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APPLICATIONS OF REMOTE SENSING TO WATER RESOURCES

overview of the Water Resources Field

A principal socieconomic significance of water resources is the
fact that water is becoming scarée. There are two possible sources
of water. The one currently used is natural precipitation. Thelsther
is represented by new technologies, such as desalinization; it is as

yet economically non-competitive. ' ,

The overall supply-demand situation for the U.S. is depicted in
Figure 1. By the year 1990 the total precipitation, less the natural
evaporatibn, divided by the estimated population, will provide a dis-
posable per—capifa daily quantity of water equal to approximatély one-
third of the withdrawal demand - assuming that the latter continues to
grow at the éast historical rate. The situation calls for significantly

increased efficiency of utilization of the natural water supply.
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WATER RESOURCES, DEMAND-SUPPLY PROJECTION-1990
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. Viater, like any natural phenomenon, can be beneficial or dama~
ging, depending upon its impact on the users, the degree of éontrol,

¥ and the user's viewpoint.

) For example, the excess water on a wetland can be viewed simul-~

‘% ) taneously as a nuisance by farmers or developers, and as a boon by

sportsmen and conservationists. Floods can be damaging to homeowners,
but beneficial to farmers by virtue of the fertilizing qualities of

the deposited sediment.

The major impact of water resources upon the public is summarized gs

follow s:
EFFECTS OF WATER . DEMANDS FOR WATER
- Excess Water ~ Consumptive Uses '
~ Waterborne Substances - Flow Uses
- Hydrogeological Effects - On-site Uses

- It is presented in more detail in Figure 2.,

The genéral user structure is shown in Figure ﬁ;-ﬁ The ultimate
user of water is the U.S. citizenry. Citizens gréup into unité to ef-
ficiently expiicate the‘tAsks of everyday life and economic proddction,
and into politically-oriented asséciations for making their wishes

known to authorities.

The first-level grouping are the "“Grass Roots" users. Its major
interests are twofold: 1) protection against damages from water, and

2) provision of supply adequate to meet the needs of households} ag-

riculture and industry.




FEDERAL LEVEL PROTECTION POLICY SERVICES SUPPLY POLICY
Legislation/Regulation Precipitation Long-Ronge
Prediction Planning I
Runoff Forecast / Fiscal & Monetary
Warning
Low Enforcement !
Major Waterworks Planning, ' “Not'l
Implementation, Management o [ Citizens
Research H Assns |
v T b e d
A A
g %" s
MIDDLE LEVEL x*
States, Counties, 3 f
junicipalities, Department of :
Regionel Organizations Natural Resources Public Works
Health Deportment :
. _ Local Withdrawal / Storage/
Local Planning,Regulation, Enforcement Delivery / Effluent Systems / {
Local Warning : Planning, Implementation - l
Resecrch}’\Locol Problems Manogement
‘ e | -
GRASS ROQTS o e ; -
Economic Units . : ) Service
Fomily Units Industries Farms | Businesses f"—"g sz_l—ens -1;
4 & Bus. [
1 Ass'ns
e = Profection -
L= w223 = Consumption .Households
e e 2 Requxwmentslf-‘eedba»k Citizens

- USER

FIGURE 3

INTER 'STS FUNCTION:, INTERRELATION h!DS

I P T

hriﬁ_u .A.,

- -

.
- ot . SIS e R P




At the middle-lcvel are state and local entities to whom the
citizenry delegates the task of providing for, managing and regulating

their local needs.

Agéncies at the Federal level develop and provide policy, gui-
dance and services whose scope and data requirements transcend the

‘local level's geographic domain‘and capabilities.

National citizen's organizations provide their viewpoints and
needs to local, state and the federal legislative and policy-making

level.

’

The principal arivers of the supply and demand of water

Practically all the fresh water supply is generated by precipi-
tation. In the U.S., 70% of this input is lost through evaporation

and evapotranspiration before reaching exploitable concentrations.

The remaining 30% goes into streamflow and to replenish ground-
water supplies,y One third of this, or approximately 10% of the total
supplies, is withdrawn by human activities. A little over 40% of this

one-third is consumed, as shown in Figure 4.

. Thus, the efficiency of utilization of the total supply is: in

terms of withdrawals, 10%: in terms of net use, 4%.

In a broad sense, water is never "lost" since it evehtually re-
turns into circulation. The question is the time lapse required to
so return, i.e, whether in useful time for the purpose at hand. cCon-

q sumption denotes the amount of,watér which is dissipated for the use-
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ful tine being: whether by incorporation into products such as foods,

or by evaporation from irrigation, or similar dissipative uses.

withdrawals designate the amounts of water taken from the supply

~and which can be returned to the cycle in useful time: e.g. industrial

cooling water withdrawn from a stream and’dumped further downstream.

As shown in FigureIS, approximaéely 92% of the fresh water with-
drawn in the U.S. (which, as mentioned earlier, is approxima£ely 10%
of the supply) is utilized in egual parts by agricultural and indus-
trizl activities. Urban and household use accounts for only 8% of all

withdrawals.

