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Optimal Allocatjon of Water Resources in Utah
Calvin G. Clyde, F. ASCE and Alton B. King, A.1M. ASCE
" Journal of the Hydraulics Division”, HY 70, October , 71973
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FIG. 1.~Hydrologic Study Units of Utah

<

TABLE 1~=Avalizhle Warer Retourees I Utsh

- Basin Yield
Local surfece
; ' weter, plus
Hydrologic study | Ground water, in | Local surface water, | ground water, in
unit - acre-iiet per year in acre-fout per year |acre-fest per vear
(1) {z) C{3) (4
! 187,000 613.000 800,000
2 138,000 917.000 1,055,000
3 65,000 660,000 . - 725.00C
4 394,000 560,000 954,000
5 356,000 417,000 773,000
6 120.0C0 . . 80,000 230:000
7 40,000 e 1,319,000 - ° 1,359,000*
8 — 650,600 650,000°
9 — 430,000 430,000
. 10 10,000 250,000 260,000
v Towml - " 1,320,000 5,896,000 7,216,000 -

*Much of this water consicered as availzhle for transfer.

Source: Utah Division of Water Rescurees

Note: | acre-ft = 1,233.m>,

1970, and the U.S. Geologica! Strvey.

TABLE 2.—-Limits on Annual Artificlal Recharge of Ground-Water Bislns

Maximum mean annual

Hydrologic study

artificial ground-water recharge;

unit . in aere-feat per yeor
(1} .. (2).
i 0
2 " 60,000
3 - 366,000
4 (low cost) 434,000
4 (high cost) 100.0C0
5 {low cost) 52,000
5 (high cost) 52,000
€& 65,000
7 0
3 -0
5 0
10 0

Note: | acre-ft = 1,233.m3,
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FIG. 5.~Present Allocation of Water in Utah (1565) {1 acro-ft = 5,233 m%)

TABLE 3.~Net Wator Availability

In-Basin Water Availability,
in acre-ft per yr
Hydrologic Surface Ground
study unit water water Total
(1) {2) (3} (4)
1 613,000 187,000 8C0.000
2 941,000 104,000 1,045,260
3 789,000 95,000 884,000
4 514,000 272,000 786,900
5 453,000 255,000 708,000
6 80,000 130,600 210,600
7 1,352,000 40,000 1,292,000
s 50,000 0 650.000
9 430,060 0 430,000
10 250,000 10,000 269,000
Total 6,672,000 1,093,000 7,165,000

Note: 1 acre-ft = 1,233 m>.
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TABLE 4.—Projected Changes in Water Demand from 1365 to 2020

Change in Water Demand, in acre-feet per year
Hydrologic study Municipa! and
unit Agriculture industriat Woetlands
(1} 2) (3} (4)’
1 95,000 4,000 3.000
2 160,000 95.€00 79,000
3 ~293,000 180,000 6,000
4 1,000 245,000 67,000
s 84,000 8.000 . ~17,000.
6 41,000 6,000 ’ 10,000
7 134,050 65,000 ~17,000
8 ~-11,000 24,000 -13,000
9 (1] 86,000 - 1,000
10 28,600 ) 7,050 ~10,0C0
Total 512,650 720,200 . 107,000

Note: Source: Utah Division of Water Resources. 1 acre-ft = 1,233 m>.
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Aprennix ll.-—MNoranion
The following symbols are used in this paper:

AG = agricultural water demand;
AV = amount of water available for allocation;
BU = Bonneville Unit of Central Utah Froject;
DR = rcquired draft on stored water in surface reservoirs;
EV = net evaporation loss frdm surface storags;
GW = ground water; )
LSW = local surface water;
MI = municipai and industrial water demand;
OF = outflow from study area; .
QBUMPT = amount of water imporied by Bonneville vnit;
QGWXAGY = amount of ground water from study unit X used for agricultore
in study unit Y;
QGWXMIY = amour! of ground water from study unit X used for municipal
. . and industrial in study unit Y3 .
QLSWXSWY = amount of water from study unit X imported to study unit
Y3 .
QUIMPT = amount of water imported by Ute indian Unit:
SA = Sevicr arca (potential interbasin transfer);
ST = amount of surface water storage required to satisfy required
Sreft:
Ui = Ute Indian Unit of Central Utah Project;
" WL = wetlands water requirement; and
8 = programming paremeter for time.
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Fig. 3. River basins in the United States as defined by the US. Water Resources Council.
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Fig.5. Location of dr&lund and irrigated wheat under model A in 2000.
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TABLE 1. Summary of Models and Parameter Levels for 2000

