INDEX

Page numbers for sources in tables and figures are in italics

Accounting stance: cosrections for, 219,
220; in cost/loss calculation, 117; de-
fined, 116; local stance, 116, 117, 118,
132-33, 141, 220; national stance, 109,
117, 132-33, 141, 220; net earnings re-
mittals under, 220; regional stance, 109,
116, 117, 220

Adequacy of systems. See Water systems

Adjustment-impact model, 5~-11

Adjustment to drought: index of level of,
15-17; short-run adjustments, 81-82,
194; water storage /projected demand as
measurement of, 5, 7. See also Invest-
ments in adjustment to drought

Adjustment to natural hazards: account-
ing assumptions in, 116~18; defined, 2n;
as investments, 109-15

American Water Works Association, 65n,
66n

Anderson, R. H., 43

Arey, David G., 4

Barksdale, H. C., 4n

Benefit /cost investment criteria for adjust-
ment projects: benefits to firms, and
costs to households and municipalities,
[12; discount ratein, 111, 112, 113, 118,
132; net annual benefits defined, 91;
time streams of costs and benefits, 111

Benson, M. A., 47n

Berg, Brian, 111, 112n

Berger, Bernard, 68n

Berkshire County Extension Agent, 97,
101

Board of Water Commissioners, 170, 179n

Bower, Blair, 177n, 214n

Braintree, Mass., 87, 89n, 95n, 98, 119,
121,128,131, 132, 179n; drought losses
in, 7, 210, 211, 212, 213

Brockton, Mass., 171n

Burton, lan, In, 51n

Business losses: cost to society and the
city in a shutdown forced by lack of
water, 207-8; in the industrial and re-

tail sectors, 118, 220; opportunity cost
of inputs involved, 206-7; variable costs
avoided, 207, 208

Capital costs: future streams of benefits
ignored in water-use adjustment costs,
89; safe-yield expansion forms of, 150

Carr, John T., 54n

Changnan, S. A., Jr., 48n

Chanute, Kans.: drought of 195657, 68

Chenery, H. B., 137n

Climate: cycles in data on, 54n; indices of
climatic stress on water supply, 47n;
multidimensional concept of, 41; occur-
rence probabilities of climatic events,
27; precipitation indices for climatic
surrogates, 29, 56

—climatic variations: expected losses re-
sulting from, 18; sites chosen for meas-
ures of, 42

Cloonan, E. T., 64n

Cloud-seeding, 69-70, 80

Cobb-Douglas production function, 206n

Commercial sector: economic losses due
to drought, 88; projects involving recir-
culation, 112; water-use restrictions
imposed on, 74-75, 78

Commonwealth of Massachusetts:
nicipal governmental units of, 170n

Connecticut River, 184

Conover, W. J., 47n

Consumption of water: differences be-
tween levels of demand and recorded
consumption, 32; methods of calcu-
lating, 31-32

—means for reduction of: changes from
flat rate to metered supply, 64-65; in-
creases in price, 65-66; restrictions on
water use, 66-67, 78-79; reuse of water,
67-68

Cootner, Paul, 111, 216n

Cost /benefit analysis. See Benefit /cost in-
vestment criteria for adjustment projects

mu-

226



Costs and losses attributable to drought:
additions to safe yield, 143-47; capacity
expansion of water supply, 190-92;
components of, 87n; criteria in assess-
ment of, 93-94; estimates corrected for
double counting, 95-98; features of, 88,
98-99; investment-projects costs, 109-
15; losses to all water users, 118-19;
losses to system customers, 119-29; lost
production under transferral or deferral,
218-20; the public’s conception of,
117-18; reference points in estimating
costs, 90-91

—commercial sector: businessmen’s lost
sales and investment losses, 96-97, 118

—domestic sector: costs of investment in
wells, and losses from lawn-sprinkling
ban, 97

—industrial sector: losses from produc-
tion slowdowns, and capital costs for
adjustments, 95, 119

—miscellaneous sector: farm losses, golf
club costs, and tree losses, 97-98, 118

—municipal sector: spending on wells and
emergency supply facilities, 109-10, 119,
128

Damages: as a function of the level of
adjustment costs, 3

Dams: capital costs in construction of,
143n; industrial spending on, 109

D’Angelo, Armand, 65n

Data compilations used in tests: calcula-
tion of rainfall deviations, 202; calcu-
lation of shortages, 201-2; number of
observations, 201 ; safe yields, 202

