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ABSTRACT OF DISSERTATION 

ECONOMIC OPTIMIEA'!'IUN FOP WATER AILOCATI,)N SYSTEMS 

Within a fixed boundary water basin, a model has been developed to 

allocate water between competinq users to maximize net econoomic 

returns to the basin. Water users within the basin have been aggregated 

into particular sectors, with the net oconomic: returns to each producing 

sector sole functions of the water consumed, excluding economic returns; 

from other resource inputs.
 

Any change of product output within a particular sector induces 

changes in production in all other sectors, and consequently, net 

water consumptions. The use of economic input-output analysi'; affords 

a method of determining sectoral changes within the net economic 

returns caused by modification of the final demand. Within the model, 

the total net monthly economi, r ,,turn fror the ,.nt i . h,.$,i is maximized 

through a process of static iteration, with incremental modific-ations 

being made to the final demand .ector through developed distribution 

multipliers. The economic maximization proces operates und(,r the 

prime constraint of actual water available for consumption within the 

basin during the adopted time period. 

An initial watcr a]llt~ in li .2', 11, rI(lot t! ' , 

monthly sctoral demand.':, is rquired to determine the initial net 

economic return to the basin Thi:, poLi :., ha.s; le., , til , 

throuqh tihe dev, lopmenv of a simple wa -i- al I Ociat icli procirm, 

incorporating arbi t rary allot ation criteria under water ro stricLion 

conditions. 
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inflow and
To illustrate operation of the model, synthetic natural 

sectoral demand data have been tabulated for a natural catchment area 

located in the .iiv,. ,, U.S.A. From a literature review, real eco

nomic dat . m on . i wVed, and IItough not ex Iicit., indicates the 

v lue of water for the above area. From the modelpotential economic 

operat ion, comparative net ,conomic returns between initial and optimal 

condit ions are made, with the resulting increses validating the viabi.

ity of th,' optimization procesq;. During periods of water restriction, 

or p)eriods of water importation, the model also offers a conceptual 

means of valuing water transforred out of the basin or water imported 

from an adjacent basin. 

The hiqh dependence of the model upon economic data, and the 

effects of .omparativoly small (data variations, indicates the necessity 

for continuing researph in the vanation of water to consumers. This 

dependence aIso elucidates the necessity for consideration of the 

effects of physical water constraints upon water allocation systms 

and the economics of such. 

John W. Andrew
 
Civil Engineering Department
 

Colorado State University
 
Fort Collins, Colorado 80523 U.S.A.
 

Fal 1976
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1.00 	 INTRODUCTION:
 

With ever increasing concern being placed upon the earth's limited
 

resources, both renewable and nonrenewable, man is slowly becoming
 

more 	conscious of the term "efficiency." And in the context of
 

resources use, efficiency can imply nothing more than extractinq the 

maximum amount of social good from a minimum quantity of resource. For
 

pure 	economic purposes, efficiency in resource use or allocation is
 

traditionally defined as the condition in which no reallocation alter

natives exist which would allow economic gains to one sector without
 

consequent economic losses to another sector. This implies, basically,
 

that all unambiguous possibilities for increasing net economic welfare
 

have been considered and exhausted.
 

Although many resources at the present moment have very low or
 

zero 	economic value, a resource takes on a opositiv value 

as the competition for its use between consLuers increases. Resources
 

may also increase in positive value, as the total known reserve quan

tity of the resource is depleted, with this beinq well illustrated in
 

the market for crude oil and precious metals. The later case is appl.

cable only to nonrenewable resources, while competition for renewable
 

resources, and consequential increases in economic value, usually
 

results in an increased market or production activity of the resource.
 

Long term consumer prices of a renewable resource probably average out
 

in line with general economic inflation of the entire economy. Compe

tition arising in the use and allocation of renewable resources has led
 

to continuing contention, with a key concept in the theory of resource
 

allocation, applicable to the resolution of such contention, being the
 

1
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value of water used in the resource extraction, conversion to a
 

marketable commodity, or purification of the initial or final product.
 

Water may be considered as a fugitive renewable resource and as
 

with all renewable resources, may further be considered as a noneconomic
 

social good, but only, in this case, when an abundant and consequential
 

noncompetitive supply exists. With increasing demands and technology
 

during the last two centuries, the resource of water has taken on an
 

economic value arising due solely to the scarcity and the ensuing
 

competition for its use. However, this economic value and the ensuing
 

optimization, is complicated to a large degree by the many basic incon

sistencies and socially irrational operational procedures existing
 

within the water laws of democratic countries [25]. The basic cause of
 

these problems may stem from the effect of private parties influence
 

over ownership, distribution and transfer, and it is felt that major
 

modificatiois to existing systems may be made to the overall social and
 

net economic benefit of society.
 

The basic objective of this thesis is the development of a model
 

to maximize net economic returns from water available within a river
 

basin during a discrete time period. It has been assumed that no legal,
 

political or private ownership constraints exist on the allocation of
 

water. The net economic returns are based solely on the water resource
 

and do not consider other resource 
inputs such as power, raw materials,
 

etc. During the discrete time period, it is assumed that a fixed
 

quantity of water is available from the basin and thus available to
 

the water users within the basin. The minimum water requirements of
 

each user are allocated initially, and the net economic returns are
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computed. If water is still available for consumption during the time
 

period, the net economic return is arbitrarily increased; and the quan

tity of water required to achieve this is computed. The model continues
 

in this operation until all the water has been allocated within the
 

basin or maximum demand has been satisfied.
 

Figure 1.1 following gives the flow chart of the basic process
 

with the considered optimization path given by the heavier connecting
 

lines. In outlining the basic principles governing current theoretical
 

water allocation policies, two cases of allocation systems, with and
 

without return flows, are developed. Numerous constraints exist within
 

a river basin upon the net economic return maximization objective, and
 

existing techniques for their consideration are discussed together with
 

recommendations of their influence in the initial design of planned
 

allocation systems.
 

The net economic return to a particular water user is dependent
 

upon all other water using sectors within a defined area, and the
 

economic interdependencies may be determined through economic input

output analysis. While very much applicable to the formulation and
 

consideration of economic transfers between sectors, input-output
 

studies are constrained to some degree in their use, and rely upon some
 

broad general assumptions within their formulation. These constraints
 

and assumptions are discussed together with their validity. The eco

nomic interrelationship between water users also relies upon the water
 

quantities consumed, and a water allocation model is necessary to
 

distribute water to the users initially. A generalized physical water
 

allocation model has been developed within the thesis to allocate water
 

to the individual users under the constraints of minimum water
 

requirements.
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Establish Physical Water 
Allocation Model 

Define Constraints 

I) Legal 2) Political 
3) Physical 4) Quality 

5) Social 

Consider All Remove All Constraints Impose Constraints 

Constraints Except Physical Individually or GroupedExisting 

Establish N', Econoitc Returns 
per Total dater Sosumption 

R.fationships 

Establish Total Net Economic 
Returns per Total Water 

Consumption Relationships 

Allocate Water Using 

Allocation Model 

Compute Total Net Economic 
Returns for All I Sectors 

SDistribute Not Economic 

Returns in Relation to 
Annual Input-Output Table1
 

IModify Product-Use Mix by 

I I Final Demands 

L FNo Water YesFo ar of teictionsiguAor0oble Yes 

Compute CompensationIt Costs 

S Tabulate Finol Water 
ahScoAvailable t 

S Tabulate Tota 

Not Economic Rtrns 

Figure 1.I1 Flow Chart of the Basic Process. 
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An adoption of a workable water allocation model under a net
 

economic maximization criteria requires definition of the net economic
 

return as a function of the total water quantity used for each consuming
 

sector. Problems associated within the derivation of these functions,
 

and the lack of empirical data have been discussed, togethe r with the
 

additional complications arising between competing sectors. The types
 

of data required, methods of data collection and the necessity of
 

synthetic data generation have also been discussed. Data types are
 

considered under the three major headings of economic data, climatic
 

data, and water-consumption data. Each of these three main technical
 

data types have been subdivided into their major subsections and their
 

impact upon the system operation evaluated.
 

The economic maximization of a water allocation system requires
 

the formulation of a logical sequence of discrete steps for either an
 

existing or a proposed system. Using synthetic data, an example of the
 

formulation is given together with the assumptions and simplifications
 

necessary. The example model is operated in the following manner.
 

1. The physical water allocation program is employed initially to
 

distribute water to the consuming sectors in relation to their demands
 

and the net quantity of water available within the basin during the
 

discrete time period.
 

2. From the economic demand functions, the net returns to each
 

sector are derived.
 

3. The net returns to each sector are distributcd throughout the
 

input-output transactions table in relation to the average annual input

output table.
 

4. The table is then balanced within the import and export sectors
 

and the total net output determined.
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5. If additional water is available and not all demands have been
 

satisfied within the basin, the final demand sector is increased within
 

the transaction table using multipliers dependent upon the net economic
 

benefit per unit water consumption values (b.).

1 

6. The transactions table is then rebalanced with the new final
 

demand values and the new water quantities determined.
 

7. Iterations are continued until all demands have been met, or
 

the total water quantity available has been allocated, to arrive at the
 

optimal condition.
 

8. The final total net economic return to the basin is then
 

compared to the average consumptive conditions for the time period.
 

The final chapter discusses conclusions of the entire model, and
 

offers recommendations regarding its use in actual allocation problems.
 

The application of the entire model and its usefulness are indicated
 

together with recommendations regarding the data sensitivity of the
 

model, and assumptions necessary to reduce the effect of this data
 

orientation to a minimum.
 

Recommendations are also made regarding the areas in which further
 

research should be undertaken and the nature and extent of this research.
 

These recommendations have been made in an attempt to increase the
 

overall operational efficiency of the entire system, and reduce costs
 

of its operation.
 



2.00 THEORETICAL WATER ALLOCATION SYSTEM:
 

A generalized physical model of a catchment area is shown in
 

Figure 2.1 following, in which the boundaries are defined by the
 

physical extremities of all natural creeks and consequential topographic
 

grade changes. Diversions for productive and consumptive uses, to

gether with in-stream use may be represented both diagrammatically and
 

in flow line form as individual withdrawal units, acting as complete
 

system entities, and considered wholly independent of other catchment
 

power generation,
diversions. Although "inflow" uses, such as 


/'"-'""*'Imported 

l / Water 

Reservoir 

Catchment Area 
"I,Us.. 2 Boundary 

IUse I 

Use 3uc 

, ..
 
% -


Us, Us Use' ,4
 

Us Exported
-" Water
 

7.S 

Figure 2.1 Generalized Catchment Area 
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recreation, fish hatcheries, etc., return a Large percentage of their
 

withdrawals to downstream users, the productivity and/or net economic
 

return to the catchment area is a real entity, and must be considered
 

as such in conjunction with return flows.
 