.0 55

L
0 60.0

Model Population, million Farm Po]icy"'"' Water Price, 8 Export Level* Farm' Technology
A 300 market present z trend
Al 300 market 15.00 .. z trend
A2 . 300 market 22.50 z trend
A3 ‘300 merket 30.00 z trend
B : 280 market present z trend
- C 280 land _present z trend
D 325 market present 2z ‘advanced

%%

*Variable z represents the export level in 1967-1969. L s
Farm folicy represents a free market for farm commoditie
ement policy to testrain SUpply as Model C.

" TABLE 2. Suﬁméry of Land and Water Use under Seven Models

s oF on-atnual land retir-

Actusl Model

for -

1964 A Al A2 A3 B C D
Dry land, million acres 1555 1227 1232 1238 1242 1192 1197 - 1238
Trrigated land, million acres 31.3 27.2 . 22.6 17.2 124 26.0 29.2 28.6
Unused land, million acres 55.5 16.4 151 12.9 12.5 51.0 44.9 4.5
Water withdrawal, acre-feet 151.7  155.9 139.3 120.3 105.0 . 147.1 1546 163.3
Consumptive water use, acre-feet 76.0 97.3 85.9 71.8 61.1 .92.0° 96.6 100.9
Water surplus, acre-feet [} 142.1  153.5 167.6 178.3 147.4 142.8 138.5
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total costs: crop and livestock production
and transportation and certain water
transfer costs to meet domestic and
export demands;

cost per unit of the jth crep or livestock
activity in the ith producing region
(livestock costs do not include certain feed
costs determined internally to the pro-
graming model); -

level of the jth product activity in the ith
producing repion; .

cost of water per-acre-foot consumed in
the mth water supply region;

water bought for consumption in the mth
water supply region, acre-feet;

difference between the cost of water per
acre foot consumed in the m’th and mth
water supply regions;

cost of transporting a unit of the gth type

of commodity from the kth consuming-

region to the k'th consuming region, where
the k and &’ regions are contiguous except
for certain long-haul routes;

amotint of the qth type of commodity
transported from the kth  consuming
region to the k'th consuming region, where
k -+ k¥ must be contigious except for
cerfain long hauls;

producing areas, { = 1,2, --+, 223;

type of cundogenous crop or livestock
aclivity,j = 1,2, ---, 25;

consuming region, k = 1,2, -+, 27;
water supply region, m =1, 2, ---, 51;
type of exogenous livestock activity,
p=12 ---,5

type of commodity,q = 1,2, ---,12;
amount of land used by the jth crop
activity in the i/th producing area; :
per capita consnmption of the gth com-
modity in the ith producing region,
g=1512---,12;

proportion of the exports of Lhe gth type
of commedity exported historically from
the kth consuming region;

amount of TDN consumed per wnit of the
jth type of livestock in the ith producing
amount. of protein consumed per unit of
the jth type of livestoek in the #th pro-
ducing area; :
amount of roughage eonsumed per unit of
the jth type of livestock activity in the ith
producing area;

amonnt of the gth type of crop commodity
consumed by the pth type of exvgenous
livestock in the kth consuming region;
proportion of the qth type of livestock
commodily imported into the kth con-
suming region based on the relative

distribution of the U.S. population in 2000; -

amount of acreage quotd Q; used by the
jth type of crop activity in the ith pro-
ducing area; .

amount of TDN per unit of the glh type
of commodity transformed into feed to be
used by the jth type of livestock activity
in the Ath consuming region; .
amount of profein per nnit of the gth type
of commoadily transformed into feed to be
used by the jth type of livestock aclivity
in the kth consuming region;

amount of roughage per wnit of the gth
type of commodity transformed into feed
for use by the jth Lype of livestock activity
in the kth consuming region;

t of water con:
jth crop or livestuck activity in the ith
producing area;
amount of waler consumed by the pth
exogenous livestock nctivity in the mth
water supply region;

ed per unit of the
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LWiD:

Lwi,

per cap consumplion of water for mu-
nicipal, industrial, recreational, and ther-
mal electric power wees in the ith preducing
aren;

yield per acre or per unit of activity of the

harvested acreage of cotton in 1964 in the
ith producing area;

harvested acreage of sugar beels in 1064
in the ith producing area multiplied
by two;

land retired in the annual land retirement
policy model in the ith producing area,
acres; .
minimum {lower limit) amount of land
retired in the annual land retirement
policy model in the ith producing ares,
acres.