Decision making. See Massachusetts
water system management decision
making

Decisions on water supply: categories of,
175-76; on expenditure of funds, 170;
hydrolgic estimates as guides in, 4; on
issuance of bonds, 170, 171; on provi-
sion of safe, low-cost water, 169, 177

—on avoidance of losses: the cost of in-
creasing safe yield intrinsic to, 137

DeHaven, James C., 25n, 30n, 65n

Delivery of water: actual amount vs.
availability, 11, 57; potential-demand /
safe-yield price ratio as measure of, 15

Demand for water: annual demand com-
pared with system output, 37-38; deter-
minants of per capita demand, 34n, 37;
influences of population growth on, 31;
methods of measuring, 30-34; patterns
of peak demands, 25; relation between

Index 227

consumption and, 32-34; time-series
variations in, 30; urbanization and sub-
urbanization as factors in increased de-
mand, 31, 41, 93

—projections: costs under sets of growth
rates, 157-59; estimates as measure-
ments of water consumed, 21; losses
from incorrect projections by planners,
159-62; per capita daily demand com-
pared with consumption, 197-200; per-
centage errors caused by influences on
demand, 200; pre-drought records used
in, 11; weather and economic activity
as factors in, 32-33

Desalination of brackish or salt water, 69,
70

“Design drought”: definition of, 28, 29;
New England droughts as basis for, 41n,
43-44, 47n; safe-yield implications in,
56

Discount rate: in the evaluation of project
investment, 111, 118; loss-shortage rela-
tion to, 132; opportunity costs reflected
in, 112; and project profitability, 114;
rate of time preference reflected in, 133;
sensitivity of in capacity-expansion
planning, 155

Distribution of water: measures of flow,
17; system capacity of facilities for,
16-18, 25

Domestic sector: burden of drought costs
on, 112, 119, 210; water-use restrictions
imposed on, 74, 78

Dorfman, Robert, 176n

Drought: defined, 87; economic losses due
to, 88, 90, 95-98; findings on the Massa-
chusetts experience of, 193-95; over-
year-storage cushion and streamflow
levels in, 57, 58; as a product of climatic
variation and system inadequacy, 48;
as a spur to rationalization of water
use, 134

Drought-impact model: new technology
in, 115; system inadequacy levels in, 24,
139, 140n

—a priori model: expected costs of sys-
tem inadequacy, 59; expected-loss func-
tions, 138--39; planning for supply in-
crements, 56-58

—empirical model: hypotheses on, 60-62;
shortage /inadequacy relation in, 138,
139; shortage probability expressed in,
140n; validity of for the later period of
dry years, 62



228 Drought and Water Supply

Eckstein, Otto, 111n

Economic impact of shortage: account-
ing assumptions, 116-18; on the con-
sumption /demand relationship, 32-33;
on labor, 218-20; loss of revenue, 92,
95-96; on municipal systems, 193, 194—
95; on the public, 92-93, 97, 112, 119,
210

Eddy, Amos, 16n

Elizabeth City, N.C., 64-65

Expected-loss functions. See Model for
expected drought losses

Fair, Gordon M., 32n, 58n, 66n

Falkson, L. M., 115n

Fall River, Mass., 23, 34n; history of the
water supply system in, 179-92 passim;
precipitation records of, 42-46 passim

Fiering, M. B., 28n

Fitchburg, Mass., 23, 30, 79, 80n, 103,
130-32; drought costs and losses in, 7,
87-99 passim, 119, 121, 128; history
of the water supply system, in, 179-92
passim; lawn sprinkling ban in, 210-13
passim; precipitation records of, 42, 44,
46

Five Massachusetts systems. See Histori-
cal data on Massachusetts water sys-
tems

Flora, S. D., 2n

Frankel, Richard J., 68

Freedman, D., 2n

Fuchs, H. W., 93n

Gardner, Mass., 80n

Geyer, John C., 31n, 32n, 58n, 64n, 66n,
211n

Grayhbill, Franklin A., 46n

Groundwater : measures of capacity of vs.
surface-water sources, 21; sewage treat-
ment by, 68; size and timing in develop-
ment of, 26; variations in streamflows
produced by, 17

