pre-

eipitation, and ice cover and thickness. For these and other parameters, the \

capability to make measurements below the surface is essential. . {

) 6. At the earliest pmctiaable date NASA should deveZop space hardware,
sens.reg, and necessary programe for accomplishing, in eoopemtwn with appropri-
afe user.agencies, the following high-priority demonst'ratwn proaects related
to inland water resources:

a. Improved forecasting of runbff from mountain snowpacke

- b Mapping areal extent and depth of groundvater
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" . e. Mapping aveal extent and location of seepage from reservoirs, ..
: eanals, and levees )

d. ° Surveill of river chanmel beach migration N ",
e. Delineation assegsment of /fehoreline processes

! fo  Mapping of wgter-related - areas , .
g. Relating wrban development to changes in runoff . s

h.  Natiomwide inventory of thermal conditions
1.  Detection and measurement of suspended solids .o
Jo  Detection and measurement of sqlinity in water and soil

, LA k.  Assessmerit of lake eutrophication : -
* . L. Assessment of tidal regimes in estuaries ~ A
- m. Surveillance of ice conditions . LT
' .. Assessment of flood damage ‘ '
'\ _ 0.  Survey of rooted and attached aquatic vegetation
Q. . Detection and early warning of pollution violations . s
.. 7. NASA, either singly or.in combination with related programs of other

agencies, should make available to the maximum extent practicable, earth resources
measurements obtained through ongoing pro.grahsr In the field of inland water -
resources, this availability is considered particularly 1 ant go that the - (
professional community who administer, manage or plan watér resources may be -
provided with opportunities to epply this data fog" the continual improvement of

their decision making. ' . _ '

8.  Professional and technicdl societies with interests: in inland water T
resources should develop programes to make the user commmity tnereasingly aware. .
TOF developments in the application of spacé technology to water resources .
pI‘Obzems;e : . - ’ N

9.  In order to facilitate applications of space technology, a, persodical Soe
should be published, devoted to praviding informatiod on existing and .developing ,

0. techniques and methodologies fer applying space tecknology to user requirements. _
S 4 R .
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POSSIBLE APPLICATIONS OF REMOTE SENSING TECHNIQUES ' ]
~ RELATED TO INLAND WATER RESOURCES

.
3

Water Resources Data ' oy y C M
' {
1. Delipeation of sediment plumes and measurement of sediment loads
2. .Definition of mud-water interface fom vapious tidal conditions
3. Evaluation ¢f effluent dischaxggggatterns g
. 4. Monitoring of flow patterns by of dye injections
5: ' Detection of algal blooms .
.6. 0il pollution ) ‘.
7. Temperature distributiom in reservoirs
8.° Water velocity
9, Flooded areas o > . )
10. Segpage &nd drainage areas, including canals, reservoirs, and levees
11, Levee and dam surveillance - ‘ T
* 12, Irrigation return flows ‘
13,  Reservoir evaporatiop losses T '
14, Noxious groundwater seéps ‘ G . .
15.  Seiches and laké.setup ) , L - -
16. . River migtation ' ‘
17.  Tidal monitoring . ) . !
18.  Soil moisture measurements _ - )
19. Saline intrusions - . .
20, " Surface water mapping
21,  Precipitation monitoring
22. Runoff forecasting . : ' o .
\ .
Agricultural Lands for Water Use Studies _ S -
+ 1« ExtrapOlation of land use conditions based on real-time surveys -

a. ’ Acreage change detection Yo . : : .
b. Delineation of irrigated and non-~irrigated areas

* €. . Delineation of dry-farmed and native Vegetation

-
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d. Determining change ‘of fallow lands throughout the year
e. Determining extent of multiple cropping -
- f. - Determ1n1ng plantlng and harvestlng dates

2, Identification of maJor crop groups (for example, tfee and vine, forage,
‘'and row) and somé individual crops
] 3. Evaluation of rate of expansion of irrigated cropland anq_ground cover
. 4. Anticipated marginal applic#tions