The diagrammatic catchment area may further be reduced to flow
 

line form, depicting all consumptive and nonconsumptive water uses
 

throughout the entire length of all rivers and creeks in the catchment.
 

This flow line format is shown in Figure 2.2, and is accompanied by
 

symbol definition and explanation. Each use is represented by an
 

actual diversion from the river, irrespective of them being consumptive
 

or nonconsumptive, or off river - in flow uses. All users have been
 

Reservoir 	 Use 2 Use 4 

Cl n qD q2t ~ lq 2R2 !tfn12j 	 _________ 

7 I ql 	 L qlR, q3 L I q3 R3 qnIqnR t 


Use I Use 3 Use n
 

Figure 2.2 Flow Line Format for a Generalized Catchment Area 
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considered as giving return flow to the river, allowing full
 

generalization for return and nonreturn flow criteria development.
 

The concepts of return and nonreturn flow introduce the two main
 

water transfer criteria of dependent and independent release [7]. A
 

dependent release water transfer implies that a user is legally bound
 

to return to the main stream a certain percentage or a fixed amount,
 

of his original quantity diverted, and further, that downstream users
 

are partially or wholly dependent upon this upstream return flow. An
 

independent release water transfer implies that there is no return flow
 

to the stream, for consumptive water uses, and further, that downstream
 

users are solely dependent upon the base, and natural flow of the
 

stream. In the extreme case of physical water restrictions, there may
 

be no base flow in the stream under the dependent release transfer
 

criteria, while it is mandatory that a base flow exists for the inde

pendent release transfer criteria.
 

In Figure 2.2 the alphanumeric symbols have the following
 

designations:
 

qn = natural monthly inflow discharge (glls) 

qI = imported monthly inflow discharge (glls)
 

Q(l-*n) = monthly discharge between diversions (glis)
 

qE = exported monthly outflow discharge (glls)
 
=
qA monthly discharge to storage (accumulation)(glls)
 

qD = monthly discharge from storage (depletion) (glls) 

q (14n) = monthly discharge to users 1 - n (glls) 

R = return coefficients for the respective users. 

(All Rn values must lie in the range 0.0 to 1.0). 
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In conjunction with the above alphanumeric symbols, the following
 

symbols shall also be used in dependent and independent release
 

transfer criteria:
 

b(l-n ) = net economic benefit derived from the unit water
 

consumption on individual diversions 1 n ($)
-


B = total net economic benefit derived from the total water n
 

consumption on all areas ($)
 

=
bA net economic benefit of a unit water quantity transferred to
 

storage ($)
 

bD = net economic benefit of unit water quantity removed from
 

storage ($)
 

bE = net economic benefit derived from a unit of water sold to
 

export ($), and
 

b= net economic cost of a unit of water obtained from
 

imports ($).
 

The alpha symbol b may be considered as a net economic benefit
I
 

within all equation developments, but with a negative sign.
 

2.10 	Dependent Release Transfer:
 

The basic transfer criteria for this transfer system is developed
 

following, using equations of continuity. As each downstream
 

user is solely dependent upon the return flows of the immediate up

stream user, then, with reference to Figure 2.2, at the first diversion
 

(in this case the reservoir):
 

=qA 	 QI" (2.1)
 

(where 	in turn 
Q, = 	 qN + qI) (2.2) 



For User 1, the following equation holds 

ql = Q2 = qD (2.3) 

For the second user,
 

= 
 (2.4)
q2 = Q3 q1 R1 

similarly, for the third user
 

q3 Q4 = q2R2 (2.5)
 

= 
Substituting q2 q1R1 from equation (2.4) into (2.5) yields
 

= 1RI)q3 R2 (q


For the fourth user,
 

= 
 (2.6)
q4 q3R3 


and substituting for q3 yields
 

q = R3 (R2 (qI'R1 )). (2.7)
 

th
 

For the n user within the catchment the water quantity available
 

for diversion is given by
 

qn = Rn-l (Rn-2 Rn-3 Rn-4'- R1ql1 (2.8)
 

(Note that for manipulative ease the substitution ql = qD (equation
 

(2.3)), has not been made in equation (2.8)).
 

For Users 1 through n, the total net economic benefit derived by
 

biq. Thus for a total of
any particular individual user is given by 


n users, the total net economic benefit derived from the total water
 

usage on all areas is given by
 

(2.9)
Bn =biqi + b2 q 2 + b3q3+ ... + bnqn" 
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Substituting qi values in the above equation yields
 

=Bn blq1 + b2(QiRl) + b 3(R 2(qlR) ) + ... 

+ bn (Rn-l(Rn-2 Rn..... (q R ))). (2.10) 

If it is assumed that a constant efficiency of use exists between 

all users, then the percentage of return flow for all users (R.) will 

be constant, 

i.e., R R2 = R3 = R . (2.11) 

Substituting R R. into equation (2.10) gives the following: 
I 

B = b q1 + b 2 q 1 R + b3 q1 R + ... + bqRnl (2.12) 

Rius 

B= b + bP + b3R2 + ... + b Rn- . (2.13)
ql 1 2 n "
 

Note should be made that under a purely hypothetical equitable
 

transfer criteria, the net benefit per unit of water derived by all
 

users would be constant. Under this condition,
 

b I b = b = L = b. 

Substituting b = b. into equation (2.13) yields
 

B 
 2 n-i
 
-L - b + bR + bR + ... + bR n . (2.14)
q]
 

Thus
 

n = 1 + R + R2 + ... + Rnl (2.15) 
bq 1 

Equation (2.15) is equivalent to the expression
 

B n
 
n 1 RS= 1-R (2.16)

bql 1-R 
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and indicates the general expression for dependent water transfer
 

between all users within a catchment area under the assumptions of con

stant return coefficients and constant net benefits per unit of water.
 

Although the first assumption does have some validity in the real
 

world, the second assumption is purely hypothetical, and the total
 

economic benefit for n diversions on a river may be expressed
 

rationally as
 

B n 
-

- = bn (R) n (2.17)ql1 i n1 

i = 1-n. 

For this case of dependent release transfer the nonlinear maximization
 

objective function may be stated as:
 

B n
 

maximize n n (2.18)
ql
 

i =1, 2, 3, ...,n
 

under the constraints of
 

0 < R < 1 (2.19)
 

and
 

(2.20)
b. > 0 

1 

2.20 Independent Release Transfer:
 

An independent release transfer relies upon the basic implication
 

that a variable base flow exists between users within the river
 

and that downstream users are not dependent upon upstream return flows
 

[7]. Referring again to Figure 2.2, and using the same method of deri

vation described previously, the following independent release trans

fer criteria may be developed.
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For diversion at the reservoir,
 

Q,= q + q,, (2.20)
 

while for reservoir depletion, the returning flow is given by
 

Q2 = Q1 - qA + qD (2.21)
 

which is the available river flow that User 1 may draw upon. 
For
 

User 2, the available water quantity is
 

Q3 = Q2 - q Rl (2.22)
 

Similarly for User 3,
 

Q4 = Q3 - q2R2 
 (2.23)
 

Substituting equation (2.22) into 
(2.23) yields
 

= 
 '
Q4 Q2 - q1 R1 - q2R2 (2.24)

th 

and in general, for the n diversion, 

Qn-i = Qn - qn-2Rn-2 (2.25)
 

The net economic benefit derived by User 1 is 
 b1 (q1 - q1R1 ); by
th 

User 2, b2 (q 2  q2 R2 ) ; and for the n user, b (q - q R ). The totaln n n 
net economic benefit derived from water usage on all individual diver

sions is thus given by 

Bn= b 1 (q 1 -qR) + b 2 (q 2 q2R) + b 3 (q 3 - q3R3 + 

+ b (q -qnR) (2.26)
 

Again, if it assumed that the return flow percentage for all users
 

is constant, i.e., 
 R1 = R2 = R3 = R = R, then equation (2.26) reduces
 

to
 

Bn = blqI ( 1 - R) + b2q2(l- R) + b3q3(l - R) + 

+ b q (1 - R). (2.27)
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If the purely hypothetical equitable transfer criteria of constant
 

net economic benefit per unit of water, derived by all users, is
 

adopted then
 

= b2 = b3 = bn .
bI 


Substituting b = b., into equation (2.27) yields
 

Bn = bq1 (l - R) + bq2 (l - R) + bq3 (l - R) + ... + bq (1 - R) (2.28)
 

Bn = b(l - R) (ql + q2 + q3 + ... + qn ) (2.29) 

From equations (2.22), (2.23) and similar equations developed for each 

user, then, 

Q2 R Q3 
( . 0
ql R (2.30)
 

Q3 Q4 

(2.31)
 

and in general,
 

(2.32)
qn R 

n 

Substituting these equations into equation (2.29) gives,
 

QBl- Q3 Q3 - Q4 Qn-i - Qn]

B = b(l -R)[- + + ... + (2.33) 
n R R R
 

B (l - R)(Q - Qn) " (2.34) 
n R 2 n 

Note should be made that this expression does not include any net 

economic benefit arising from reservoir accumulation or depletion. 

However, with reservoir changes, the final equation would be identical 

except that Q2 would be equivalent to Q As for the case of 

dependent water transfer, the assumption that R R2 = ... R may be 
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rationally valid, though a constant net economic return between all
 

users is hypothetical and very much unreal under existing operational
 

practices.
 

From equation (2.26) the objective function for maximization of
 

the total net economic benefit derived from water usage on all indi

vidual diversions for the case of independent survey is linear, and may
 

be expressed as 

n
 
.
maximize Bn = biqi(l - R.) (2.35) 
1 

subject to 0.0 < R. < 1.0 (2.36)

1 -

Qi + Riqi 0.0 (2.37)
 

and
 

n 
qi(l - R.) = 2 - Qn (2.38) 

where
 

i 1=, 2, 3, ..., n.
 

For both the dependent and independent transfer equations developed,
 

it has been assumed that discrete time periods are being considered.
 

The input-output analysis following requires the use of such discrete
 

time periods and analysis must be carried out for each time period
 

considered. However, optimization is conducted during these discrete
 

time periods through static iteration to achieve optimal net economic
 

benefits (b.) for all sectors within the catchment area, under the
1 

constraints of physical water quantities available. As will be
 

discussed later, the greatest problem arising within any optimal allo

cation system is the determination of the b. values and the
 
1 

correlation of b. to qi values. From the literature survey,
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conducted it appears that a great deal of research has been carried out
 

along these lines, especially in the demand areas of recreation, domestic
 

and social consumption, though results have been questionable.
 

2.21 	 Independent Release Transfer, Including Losses:
 

The foregoing equation derivations have not considered canal and
 

river losses between and within diversions. Although total net
 

economic optimization in the following analysis relies upon net physi

cal water quantities delivered to the user, the following derivation
 

for an independent release transfer including canal and river losses,
 

is relevant to the consideration of water quantity allocations.
 