Harberger, Arnold, 111n

Hazen, Allen, 28, 145

Heggie, Glen D., 66n

Henrick, R., 2n

Hirshleifer, Jack, 25n, 30n, 65n

Historical data on Massachusetts water
systems: actual-performance /optimal-
planning comparisons, 186; case studies
of four cities and the MDC (1900-1966),
180-85; costs of town policies vs. opti-
mal policies, 190-92; methods of re-
search, 179n; programming model solu-

tion, 190; size and timing of chosen
increments in terms of safe yields, 186—
87. See also Fall River; Fitchburg;
Metropolitan  District Commission;
Pittsfield; Worcester

—translating the data: actual-size vs.
optimal decisions, 189; calculations of
WU |/SY ratios, 187-89

Household: drought costs borne by, 111,
112; water-using appliances in, 31, 64

Howe, Charles W., 64, 66n, 88n, 97, 209,
210, 212

Hudson, H. E., Jr., 67n

Hudson River water, 70

Huff, F. A,, 48n

Hufschmidt, M. M., 28n

Hydrologic conditions: as indices for
measuring drought, 4; natural water
supply dependent on, 17, 29; a source
of uncertainty in investment planning,
177

Illinois: attitudes on water reuse, 68;
drought of 1952-53, 67, 69

Industrial sector: business losses of due to
drought, 88, 118, 220; investments in
drought adjustment projects, 109-10,
112, 119; water-use restrictions imposed
on, 74-75, 78

Investments in adjustment to drought:
effect of on annual water costs, 214;
future streams of benefits implied by,
109, 112; impact of discount rate on,
132; profitability of, 114; transport
costs of, 116-17; types of, 109-10. See
also Dams; Model for investment
planning; Recirulation projects; Reser-
voirs; Wells

—opportunity costs of: for domestic sec-
tor, 112; for industrial sector, 113, 119

James, Ivan, 177n
Jehn, K. H., 16n

Kammerer, J. C., 41n

Kansas: attitude on water reuse, 68

Kasperson, Roger, 171n

Kates, Robert W., 1n, 4, 51n, 88n, 176n,
219

Kingston, N.Y., 64

Knox, E. K., 43

Koenig, Louis, 144, 145, 147n

Kohler, M. A., 42n

Kornai, J., 177n

Kuh, E., 6In

Kuznets, Simon, 93



Lane, Russell W., 111n
Larson, Thurston E.; 111n

Lauritzen, C. W., 70n

Lawn-sprinkling ban: benefit in water
bills avoided, 211; as a drought adjust-
ment, 25, 64, 66; losses due to, 88,
91-93, 97, 98, 209-13; willingness to
pay for sprinkling water, 210, 212, 213

—calculation of losses: in a partial ban,
211; in a total ban, 210-11

Lenox, Mass., 81

Leominster, Mass., 80n

Leopold, Luna, 41n

Linaweaver, F. P., Jr., 31n, 64, 66n, 88n,
97, 209, 210, 211n, 212

Liptak, T., 177n

Lof, George O. G., 111, 216n

Losses incurred in drought, 5, 37; methods
of estimating, 88n, 89, 91-94., See also
Business losses; Costs and losses at-
tributable to drought

—estimates in per capital terms: by sec-
toral patterns, 11, 130-34

Lovell (Mass.) Reservoir, 181

Maass, Arthur, 28n, 91n, 206n

Malone, Thomas, 69n

Managers of firms: perception of project
profitability, 114-15

Managers of water systems: attitudes on
supply capacity, 48; conservative policy
of, 58, 80-81; strategies in drought
situations, 83; tendency to restrict
water use, 66; unwillingness to resort to
water reuse, 68; views on water demand,
30

—perceptions on climatic variations: at
the drought’s beginning, 49-50, 81-82;
at the drought’s end, 50-32, 82; notions
on drought occurrence, severity, and re-
currence frequency, 52-54

Manne, A. S., 137n

Marlboro, Mass., 79

Massachusetts: Department of Labor and
Industries, 33n; Department of Public
Health, 78, 172, 173, 183-84, 203; De-
partment of Public Works, 185; Water
Resources Commission, 44n, 51. See
also Commonwealth of Massachusetts;
Historical data on Massachusetts water
systems

Massachusetts drought of 1908-11, 29,
41n, 44

Massachusetts drought of 1962-66: se-
quence and timing of actions, 81-83

Index 229

—adjustments adopted or attempted: de-
creasing water withdrawals, 73-76;

introducing or expanding metering, 79;
leak-survey repairs, 79; raising water
rates, 79; restrictions on water use,
76-79

—findings on: economic impact, 194-95;
physical impact on water systems, 193-
94; recurrence frequency, 193; short-
run reactions, 194