\
a. Identification of individual crops not falling under item (2)
- -b. Delineation of sprinkler irrigated fields
) * c. Detection of winter time uses-of water for frost protect1on
. d. Detection of frost damage
e. Cold-air drainage patterns for ffost damage potential
f. _Detection of soil moisture changes
g. Detection of salinity and drainage problem areas
. .
. Consumption of water by dgriculture*
. Monitoring of aquatic vegetation (emergent and submersed)
. Monitoring embankment vegetation (weedS and phreatophytes)
. Irrigated land dra1nage 1nvest1gat1ons

Ecology . ) :

1., Major ecological system interfaces
2. Ecological equilibrium and dynamics
3. River and harbor pollution

4. Water quality parameters -

Snow and Ice
Y1, Runoff forecastlng

a. Mapping areal extent of snowpack ~

b. Temperaturg of snowpack

¢, Water content of snowpack

d. Short-term weather forecasting ' N

@. In situ monitoring of hydrometeorological parameters in real-time
-f. ° Soil moisture measurement

o
2. Ice jams N\
3. River, sea, and lake ice cover ':
- 4., Glacial movement and melt rate;

Y

Glac1al fissures

. ‘4 | ' '7:1




Native Lands 3 ' '

1. Acreage change detection, vegetation, cultural uses, etc, .
2.  Definition of broad vegetative types and other dominant characteristics
3

. 'Evaluation of geologic features / . .
. L ]
a. Landforms . ‘ .
b. _Fault lkines . o
c. Contact zones '
d.  Beach morphology
. e. Alluvial processes
Urban Lands for Water Usé Studies
. 1. Acreage change detection (land use, impervious areas, etc.,)
2,  Urban flood.hydrology ‘
3.  Delineation of urban land use patterns . .
4. Determining location and extent of 'recreational subdivisions
¢ -
Climate"
1, Forecas;s of regional ¢limatic trends . ) .
- 4
Water Resources Engineering .
1. Design and management of inland waterways for navfgaiion -
2. Engineering geologic investigations . i . -
3. Site selections of Teservoirs, canals, conduits, and levees Ny
L] - : “‘ ’
Hazards i o =
1. TYonditions for snow avalanches. i *
2. Flood alerts L. : . ‘ .
3. Bank and beach erosion . . - .
Disaster Assessment ; . e . ) ' - - R -
1. Floods o o0
2. Coastal storms : ) -~

- . '
~ .




APPENDIX C

STATEMENTS OF INFORMATION NEEDS PROVIDED BY
FEDERAL ;AGENCY CONSULTANTS. TO THE PANEL ] ¥

U.S. Department of the.Interior

Water Managenent, in Pacific Northwést (Bonneville Power Administration),

Better information, which would in turn pernit improved water management in ¥
the Pacific Northwest, could bring benefits including savings of tens of ‘millions
of dollars. Present limitations aref in:

Frequency of observations; . ~

Ability to estimate total water content of spmow; and

.

Models to predict rumoff From'space-derived data.

Use of meteorological satellites for acquir{hg frequent low-resolution data -
and use of ERTS for acquiring less frequent high-resolution data are promising,
There is still the major problem of estimating water content. Water content may .
be determined by development of adequate sensors to use with a data cotlection . — -
system and/or through the use of microwave methods frem aircraft and/or space-
crafts Thesé capabilities are essential for realizing the full benefit of space
‘technology for reservoir managenment in this region, . :

-~

o}

.

Sports, Fish, and Wildlife

Predictfon of wildlife productivity requires monitoring surface water and -
the extent of shore lands. This type of monitoring probably Tequires a combina-
.tion of spacecraft and aircraft capabilities. Improved models to predict wild-~
life produgtivity are also needed. Many of the benefits are social but modest *
-economic benefits can also be attained onge the reliability, §f prediction is

-

established. o :
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:' U.S. Geological Survey s,

Background -

TheiWaterwResources Division of the U.S. Geological Survey is the iargest
single water data collection agency in the U.S. Data are collected for multiple
purposes and made available to many agencies as raw data and as comprehensive
studies related to water availability and quality. Surface-water, and groundwater
data and interpretations are included. The programs are funded through direct
federal appropriations, state and federal cooperative programs, and interagency
transfer of funds. In the cooperative programs, state funds generally exceed
3 those available from the USGS. . 1 ",
Space Experiments . *-