Jjth crop or livestock aclivity in the ith
producing area;

national export activily for the gth type
of commadily;

national level of exports (lower bound) of
the gth type of commodity;

amount of the gqth type of commodity
transformed into feed (TDN, protein,
and roughage) for use by the jth type of
fivestock in the kth consuming region;
national aclivity for the pth type of
exogenous liveslock;

national level (lower bonnd) of the pth
type of exogenous livestock;

national import activity for the gth type
of commodily; ;

national level of imports (upper bound)
of the gth type of commodity;
population-industry activity in the ith
producing area;

population (lower bound) in the {th
producing area; -

‘water consumed by fruits, nuts, rice, and
vegetables in the inth water supply region,
acre-feet;

water transferred by natural flows from

the m'th water supply region to the mth

water supply vegion, acre-feet;

- water consumed by other uses, including

fish and wildlife and wetlands and swamps
in the mth water supply region, acre-fect;
weler exporled to regions outside the
17 western states from the mth water
supply region, acre-feet:

cropland available for annual crop pro-
duclion in the ith praducing area, acres;
total land (cropland and hay land) avail-
able for annual crops and tame hay produe-
tion in the ith producing aren, acres;
irrigated cropland available for irrigated
erops in ith producing aren, acres;
irrigated total land available for irrigated
crops and fame hay in the ith producing
area, acres; -

land available for deyland cropland-
improved pasture production in the 4th
producing area, acres;

land available for irrigated ecropland-
improved pasture production in the ith
producing area, acres;

land available for dryland unimproved
pasture, woodland pasture, and public
grazing land pasture in the ith producing
area, acres;

land available for dryland wild hay in the
ith producing area, acres;

land available for irrigated wild hay"

production in the ith producing area,
acres; ) .

acreage quotfa available in annual land
retitement policy model for annual crops
(wheat and feed grains only) in the ith
producing area, acres; °
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Optimization of Water Allocation Dicisions Affecting Fstuarine Ecology .
Huntington 5. Swanson , Charles S. Beightler and Don T. Phillips
" Water Resources Bulletin” Vol 7- 4 , August 7977.
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(b) joint water availubility ¢ Fig.3. The optimal plan and schedule of water
resource development for Californin and the
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represent multipurpose projects, and the darkened - :
areas represent inferregional yrojeets, ”




TABLE 1a. Scctor Classification of the Basic Model

R Title and Description

1 liv‘zslnck, poultry, and dairy products

2 food and feed graius

3 cotlon

1 ‘vegelables

5 fruits, nuls, and citrus

G for: age, forestry, hshcry, and miscellaneous agriculture
7 mining

8

food and kindred produets
9 all other manufacturing
10 utilities
11 construetion, lrade, transporlation, finance, and serviees

TABLE 1b. Seetor Chssification of the Activity An + Model

Sector Dezeription

1-9 sytae as (hat in basie model
10 adinsted ties seclor (.xll utilities e'(cepl W nlm services)
11 {rade, tmiisporiation, services, and ul;lhlul construction (all con-
projects)
12 construction of local and regional waler resources projecis
13 consiruction of mullipurpose water resources projects
14 eonstruclion of inlerrégional waler transfer projects
15  coasiruction of nuclear desalling plunts
16 services and operation of local and reional projects
+ und operntion of mulllpmpow projeets
s mxd aperation of inlerregional water ¢
19 services nnd operation of nuelear -