It is possible from the resulting equations to determine the gross
 

economic loss due to canal losses under the assumption that an average
 

b. value is computed for all water consumers. However, as optimiza

tion of biq values is the prime concern of this analysis, inclusion
i 


of variable loss rate values within the system would give rise to a
 

further extremely complex iterative procedure. As a result of this,
 

the biq i values computed during the input-output and a]l1:wt-ion
 

iterative process rely upon net qi values delivered to the point of
 

use.
 

Considering a section of the flow line format depicted in
 

Figure 2.2, the following figure will be used to illustrate the
 

development of canal loss minimization equations. Within Figure 2.3,
 

the following alphanumeric symbols are added.
 

L = 	river length between nodes A and B (ft; m)

RL
 

L R = river length between nodes B and C (ft; m)
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Use 2 

A B 

Q 2 2 2 3 •Q3 " Q4C),• " 

F__t q,R, 

Use I 

Figure 2.3 Flow Line Format Section 

LR = river length between nodes C and D (ft; m)
 

L1 = canal length between node A, use 1, and node B (ft)
 

L2 = canal length between node C, use 2, and node D (ft)
 

q = water loss per unit length in L (cfs/ft)
 
R 
 R1
 

qR = water loss per unit length in LR (cfs/ft)
 

q2R = water loss per unit length in L1 (cfs/ft)
 

qL2 = water loss per unit length in L (cfs/ft)
 

qL= water loss per unit length in L2 (cfs/ft)
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For User 1, the returned water quantity to the river is 

(q1R1 - LI.qL ), and similarly for User 2, (q2R2 - L2.qL2 ) . Consider

ation of actual flows at each node yields the following. At node A: 

(2.39)
Q2 = + ql" 

At node B: 

Q3 Q (qlRl - LI'qL ) LR 1 qR (2.40) 

Substituting for Q2 from equation (2.39) yields: 

+ (q1Rl - LI ) - LIR qRI (2.41)3 =Q2 - q1 


At node C: 

= (2.42)Q3 Q; + q2. 

At node D: 

. (2.43)Q4 Q (q2R2 - L2 .qL) LR2 R2 

Substituting for Q3 from equation (2.42) yields: 

= + - L 2qL) - LR2 qR. (2.44)Q4 Q3 - q2 (q2R2 

Substituting for Q3 from equation (2.41) yields: 

Q4= Q2 - q + (q1R1 - L L - LRIR1 - q2 + (q2R2 - L2qL) - R2qR2 

(2.45)
 

Q4= Q2 - q1( - R1 2 (1- R2 ) - (L1qL+ L2qL) LR q+R •2 

Generalizing, for an enclosed distribution system,
 

n nn 
- LR ' (2.46)

q - q.(1 - R - L q R 
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where i = 1, 2, ..., n
 

qE = exported outflow discharge (glls)
 

qT = inflow discharge to the entire catchment (glls)
 

If the distribution loss per unit length is assumed constant for the
 

entire network, and is thus designated by qL then equation (2.46)
 

reduces to
 

n1 n 

qq i - R.) - (q L (L. + L )). (2.47) 

For small catchment areas, where variation in soil and vegetal condi

tions are relatively small, and canals are unlined the previous assump

tion may be held valid.
 

Within a purely physical distribution system incorporating canal
 

and river losses, the objective function for the problem becomes;
 

n n 
maximize (q) c l - q i (l - R.) - qL (L, + L R.) (2.48) 

under the constraints of;
 

n 

1(, + L ) > 0 (2.49)
1 R. 

and
 

[ q.(1 - R.) > 0. (2.50)
1-

For a continuous time function, the generalized objective function may
 

be defined as previously, though with the use of time superscripts.
 

Equation (2.47) may thus be rewritten as;
 

Ri ) ] ( t - l ) qE(t) =qT(t-2) - [qi(1 - - qL n- (Li + LR.) (t-2) (2t-2) 
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where superscript t = flow condition at time t;
 

t-i = flow condition at time (t-l) which allows for
 

travel time from the previous node to the next
 

point of demand
 

t-2 = flow condition at (t-2) which allows for travel
 

time from the point of demand to the outlet
 

node.
 

From this basic generalization, a complex set of linear equations
 

may be established for any size network within a catchment area. If
 

an average net economic return per unit of water (b) is derived for
 

the entire catchment area, then the net economic maximization function
 

for the area may be written as
 
n n 

q- qi(l - R.) - q L (L + LR.)] (2.52)maximize Bn = b[qE + 1 2- 1 i 

subject to similar constraints.
 

A more detailed discussion of the use of continuous time functions
 

within water allocation systems may be found in references [221 and
 

[23].
 



3.00 CONSTRAINT CONDITIONS:
 

restrictions, naturally

Constraints may be classically defined 

as 


They may also define the area,
 
placed upon a maximizing condition. 


or boundaries, in which a system is confined and must operate within.
 

use of all renewable and non-

Constraining conditions exist upon 

the 


renewable resources, and the different 
types of constraints have a
 

large variation in the severity 
of confinement. This variation in
 

effect also defines the degree of 
difficulty with which they may be
 

removed from, or modified within, 
the system.
 

The major classifications considered 
within the text of this
 

are those constraints associated with 
the legal, political,


thesis 


conditions affecting the optimal allocation
 physical, quality and social 


Subsections of each of these classifications 
are
 

and use of water. 


discussed following, including the effects 
of the individual constraints,
 

comparative effect of each, 	and methods 
for reducing, or eliminating,
 

the 


their effect upon water allocation systems.
 

3.10 	Legal Constraints:
 

By far the most hampering water allocation 
constraints existing
 

in 	the western world are those associated 
with the legal aspects
 

In these societies there exists both
 of water ownership and control. 


public and private control of natural watershed, 
collection and alloca

tion systems. The most predominant legal constraints arise 
in the form
 

of the riparian doctrine, prior-appropriation 
doctrine and the doctrine
 

of minimum consumption.
 

Though more applicable to the public sector, 
both private and
 

the riparian doctrine as the basic
 public management authorities use 


This doctrine allows either a free flow
 water allocation legality. 
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of water from a natural surface source adjoining the user's property,
 

or a fixed volume of water available per discrete time period as a
 

function of the length of frontage to the property. This doctrine does
 

not consider the use to which the water will be put, or the economics
 

relating to its actual use, yet has very strong legal backing in many
 

American states and many other countries.
 

The second most revered legal implication in water allocation is
 

that associated with the "appropriation" doctrine. This do.trine
 

implies a water use priority system with users holding the older rights
 

to water use having preference over later applications [25]. Again
 

this doctrine does not consider the use, or economic allocation, of
 

the water and may be far removed from an optimal allocation criteria.
 

Due to existing operational methods, both of the above doctrines induce
 

severe legal complications with regard to new water use applications
 

and transfers.
 

Several types of private water control authorities exist in the
 

western society. Although these private authorities are normally oper

ational on small river basin areas, and are thus not aficted to any
 

significant degree by interbasin water transfers, similar constraints
 

on the water use efficiency exist within the current allocation poli

cies and organizational systems. It is normal practice for a private
 

water authority to conduct the business of water collection and alloca

tion as a public company, with a fixed number of shares available for
 

the area capable of being supplied, and a fixed quantity of water
 

(during average annual flow conditions) attached to each share. Net
 

economic maximization is more prone to exist under this system than
 



24
 

for the riparian or prior-appropriation doctrines, though this method
 

of allocation may in fact be part of the legal implications associated
 

with the appropriation doctrine. The willingness to buy shares from a
 

private iater allocation authority, and the consequent ability to
 

transfer water between shareholders indicates, to a significant effect,
 

the comparative unit benefits to be derived from water units within
 

competing consuming sectors. However, these comparative unit benefits
 

are r.ormally quoted on an intra-basin basis, and may be no indication
 

of comparative net economic benefits per water unit between basins.
 

In many countries, water is considered as a gross social resource,
 

and its collection, distribution, management and all general operations
 

are handled by a central national body, such as a state or federal gov

erning agency. Although these bodies possibly have the greatest oppor

tunity to attain net physical and economic optimization of water alloca

tion, they also are hampered by certain social constraints.
 

The doctrine of minimum consumption may imply two main water use
 

legalities. In association with the prior-appropriation doctrine,
 

minimum annual consumption values may be placed upon the consumer, and
 

if these values are not exceeded, the water rights may be transferred
 

to another user. Alternatively the doctrine may be activated during
 

periods of water restrictions, during which time users consuming the
 

lowest quantities are restricted (partially or fully, depending upon
 

physical water quantities available) initially. Both of these impli

cations again bear little, if any, relevance to economic returns, and
 

do not differentiate between the types of goods, or services produced.
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For all of the above constraints, economic maximization may only
 

be obtained by their complete removal, though allocation optimization
 

may exist under application of any of them. Allocation of supplies in
 

relation to demand and economic return may then be carried out through
 

an unbiased water administrative body, as is the case within this
 

thesis. Further specific reading on legal constraints may be found in
 

references 25, 35 and 41.
 

3.20 	Political Constraints:
 

Under existing democratic conditions, land masses are divided
 

into political areas that normally govern the resources of that
 

particular area. These subdivisions often give rise to distribution
 

and use contention due solely to the self-interest of the people within
 

the area. Contention may exist between state government bodies, state
 

and federal governments, and differing federal government bodies.
 

State government constraints are normally localized and are
 

highly correlative with the legal constraints discussed previously.
 

If contention continues between these bodies, the problems may become
 

a federal issue, which consequently induces further nonproductive
 

social costs for all water consumers. This is pa-ticularly evident in
 

a bounJary between coun-
European countries where a river may serve as 


tries. For all of these cases, problem delineation must include con

sideration of overall use aspirations, groups and areas affected, the
 

allocation of costs and benefits, and the conflict, or cooperation,
 

existing within international relations [14]
 

or a reduction in, these constraints normally reverts
Removal of, 


to the problem of legal issues, and complete optimization of a water
 

allocation system may only be achieved, again, through the
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establishment of an individual water allocation authority for a
 

particular river basin.
 

3.30 	Physical Constraints:
 

These types of constraints normally constitute the largest part
 

of all problcms existing within an operative or planned water
 

allocation system. However, many of the constraints classified within
 

this 	subsection are readily handled rationally by allocation authorities, 

and in general do not induce severe costs, arising from contention, to
 

consumers.
 

Of all individual constraints acting on a water allocation system, 

the singular most severe constraint is that of an absolute water 

shortage. This constraint implies that, under any allocation system, 

a sufficient water supply is not available to satisfy the total demand 

within the system. Although not prevalent at present i., the U.S.A., 

absolute water shortage conditions serve- as the prime constraint 

in many of the nations around the world. It is also common occurrence 

to find economic water shortags serving as constraints where suffi

cient water supply is available, but severe ccmpetition exists for its 

use. This type of shortage, especially within continental U.S.A., has
 

induced many hours of research in an attempt to maximize economic
 

returns between competing users, though as explained previously, the
 

objectives are hampered to a large extent by the existing legal and
 

political constraints.
 