- Experlments with data fron'satellites have beeq conducted during she 2 years
since the launch of ERTS-1 and have been h1gh1) successful in the following major

areas: - . . :
- . . . ’ .
Experinents using the data collection system (DCS) to-collect
information from in situ Sensors;
P Experlments using imagery for wetland evaluation (coastal swamp,

R and flood?5~and
Expg;}ments using DCS and imagery to improve invéntory of impounded
water. . . . '
Experimeats using DCS indicate a high level of operational readiness. The
reasons are: ' ' :

Réliability of transmitter systen, \

13 - - B - _—— - = - —_— . . [

v - Easy interface with present iz situ measuring devices, * \
» . B

ﬂbility to rapidly transmit data to central data banks,’

L] ' ’

Digital format of data, whlch Teduces 1ntermed1ate‘procesg%ng
requirezents, and

. Sensors located agcording to performance rather than where most .
convenient for servicimg Y . e

Wetlands and yater impoundment studfes form a basis for relatjng surface '
water and vegetation to ecological models. Establishing these models requires a
base of data and using them will require continuing observation. The benefits

* & Benefits . : ' .- . .{

L. ) > 66 ’ . ' :




[ 4

may be largely social in nature. ERTS-1 data have made it possible to solve ‘
severa] problems that were attempted earlier with data from high-altitude air-
craft, which proved to be inadequate for the purpose, Quantification of benefits
from the use of DCS will require rwore experiénce. The primary savings in costs
will be in reducing the requirements for manpower or in allowing the present

level of manpower to do -a more complete job and thus to support a largér propor- «
tion of the request$ fgr state and federal cooperation. A side benefit will be
the more rapid availability of data for management agencies outside the USGS,

The present budget level of the Water Resources Division is between $40 mil-
lion and $50 million. A 10 percent improvement in efficiency can be expected
over .the next few years so that a benefit of $4 million to $5 million may be
possible. The benefits will probably be larger byt more experig¢nce will be
required for verification, .

M \

Immediate Needs

More reliable automated sensors for water quality parameters are a major
factor needed 'to improve efficiency of collection'using the DCS and ir situ
sensors, Longer times between servicing can result in lower manpower require-
ments. Reducing manpower requirements is the most direct way of obtaining dollar
benefits, ' . )

.

U.S. Bureau of Reclamation ) .

L4 L 4

Introduction

One of the important activities of the U.S. Bureau of Réclamatig; (USBR) is
the construction of fatilities for storing;_diverting, or delivering water for
municipal and industrial uses, irrigation, improvement of water -quality, power
generation, flood control, river regulation, recfeation, pollution abatement,
and other purposes. Facilities include storage and diversion dams and reservoirs,
water transportation and distribution systems, hydroeiectric and pumping plants,
and related structures. ‘

The USBR program is administered to assist state, local, and other federal
" agencies to stabilize and stimulate local.and regional economies, to enhance and
protect’ the environment, and to improve the quality of life through development
of inland water and related land resources thxoughout 17 western states in the
continental U.S. and in Hawaii. The USBR has 153 projects in these western
states.. The projects include 288 storage dams, 138 diversion dams, and over

11,000 kilomseters of irrigation canals. Nearly 90 percent of the construction
costs of USBR projects is repaid over a period of years directly to the U.S.
-Treasury by users. of the facilitiess Nearly 40,000 square kilometers of farming
land can receive-water from USBR developents. This is approximately one-fourth
of the total irrigated acreage in the U,S. :

75 *

.t




Organization _ s, \

The U.S. Bureau of Reclamation, under the direction and control of’ & commis-
sioner, .consists of the following principal segments: '

Commissioner's office in Washington, D.C., - - N
: Several éngineéring and techhibal-support entities loecated at the
Engineering and Research Center in Denver, Colorado, .

1
<

Seven regions with office. locations as follows:

a. Pacific Northwest in Boise, Idaho

b. Mid Pacific in Sacramento, California v
c. Lower Colorado in Boulder City,.Nevada
d. Upper Colorado in Salt Lake City, Utah
e. Southwest in Amarillo, Texas

E. Upper Missouri in Billings, Montana

g. Lower Missouri in Denver, Colorado, .