“ion exeepl wiler vesouvces

fer projects

TABLE 2. GRP Levels under Alternative Relative It iegionn} Emphasis

~ Weights of Regjonal ,
Emphasis for Infer- oL . . ’
regional GNP : Californin GRP, 810" o West GRP, $10°

sCelit,  gwest 1072 - 1075 1978 . 1981 © 198 1072 1073 1078 . 108! 1984

1.00 0.40 102.79 128.43 160.78 183.75 207.19 -50.82 5!.55 51.80 §3.3% 57.31

1.00 0.70 102,70 128.02 158.34° 181.00 206.73 50.82 £2.87 54.33 56.10 57.94

1.00 1.00 102,70 127.72 156.00 170.00 203.92 50.82 52.92 55.12 57.40 50,921

1.00 1.30  103.79° 127.14 1560l 177.93° 201.48 50.82 53.95 56.71 58.93 Ci.17

1.00 1.60° 102.79 126.40 135.22 '176.04 198.64 50.82 . 54.76 55.03 60.14 63.0%

1.00 1.90 101.95 125.05 142.35 158.73 174.55 53.73 62.88 (V.13 77.16 §7.70
—929—
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NOPATION

Parametor

ar,

b

¥

L

wr,

Yo,
Yor(t)
Ar(t),
@),
Xor(t),
f' v (1)
1o,

cr,
%
]

dircet “coeflicient matrix for the region
r(r = 1, 2) in $10% per $10%; an element
e in thewatrix @ = 1, ..., ), G =1,
[ n)_ expresses the input value from
seclor 4 jule seclor 7 for the ltler to
produee $10% of output, n X u;

capital cocflicient mutrix for region r
(r =1, 2) in $10% per $10%; an element
by;* expresses the input value of capital
s}uc-k required from industry 7 by industry
J for the latter 10 produce $10¢ of output,
n Xn;

lub_ur coefficient veelor for region r (r = 1,
2) in mnan-years per $10%, n X 1;

water cocllicient vector for the region r
in neve-feet per $10%, n X 1;

valuc-added eoeflicient veclor for region »
in $10¢ per $10¢; a cocllicient V7 (j = 1,
«.e, 1) expresses factor paymenls to
howscholds {e.g., weges, salary, interests,
profits, and depreciation) per $10¢ “of
oufput from indwstry §, 2 X 1;

maximum projeeted finnl denand veetor
for vegion » (r = 1, 2) for peviod £ (¢ = 1,
-oe, 1) in 310% per year, n X 1;
minimum projected finnl demand vecior
for region r for period ¢ in $10% per year,

13,4 H

projecled level of the Iabor foree nvailable
for production purposes in region r in
time period £in man-years per year, 1 X 1;
projected amount of the water available
for production purposes in region 7 in
time period ¢ in acre-feet per year, 3 X 1;
maximun  sceloral gross oulput vector
in region r for time peried ¢ in $10% por
year, n X 1;

maximum  foreign export vector from
region r al Litne period § in $10% per yeur,
n X 1; .

maximum foreign (from the rest of the
world) import véctor into region r in
time period ¢ in $10% per-yeur, n X 1;
transportation cost cocfficients of import
vector in 310 per €18, 2 X 1;

discount rate in percent per 3-year period,
X1

targel growlh yate for regiowr in terminal
years in percent per 3-yenr period, § X-1;

Primnl Variables

X+,
5,
Yo,

),
E),
G,

gross oulput vector for region r In time
period £ in §10¢ per yeur, n-X 1;
commodily capital stock veetor for region
r.in time period £ in $10% per year, 2 X 1;
final demand vector for region r at time ¢
“(imfiart - nnd _export excluded) “in $10¢
peryenr, n X 1 ) . : )
tolil impurts veetor into region r at tine
in $10¢ per year, n X 1;

total éxportis veelor fromi region r at time £
in §10% pev year,n X 15 ’
fntervegionnl trade vector at time ¢ G;7(0)
expresses exporis of industry ¢ (rom region
1 into vegion 2 as well as imporls into

. vegion 2 from region 1 ab time ¢ i §10¢

P,

Je@),

per year, n X I;
foreign exporls veclor from vegion r to
the rest of the world at time ¢ in $10%

per year, 1 X 1;.

foreign imporis veeior into region-r from-

the rest of the woild ab time ¢ in $10%
per year, n X 1, :
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Allocating Water Among Alternative Uses
John E. Reynolds
‘Journal of the Irrigation and Drainage Division” Vol 97-/ /arch 197/
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