The continuing growth of water consumption portends an eré of
water scarcity, This has already been illustrated for the U:S. as a
whole in Figure 1. A more detailed regional vision is offeréd by
Figures 6, 7, 8 ~ which contrast the historical growth in regional
consumption with the present and maximum regulated f£low available

within each region.

By regulated flow is meant the water supply which is sufficiently
reliable to match the demand.over a specified fraction of time; 98%
regulated flow is a convgntional Corps of Engineers specificatién: it
neans that water scarcity will not occur more than 2% of the time, ox
one week per yéar on the aveiage, Available regulated flow refers to
the éurrently installed reservoir capacity: maximum regulated flow
refers to the maximum reservoir capacity which is practically implemen-
table within the roegion., Note that in some regions, e.g. Rio Grande,
the consumption alieady~exceeds the :egulated flow. 'These regions fill
the deficit by iumportation of water from neighboring regions.
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Figure 9 depicts by region, the sources of water supply. Note
that groundwater is nothliing more than rainwater accumulated in natural
underground reservo}rs. These increase the efficiency of utilization
of rain water by capturing part of the water which is otherwise lost
by infiltration in the soil. However, excessive withdrawals eventually
Qeplete them: the recharge period can last from a few years to decades.
Thus Figure 10 confirms the fact that ultimately all currently used

water originates from precipitation.

In contrast to some foreign Countries, notably England, in the
United States there exists no centralized Agency concerned with watex:
the édministfétive planning and management of water resources is frag-
nented among thousaﬁds of Federal, State, Local, agencies, Inter-

State Commissions, User Cooperatives and private concerns.

Concern for the impending scarcity of water is as yet not felt
by the Public or by CongreSS; The situation is reminiscent of the
energy outlook in the sixties: o0il was then thought to be so abundant,
cheap and inexhaustible as to cause the curtailment of fusion energy

research.

Nevertheless, it is believed that the water scarcity problem
will come to the fore no later than tle early eighties, after some
significant water - deficiency event will have struck the public's

consciousness.
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Remote Sensing Applications

Irrig;fion

Irrigation water accounts for 46% of all withdrawals. Figure 11
shows that irrigation represents the major withdrawal in the Western
and Central States. Figure.l2 indicates that iriigation water is gen-
erally characterized by heavy conveyance losses: on the average, ap-
proximately only half of the withdrawﬁ water reaches the irsigation.
site, Apéroximately.70% of this water is lost through surface runoff,
percolation into the ground and evaporation: thus, typically only 15%
of the withdrawn water feacheé the crops. The problem with irfigation

water is that its use is primarily consumptive.

Irrigation water is needed to supplement deficiencies in pre-
cipitation water. The effect of too much water can be as deleterious
as that of insufficient watexr. The yield as a function of appliéd
water varies significantly with the type of crop,'thé soil charac-

teristics, and the climate,

There exists thus a significant "leverage" between water consumed by
.crops and total water withdrawn from the source: relatively small a
changes in crop water demand can cause notable variations in-the quan-~

" tity of total irrigation water withdrawals.

Thus improved management of irrigation water can have major im-
pact on water conservation. This function is amenable to remote

sensing. -
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Industrial manufacturing and urban use

The use of water by industry presents a different picture. The
two major users are: 1) the manufacturing industry; 2) the electri-

cal energy industry.

The manufacturing industry is popularly thought to be a signiﬁi~
cant user of watex, because the quantities of water required to pro-
duce a unit quantity of most industrially maqufactured products are
large. In reality, the manufacturing industry‘s watex usége is modest
compared to the total industrial demand (aéproximately 23%). The
reason is that the manufacturing industry employs considerable levels
of recirculation. Recirculation will further increase in the.future,
because it is generally cheaper than the acquisition of "new" water.
Because the manufacturing industry lends itsglf to concentréted appliéa-
tion»of wafer-conservatioﬁ practices, industrial wéter use can and will
be maintained within boupqst ?hé electrical‘energybindﬁstfy is the major
u§er of industrial water:' i@ w;ll bé diséussed later, because of its
sbectfa1‘¥equiréments fo?jréﬁote sensing; ‘Municiégl water represents a
relétively small fraction of ﬁ.§. withdra%éls: it is chéracterized,
however, by high consumption and the bighest prices.

These two usages, whose highlights are sketche@ in Figure 13, are
not in and by themselves direcctly amenéble to Remote Sensing: they are,
howevszr, stréngly influenced by the two applicaﬁions which>follow: they‘

are thus indirectly amenable to the application of remote sensing.

The siting, sizing and design of reservolirs

The provision of reliable water supply requires reservoiring. This -

is because the occurrence of precipitation'differs significantly from the
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rate of demand. The role of reservoirs is to smooth the temporal dis-

crepancies between demand and supply.

As shown in Figure 13, the U.S. reservoir capacity implemented thus
far is but a fraction of the total which is effectively utilizable. How- .
ever, most of the better U.S. resexvoir sites have already been exploited.

This means that additional capacity must be paid for at higher pricer Taun

those already paid for the. "best" sites.