Special purpose offices including those for river basin planming, -
and ' :

Operating offices within the regions. " + ° ‘

About’ 8,000 persoi® approximately one-fifth of whom comprise the professional
staff, are employed. Professionals in all fields are utilized in planning,’
design, .construction, superV151on operation and maintenance, and administrative
functions. Construction work is carried out by private contractors selected
through competitive bidding. )

Committee for Remote Sensing Programs v

The EROS Comm:.ttee a mu1t1d1 lplmary group, was formed at the U.S. Bureag
of Reclamation's Engineering and Resbarch Center (E§R Center) in Denver to in-
sure that all divisions of the Centefr are informed of remote sensing programs of
interest to them and to facilitate their participation. In 1970, ¢he Committee
was given the responsibility for guiding the remote sensing studies undertaken
by the USBR with EROS program support and related remote sensing 1nvest1gat10ns
at the E&R Center and for coordinating these programs with the USBR office in
Washington, D.C., the regional offices, and the USDI- EROS program off1ce. .

The Committee is composed of nine members representlng each of the major
d1v151ons .at the E&R Center. Its.functioms 1nc%ude'

To give advice on actions appropriate to financing research and ‘
other activities fer remote sensing pipgrams; .

To recommend applications;

. [}
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To promote activities for increasing the working knowledge
about remote sensing techniques; and

To assist in disseminating information on remote sensing. —‘5

In 1973 technical coordinators for remote sensing were designated in each
of the'seven regional offices. This was made necessary by the increased uses of
remote sensing data. Each coordinator is, responsible for identifying and initi-
ating remote sensing dpplications in each locality and for reporting activities
and needs for assistance and advice to the E&R Center Committee and to the
Washington Office. In some regional offices separate multidisciplinary commit-
tees hrg also being formed to handle a rapidly expanding technology.

. i
Remote Sensing Activities

Remotely sensed data from both alrlraft and spacecrat: are recognized as
valuable tools in the investigation, planning, developnent, and canagement of
projects related to inland water resnurces. The USEP must 0¢ consid®red one of
the major users of these data sinc¢ its activities cover a wide variety of earth
resources disciplines, for exarple, 4griculture; geology, enginesTring, cartog-
raphy, hydrology, and meteorolszy. Staff competence is being z:veloped to plan
and implement programs for logical and timely incorperation ¢f re—te sensing
data into USBR operations. Progrars are in progress or have besn cczpleted &7,
evaluate the application-of remote sensor data to several specific probuems and
to identify sources of data that can be usefulgin operations. Programs directed
toward the solution of typical problems have helped to develop techniques and
procedures necessary for operational utilization of the data.- 7 - ~

L

gﬁsésﬁnvironmental Protection Agency

"Accurate and timely information on status and trends in the_environment _
is necessary to shape sound public policy and to implement environmental quality .. _

programs efficiently." This gtatemenf.frdﬁ the third annual report of the

Council on Environmental Qualfty underlines the fundamental need for ‘the

Environmental Protection %gency (EPA) to acquire pertinent environmental data.
Environental quality data have been collected on a nationwide basis for

a number of years but the ability to discerm trends on a national or even a

regional scale.is lacking. Further aggravating this situation is the fact that

the 1ist of mandated and suspected pollutants requiring surveillance is growing.
EPA currently spends approximately $33 million annually on environmental

monitoring.” State and local pollution control agencies spend approximately

twice that amount. The private sector is estimated'to spend in the order of

$50 million to S&OO million annwelly on source monitoring. Even at these -levels

of expenditure, monitoring coverage, both spatially and temporally, is extremely

sparse because of the relatively high unit costs of monitoring. With the current

state of the art, monitoring expenditures will have to be increased sgveralfold .