—measures not considered by water
managers: reuse of water and reduction
of reservoir evaporation, 79

Massachusetts water system management
decision making: consulting engineers
as advisers, 172, 173, 175; the public
concern with, 170, 175, 176. See also
Managers of water systems

—city government: responsibilities of the
mayor, the city council, and the water
department, 170-71

—the state government: roles of the
legislature and the Department of Pub-
lic Health, 171

—system organization participants: de-
partmental personnel, 172, 173; elected
officials, 170-71, 173-74; external ad-
visers, 173, 175

—town government: advisory capacity of
the Board of Water Commissioners,
170, 179

Matalas, Nicholas, 177n

MDC. See Metropolitan District Com-
mission

Merrimac River, 184

Metropolitan District Commission
(MDC), 4, 5, 65, 79, 80, 203-5; a
Boston area water supply governmental
unit, 4n; history of the system, 179-85

Metzler, Dwight F., 66n, 68n

Middieton, Francis M., 68n

Middle West, the: WU/SY distributions
for, 22, 23

Milliman, Jerome W., 25n, 30n, 65n

Mitchell, J. Murray, Jr., 54n

Model for expected drought losses: design
of as a function of adequacy level bal-
anced against costs, 148; expected-loss
functions in, 11, 15, 138-39, 141, 142,
195; methods used in, 140; rise of losses
with declining system adequacy, 139

Model for investment planning, 193, 195;
construction of cost estimates, 111, 116-
18; corrections for returns on invest-
ment, 110, 112-13, 214-17; streams of
future savings exhibited in, 112



230  Drought and Water Supply

Model for linking climatic events with sys-
tem inadequacy, 56-62

Model for parameter values, 153-57

—methods of solution: the direction-find-
ing and step-size problems in, 222, 223;
the search technique compared with
programming solutions, 221, 223-25;
the use of vectors, 222-23

Model for water supply expansion: as-
sumptions on capacity costs and
drought losses, 138; comparison with
experience of towns, 186, 188, 189, 190;
optimal programs costs in, 157-62; a
planning horizon of 60 years in, 148,
149-50, 159, 161, 189; projected-
demand /safe-yield ratio in, 137; safe-
yield cost function in, 147. See also
Practical planning for water supply
systems

—functional forms for: growth rates of
population and per capita demand, 138,
150, 157-62; the value of expected
drought losses, 150-52

—methods of solution: in nonlinear pro-
gramming, 152; in parameter values,
142, 153-57

—planning for municipal systems: size
and timing of increments to supply, 137,
148; structure of the model, 149-52

Mood, Alexander M., 46n

Muncipal sector: drought losses borne by,
112, 118, 119, 128, 189; governmental
constraints on system planning, 195;
investments in adjustment projects, 110;
issuance of water bonds by, 189; plan-
ning for capacity increments, 165-68

Namias, Jerome, 41n

National Academy of Sciences—National
Research Council, 69n, 91n

Natural hazards: impact of on society and
the economy, 1-4. See also Adjustment
to natural hazards

New England Water Works Association, 29

New York City: estimated costs of desalt-
ing plant for, 70; metering in, 65; water
emergency in during the Northeast
drought, 4; water-rate constancy in, 30n

Normal system supply: defined, 38; safe-
yield flow available from, 39n, 56

Northeast, the: drought of 1961-66, 3, 4,
70, 115, 137; watershed yields in, 29,
WU /SY distributions for, 22, 23

O’Bryan, Deric, 4n
Okun, Daniel A., 32n, 58n, 66n

Opportunity costs: in a business shut-
down, 207-8; concept of, 93; in invest-
ment projects, 113

Palmer Drought Index, 33, 34n, 45n, 49,
50, 51, 200n

Palmer, W. C., 45n

Passaic Valley Water Commission, 93n

Paulhus, J. L. H., 42n

Philadelphia: impact of metering on water
demand, 64

Pittsfield, Mass., 3n, 23, 34n, 87-98
passim, 118-28 passim; drought costs
and losses in, 7, 119, 121, 130-32; his-
tory of the water supply system in,
179-92 passim; lawn-sprinkling ban in,
212; precipitation records of, 42, 44, 45

Practical planning for water supply sys-
tems: constructing sample hadnbook
tables for the use of planners, 5, 165,
166, 195; formulating optimal timing
and size of capacity increments, 165-68;
governmental constraints on, 195;
problem areas in, 175-78. See also
Model for water supply expansion