As shown in Fiqure 14 the marginal cost of reservoir de;\relopment,
and consequently of flow augmentation, varies by 'two orders ‘of magni-~
tude among U.S. regions. A convenient means to normalize wate'rwérks
devaloprent costs between regions is in terms of the costs required to
satisfy.é‘comnon pércentage increase in‘tixe demand. Figuré 1'5 indicates
the .marginal costs, by z;égion, required to increase £he 98% ‘reliable flow
by 1%. Figure 16 shows the parameters which enter. the éost for'avtypical

median subregion. LT ‘ . L.

-t . EE— . .- AP TR o Ba = -

Reservoir siting for maximum cost-effectiveness is thus of major
importance to the field of water resources. In thé conventional re-
servoir siting procedure, presented ‘schematically in Figure 17:'; severai
promising candidate sites are. initialiy selected, vbased upon to;;ographic
and geographic characteristics. Each site displays charactexistic re-
lationships between capacity, inundated area and water height, which are
functions of the topograpﬁy5 Similarly, the cost of damihg is influenced

by topography and the site's geology. Evaporation and leakage losses are

- influsnced by geography, climate, t§pography and soil characteristics.
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“The selection of candidate reservoir sites requires availability

of topography on regional scales -~ 1:1,000,000 to 1:250,000 -~ and on

" local scales - 1:50,000 to 1:10,000. Local scales are oﬁtainable

from aircraft-borne stereoimagery. Topographic maps at regional scales
could be obtained from stereo satellite imagery - not yet routinely

available from NASA systems. -

The assessment of the environmental, economic and social impact of
contemplated new reservoirs is a-major statutory requirement. Their
principal components are indicated in Figure 18. Several elements of

these are amenable to current-capability remote sensing.

Hydrologic Modeling

The presence of reservoirs does not automatically insure adequate

water management. Ey this is meant matching the supply, which derives

from highly variable precipitation, to the demand, also variable, but
with a diffgrent rhythm, with&ut wastes or shortages of water. This
match is aﬁtehpted.ﬁy means 6f hydrologic models: these are mathe¢t,
matical formulations wﬁich strive to represent the "watershed transfex
function,” i.e. the relationship between input precipitation and outpu£

streamflow or accumilation of water in reservoirs.

The purposes of modeling are threefold:

1) Predict in real time the outflow corresponding to precipitation
events. The purpose is normal management or flood alleviation,

if the outflow is too great.

2) Compute the outflow corresponding to unnsualfhigh—ihtensity

e§ehts: for example, the so-called 50 or 100-year rain.
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The purpose is the proper sizing of watervorks (dams, levees,

retainers, culverts, bridges....): not too small so as to al-
low the excess water to do damage, not too large so as too

cost too much.

3) Simulate the changes to the hydrologic regime of a watershed
consequent to modification of its land use (for example, de~

forestations, reforestations, urban and suburban developments..).

"~ Corresponding to these three objeétives, three types ¢cf models exists
Management models
Planning models
Simulation models

Sore modern models combine all three functions. Advanced models réquire

the following inputs:

Precipitation - from conventional gages or DCP's

Snowmelt -~ from conventional snowgages Or measure of snow area from.
LANDSAT plus DCP's to gage snow depth .

Surface characteristics of watershed: slopes, friction - from
aerophotography or LANDSAT remote sensing

Stream patterns ~'sam§ ‘as above

Water Impoundments - same as above

Streamflow ~ from conventional gages or thrﬁugh DCP's
Subsurface characteristic¢s : infiltration, soil moisture, depth
of permeable layers - from conventional records or DCP's . 1In

the future, possibly by active and/or passive microwave remote
sensing. . ,

Industrial Cooling

‘As indicated before, a significant fraction of industrial water
usage is devoted to cooling industrial processes, with an ever-

increasing use predicted. As shown in Figure 19,

T — -
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the overwhelmingly primary user of cooling water is the electrical

energy-generating industry.

Cooling is needed regardless of the priﬁary fuel employed. In the’
case of nuclear fuel the efficiency is somewhat less than for f55511 |
fuel: thus approximately 20% more cooling water per kilowatt hour'gen-
prated is-reqﬁixed in nuclear installations with respect té fossil fuel
fired plants. If thé coéling requirements are expressed in conventional

thermal units, very large numbers ensue, meaningless to most persoﬁs;J

A compact and visible way to express the cooling requirements is to
‘describe them in terms of "Boiling Potomacs." This is the heatbéuantity
required to bring the River Potomac (flow of 1 billion gals/day) from

normal temperature (20°C) to the boiling point (100°C).

B}

By way of comparison, note that the present total U.S. 98% regqu-

lated flow is sufficient to cool 375 Beiling Potomacs.
Dumping of heated water is severely restricted by law.

The reason is its estimated effect on aquafic life.. Fish thrive
best within a limited teﬁperature range. A prolonged temperapﬁre rise
much above the range of each species will cause death. The problem is
not so much the killing of adult fish, since they can escape towards
cooler waters; ratﬁer, the fact that tempgratures»still'well within the
adult's tolerance are lethal t§ larvae; thus threatening extinction of

the species within the warmed waters.
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The other problem is that higher temperatures favor growth of
aquatic plants, which comsume oxygen, thus imposing additional en-

vironmzntal stress upon fish.