in order~to provide essential data on standards violations, emerging problems,

and overall successes or failures of pollution abatement efforts. Because of

. »”
.
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the magnitude of these expenditures, effort toward improving monitoring efficien- .
cies is warranted. In that monitoring is an iterative process generally to be
continued indefinitely, any 1mprovement in the efficiency of monitoring systems
will represent cumulative savings that are realized from that p01nt forward.
Accordlngly, even at the current level of act1v1t}, a one-time increase of only
5 percent in monitoring efficiencies will result in an annual sav1ng to the . y
- public sector of approximately $7.5 million.
Considerable effort has been expended by the National Aeronaut1cs and Space
Adninistration {NASA), the Department of Defense (DoD}, and other governmental
agencies, and a number of organizations in the development of remote sensing
systems for deployment in satellites, in aircraft, and on the ground to observe _
and record certain conditions and characteristics in the biosphere. Sufficient .
work has already beer done inside and outside EPA to demonstrate the feasibility
of ut1li.ing ¢ertain of these remote sensing techniques when complemented by .
ir. U« measuremerits and associated data-procéssing systems, for meeting some
. em 1ronmental information needs of EPA and state pollution control agencies. In
addition, sseveral of these advanced. techniques appear to have a good potential,
with some adaptation, for meeting a number of other environmental d4ta needs of
EPA 1ir a nore effective and efficient manner than the approaches now employed.
EPA, through its Office of Research and Development, has instituted an
adv ancenent program directed to develop a more effective data system for meeting
. these data needs. In order to strengthen this activity, and in consonance with
section 104(e)(5) of the Federai Water Pollution Control Act of 1972, EPA initi-
ated discussions with NASA early in 1973 w1th the thought of drawing upon NASA's
expertise and capability in the areas of system development, technology, and
management. As.a direct outgrowfh of these discussions, a joinrt NASA and EPA
.planning -4 coordination meeting wds held at the Lewis Research Center,
) Cleveland, Ghio, from February 12 to 14, 1974. Representatives attended from
NaSA Headquarters and 10 centers and from EPA Headquarters and 9 organi:zations.
Focusirg on problems of the Great Lakes area, a series of projects were defined
by expert working groups which matched EPA needs with NASA capability amd
interest. W
The pro_: . to be implemented*by NASA Lewis Research Center and EPA Region V
will centér or Lae development, demonstration, and limited operatlonag testing of . = _
ne« and icproved monitoring systems for use in the Great Lakes Basin.- Much of
the program car be expected ‘to have application in other areas of the U.S.~
fedia of concern imclude water, air, and land.

-
’
f

Program Plan fbf‘Environmehtal Monitoring Systems for Great Lakes Basin
The objecfaves of the program are (1) to dgvelop and demonstrate the opera-
tional feasibility of new and.improved cost-effective environmental monitoring.
systems for use in the Great Lakes Basin and (2) to develop and implement
X approache< for technical and operations transfer of systems to users. The pro- |
. gram is divided into the following major work areas, which are listed in order
of current emphasis «~d concern within EPA Reglon V:

*  Water Monitoring Systems . \ ’ .

4

Modeling, Data Maﬂagemeni d Data Systems Desi -
aj 34 gn

|
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“Land Pollufion and Land Use - c

-

Air Monitoring Systems

Water Monitoring Systems . ’ . -

. . . -

Phases of water monitoring systems to be investigated include:
. N4

Shipboard Monitoring System to design, develop, and install an automéfed ’
miltiparameter water quality monitorifig system on -the -EPA ship Roger S . The
system will include automated sample acquisition, depth and positioh identifica-"
tion, multiparameter analysis, and data processing and transmission. Until other
systems are available on an gperational basis, Great Lakes Research and Trend
Monitoring will depend on mobile platforms (ships). A few ships presently avail-
able have limited capability for comprehensive and rapid field assessment, -

N : . 2 ) .

In situ Automated Monitoring System to. design, develo » and field test

concepts of in situ, multiparameter, all season, and clea¥ water automated sys-
tems for remote monitoring of water quality. The purpose is to reduce field
manpower requirements and to expand the number of parameters that can b® measured
repetitively and aceurately. Evaluations will be made of on-station data storage,
ERTS-1 relay, hard-wire transmission, improved sensor development, telemetry
and sonar, atmospheric dnput measurements, monitoring station deployment strategy x
for various purposes (baseline, trend, enforcement, etc.), andost-benefit
analysis, - . - -

Remote Sensing Monitoring System to develop and demonstrate the feasibility ,
of using remote sensing monitoring systems for evaluating water guality in the
Great Lakes Region. Three categories are needed for large areas: (a) surface

- eratures (modeling, thermal discharge), (b) suspended solids (modeling,
thermal discharge), and (c) chlorophyll concentration. The use of laser for
algae studies, high-altitude color scanner, and satellite imagery will be in- -
cluded 'in the overall.gvaluation and cost-eFfectiveness study..