Precipitation: availability of records for
system studies, 41-42; distribution of
events, 56; as a measure of water inflow,
27. See also Rainfall

Precipitation series in four Massachusetts
sites: analysis of cumulative deviations
from the long-term mean, 43-46; distri-
bution function for deviations, 45-47;
periods of shortfall and trough years,
44-45; transformation of, 43-47

Pricing policies of water systems, 25n,
65-66. See also Water rates

Production losses from drought: assump-
tions in corrections for, 220; in deferral
or transferral of production, 116n, 117,
208; and net earnings remittals, 218-20;
principles in assessment of, 218; unem-
ployment in, 117; value-added in the
measurement of, 88n, 219

Provencial, J. Andre, 80n, 181n

Public sector: types of water-use restric-
tions imposed on, 75-76, 78

Rainfall: assumptions on distribution of,
5; community water demand relative to,
16, 17; cumulative deviations in, 60,
202; periods of shortfall in Massachu-
setts, 44; regularity of in the East, 23;
sites chosen for analysis of, 42. See also
Precipitation

Rain-making. See Cloud-seeding



Randolph, Mass., 81

Recirculation projects: air-conditioning
cooling water in the domestic and com-
mercial sectors, 112; cost and volume
figures for installation, 111; definition
of, 68n; equipment of seen as water
withdrawal, 99n; industry’s cooling
towers for, 95, 216; water cost saving
in, 216-17

Regression analysis, 33-34, 38, 60-61, 62n,
130

Reservoirs: bank storage capability of,
58; costs of construction, 143, 144, 146;
estimating required flow for, 28; evapo-
ration and seepage in, 70; volumetric
capacity of as a measure of storage, 27

Reuse of water for domestic purposes,
67-68, 19

Rippl method of estimating storage /yield
relations, 28

Roberts, W. J., 67n

Rogers, Peter, 222n

Russelmann, Heinz B., 68n

Safe-yield reserves of water: observation
on systems’ use of, 58-59

—costs of additions to: capital cost of
increased storage volume, 143n, 144,
empirical estimation of, 146-47; theo-
retical estimation of, 143-46

-—safe-yield functions: the scaling factor
in, 138, 139, 146; size and timing of
increments, 12, 26, 137, 138, 148

Save-water campaigns, 93, 95

Savings in system design: in the evalua-
tion of loss functions from water short-
age, 195

Savini, John, 41n

Schneider, W. J., 4n

Sewell, W. R. D., 2n, 69n

Shier, Douglas, 222n

Shortage model. See Drought-impact
model

Shortage of water: community, industrial,
and municipal losses from, 88, 118,
130-34, 220; community responses to,
63, 67; definition of, 11, 37-39, 50n;
and demand /supply balance, 55-56;
determinants of the size of, 56; distri-
bution facilities a factor in, 25; inter-
dependence of demand and the size of
shortage, 119; method of measurement
of, 39-40, 55; probability estimates of,
139-40; relation to system adequacy,
11, 59, 139; shortage losses defined, 91;
types of adjustment to, 99-108. See also

Index 231

Consumption of water, means for re-
duction of;, Economic impact of short-
age

—reliance on increasing water supplies:
by desalination, 70; by protection of
supply sources, 70; by provision of
emergency supplies, 69; by weather
modification through cloud-seeding,
69-70

Simmons, John, 66n

Solution methods. See Model for parame-
ter values

Soule, R. M., 43

Southwest, the: evaporative losses in
reservoirs of, 70; WU /SY distributions
for, 22, 23

Springfield, Mass., 205

Steiner, Peter O., 138n

Stephan, David G., 68n

Storage of water: as an adjustment for
peak demands, 17, 25; methods of esti-
mating storage/yield relations, 28;
overyear storage, 17, 56, 57, 58; proba-
bility safe-yield level for a given stream
and given storage, 27-28. See also
Reservoirs

Streamflow (SF): elements producing
variations in, 17-18; expected-loss/
system-inadequacy relation for any
stream, 19-20; level of assurance of
flow, 27; shortage-frequency functions
of, 19, 28; systems’ dependence on
levels of, 57; use of in predictions of
drought impact, 57

Sudbury (Mass.) Reservoir, 204

Sudler, Charles E., 28n

Supply of water: adjustments for increase
of, 69-70, 109-15; as an area of local
investment, 133; collection and storage
functions, 25; normal system supply
and potential demand, 38, 39; planning
for alternative sources, 25-26, 80. See
also Model for water supply expansion