A further physical constraint, strongly interwoven with legal
 

issues, is that of minimum flow criteria. This criteria requires that
 

a minimum discharge be retained within natural river systems for the
 

preservation of aquatic life, navigation, and the satisfaction of
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This criteria is becoming far more prevalent in
downstream demands. 


the Western World due to an upsurge in environmental concern, though
 

has always been operative regarding downstream dcmands for consumptive
 

At present, very little interaction between basins exists regard

ing the optimal release of water for downstream consumption.
 

use. 


found within the pure geographyPhysical constraints may also be 

existing developand topography of the basin. Geologic, climatic and 

ment factors serve as constraints in the initial design and operation 

exact of tnLeir efft:t,of distribution S'stLrwI- ioW'evc 1, 12 finition 
1 

and constraining severity may be evaluated rationally, with their final 

reflected in the overall cost of development dIid operation.effect 

i 11i]c.- i on -.it -
The growth of urban development may impinge upon thu 

ciency, causing rerouting of water lines and continuous changes in the 

supply costs to individual sectors. Aq'in, these -onstraints may be 

techniques arereflected in the economics of the system, and numerou:; 


available for minimizing costs of water distribution pipe networks.
 

3.40 Quality Constraint.s: 

Water quality considerations msy be considcred as physical 

constraints !ion: L.i  on a i . o:u - i z i i< , though 

they have recently acquired entity consideration dut to nvironmuntal 

chiumcal, organic or 
concern. Quality constraints may be. phyical 

thicr effect
inorganic material, or radioactivity, and evaluation of 

may again be conducted economically. Normail ,evaLuative practices 

of costs associated with the purification of
involve the determination 

water, or the reduction in benefits to producers ior varying degree 

of quality reduction. 
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Compared to the legal and political constraint conditions, 
quality
 

constraints do not affect allocation optimization 
severely, and it is
 

the costs as:ociated with water purification to be 
considered
 

normal for 


wit',in the overall operation and maintenance costs 
of the allocation
 

available for the determination of
Numerous references are
system. 


purification costs to each sector, thouqh less has been 
researched
 

regarding reduction in producer benefits in relation to water quality.
 

3.50 	Social Constraints:
 

Social constraints, as considered within this thesis, revolve
 

around the contention existing in water demands and valuation
 

for consumption within schools, hospitals, and general public uses. 

They 	may also include water use for esthetic values, such as park areas,
 

also 	be encompassed within the
landscaping, etc., and as such, may 

Within this definition, water
bounds of environmental considerations. 


flora and fauna is also included. For
 
use and protection of natural 


arise more from the problem
all of these uses, the basic constraints 


of economic evaluation than from consideration of demand and
 

alloca tion ol)jV '.ti v,! 

of
Constraints may also arise in the evaluation of an optimal size 

gross water quantity available.urban centralization in relation to the 

Large cities within relatively small basin areas may cause 
severe con

straints on the economic objective of the area when considered in com

petition with other sectors. This is particularly prevalent when water
 

restrictions exist. Social constraints in general do not induce severe
 

allo at ion 	 i101)l1 ms in comparison to those previously discussed,
 

major problem with their consideration arises in the
though the 
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economic evaluation and establishment of production functions relative
 

to other consuming sectors.
 



4.00 INPUT-OUTPUT ANALYSIS: 

4.10 General Considerations: 

The application of programming techniques to water resource 

systems for project development, operation, and river basin 

management has become well-grounded and continues to increase in their
 

acceptance and use. To a large extent, however, most programming tech

niques have been applied to particular projects or management systems
 

without regard for the integrated relationship the project may have to
 

the economy of a region as a whole. Nor have project plans or manage

ment schemes usually considered the phasing of various investments
 

within the area under consideration relating to the particular pattern
 

of growth that is anticipated.
 

Due primarily to population increases and to a lesser extent,
 

increases in economic efficiencies, it is not possible to satisfactorily
 

consider an economic area within a partial equilibrium setting. How

ever, within this p r _a± equilibrium setting, the questions of develop

ment, scale of development or river basin management can be viewed as
 

those in which the planning agent can take a comparative development
 

approach and maximize the present value of production on the basis of
 

consumer demand, physical input quantity constraints, and a revealed
 

social rate of interest. For project development, the projects yield

ing the highest present value may then be selected for construction.
 

This comparative development or management approach is only valid how

ever, if the marginal value of all products is equal to the price of
 

all relevant commodities and services necessary for that production.
 

Input-output analysis revolves around the dependencies existing
 

between various producing and consuming sectors within any particular
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defined region. The system is designed to rovea these 

interdependencies among the various indstries of the economy, and the 

relations of these industries as sellers to the final consumers. In 

doing so, the system becomes a format expre-;sing general economic 

equilibrium within the defined region. AlthIough the defined region is 

purely arbitrary and no constraints exist. up~on its boundaries, most 

input-output studies have been conducted on an intra-regional. or inter

regional basis, with the boundaries being defined by major production 

sectors or geographic areas. Irrespo: :..... of the geographic size or 

the degree of disaggregation to be cal.idcr. J, all input-output studies 

revolve around the basic formulaticn o!, i transactions table that 

depicts the actual gross dollar amounts -.,"t,ansactions between the 

producing and consuming sectors. !By cviuyiwy this economic network 

of transactions, it is possible to -..rl tinal economic:... condition 

for the defined area. 

However, as input-output .... hn.,'que of analysisthe "" 

for water resource systems is a stt.< ,, Juc,ac any economic optimi

zation within the allocation system mn ', mad through compar

ative analysis of a number of static ba]i.: , while remaining within 

all geographic, physical quantity ,nc Ci Thisconstraints. 

comparative analysis may obtained o fying the "water mix"be by , use 

between competing users within the region rind consequently inducing 

changes within the total gross output. Cnanges in the "water use mix" 

basically implies reallocation of physical water quantities from one 

competing sector to another, and this rta|Locatiotn will consequently 

cause a change in the net economic benefit values (bi) of affected 
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users. An excellent introduction to input-output analysis may be found
 

in reference [311.
 

4.20 	 Static Input-Output Analysis:
 

Due to the complex nature of input-output analysis, a detailed
 

discussion of the tabulations and method of operation is justi

fied. Table 4.1 following illustrates the generalized format of the
 

basic transactions table, with the alphanumeric symbols defined in
 

detail following. It should be stressed that the higher degree of
 

disaggregation possible in the basic transactions table (that is, by
 

having the most detailed breakdown of users and sectors) allows a far
 

more acc:rate compilation of the total gross output from the region.
 

Consequently, the highest degree of disaggregation should be sought in
 

construction of this basic table. Unfortunately, data constraints will
 

play a very important role in the degree of disaggregation within any
 

formulation.
 

The basic transactions table is made up of two main sectors,
 

namely the producing sector and the purchasing sector, and these sec

tors together with their subsectors, will be considered separately as
 

follows.
 

4.21 	 The Producing Sector:
 

This sector consists of the Use (or processing) Sector and the
 

Payments Sector. The Use Sector contains the industries and
 

production facets of society that, in this particular case, use water
 

for the production of goods and services, and are included within the
 

area or river basin under consideration.
 

The Payments Sector consists of all elements and materials that
 

are used by the use sector during the predefined production period.
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The Imports row in this tabulation lists the economic costs from the
 

affiliated water consumption of each use. This indicates that User 1,
 

reading down from the purchasing sector, imported a certain quantity
 

of goods valued to that user at I1 dollars. The Depletion row
 

implies the using up of previously accumulated stocks, and in terms of
 

water produced goods, lists the economic costs born by each user for
 

water used that was stored in a previous period. Thus User 1 used up
 

water that has a total value of L1 dollars during the covered period.
 

In considering a table orientated around pi commercial
 

transactions, the payments sector may also include depreciation allow

ances, payments to governments, and payments to households, allowing
 

further disaggregation within the table.
 

4.22 	The Purchasing Sector:
 

This sector consists again of the Use (or processing) Sector
 

together with the Final Demand Sector. The Use Sector consists
 

of the same industries and production facets as the column of the pro

ducing sector. Values within the Use Sector indicate the amount of 

purchases from one industry by another, and the amount of sales from
 

one industry to another. Thus the x2 3 entry indicates the economic
 

value of goods purchased by User 3 (at the top of the table) that were
 

produced by User 2 (on the left-hand side of the table). The actual
 

numerical valuu is in dollars, and indicates the net economic value of
 

the sale of pioiuce from User 2 to User 3. This transaction will indi

cate a certain percentage of the net total water quantity diverted from
 

the allocation system to User 2.
 

The Final Demand Sector is a completely autonomous sector, and
 

the sector in which induced changes are transmitted throughout the rest
 



of the table. Columns in this sector usually consist of gross
 

inventory accumulation (the amounts of additions to inventories held 

by each of the users in the left-hand side of the table), exports (the 

value of exports produced by each user), governmeint purchases (pur

chases made by all levels of government), and gross private capital
 

formation. In Table 4.1, gross inventory accumulation, government
 

purchases, and gross private capital formation are aggregated within
 

the accumulation column. Howevcr, should individual areas warrant
 

disaggregation, only further minor computations ar. necessary within
 

the input-output operational analysis.
 

In addition to the producing and purchasing sectors, the final
 

additions of all sectors are also entered. The total gross outlays 

give the total value of inv Lats to nach of the users in each column, 

while the total gross outputs give the row additions of the total pro

duction of each user, rcjech=.r with the outputs from the payments 

sector. From these two totals, it may be seen that the input-output
 

table is essentially a system of double entry bookkeeping, with each
 

industry in tile Ui t i .ro.'s. nl) .T.i'.'± t A.: , . i ts "f sales 

that are aid out for goods and :-vrvices purchasd from other indus

tries or sectors. After considering appropriate inventory changes, 

the total gross output of each industry in tn use s..tor is ,qual to 

the total outlays o.d, by that industry. nus , wihi the P ector, 

the row additions culminating in the tM~alI ross outputs column, are 

identical to the columnl additlois in th< ,Iross row.totu outlays 

Note should be made that tihe final.Iddition of the total gross 

output column (or similarly, the total gross outlay row) is a double 

counted value measuring all ttansacLios within the table, and is thus 
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not equivalent to the gross areal product or the gross product of total
 

net water consumption. Within the basic input-output transactions
 

table, some goods will enter into more than one transaction, and the
 

value of these goods must be counted each time a different transaction
 

takes place. However, by maximizing the total gross outputs (or total
 

gross outlays), consequential maximization occurs within the sectors
 

of the table under prevailing constraint conditions. The maximization
 

objective within the input-output analysis normally revolves around
 

increasing the final demand columns in an attempt to increase exports,
 

or accumulate the maximum economic amount of goods produced within the
 

area during the time period considered. Changes in the final demand
 

automatically induce changes within the Use Sector, implying modifica

tion of the product use mix.
 