L]

-

_Modeling, Data Management, and Data Systems Design : .
The program includes, within Modeling, Data Management, and Data Systems
Design, the .following: . -~ N .

::7 Data Management and Disﬁlay System ;ogﬂesign, develgp, and demonstrate an
interactive data management display system -Fmission inventory, ambient pollu-
tion level, and meteorological «data are collécted in many forms by several

agencies. Because of format and access difference and lack of interpretation L
models, these data are not readily available to EPA management in a form useful

ifor assessment” and planning purposes. A protodype system will be developed and: c.

expanded which processes the data, from entry into the system;to.outpyt. of usable

Anformation igcluding graphic display, . u? o

- «
.
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t
Thermal Material Transport and Dispersal Models, since no general thermal
material transport model exists for the Great Lakes. The project is dependent
on continuation at Case Western Reserve Un1ver51ty of the EPA Grosse Isle
< Laboratory funded effort for the modeling of whole lake transport, temperature
' distribution, and near-shore waste-heat dispersal, The pro;ectf‘ill program ‘
these general models for specific lake geometries and will veriffgthe models ‘by
actual measurements of temperafhre and currents. -~ )

Improvéd Air Quality Models, in-that availéble modeld are presently being .,
subjected to comprehen51»e validation and refinement by EPA in the Reglonal Air
Pollution Study program in St, Louis. For the.Great Lakes, models, will incorpo- .
rate particular complications associated with strong pollution sources along .
the shorelines of thes lakes, tall buildings, and lake effects or meteorological’
factprs including large changes 'in precipitation from year to year.

Storage and Retéieval_ -
¢ STORET* River Coordlnatlon System (AUTOMAP)** for which the obJectlve is

to complete the de\e10pment for the rivers in the Great Lakes Basin, This system

has been partially developed but never completed nor implemented. . c

’

Land Pollutlon and Land Use Mon1torlﬂg,5ystem for Nonp01nt ~Source Pollution
From Runoff in Rural Areas

— This phase covers development of remote sens1ng mon1tor1ng systems for
assessing the contribution to water pollution from runoff in rura#®land areas.

. Satellite and airdraft remotely sensed data will be acquired and processed to
classify specific™soil and crop types. On the b3éis of crop types, fertilizer

N and pesticide application will be, estimated. Runoff characteristics w111 be-
, .assessed to determine the impact to re851V1ng waters. ) L
Ay : ' ) ) | . e

’ Aif\Monitoring Systems ©
While the objectives of the proposed air monitoring systems are primarily
related to the needs of the air regulatory prggram, there are interrelation-
ships with water resources and the technlque may be applicable in both areas.

. ‘ ~ . ,
Ground Based Regulatory Air Monitoring Systen to develop and demonstrate

three types of ground-based regulatory monltorlng’systems. The methods ‘in use .

at present are 1ntruslve, complicated, and expens1ve. Separating sources in a

complex urban setting is difficult afid often.fails to satisfy legal requireients

*STORET is a data storage and retrieval systenm.

**AUTOHAP is a method for u51ng STORET data and making three dimensienal plots of
the data. . “v. ) '

- . .
~ .




* trol of the Clean Air Act. The system will bé capable of monitoring the six

K ~ ' a -

}‘ Y - . . X

. . . . . ) . L A~
1n assessing violations. Three systems will be developed: (a) a quantitative” ,
time~ and directioﬂiresolving particﬁ%iﬁe sampler with source signatures based
on clusyer correlation analysis, (b) a remote passive ultraviolet absorption v

spectroiieter fer defin{ng S0, concentration profiles, and (c) lidar* probe for
measuring thermal structure 6f the lower atmosphere from the ground,
[— r . .

X

- e, .

A ,
Baseline and Trend Air Monitoring System 1 to develop and demonstrate
a baseline trend air monitoring system for. regional needs. Existing systems are
not optimally designed, and they measure only a few of the pollutants under con-

pyimary air pollutants, trace metals, and hydrocarbons at unattended long-term .
s;ations. A petwork strategy to reduce data handling and costs will b& developed.’
Airborne remote sensing will be used together with ¢n sitw measurements to
validate the technology. - . ) \ .