—demand /supply relations: expected
shortage for levels of, 18; projected
capability ratio of, 16, 17, 29

—planning model for supply, 25-29;
additions to safe yield, 143-47; capacity
expansion for municipal systems, 148-
62

—sources of supply: groundwater, 5n, 17,
21, 26, 201; rainfall and runoff, 23, 27,
41-47; reservoirs and wells, 27, 28, 58,
203-4, 214; runoff in watersheds, 29,
58; surface water, 21, 26, 27-29



232 Drought and Water Supply

Surface-water sources: measures of ca-
pacity of, 21; precipitation as a surro-
gate for, 201; safe yield of, 27-29; size
and timing in development of, 26. See
also Streamflow

Technology of water use: drought-impact
predictions relative to the development
of, 115; patterns of, 214; reliance of ad-
justments on, 69; slack in adoption
of by firms, 115

Thomas, H. A., 137n, 144

Thornthwaite, C. W., 45n

Treadwell, Daniel, 4n

Turnovsky, Stephen, 138n

Unemployment: in “lost”
from drought, 218-20

U.S. Bureau of Public Roads Construc-
tion Cost Index, 146

U.S. Bureau of Reclamation, Office of
Atmospheric Water Resources, 70n

U.S. Congress, Joint Economic Com-
mittee Hearings: on investment deci-
sions, 111

U.S. Department of Commerce: North-
east Desalting Team, 70n; proposal for
disaster warning system, 2n

U.S. Department of Health, Education,
and Welfare, 9, 21n, 72, 73n

U.S. Geological Survey, 47n, 51

U.S. House of Representatives: a pro-
posal for managing flood losses, 2n

U.S. Public Health Service: data on
WU/[SY gathered by, 21-22; drinking
water standards set by, 68; inventory of
municipal water facilities by, 73

U.S. Senate: Hearings on the Northeast
1961-66 drought, 3; Select Committee
on National Water Resources, 70n

U.S. Water Resources Council: reports
on the Northeast drought, 3

U.S. Weather Bureau, 43, 45n, 51

production

Volk, Donald J., 179n

Wachusett-Marlborough Tunnel, 204n

Wachusett (Mass.) Aqueduct, 203, 204

Wachusett (Mass.) Reservoir, 184n, 203

Water costs: effect of investment projects
on annual costs, 214-15; savings in
from future stream of benefits, 216-17;
variable in, 215-16

Water departments in urban systems, 170,
172, 175

Water rates: in the calculation of lost
revenue in drought, 96-97; flat-rate and
metering charges, 63, 64-66, 79; levels
of in different cities, 30

Water reserves. See Safe-yield reserves of
water

Water Resources Planning Act of 19635, 3n

Water systems: overbuilding of, 139n, 162,
177, 188, 189, 190; study of, by size of
population served, type of source, and
type of adjustment, 5-11. See also His-
torical data on Massachusetts water
systems

—adequacy of: average plant output as
measure of, 73; costs of improving the
level of, 142, 148; safe and less-than-use
yields, 22, 23

—inadequacy of: demand-supply measure
of, 16-20; index values of, 7, 20-21, 73;
regional differences in, 23-24; relative
to shortage, 55-62

Water use: aspects of a firm’s use of water
as an input, 214; opportunity cost in
use restrictions, 93; per capita use, 17,
26, 30; restrictions on, 66-67, 74-79, See
also Technology of water use

Water-use /safe-yield ratios (WU-SY):
historical data on four Massachusetts
cities, 23-24; method of calculation,
21-22; and population distribution, 22

Weinberger, Leon W., 68n

Wells: costs of well water, 215; cost-yield
curve for, 111; evaluating domestic-
sector investment in, 112; industrial and
municipal spending on, 109-10, 112;
savings in costs during the well’s life,
215-16; as substitute for city water, 214,
215, 216

White, Gilbert F., In

Woburn, Mass., 79

Wolff, Jerome B., 31n, 64n, 211n

Worcester, Mass., 23, 34n, 205; history of
the water supply system in, 179-92
passim; precipitation records of, 42-46
passim

WU|[SY. See Water-use /safe-yield ratios

Wycoff, Peter H., 69n

Yevdjevich, V. M., 43n
Zoutendijk, G., 153

Zoutendijk method of nonlinear program-
ming, 222