By contrast, higher temperatures favor bacterial action, which

aids the digestion of pollutants.

Although evidence for widespread damaée and deleteriocus modifica-
tions in the ecological balance from heated waters is not cono.a.slive,
Federal law now restricts the temperature differential between heated
effluent and river to 5°C in Summexr, 10°%C in Winter, and limits maxi~-

mum outlet temperature to 32°C.

These restrictions vastly inecrease the required cooling water

flow. . X

For example, the 10° Winizr temperature restriction inéreases the
required cooling flow 8 times over and above the flo% which would be
needed if heated water could be dumped at boiling temperature. The SOC
. Summer restriction causes a sixteen-fold flow increase. E. the BZGC

upper limit of the temperature of the receiving water is approached,

flow requirements increase even further.

A feel for the magnitudes involved can be c¢btained by looking at
the practical situation forecasted for the River Potomac by the Poul.i.c
Electric Company -for construction of a fossil-fuel fired electric gen-

erating plant.

ORIGINAL PAGE IS
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The 99% reliable flow of the Potomac specified by PEPCO to coocl ‘
this plant would support an electrical generation of no more than
2.6 billion kilowatt-hours per year: this approximately eguals 6 ten-—

yousandthg of the expected U.S. electrical eneréy demand in 1985.

Since total U.S. river flow is equivalent to .375 Potomac;, all
U.S. inland flow could support approximately only 22% of the 1985 U.S.
electrical energy demand, if eacﬁ river were used once. In practice,
some of the largerx wafercourses could support more than one plant,
located serially alobg the river: on the other hand, much of the 375v
Dotomac-equivalent inland flow resides in small rivers, too small to

support economically practical power plants of any size.

v

Current technology offers three basic cooling techniques. These,

together with the corresponding cost data, are depicted in Figure 20,

The cleanest environmentally is the Closéd Cycle technique, wherein
waste heat is transfer¥ed to the atmosphere; It is alsoc the ﬁost ex-~
pansive. Tﬁe most economicai technique, if sufficient flow is available,
is the Flow Cooling Technique discussed previoﬁsly. In between these
two extremes lies the Evaporative Cooling Techniqﬁe, which utilizes the
water's heat of ﬁaporization (600 Cal/Kg).. Its problem is the large .

amount of steam generated and released to the atmosphere: approximately

100 m3 (25,000 gallons) per minute of water equivalent per 1,000 mega-

watt electric output. If all U.S. plants were to operate with this
technigque by 2000 AD, the equivalent of 29 Potomacs (116 million m3/

day) would be turned into steam continuously. This may not cause macro—



ot e D

- FBREx
COSTS 'OF COOLING TECHNOLOGIES |
IN 1970 DOLLARS, FOR FORECASTED US. INVENTORY TO YEAR 2000

CLOSED CYCLE EVAPORATIVE

FLOW

—D
—>

L

R
R

Y B 5

L. . )
© CAPITAL COSTS ($ BILLION 1975)
68 i 17 _ 6.2
YEARLY RECURRING COSTS ($ BILLION 1975)
' 94 | - ) el . - 05.




-28-

scale climate changes, but is probably sufficient to impact local micro-

climates.

For these reasons, the exploitation of estuafine and bay waters for
electric energy generation cooling has already been initiated and is
expected to grow in the future. Utilization of estuarine and iiéal flow
is crucial to meet the‘forecasted U.S.‘electribal energy demands pf the

= future. -

Eight estuaries like the Chesapeake Bay, completely tapped, could

provide a cooling flow equivalent to that of all U.S. xrivers.

Optimal exploitation of estuarine and bay tidal flow requires de-
tailed knowledge of the statistics'of circulation and diffusion of the
water mass in estuaries and bays as shown schematically in Figﬁre él.
Determination of these statistics is lengthy and éostly by conventionéix
surface methods: this is the brincipal reason why they are as yet in-~
sufficiently known. Partiéularly worthy of consideration in this re-
spect are the pressures exerted by conservationist groups who oppose

and delay new plant construction: these require that the environmental

impact be computed with a high degree of precision and credibilify.

This task is eminently amenable to application of remote sensing

techniquas.'

Pollution Dilution

A major potential requirement for water is dilution to reduce water

pollution. The cost of wastewater treatment increases with the degree

FIRTO
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of treatment, as shown in Figufe 22., "Percent treatment level" is
defined as the percentage reduction in biological oxygen demand (BOD)
achieved within the effluent. For example, U.S. urban sewers possess
a typical ultimate BOD of 500 mg/liter; 90% treatment would reduce

this to 50 mg/liter at a cost of approximately $5/person/day.