$ . . »
P o

Program Schedule and Cost T S

The total program duration is 7 years with sgveral of the programs becoming

_operational in from 2 to S years, The program sghedule is showp,in Table IV,
.which’also includes major milestones and designates a time schedule with decision

points assigned to fiscal years between 1975 an 198}, Costs for the program

are presently estimated as: . .
1. NASA N : | .
. ? '
"Direct man-years: 180 . o
- Research § Program Management...-$5.8 million o
. Research § Dévelopmept.....:.... 1.4, million
. : Total: §7.2 midlion
N .. )
2. EPAT T 0 .S
Direct man-years: 35 . ,‘ . - “gp'
Research § Program Management.., $1.1 million ‘ .
Research § Development...:...... 7.5 million
Total: $8.6 million . *
- A “l' ' - - LY
N <

*

ght detecting and rangin); analogous to radio detecting and ranging (radar) but
ing the coherent light output of lasers. g
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-+ @f ;remotewsensing, ‘it does no play a predominant role in those activities, The N

. . ' . ; S

, U.S. Army C8rps of Engineers ' ]

The first Earth Resaurces Teclinolegy Sate#lite (ERTS-1) was launched if
,Julyy 1972, an event which dramatized the tremendous advances being made in the

L )

field of remote sensing. In recognition of these advances, the Civil Works .
Directorate, U.S. Army Corps of Engineers, in fiscal year 1973 ihitiated a system-

atic evaluation and field testing of research proven remote sensipg concepts.

The first year was devoted to -ah evaluation of téEhno}ogy.and_was generously

supported by NASA. This led,¢in fiscal 1974, to a program of applied research,

a substantial trainifig- and orientation program, and selected related démonstra- -
“tion projects. Fiscal 1975 marks the yeaz, in which a fully coordinated and

documented group of, demorstration projects will b¢ implemented to provide a basis

for evaluating the-bBenefits of remote sensing technoldgy.

_While the ERTS program, is a keystone of Civil Works activities in the field

Civil Works Directorate emphasizes multistage and multisensor testing with the
objective of defining an optimum combination of sensors and_procesging techniques
for each of the applications in which remote sensing technology pXovides identi-
fiable benefits.  The benefits relate generally to two classes o activities:

. v
Effe;;}ke and efficient acquisition of specific types o i
infornation, and - L : - "
Effective and efficient identification of changes in pyeviously *
- observed conditions. - - .
. ,.. Py

In developing our demonstration program, we have relied on field office
involvement.' The field offjces have been asked to identify information require-
ments as well as ongoing projects for which demonstrations of remote sensing
techniques pight be developed. As the demonstrations are Tun, persénrel having
a direct responsibility in the ongoing project participate in the planning apd
coordination of the demonstration, provide supportive or auxiliary data, and .
evaluate 'the results. . It has been found that the use of such parallel "demonstras
‘tions leads to the most effective method of evaluating the capabilities and -
potential.for further developnent of remote sensing techniques. It also leads
tQ the greatest acceptance by the ultimate uger when the results warrant such v
acceptance, ' ’ . . . ’
‘ The -informidtion requirements obtained from thi;jield offices have been

.

grouped inﬁb-the following 12 general categories:

-
L

. 1. Land cover--identification of type and'T!%ation of land coyer and,
where possible, land use. Categories include urban, rural, agricultural, vegeta-
tion, natural resources, wetlands, and surface water. These data can be updated
to moni'tor' land cover «<Hange, " Applications for this approach, include location
.of waSte-water treatment sites, Telationshfps.between land use and pollution .
type and load, relationsiip of land use %o éocioecoqomic data, location of land,
.sites for dredge dispSsal, and others. ‘ .

Iy »
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'phy>1ca1 vulnerability of nanural and manmade structures, Applications include

'1dent1t1catlon of dredge-dlsposal 51tes, and others. - o .

. ~

2. Littoral processes--1dent1f1cat;on and monitoring of water c1rculat1on
patterns,” sedimentation rates and patterns, shoaling, bottom profiling, wave .
wechanics, sand inventories, and coastal erosion and deposition location and rates.
Applications for this approach include physical and mathematical modil verifica-
tion, near shore and offshore construction requirements, identificafion of areas
requiring dredging activities, location of beaches requiring sand replen1§hment

.and others.