The entire transaction table may be expressed in matrix form, and
 

the entire operation of maximization conducted in this format as
 

follows. lor any particular Use Sector, the static balance equation
 

for total gross output is given by
 

T. = (xil + xi2 f xi3 + ... + xin) + Pi + Di" (4.1)
 

Designating Y. as the total final demand, then
1 

Y. = P. + D.. (4.2)
1 1 1 

Substituting equation (4.2) into (4.1) yields
 

n
 
i
T= xi j) = (4.3) 

This equation may be expressed in matrix form for the entire
 

transactions table as:
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ITiJ = [xij] +
+yi (4.4)

c J 1 

where [x ij] represents the following matrix.
 

1xij1 ... xi;
Xll x12 (4.5)
 

x21 x22 --- x 2 j
 

X ... x..
 

The values ITil and 
 IYi thus become column vectors of total

C C 

gross output and total final demand respectively.
 

To determine the quantity of inputs required by each user 
to
 

produce one dollar's worth of produce, the depletion values in the
 

payments sector are subtracted from the total gross outlay values 
to
 

give adjusted total gross outlay (or imbLarly, adjusted total gross 

output). Each column entry in the Us, Sector. is theini divided by the 

respective adjusted total gross outlay value for that use. The result

ing values are known as technical coefficients, designated by aij ,
 

and the computations may be expressed in the form
 

X..
 
ai = -j 
 (4.6)ij E. 

where
 

E.= G - L. (4.7) 

In matrix format, the technical coefficients are given by:
 

[Ai . = (4.8)
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or
 

[ x x12 Xlj
 
[Aij= E E E-
 (49)
 

X2 1x22 x2j
 

EIE 2 E.E1 E2 Ej 

xil 
E Ej
 

This matrix indicates the direct purchases per dollar of output for
 

each user, and does not consider the indirect effects of allied sectors.
 

Equation (4.8) may be rewritten as
 

[x ij = [Aij]IEjI (4.10)

1J~ R 

Rearranging equatio. (4.4), and substituting JEil , the adjusted 

C 
total gross output, for ITil , yields
 

C 
JYiJC = Ei - [xij] (4.11) 

Since both JEjl and IEil are numerically equivalent, though in 
R C 

transposed form, the substitution IEJI = JEJI = IE.i is possible. 

Thus, equation (4.11) becomes
 

IYiI = IEi - [xij] (4.12) 

Substituting equation (4.10) into (4.12) yields
 

IYil = JEil - [Aij]JEiJ . (4.13) 

Equation (4.13) is the basic matrix formulation for the direct
 

coefficients table. 
 To convert thec:e direct coefficients to take
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account of both the direct and indirect purchases or sales in the use
 

sector, the technical coefficients table is invertud in the following
 

manner. Rearranging equation (4.13), and considering the relationship
 

in pure matrix notation yields
 

[Ei] - [Aijl[Ei ] = JYiJ (4.14)
 

Thus
 

[Ei ] [I-Aij] = JYi C (4.15) 
C 

Where I is an identity ratrix, of the same size as [Aij]. Using
 

matrix inversion techniques, the following equation for adjusted total 

gross outlay (or output) results.
 

1[Ei] = yil [(I-Aij - (4.1) 

The [I-A ij]-1 matrix is known as the direct and indirect technical
 

coefficients table, and may be used directly, in conjunction with
 

modified demand values, to obtain a new basic transactions table in
 

the following manner [311.
 

If we assume that a new final demand value 1 (..hich may 
C 

consist of either new P. or D. values, or both) is to be fed into
 1 1 

the tabulation to determine a new basic transaction table, it is
 

necessary to adjust this new final demand with regard to depletion
 

values within the payment sector, that were subtracted from the total
 

gross outlays and outputs in the initial computations. This adjustment
 

is carried out by initially summing the column of the initial final
 

demand values. This summation may be designated by
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Ii = [IYji (4.17) 
C 

The initial d(e-pletion values are also summed within the use sector, 3nd 

may be desiiated by 

- ,41 , (4.18) 

From these two summztions , the new final demiand (IYi ) is adjusted 
C(. 

using the fol lowing exprtession to yield the ,idjusced ifew final 

demand, j ' ' 

M. 
IYi' = y Vyi'l1- -1]. (4.19)
 

C C 1 

Designating the direct and indirect technical coefficients matrix 

by jKi I,then the new direct and indirect technical coefficients 

matrix is given by 

[Kill = jYi' I 1.Kj (4.20) 

which in expanded form may be written as 

-- 1
(I-Alj)'1 = IYi'J C [ (I-Aij)1 -1 (4.21)
 

The resulting I :jI' matrix if; then transposed tu return the matrix 

to respectiv row-column matrix format of the original transactions 

tablu. Thu.I;, the now direct and indirict technical coefficients matrix 

is giV1 by 

T' T 
] TJlKij]'l [ Yi'J' I(I-Aij) (4.22) 

C 
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The columns of this transposed matrix are then summeid to qive the row
 

vector of ad.justcd totalIqro,:i Otputs, given by IT' . Thus 
R 

I 'i' = } (4.23) 

These adjusted total Iross output values are then multiplied by the
 

original matrix of direct technical coefficients, [A.] ] to give the
 

matrix of projected use (or processing) rcutor v:Uues, Ixi'1. That 

is,
 

=
xi.'] IT.I [A i (4.24)
3 R i 

Once these basia transaction values have Lcen determined, they may
 

be inserted into thu o,.'rall in.ut-output table to aillow computation 

of the now export and accurulatio, va]u,. withL: t,' o.-vmaznt sector. 

This is necessary to ,.sur.r:tha! t. ,'W tcnt AI ", t.Lay row vector 

is equival nt to t ncw total qr,,s , tput :ol mn , v,.d f:ron tho,u, 


new final demand v.lu'se- and tiho *: wL ;Yctur ".!Uuh. 

The new total gross output : .a.umpu.,dhy .a:ninq h rows of 

the new use sector vaiuo; lx ,], anud iK.[udi inq thu respective new 

A and D. values . The result inq wt~! ;ross.: output, represented 

by Ti , may be ,xpress.d as 

Ti =x.! P I + D '( (4.25)' 

C 

which is then transposed to a row vector yieldinqj
 

T 

R 
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The individual use sector values are also suuned, columnwise, and the 

resulting vector, Icj ,R may be expressed as 
R 

ICu [xijf (4.27)

J C 

From equations (H.2k,) uid (4.27), the total value of the payments 

sector, designpated by IFj , may be computed using the expression 

IFj l I '.'IT - Ici R (4.28) 
R RR
 

These new tottl paymunt sector values must then be disaggreqated into 

the respecLi e new imports and depletion values. Decisions regarding 

this dwaqq Lejati, will b(- entire,l:v depeindent upon policy decisions 

of the, .1l- mu : ;,1:,it o ' f. r, i'ur ,os s 01 tie tlbulaL On here 

being con id-- j is alssumed tlJat. oriq i al imuport/dulIletionc.d, 1i the-t 
I 

ratio, - -, r ,.s constant. during th. oowtimizat cn process. From 

equation (. tie ncw imp rt I depletio, values are given by the 

exp)ression 

Iij R + IL.' I R = IF.'j I (4.29) 
R RR 

From the original import and depletion values, a row vector of the 

individual ratios, given by WRjR, is computed, and may be expressed
 

as:
 

11.1 I'.'l 
IRJI R __ R (4.30)
 

ILl I' R 
R 3 R
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Equations (4.29) and (4.30) may now be considered as simultaneous
 

equations to solve for the new import and depletion values 13' and
 

These may then be substituted into the new input-output table
L.'.
J
 

new final demand values are to be considered, then
to complete it. If 


the entire process is repeated, computing a new direct and indirect
 

technical coefficients table from the previous basic transactions table.
 

Specific note should be made that the entire analysis discussed
 

above is static within itself, in that no allowances have been made
 

within the table for the time variation of demand, supply, accumulation
 

The analysis is further constrained, as mentioned
 or depletion values. 


previously, by the degree of desired disaggregation. For the purposes
 

the industrial sector encompasses all industrial secof this the(sis, 


tors within the area of consideration, and it may be necessary, for
 

in situ application, to break these down into the actual producing 

industries. Aggregation may be accomplished by totalling the net 

aver
amount of produce worth of all the industries, arid computing the 


This method may also be 
age net economic return per unit of water. 


used for all other producing sectors, though disaggregation will be a
 

necessity for large-scale projects.
 

Under pure economic considerations, changes in final demand are 

trans
induced by policy changes, or normal stabilization of economic 

[321. The static
 area, over long periods of time
actions within an 

input-output model has been used by state bodies primarily 
on an 

final demand data bein-j extracted at the end annual basis, with new 


state economic data collected.
of fiscal year transactions, from actual 


Thus, the input-output data tabulated is of past economic nature,
 

though the tabulations have been used extensively to determine
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variations within the use sector after considering trend changes in, 

and forecasting from, final demands. By forecasting from final demand 

variations, and the induced production changes within the use sector, 

the analysis takes on a time sensitive approach to the utilization of 

resources available to the area, and in doing so, the static process 

takes on dynamic attributes [2, 3]. Numerous methods have been formu

lated for the mathematical conversion of the static input-output 

analysis to a dynamic process. The most economically and mathemati

cally valid formulations are considered, in precise form, in the fol

lowing subsection, together with their relevance, application, con

straints and general acceptance. 

4.30 	 Dynamic Input-Output Analysis: 

For the primary determination of the flows of goods and services, 

among mutually interrelated sectors, the static input-output 

model 	serves adequately Zor structural economic analysis. However,
 

due to its very definition, the method is restrained from the point of 

view of determining changes between intersectoral activity over 

extended time periods. These modifications are necessary due to 

adjustment, within the economic system, of price changes. Changes in 

commodity prices will be induced to a large extent by changes in the
 

value of basic resources, especially water. Actual value changes of
 

these basic resources arise due to the willingness of various sectors
 

to pay higher or lower prices for the commodity, and is a direct result 

of actual demand changes. 

In contrast to static analysis, the term "dynamic" basically 

implies the inclusion of a time parameter within the input-output 

process, and provides a time sensitive approach to economic forecasting 
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and planning decisions with regard to the utilization of resources in
 

both the public and private sectors in pure economic theory. Invest

ment, or capital formation, is considered in terms ,f the actual and
 

potential outputs and capacities of a sector or a defined enclosed
 

system [3]. The concept of time lags is normally introduced through
 

the consideration of production occurring ahead of the demand, and the
 

resulting stockpiling. This stock-flow relationship forms the backbone
 

of the dynamic input-output model, and a number of different major
 

premises. The basic concepts of the main methods, together with their
 

pros and cons and applicability are considered briefly following.
 