An effect equivalent to treatment can be obtained by massive di-
lution. For example, if the sewer effluent with a BOD of 500 is di-
luted 10 times, an equivalent BOD of 50 mg/liter will result: the
V same as for a 920% treatment plant. Tolerable pollut%gn levéls are
of order of 5 mg/liter; in this example, to achieve these, a dilution

ratio of 100:1 is required.

To dilute 1 PE = 113 grams of oxygen per day, to a tolerable level

of 5 mg/liter per day, requires a diluting amount of water equal to

113,000

3 .
5 , or 22.6 m (5,700 gallons per person per day).

Choice of the optimum mix between treatment and dilution is eco-
nomically very important due to the large and ever-increasing PE ef-

fluent level of the U.S, as a whole.

One extreme of the mix is the "all treatment" approach. The other
is the "all dilution" approacﬁ. The "all dilution" approach would re-
“guire quadrupling the existing resgrvoir capacity. Neither extreme is
optimal; there is an in—between mix which possesses the lowest cost.
A barely tolerable DO level of 4‘mg/litér in most U.S. watercourses

would call for a 20% increase in reservoir development by AD 2000.
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To achieve higher Dissolved Oxygen (DO) levels, and thus "cleanex
watercourses, the flow requirements and corresponding reservolr :.develop-

ment levels and costs increase drastically.

A key economic "driver" within this approach is reservoir develop-
rment, already mentioned, coupled with improved management from more pexr-

fect hydrologic models.

Another approach is analogous to the one poiﬁted out for the eléc—
trical;energy cooling situation: the use of bays and estuaries. This
is justified by realizing that bays and estuaries act as natural con-
centrators of the world's waterborne wastes. For exaﬁple, ten of the
world's most industrial and densely populated areas are built around.
bays and estuaries: New York, London, Tokyo, Buenos Aires, Shanghail,
Calcutta, Osaka, Bombay, Los Angeles, Philadelphia. These areas alése

support the household and industrial wastes of some 100 million people.

The problem is to know the circulation and diffusion pattern of the
estuary. The solution is the placement of the pollutant oﬁtlet & suacn
a point where the nef statistical effect of the currenfs will carry the
polluting material away from the shore, or into zones where pollution
is tolerable. The solution involves ;perations upod one or mé;e of
three variables: placemest of the effluent outlets;'average degree of
treatment of the effluents; and temporai mbdulation of the amount of

effluent and its degree of treatment.
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Summary

In most of the applications of Water Resources, the exploitation
of remotely sensed broducts requires the intermediary of models, i.e.
mathematical or empirical formulations which allow the correlation of
"what is seen" with "what happens." The’principle of watershed transfer
modeling was explained above: other models operate similarly, although

on different mechanisms, and with different formulations and coefficients.

Figure 23 recapitulates the applications in visual forms: in
the upper portion, by functions; in the lower, by the specific type of -
modeling currently in existence or under development. WNote for example
that the function "Measure Real-Time Precipitation" has no corresponding
model: this is because the state of the art of correlating visible
phenomena, e.g. cloud shape, type, etc. with precipitation is as yet
in its»infancy.v

These épplications of remotely sensed'data are summarized in

tabular form in Table 1.
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' TABLE 1

PRINCIPAL ADDRESSABLE FUNCTIONS IN WATER RESOURCES

Yiquid Precipitation Measurement

As input to hydrologic models

Watershed Surface Mapping

for hydrologic modeling

Inundation Mapping

for flood plain delineation

Turbidity Spotting

as a pollution indicator

Wetlands Mapping

institutional, reclamation, management

Snow Depth Mapping

for melt estimation

Snow Area Mapping

. for melt estimation

Irrigated Area Mensuration

as indicator of water demand

Bay and Ocean Current Circulation and Diffusion

to design pollutant effluxes

Soil Moisture Mapping

for estimation of irrigation demand

Storaqge Waterworks Siting

*

to optimize reservoir cost/benefit

—
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2 CURRENT AND PROJECTED FUTURE USER REQUIREMENTS FOR REMOTE SENSING OF
WATER RESOURCES . A

Water resources activities are ultimately aimed at action: either
by control of dzleterious effects of water, or by the construction of
waterworks to provide and manage the supply of water to meet the demands.
Thesa action-~oriented activities are supported sy two types of informa-—
tional activities:

1, Collection of data -~ primarily statutory, some real~time.

2, Transformation of data into information for the generation of
action plans and tradeoffs, These are generally accomplished
through the intermediary of mathematical or empirical formula-

tions known under the general category of "modeling,"

‘Table 2 presents a panorama of current activitieé by these two

_ cafegories: it includes, in italics, additional activities desired by
the users, currently undex research but not yet in widespread opera-
tional use: their fulfillment by remotely sensed means is also in the
future, The Table designates the methods in current usage, and the
activities amenable to satellite~based remote sensing technology. Also
listed for completeness are those activities amenable to béing sexviced

by the technology of spaceborne relay transmissién (pCs).