3. Subsuqigbe water--identification of location, route, and flow patterns
of waier below tR® surface of the ground with use of surficial and subsurficial
gedlogy, vegetative cover, and soil moisture as indicators. Applications include
identification of areas of seepage around and/or through structures, drain tile’
locations, water-table definition for land acquisition requirements in reservoir
planning, fevee stability, and others.

P} ~

4, Water quality-aidenglflgatlon of salinity,’dissolved oxygen, conductiv-
ity, turbidity, temperature, and arganic substance in water bodies. Applications
1nc1ude assessment of eutrophication or suspended sediment in water bodies,

adequacy of reservoirs to support recreational activities, and others.

* K

5. Geology and soils--identification of rock type and genesis; igneous,
metacmorphic, and sedimentary; relationship of type and depth of overburden to
parent material; location of fault size, type, and activity; mapping of.caves,
caverns, and sinkholes; identification of Pleistoceng formations (kares, drum-
lires, moraines, etc.), identification of drainage patterns; and delineation .
of linestone formations. App11cat1ons include dam locating, road Toute selection,
dam stability evalyation, constructlon materiails loeatlon, def1n1t1on of con-
straints to construction, and others. ' \

6. Environméntal impatt~-identification of predictive or evaluative factors
in naturé 2hat have been or will be impacted by land use activities and construc-
tion projects. Applications include prOJect siting, effeut of fluctuation of -
water level on vegetation; influence of strip mining ‘on eroszon, monitoring ceast-
line conditions for permit awards, and others. - -

7.  River engineering~-identification of 1imits of backwater areas, river
alignment, river flow patterns and rates, transverse and 19ng1tud1nal surface
sediment distribution, veloc1ty fields, bed form effects, assessment of the

definition of construction requirements in ‘river systems (riprap, bed form _
structure), dredging requirements, floo abatement structures, mprovement of
natural and marmade levee systems, localion of areas of high er051on potentlal_

R N
, .

8. Flood plain magping--mapping extent of flooding waters and identifica~
tion of flood plain features that represent flooding frequency interval bounda-
ries, Applications incluxe flood plain managerment, flood protection control,

-flcod plaln surveys, pre-flood damagg potential assessment, post-flood damage
assessment, spil?way management, setting up priorities for areas requiring dis- -
aster relief, and othérs. . . w o f
N 7 ST
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, 9.  Runoff prediction--identification of distribution and quantity,of snow .
cover,- assessment of snow water content, determination of soil permeability,_

and evaluation of the potential precipitation of clouds. Applieations inclydéf .
prediction of runoff potential, determknation of ,storage capacity and release )
rate§ irkresen'oi'rs, flood-danmage prevention, and others. . .

2

. ., 10, Dta cormuriications--utilization of ground-based data collectiqn plat- .
forms that report river stage, rainfall, information on coastal winds and tides, -
water quality parameters, and snow depth. These data are relayed by satellite- .
to-ground receiving stations several times daily and trinsmitted back to the
USer on a near real-time basis. Applications include the definition of reservoir
stage-storage relationships, supplement or replacement “of existing microwave data -
colleCtion systems with a more cost-effective satellite systedt, prediction of
Tunoff potential, warning mechanisn for water huality degredation, and others. - %

11. Digital processjng--deVélopmegt of use of computer for interpretation,
display, and storage of remotely sensed data. Input includes computer-compatible
tapes, scanner data, thermal data, photographic data, and data collection platform
recordings’, Output includes alphanumeric products, film reader and writer pro-

.- dycts,. calcomp plotter products, computer cards,. results for correlation and
regression studies, and others, . .

. L d
12, Ice mapping--mapping location, extent, and movement patterns of ice
bodies. Applications include location of navigation hazards, prediction of rise
in water levels; and others. ’

« Finally, the USCE has initiated, in response to field office requests, an
extensive training program related to remote sensing. Training courses are Weing
offered in photointerpretation, Side Looking Azrborne Radar (SLAR), and on.the
characteristics and uses of thermal infrared systems. Training courses in other
aspects of remote sensing, faqr example, - the characteristics ani/hses of multi-,

- spectraly imagery and computer data, are being considered.
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