4.31 	 Leontief Dynamic Model:
 

In an attempt to explain investment within each sector of an
 

input-output study, Leontief introduced tht! concept of a crude
 

accelerationi principle that reflects the fact that any change in output 

over a period of time, or from one discrete time pteriod to another,
 

influences the net investment as the addition to capital stock during
 

that period of time [2, 9]. This investment, known as "induced invest

ment" reflects directly recent changes in output, and is contrast to
 

the theoretical concept of "autonomous investment."
 

The Leontief dynamic input-output model reflects a continuous
 

analysis, with the general formulation expressed as follows:
 

n n 
= -	 x - X ij(t) Y. (4.31)Xi 

j=l 3J j=l i 

where X. = output level of industry i 
1 

x.. 	 = sales of produce from industry i to industry j 

Sij (t) = capital stock of produce i held by industry j at 

the beginning of time period t
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S(t) = d (S (t)) = rate of change of the above stock
ij 	dt ii
 

(investment)
 

Y. = total final demand1
 

n 
and Si(t) = Sij(t) = the total capital stock of good i available 

j=l 

for the economy at the beginning of the time period t.
 

Incorporating capital coefficients, kij, indicating the stock of
 

industry i used per unit of produce output of industry j over time
 

period t, the structural stock flow relationships are given by
 

S.. 	 = k... (4.32)1J 1J
 

Differentiating the above with respect to time, and substituting into
 

equation (4.31) leads to:
 

n n 
X. - X p.. X. - X k.. X = Y. 	 (4.33)

1j=1 	13
1 	 j=l 

which allows the formation of a system of n linear differential
 

equations with constant production coefficients, pij, and constant
 

capital coefficients k... Solution of these equations is undertaken
13
 

following the formation of a set of closed form homogeneous linear
 

differential equations by shifting the households output section 

(included within the payments and final demand sectors) to the left

hand 	side of equation (4.33).
 

This model, however, assumes the existence of a unique pattern of
 

capital accumulation, and consequently does not allow a choice between
 

alternative production patterns. Nor does the model allow disinvest

ment of capital through the basic assumption of irreversibility. As
 

time 	is considered continuous, rather than divided into discrete
 



47
 

intervals, the final demand is thus an instantaneous rate of flow, and 

the net capital formation is the rate of increase of flow. This is 

represented by the defined expression Si(t) = dd (Si(t)). 

4.32 	 Dcrfman Dynamic Model:
 

In order to apply the Leontief dynamic model to actual numerical
 

data, it is necessary to consider discrete time periods rather
 

than a continuous time series. Working with differences, in preference 

to differential equations, permits analysis in terms of flows per dis

crete time period rather than an instantaneous flow rate, and provides 

a great deal more relevance to economic planning in general. 

Difference equations are introduced through the concept of the 

accelerator principle again, but using period analysis in preference to 

continuous time series analysis. The basic expression of this prin

ciple, in linear terms and wi thout time lags irn the period analysis is 

given by 

i t = 	 I[(Xt-XtI ) ] = A(X t-1) (4.34) 

where 	 I = the level of induced investment at time t 

Xt 	 = output level of the industry at time t 

Xt- 1 	 = output level of the industry at time t-1 

= investment coefficient, a positive constant 

Considering a single period time lag, the expression may be restated 

as:
 

i t = I[(Xtl-Xt- 2)K = U(Xt 1 l-Xt- 2 ), (4.35) 

where Xt_ and Xt- 2 are the total outputs of industry X at time 

periods (t-l) and (t-2) respectively.
 



Using this discrete formulation of the accelerator principle, the
 

dynamic input-output model may be !odified from the continuous counter

part case as follows.
 

I1
 

X.(t) - p.. X.(t) - AS (t) = Yi(t) (4.36)
nj=l i
1 


where AS.(t) = Si(t) - Si(t-l) (4.37) 

n
 
k3 (X3(t) - X.(t-l)) (4.38)
 

j=l
 

> 0.
 

Expressing this formulation in matrix terms, equation (4.36) becomes
 

[I-P]X t) (t) X(t-l) = (t) (4.39) 

ihere P = 1pij]
 

K = k1ij i. 

From the above formulation, the total output of industry i in period 

t, Xi(t), can be used for consumption in that time period. Also, the 

value Yi (t) indicates the final demand during the period, and the net 

addition to the stock of capital good in industry i is given by
 

n 
Si(t) - Si(t-l) = k. (Xj(t)-Xj(t-l) (4.41) 

It should be noted that, unlike flow coefficients, the capital
 

coefficients (kij) and production coefficients (pij) depend entirely
 

on the time interval being used and are not necessarily held constant. 

The major difference between the Leontief and Dorfman dynamic models 

is that relationships in the later model are expressed in terms of 

inequalities rather than equalities. As a consequence of this, the 
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Dorfman model leads to a linear programming formulation which provides
 

for the possibility of excess capital stock in various time periods.
 

Optimal ecunomic development may, in fact, call for the provision of
 

capital ahead of the time of production demand. Thus, equation (4.36)
 

may be restated as
 

n 
Xi(t) > j=l'pi J Xj(t) + AS. (t) + Yi(t) (4.42)-- 1 

n 
and S i (t) > I kij Xj (t) (4.43) 

j=l 

where S. > 0
S-

X. > 0.
 

In matrix notation, these two equations may be written as
 

[x] > P[x] + [As] + [Y] (4.44) 

and [S] > k[X]. (4.45) 

The inequality sign in equations (4.44) and (4.45) is only relevant
 

if the output of an industry becomes so large that che entire opera

tion becomes economically wasteful.
 

The formulation of the Dorfman dynamic model set or inequality
 

equations necessitates the use of an optimization procedure to differ

entiate between the alternatives of production and allocation of avail

able capital resources in time. By considerinq one single time period 

an optimal solution may be determined based on the initially available 

capital stocks, for tho particular time period. This solution may
 

then be used as the initial condition for solution of optimal disLri

bution within the second time period, and the process repeated until
 

all time periods designated have been considered.
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4.33 Chenery-Clark Dynamic Model: 

Although the Leontief and Dorfman dynamic input-output itiodels 

constitute the presently moTst widely used methods [9], the 

Chenery-Clark model warrarts brief discussion due to the inbuilt pro

vision of storing produce (or equivalent economic value) ahead cr 

demand. This model is thus designed to analyze the accumulation of 

fixed caipital in i regional or areal economy where the level of produc

tive capacity of each s;ector, defined by Wj, is considered. In pre

ference to capiLaL coefficients, (k ij), as used in the Leontief and 

Dorfman modeli; thajt r2 i'ILI purely to outputs from each sector, the 

coefficionts in tUii.i. model relate to capacities, and are defined as 

the marginal stock capacity ratio for commodity i in sector j. This 

may be written as
 

k.! (4.46)
] 

where S.. is the stock of commodity i required to produce a level1)
 

of capacity W in sector j. S parating the imports subsector from 

the payments sector, the model takes the following form: 

n1 n 
l(t) + X.(t) = P.. X.(t) + I k.' AW (t) + Yi(t) (4.47)

j=l 
 j=l J
 

where I (t) = import sector values at time t) 

and AWj(t) = change in productive capacity at time t. 

The investment demand segment, k. AW. (t) may be disaggregatedI- J
 

as follows.
 

k.1) 6Wj (t) = k1) (W.(t)-W (t-l)) (4.48) 
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= kit 	 (W (t+X)-Wj(t+X-l)) (4.49) 

= AS ij(t) 	 (4.50) 

where A = the lead time.
 

The building ahead of demand attribute induces the use of an unused
 

capacity term, Ui (t), during time period t, and may be defined as
 

follows:
 

U i(t) 	 = Wi (t) - X. (t) (4.51) 

From 	this expression, it follows that
 

AUi (t) = Ui (t) - Ui (t-1) 	 (4.52) 

which implies the model's capacity to build up excess capacity in the
 

earlier periods in order to reduce the amount of investment in the
 

latter periods.
 

Due to the model for ulation containing four unknowns (X, Y, AW,
 

and U) for each time period, specification of final demands, as in
 

the static model, leaves the timing of the investments in earlier or
 

later periods of the planning time span, open. This model is very
 

similar to Leontief's if no excess capacity is assumed in advance.
 

Note should be made that it is necessary to make additional assumptions
 

regarding the anticipated future capacities if allowances are made for
 

excess capacity initially. This would further induce the necessity of
 

obtaining and including additional data if results from the model were
 

to be 	 used for forecasting purposes. 

4.40 	 Adopted Input-OutJut Anal'! iS: 

Selection of an input-output model is highly dependent upon the 

objective to be optimized, and alternative formulations of the
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value to be maximized may be conceived with reference to this objective.
 

Variations within the objective function depend upon the ultimate cse
 

of the model; whether it is to be used for economic forecasting; an 

efficient capital accumulation program; a detailed analysis of certain
 

sectors of the eco.nomy with respect to investment and resource utiliza

tion; or the efficient allocation of resources with respect to time and 

space. Alternative objective functions may be formulated to maximize
 

the growth of productive capacities for a whole planning period,
 

maximizing total gross outputs, or maximizing any desired combination
 

of stock and outputs. The dynamic model may be employed for optimiza

tion purposes in terims of capital output coefficients as in most of the 

models, or in ternis of capital capacity coefficients similar to the 

Chenery-Clark model. 

Within this study, the optimization objective is to allocate a 

fixed quantity of water to all water users within a defined river
 

basin area to maximize the net economic return through the export and 

capital accumulation sections of the final demand sector. As discussed 

in Chapter 2.00, when cosidering dependent or independent release 

criteria, it is necessary to adopt discrete time periods for optimiza

tion, and the same time periods will be used in conducting the input

output analysis. Optimization is conducted during these discrete time
 

periods through static iteration to achieve maximum net economic bene

fits (biq!) for all sectors within the catchment area, under the con

straints of social demands and physical water quantities available. The
 

actual physical water quantities diverted to each user (qi), will serve
 

initially as the prime constraints, and optimization of the net economic 

returns is conducted in relation to this prime constraint.
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As mentioned previously, severe difficulties arise in the
 

formulatiohA of the net economic benefits versus net quantity of water
 

used relationship for each water consuming sector, and the following
 

two chapters will discuss these felationships, and their formulations,
 

at length. It is also necessary to establish policy decisions regard

ing the breakdown of the final demands desired; that is, which users
 

should be allocated more water to increase the total gross output of
 

the entire input-output table, and these decisions will be a direct
 

function of the bi-qi relationship. Whereas pure dynamic input

output analysis relies upon the use of accumulating excess capital
 

stock, and programming formulations ar2 combined with those models to
 

maximize this accumulation, the economic optimization follcwing is
 

basically static for planning purposes, though maximization is reached
 

through iteration of the product-use mix under physical water quantity
 

constraints primarily.
 