It can be seen that the role of remote sensing in fulfilling these
activities boils down to two functions:
1. Relay of data wvia DCP's

2. Mapping
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TABLE 2 _

CATEGORIES OF WATER RESOURCES ACTIVITIES

Colleqtion of data

Precipitation, rain
Precipitation, snow

Water equivalency of snow

Strecamflow
Groundwater level
Vater Quality

Mapping of waterbodies

Soil Moisture
Snowmelt propensity

Generation of Information

Watershed transfer functions
(hydrologic modeling)

Snowmelt forecasts
~ Flood mapping

Circulation and diffusion
of curxents '

Wetland delineation and
content

Water_Pollution Pattern

Cloud-precipitation cor~
relation

Irrigated patterns

Evapotranspiration measure-
ments

CURRENT
METHODS

Raingages
Snowgages

Snow depth & weilght
gages

Streamflow gages
Depth gages

Water quality gages
Aerophotography
Manual Sampling

Aerophotography

Aerophotography,
Soil Surveys

Aerial mapping of
snowfields

Ground surveys;
asrophotography

Buoys, aerophoto~,
graphy

Ground Surveys,
aerxophotography

Buoys, boat surveys

Weather radax

Ground Surveys

Ground measure-—
ments (Pans)

ADVANCED
METHODS

. DCs relay

DCS relay
DCS relay

DCS relay
DCS relay
DCS relay

DCS relay,
SRS
SRS

SRS
Soil Surveys
SRS

SRS

SRS plus
hovering plat~
forms, DCP

SRS

SRS plus HCP

Sl T LaDnadai

" SRS

SRS ~ insola-
tion, weathexr

pa—

e nes

mer T

£

0 AT ————

' SRS ~ Satellite-based Remote Sensing

DCP - Digital Commumications System
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OF POOR QUALITY



-38-

The latter, with reference only to the near-term applicatio?s'-

j.e. those not in Italics in Table 2 and estimated to reach fruition

before 1985 can be further subdivided into:

3=

a, Inventory mapping, i,e, the subdivision of watersheds into
portions with differing charact;ri;tics, and measuring their
total area, but withoﬁt assigning "their—-geogra-
phic location, This is currently sufficient to gétisfé ap~
proximately 80%-of the current user models of watershéd
transfer functions, plus a 1;r§e portion ofAusers interested
in identifying water pollution, plus most of the snowmelt

forecast users,

b, 'Land use mapping, i,e, the subdivision of areas into pé::ivis
of different chéracteristics, including the assignment of .
their geographic lécation and boundaries, plﬁs measurement
of the respective areas, This mode is required by:

o 20% of the users engaged in hydrologic modeling, notably
the scs,
o 20%'of the users engaged in snowmelt forecasting

© Flood mapping users

o Users engaged in wetland delineation

The evolving sophistication of the modeling technigues will
tend in time to progressively favor land use mapping over the

simpler inventory mapping.

¢, Dynamic mapping, i,e, the measurement of the statistical
changes of certain characteristics, vThis mode is required
b& users engaged in ﬁeasuring the circulation and diffusion
of currents, and with assessing the migration of water pol-

lutants,



2
-9
The more advanced functions, shown in Italics in Table 2 , xe-

quires

Soil moisture = both Inventory and Land Use mapping, depending
upon the application

Snowmelt propensity « Inventory
Cloud ~ precipitation correlation =~ Both
Irrigation patterns = both

Evapotranspiration measurements - inventory,

In summary, the future use of imaging remote sensing in water
resourceé differs from that in:Agriculture by:
1, The requirement to map rather fhan to inventory
2, Thus;Athe need for complete coverage of the area of in-
terest rather than just of sample segments,

..

This does not mean that every user will neca the full foxmat of

LANDSAT imagery,

Table 3 ;depicts the domains, in terms of geographic surface, of
the userxrs In the three categories;
1) Iocal users ~ Generally Counties
2) Small Users -~ States and State-wide extension serxrvices of
“the ééderal Government
3) Large Users - Federal Agencies whose roles transcend the

capabilitles and/or interests of the State and local usexrs.

With reference to Table. 3, the minimum surface of homogeneous
arca denotes the smallest area which the user wishes to be identified

within his watershed as being characterized by distinct properties,

ORIGINAL PAGE IS
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TABLE . 3
«

AREAS OF WATERSHEDS CONTROLLED BY USERS, HECTARES .

"MINIMUM SURFACE -

USER - PR WATERSHED ~ OF HOMOGENQUS=-=:...

CATEGORY EXAMPLE ="' AREA : " ... AREA
MIN ° MED MAX . MIN MED MAX
Local = Comnties 1 50 150 =% 0.5 10 30
a SCS Extension Service.
Small -m States - .. 100 10,000 300,000 20 2,000 10,000
= SCS Regional exten~ :
. sion Service
= ARS Test watersheds
= USGS extension Service -
Lazgév~ - Coxps of Engineers .. 50,000 . .'. ' , 7,000 '

= USGS

APPLICATION

Watexrworks Design

' Erosion sStabilization.

Small Reservolr Desigh
Drainage Works Design

- Waterworks Deéign

Environmental Impact of
Land Use chaxges

Reservolr Management

Siting/Location of
Major Reservolrs
Channelization watexr=
works for Water Supply
Environmental Impact
of Land Use Charges

o

ho
4

pow
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In other words, it represents the smallest distinct fraction of his

watershed.