For the input-output method adopted, Figure 4.1 fGllowing gives
 

the flow chart for the entire operation as discussed in section 4.20.
 

The computer program for this flow chart is given in Appendix A-1.
 



------- ---
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5.00 	 WATER VALUATION AUD A,. CATIu, MODEI.: 

5.10 	 General Considerationis: 

Economic optlmizatlio., ,r ,naximizatLaon of efficiency, is 

traditional ly Wi:fin:ed as tihe: allocatiun, or use of resources to 

producers and consumers in Au, an allocat iin .aLtturn that no rallo

cation 	altrni Livus Lxi;4, w I - wwhcuI allow Let :.onomiz "ains:o some 

users, WitiiOUt aocomP.<yinO WWss tc onh,.rs. 'hi has iMcOail iMplies 

that all una±nbiL'uou.; allocatio bossi-ilities fo i:creasin:g economic 

welfare within an ar-a have been exhausted, and that all resources 

available to t( area have bueun consumed or used. However, this defi

nition requires thnat netw..t:, the users, nhe acti:,] ra te , ,oduct 

substitution (satisfactorily substitutinu one a,]t.inativ_ product for 

another) is equal to the z:lte of .ubstitution that these products are 

actually consumed at. Th definition also teusuirus that the rate of 

factor 	substitution within production (cianuos within actual production 

items) 	 is e;ual t. the rate at which thiesc factors will ju substituted 

within the consum=i.' sector 1151. in surnLcary , U.:nomi" ,ficncy im

plies 	simul taneous satisfact ion butween thu rOdLc-u s and the c(nsuners. 

However, economic efficiency in the real world .ia rather 

theoretical condition implying a completely static relatinnship between 

the vroduction a"! consuring sectors. .Ie ;rcurl-' fun~tioning, though 

theoretical, comt itive price sys:t ajoted :. mcra tic countries 

throughout the world, allocates resources initial'ly to consuming sec

tors that yield t: greatest nult economic return for the minimum amount 

of resource use. Howev.r, cwrtal n,.ocial Yonstrainllt: arc: "la!ce upon 

this system due to necesary consuining sectors O t hav: no, or vry 

low, economic returns from any amount of resource use. These sectors 

V)[ 
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are well exemplified by the recreational, domestic and social use
 

sectors of a w',ttfr 1 cat. oin ;vstcm . In some instances, where 

actual resource quantity constraints exist, it may be necessary to
 

introduce the concept of compensation. Compensation side payments 

provide an excellent conceptual method of rankinq alternative methods 

ill 'in it!.mT t to !; itt " I ; tv\ !i ohijo t:t ie. TN, cincept- further 

allows a convenient introduction to the additional concept of willing

ness to pay which acts a.c an indicator of value. 

The willi , :ts s. y a consumer to pay for produce reflects the 

willingness to for,. otht.r ;ons.ulmption, and inl terms of public proj

ects, the net will nqn-ss to :..' hecome.; the difference between the 

aggregate w,.il]inaness r-. l1l--onctarnod ;,c'-tors to pay for a particular 

alternative and tht. agqri'at, wLl-iingnc na' do thevi to to without 

project entir,-ly Il]. Note should al!>., I--e rad, that the term "value" 

in the context cf this study is taken as the economic amount that a 

perfectly rational user of a p-uP1icl' sulr I--d good is willing to pay 

for that good. The, comp.t-itive, com:lementary and supplementary rela

tionships amonq producers and consmmer will areatly affect the actual 

numerical value of these publicly supplied goods, and only through a 

,lik ', tVallo-.a tioll-o i aitl, a , l I s\'stem can oltimi zation of 

resource use be olt:ained. 

For the purpos,s of this study the entire catchment, or river 

basin, area beinq considered is assumed to contain seven main producing 

and water-using s;,ctors. These are irrigation, industrial use, domes

tic use, comunercial use, power generation, recreation use and social 

use. The latter use has been included to consider such water consuming 

sectors as educational institutions, hospitals, street cleaning, public 
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lawns and garden watering, and any other use not directly affiliated
 

with one of the other sectors, Lut uses that are social necessities or
 

mutually desirable. For each of these sectors, literature has been
 

investigated in an attempt to determine the actual value and marginal
 

value that water has. For these seven aggregated sectors, the specific
 

river diversion model, together with transfer criteria development are
 

developed briefly in the following section. The optimization functions
 

thus developed shall be used within the physical water allocation 

model and the input-output analysis as the objective functions for 

net economic return maximization.
 

5.20 	 Specific River Diversion Model:
 

The diagrammatic catchment illustrated in Figure 2.1 is again
 

used as the generalized model of catchment area, and with the
 

seven use sectors adco-ted is shown in Fiqur,:. 5.1 following. For this 

catchment area, the specific flow line format is also given in 

Figure 5.2, with the specific al},hanturnric desiqnations as defined in 

Chapter 2.00, included. Both the d,_'vnI nt d indendent release 

transfer cases wi ! he considered ani th, rfsn;ectAve (A ]ective functions 

developed. ixplicit note should It -d!.that the mod(- l under consid

eration is highly aggreqated purely for the sake of !scriptive ease, 

though conversion to a higher degree of disaggregat ion necessitates 

only a greater degree of data collection and computation time. 

5.21 	 Dependent RLlease Transfer:
 

As discussed in Section 2.10, the dependent release transfer 

critteii a im I ios tlat. each downstrl.am wat Jn;r is del ,.11dent 

upon the return flows of the imnind atat u.i teal, LIaS F.or 

http:downstrl.am
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the seven sectors considered, the total net economic benefit, excluding
 

imports, exports, accumulation and depletion, may be expressed gener

ally as 

n 
B = [ ~q (5.1) 
n 
 biqi
 

i = 3] 7. 

Including imports, exports, accumulation and depletion, equation (5.1) 

expands to the following expression 

n 

B' = ! + b,q 4 4 b q + b q (5.2) 
n i b bDqD EE II
 

During a discrete time period, any of the last four terms within the
 

expression may be removed independently or grouped. Depending upon
 

accumulation, depletion or static total water quant-ity conditions 

existing within the storage facilities of the system, tho b a and 

terms will not occur together durin4 a disc:r- ze time periol. 

From the theoreticill expression givofn in iequatioz (2.10), equation 

(5.2) expands to the following expression: 

=
B' blql + b(qiRl) + b (R.) (-]RI) + b (R3 R2IP1) 4 b (P (R3Pq R )) 
n 11 1 1 5(4 3-i3 43 

R P R C1 RRP aa + bdq+ b6(R5(R4R3R qlRI) + b7( ( 4 1))+ 

+ bPq E + bIq1 (5.3) 

For the seven sectors considered, this expression becomes the
 

maximization objective function for thu entire i ]d> icm SVite.f 

under the dependent release transfer criteria. The constraint condi

tions for the system may be written as

(5.4)
0 < R, < 1 


Qi + Riq. > 0 (5.5)
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and
 

n 
) + q R qN qI - qE - qA + qD (5.6) 

Expanding constraint condition equation (5.6) yields, for the seven
 

sectors
 

q1 (l - R1 ) + q 2 (l - R2 ) + q 3 (l - R3) + q4 (l - R4 ) + q 5 (l - R5 ) + 

++ q 6 (1 - R ) + q (1 - R7 = qN qI - qE - qA + qD (5.7) 

For the purely theoretical condition of constant return 

coefficients, the objective function may be rewritten as 

RR2 + b + b45R 4 + b R5+ b7R6 
B'n q11[b 1- b 2 + b3 46 7 

+ Aq A bDq D + L q + b c (5.8) 

with the constraint conditions varying accordingly and R = R.. If all1 

of the sectors within the catchment area were irrigation, the above 

assumption that 7 = R1 may be valid, but for the diverse sectors 

under consideration, the assumption is purely hypothetical. 

The lrittr, Utc, of downstream u ers be ing completely dependent 

upon up stream rturn f],.ws, i so rather hiypotletical under both the 

major existin ; wttr law docf-rii os -,f r iparian riqhts and prior

appropriation. tlot- to o physicTal constraint of water losses occur

ring within tle ailocation syste'm, a base flow, dependent upon physi

cal conditions of both natural and man-made coPveyance structures, is 

required, and the independent release transfer criteria following is a 

far more realisti" optimlj ation base. 



5.22 Independent Release Transfer:
 

For the water allocation system where downstream users arc nut 

solely dependent upon the return flows of the upstream users, tile
 

resulting programming problem is linear, and the total net economic
 

sectors, excluding imports, exports, accumulation
benefit for the seven 


and depletion, is given by equation (2.35) as
 

n
 
(2.35)
B = biq i (l - R i) 

1 

i 1 - 7. 

Including the import, export, acctumulation and depletion terms, and
 

expanding for the seven sectors, yields:
 

B' = blql (. - F ) + b q (1 - R,) + b a (l - R) + b q (1 - R 
3 3 3 4 4 4
 n 1 1 2 2 


+ b R (1 - R ) + b a + b q + b q + b q
b a(1 - R() + b q (1 - R ) I I5 5 G66 , 7 7 7 A'A D D E F 

(5.9)
 

use terms may again be removed fromin which any of the nonconsumptive 

time period. As with the dependentthe expression during a discrete 

hbq, and b (1D terms will not appear togetherrelease transfer, the 

during a discrete time period.
 

for theFquatjon (5.9) is the maximization objective iunctioll 

entire catchment area under an independcnt releas 1raiim;fer operational 

operates under the following eoeneral col straints.system. This system 

(5.10)0 < R. < 1 

(5.11)+ R.q. > 0 

and
 

(5.12)
q (1 - R.) q + q - q- + q
i 
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Expanding equation (5.12) yields,
 

ql(l - R) + r(R - 92+ q 3 (l - R3 ) + q 4 (1 - R4 ) + q 5 (U - R5 ) 

+ q(1 - 6) + q7( I - ) =q + qI - qE - qA + qD" (5.13) 

Again, if the hypothetical condition of constant return coefficients 

exist within the system, the objective function of equation (5.9) 

reduces to: 

B' (1 - R)(bl q + b q, + q + + + b + bqn = 1 1 b3q3 b4 4 b55 b66 77 

+ bAq A + bDq D + bEQ + bIQ . (5.14)E 

where
 

R = R..1 

However, constant return coefficients shall not be considered within
 

the context of this study due to the diverse sector aggregation, and 

equat ions (5. ') to (5.12) shall Le used as the maximization objective 

function and constraint conditions for net economic return 

optimization.
 