Table 4 presents the current accuracies with which users perform

their appointed hydrologic functions.

The following conclusions emerge:

1.

The accuracy requirements for discrimination and area
measurement are in principle equivalent to those of agri-
culture for, although the accuracies presented in Table 4
appear more relaxed than those applicable to agriculture,
they refer to the more stringent Land Use mode.  Also,
whereas the agricultural user is basically only interested
in accurate measurements of small areas (segments), the
water resources user requires mapping of his entire water-

shed.

Achievement of area mensuration accuracy is, however, easier
in water resources, due to the fact that the areas of interest
are of greater extent than most agricultural fields. Figure
.25 depicts the errors versus area achievable as a function

of resolution, on the teasonable assumption of 95% discri-
mination accuracy (not yet achieved consistently, but néc—
essary to meet the requirements). It can be seen that ail
LANDSATS up to D miss the local users, but can substantially

satisfy the small and of course the large users.

g
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TABLE 4

'

CURRENT HYDROLOGIC USER PERFORMANCE

MEASUREMENT

ELEVATION -
SMALLEST AREA FRACTION

DISCRIMINATION/IDENTIFICATION
OF AREA CONTENT

STREAMWIDTH (FOR WA'I‘ERSHED
MODELING)

STREAMLENGTH CFOR WATERSHED
. MODELING)

SNOW AREA

FLOODED AREA  (TRAVERSE)

WETLAND AREA DELINEATION
WATER POLLUTION CONTENT

WATER POLLUTION PATTERN

.l

ACCURACY

““SEE FIGURE 24

.-90% ~ 95%

95%

0,1 ~ 0,25 METERS FOR SMALL.
USERS

1 TO 3 METERS FOR LARGE USERS
A500 METERS FROM ISSUANCE FOR
SMALL,

'\'1000 METERS FOR LARGE USERS,

\90% .

45 METERS UP TO 100 METERS
#100 METERS ABOVE 1,000 METERS

95% -~ 97%

N0 - 95%

- NO SPEC.
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3. Achievement of the required performance thus requires principally
improvements in discrimination capabilities.
As regards the frequency of repetition, current ground-based or
aerophotographic surveys are repeated at intervals of sevexal years;
snow area, where it is performed, is currently effecﬁed at least every
year: on important watersheds, more frequently through aerial means.

This is consistent with the accuracies of current models.

-This infrequent repetition must of necessiﬁ} lead to the assumptioh
that the watershed properties remain constant with time. In reality,
the seasogai'vegetative changes sﬁrongly influence the runoff, even aﬁ
constant rains. The drive for increased precision in’hydrologic modeling

will eventually require that watersheds be imaged at different seasons,

to take into account the changes in surface cover.

Table 5 recapitulates the current and future user requirements

addressable from remote sensing.

Table 6 estimates the earliest era of operational feasibility for

the principal applications to specifications tolerable by the users.
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TABLE 5

MEASUREMENT

Elevation

Area of Smallest
Watershed Features

Discrimination &
Iaentification of

Areas

fStreamwidth

Streamlength

Snow Area

‘Flooded Area

Wetland Area

Water Pollution
Content

Water Pollutlon
Pattem

Irrigated Area

Soll Moisture

CURRENT AND FUTURE USER REQUIREMENTS FOR WATER RESCURCES

ACCURACY ACHIEVED
BY CONVENTIONAL
MEANS

See Figure 41
90 ~ 95

95 -

Small users 0,1-0,25 meters

' Large users 1 -~ 3 meters

QSOO = 1000 meters
Q0.

+5 meters up to 100 meters
*100 metexrs above 1,000
meters ‘

95 = 97
90 -~ 95

NO SPEC,

90 = ILimited Number of
Regions

No Spec, Seldom Done
and Ad Hoc

' ACCURACY DESIRED
IN 1980 TIME
FRAME, PERCENT

SAME
95 - 98

98

SAME

250 = 500 meters

98

2 meters
*10 meters

98 - 99
95 - 98
20

.95

20

CURRENT FREQUENCY

CF REPETITION
YEARS

5 = 20
5 - 10

.5 = 10

none to 0,3

5«10

3~10
- AD HOC

" AD HOC

AD HOC

REPETITION DE
SIRED IN 1980
TINE FRAME
TIMES PER YEAR
1/5
4

1 -

1l
3to 6

1l to 2 (to
image major
rivers

2
4 to 6

AS FREQUENTLY AS

POSSIBLE
4 -6

4 -6




TABLE 5

{cont'qd)

MEASUREMENT

Snowmelt Propensity

Evapotranspiratibn
Measurements

Cloud=-Precipitation
Correlation

Storage Wateriworks
Siting ’

a) Topography

physical propexr-

tiss

b) zhvirodmental
Imyact

ACCURBCY ACHIEVED

BY CONVENTIONAIL
4 MEANS

No Spec,

85 = 90

in research

ACCURACY DESIRED
IN 1980 TIME
FRAME, PERCENT

20
90 = 95

80 =~ 90

Not possible from
SRS =~ Requires
Stereo

80 - 90 for major
parameters

CURRENT FREQUENCY
OF REPETITION
YEARS

AD HOC

MONTHLY~SEASONALLY

Research

- AD HOC

AD HOC

“daily

AD HOC prior to con

REPETITION DE=~
SIRED IN 1980
TIME FRAME
TIMES PER YEAR

4 -6
4 -6

As frequently as
possible "= even

NA

struction 2 after~
wards
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TABLE 6 -~

PﬁiNCIPAL ADDRESSABLE FUNCTIONS IN WATER RESOURCES.

EST. EARLIEST OP~
. ERATIONAL .FEASI~
1 BILITY
: Liquid Precipitation Measuremeut h
f ’ as input to hydrologic models 19852
via DCP's : i97s
Watershed Surface Mapping
for hydrologic modeling . ' 1976
Inundation Mapping '
o for flood plain delineation ({(large rivers) 1976
Turbidity Spotting
as a pollution indicator o ' 1977
Wetlands Mapping
institutional, reclamation, management . ~ 1977
Snow Depth Mapping ‘
for melt estimation . 1985
via DCP's : ; 1977
! Snow Area Mapping
f_ for melt estimation .. 1978
t Irrigated Area Mensuration
as indicator of water demand o 1979
“Bay and Ocean Current Circulation and biffusion .
to design pollutant effluxes 1980
’ - Soil Moisture Mapping ]
for estimation of irrigation demand 1982
k via DCP's . 1977
Storage Watexrworks Siting
to optimize reservoir cost/benefit lgs2

Note: The first row under each heading,reférs to im~

aging, ‘The second, to use of DCP's where ap-
plicable, -
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6. THE NETWORK OF PLAYERS IN WATER RESOURCES

~In contrast to the. situation in certain foreign countries, for
example, England, where virtually all water resources activities are
centralized, the U.S. water resources community is complex and fragmented.
Also, many of the agencies perform overlapping functions. The principal

agencies involved are shown in Table 7.
TABLE 7

AGENCIES ACTIVE IN WATER RESOQOURCES

Fedexral Agencies

DOI~-USGS

USDA-ARS

USDA-SCS

USDA—FS

NOAA

DOI-Bureau of Reclamation
COE

EPA

Other Federal: Bonneville Power, TVA

States ' ’ , 50

State Water Resources Institutes ‘ 50
Major Universities , ‘ 70
- Local Governments | ’ 3,000
Private Contractors 3,000
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Table 8 presents the principal'opexational activities of these

agencies: in order to gage the emphasis of activities, their corresponding

budgets are also given.

In addition to these operational activities, water resources
agencies engage in research activities, primarily aimed at the develop-
ment of hydrologic models of various types. The funding for this research

by principal Agencies is presented in Table 9.

TABLE 9

YEARLY BUDGETS (FY1975) OF THE FRINCIPAL AGENCIES ENGAGED
IN DEVELOPING HYDROLOGIC MODELS

$M
ARS V 4.4
scs 19.6
NOAA ‘ 4.2
FOREST SERVICE ’ 1.9
USGS ‘ 24
BUREC . 2.5
EPA | 1.2
COE ‘ 2.8
Tva 0.3
TOTAL FEDERAL ' 35.0
STATES (EST) 5.0
_LOCALS (EST) _5.0
49.0
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AGENCY FUNCTION AND BUDGET, MILLION S$r'Y1976, FOR CURRENT ACTIVITIES.AMENABLE TO REMOTE SENSING

¥ "ON NOIOFH 08L/E61-00/—LL61 D440 ONILNIHC _LNB.WN!:!E!AOE) 'S 'ﬂ,u

: , ~ - . FMOST LIKELY -
USGS_|_SCS ARS ¥S, | NOAA |BUREC | C EPA__ BPA TVA 5 L | REMOTE "SENSING -
FUNCTION F B} F B| F BiF B F B|F B_|F B IT B P B Ir _IB B  TECHNTQUE i
Precipi:tat:l..on Rain/Snow b.d x 117 | e DCP
Water Quality X x| 1]x X x| 2]x |1.2 4 DCP
Surface Water Flcw. X |60 X X X 1l}X X4 4 X X {1 1.5 DCp
Ground Watexr Level X 2 X DCP
Snow Water Equivaléncy X X | X [0.3 X | 2 DCP
Flood Mapping X | 2 5.4/ X 1200 3 SRS
Wetlands Mapping 1.5 2 SRS
Sriowcover Area x X x| 1 X {0.3 X SRS
Water bodies Inventory- \ X X 10.4 SRS
| Turbidity Spotting X 1 SRS
Current Pattern X| 3 SRS + DCP
Irrigated Area 5 1 SRS
TOTAL 62 1.4 |1 2 22| |5.4 |27 1 |2 2.y 1376

i A

*
States & local

OF PooR QUALI?TI?

F = Function

B = FY1¢7¢ Budget

NASA"MSFC :