'"he two miaor constraints that exist within the entire operation 

of thu objectiv, function are the physical water quantities available 

to each user, ,-i' and tihe iii,'- uconomic benefits capable of being 

derived from thi; w.t:r use, b.1 . As the actual. b.1 values are 

directly dependent upon the q. values, it is necessary to determine 

water valuatimr:;, from empirical estimates, on the quantities of water 

availabl. to ,a-:h u:,er, and what these users are willing to pay for 

varying wate- quantities. The following subsection considers the 

alternatLye methods of valuinq water for the sectors considered, from 

both empirical estimation methods and theoretical concepts. 
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5.30 	The Economic Value of Water:
 

Within any particular water consuming sector, the possibility
 

exists of either a physical (or absolute) or an ecunomic water
 

shortage. An absolute water shortage, though it may be temporary in
 

nature, may further induce accompanying economic shortages due to the
 

fact that, irrespective of absolute quantity limits, more water will
 

become available at a higher price if time is allowed for the develop

ment and construction of iew storage, conveyance and treatment struc

tures. However, due to the fugitive, renewable resource nature of
 

water, the prime problems involving water allocatinn are cellt,:red 

around the conflict that develops from user competition and the 

resulting economic scarcity.
 

An idealistic and properly functioning competitive price system
 

will allocate water to those sectors that yield the highest net
 

economic return per unit quantity of water. The competitive price
 

system is hampered to a large degree by the flexibility of the resource 

and the property rights upon which this system depends. Due to the 

overlapping and consequently ill-defined market institutions which 

watercould serve as alic.-ation autihorit iL-, i, is nec-s;sar, toLi. 

onresource development, plans or rdauocatjon decision; rimni-ilv 

estimated or synthetic market prices [41]. :iumerous methods have been 

postulated and derived for the economic valuation of water though the 

following four alternative procedures summarized from refere nce [41], 

are considered within the literature as the most feasible methods. 
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5.31 Valuation by Water Transaction Observation:
 

The simplest form of this type of transaction is the pure
 

exchange of water for money. 
 However this exchange normally takes
 

place in the form of rental between sectors, though usually on a
 

temporary basis due to the legal implications of water ownership. Due
 

to the highly seasonal orientation of water rental transactions, the
 

resulting water values must be considered as short term estimates, and
 

bear very little correlatioa to long term values. The historical con

nection between land and water particularly, may allow valuation on the
 

long term basis by observation of these group resource transactions.
 

However, often within these transactions, value distortion may occur 

due to the uncertainty of resource supply, and the possibility of
 

speculation of use transfer on behalf of the buyer.
 

A further, though insignificant example of the exchange of water
 

for money, is the sale of bottled distilled and natural spring water.
 

These transactions however must be considered as pure luxury commodity
 

purchases and do not form any real part of water value determination.
 

A further common example of the exchange ot water for money is
 

the concept of an administered price for unit quantities, or time 

orientated quantities of water. 
This method is well illustrated with
 

public water supplies for domestic use where metering is used to
 

private property and users. However, the actual method is highly depen

dent upon the methods of data collection and any associated socio

economic value judgments imposed by the allocating authority. For 

these reasons, this administered price concept only provides crud

valuations on short term marqinal value. Constant unit price changes 

add further weight to the short term qialities of this valuation. 
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Administered water prices have not, in the past, reflected comparative
 

net economic water values with other use sectors. Within the irriga

tion sector, this method has been used, though in a majority of cases
 

there is a high degree of speculative purchase under assumptions of
 

from 	this method for the domestic
areal rezoning. Values arrived at 


sector, have normally been derived through consideration of distribu

tion, 	 maintenance, and overall operation. 

5.32 	Value Estimated from Demand Functions:
 

Value estimates using demand functions involve the basic
 

estimation of the quantity demand, and for water these demand
 

curves may be estimated by the derived or observed price-quantity rela

tionships. With many of the use sectors, problems of demand curve
 

derivation are complicated by the nonconsumptive use of water and its
 

nature as an intermediary good. However, it is possible and realistic
 

to make demand curve estimation through estimation of reductionI in
 

marginal value, that is, through the imposition cf extreme clantity
 

constraints, the willingness to pay may be computed and the resulting
 

correlation extended to the realistic operational range, within fixed
 

probability boundaries. 

Demand functions may be distorted to a large dearee in certain 

sectors due to public intervention in the form of price controls, 

The majorsubsidies, and basic financial assistance in general. 


problem arising with the application of demand functions is the
 

quantity of data collection associated with their derivation and the
 

This 	lack of data has given to
lack of available data generally. 


pseudo demand functions for consumer goods that do not include water
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as a variable parameter of production. However demand functions are
 

considered the most reliable method of water value estimation and are
 

used mainly for specific sector application. Within the application of
 

demand functions it may be necessary initially to generate data syn

thetically, apply the functions to the maximization technique and
 

continuously modify the functions to align with current market condi

tions and an%, distortions occurring due to subsidization.
 

5.33 	 Valuation through Residual Imputation:
 

This method of valuation involves the concept of allocating
 

portions of the total value of output to each resource used with

in the producing sector. The method assumes that water is the unknown
 

quantity within production, and that prices may be levied to all other
 

resources used. Tt further assumes that marginal productivity exists
 

with 	all other resources and that the production is at the optimum
 

level. Problems arise is actual residual imputation methods due to
 

the disaggregation of the output into the various resource uses, and
 

the possibility of variable parameter omission within the imputation
 

equations.
 

Residual imputation is affected to a large extent by the induced
 

problems of price subsidies and controls, and conflicting valuation
 

may arise due to the possibility of multiple resource imputation,
 

which is well exemplified within the valuation of recreational water.
 

In general, if the final product may be disaggregated into the percent

ages of each basic resource used, than residual imputation may be used 

to determine the value of water used within production. This method is 

very much applicable to the commercial and industrial sectors, though 

its use within oth(,r sectors is highly contentious. 
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5.34 Valuation by Alternative Cost:
 

The alternative cost concept basically implies the use of the
 

same end
 same activities within producing sectors to obtain the 


Valuation using this
 product by using substantially different means. 


method has been used extensively in the comparative analysis of public
 

versus private development and also between competing private 
develop-


By determining alternative costs of production or of
 ment 	schemes. 


distribution system devlopment, thu: willingness to pay fur wjter, or 

any other resource, is determined within the necessity 
of demand func

not
However the method is purely static, and is
tion estimation. 


applicable under expanding or depleting demand conditions. 
Under these
 

static conditions the method is complicated to a large degree by the
 

sectors. This problem may be
 interdependencies existing between 


eradicated using dynamic evaluation through the use 
of incremental and
 

stochastic time series.
 

a water valuation technique within
 This method has been uscd as 


all sectors, though it is most applicable to sectors that have public
 

some commercial produc
development alternatives such as recreation and 


tion 	areas.
 

In summary, the most realistic methods of determining 

the economic
 

valu3 of water are through demand functions and 
through consideration
 

Observation of actual water sale transactions
 of alternative cost. 


does 	give the value of water from the point 
of what consumers are
 

willing to pay, though in many instances the 
price is highly distorted
 

Valuation through residual
 
due to subsidization and buyer speculation. 


imputation requires the application of major 
assumptions that within
 

economic optimization
themselves may be unrealistic in most cases. For 
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within a proposed allocation system, especially applicable to developing 

countries, the us,- of demarnd functions qives the most accurate value
 

estimated, -Jvelolncr ,i relat ionships will
tilk)ujh 	 the, t f the- IL 

involve a hiOhl y e.× enn i,.'e datt u,,thorinq study. This is particulary 

prevalent withi:: , .;tabl isld ill oc~it~iou syst.ms, and due to thin data 

exAenst., wit.r va I ,!have normally bece ,ted 	 as sing:le unit values 

In the fol lcwinq subsection, t .. value of water for the seven 

sectors connid(errd will be. estimated '2sing demand functions derived 

from unit valus; :orinute- for the central westtrn dre. of the 

United 	 Ftats., :,n.r '.. acilthterna ive cost ::cthad5 where considered 

rationally ai,:l i.a! -.].I Howovr, it shoal U -tross,'3 that water 

values 	 should b -nedh(t-rm indivicdual :,for t. Lasi under considlera

:ion, eithe.r from -- :mi rir a]I ,; t i Ta- ,a r , i,  ciated C- usc 

patterns. '.alues eiuot,,d in the followin,: subsection irc. givn as 

illustrative ,xample-; o be 	used within th. .ntire hypothetica! 

economic optimization model. f;ecifi c note sh(,uld -, made that through 

the use of demand functions, it is not assumed that conistant returns to 

scale are applicable, though for some sectors -onstant returns to scale
 

will occur above certain use levels.
 

5.40 	Net Benefit - Water Quantity Relationships: 

For each of thu seven sectors considered, hypothetical b. q 

relationships and biqi - qi relationships are discussed in 

the following subsections. These relationships give the general form
 

of the demand functions anticipated for each sector, though actual
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numerical values will depend upon the country and arua under
 

consideration. Actual demand function estimates must be made with
 

relation to geographic evaluation, temporal varialilit-y, actual soil 

capabilities and site productivities in genural and the economic scales 

of both adjacent area and the entire country. 

5.41 Irrigation Water Value:
 

The physical productivity of irriqation water is highly de-andent 

upor. the ,.ffct: of th, :.atural :ihysical conditions; water and
 

land manaqern:; nut-i t adri t.,' c-;o l' ing
1o: .s; 1'c of irriuate ; the 

effects of tchn.oloc;cal <han:c ve t.me, and ff.. of the time 

of the year of " r duc'. o:. []. The latter eff.-ct -. ciln',' 1 

considered wit'i:. *cno:.mic optlinzatonni:: proc.-ss t*-roicr a sequential 

or multistagp, ci.cisio. makino process. "'his :rocess may include 

benefit (or fa.tlrt) -'s. f[I,-*ost ana s secuer,, I Iinear rrograr,ming 

or dynarm: .ograunig. Al thoug: p..colems do ,ir {, whn detr.inn 

the eco!.omic value of water or, a micrwsca]- du< ti i'ie dterrunat~on of 

actual consxmt,otiv use, withdraw'al cIuantities v,:rus actual consumption 

auantities, and the induced come! i ctics af rtur, flow considera ion, 

the net iuantitits of watrcr rt-f,-rrt,c io in this a:,,r ,fr to the 

quanLities of watsr dcliwvti-d o th, f rmn minuc r- u-. flow.
 

Valuing irriiatio, water lias nor.ially'ben carried 
out in the 

past by pricing inputs and outluts and thc evaluation ,f intermediate 

products. Ifowever this method may he distorted due tc the occurrence 

of market failure, public intervention, or unumploymert. For any
 

particular crop however, and assuming a constant manag !ment tuchnique 

for all irrigation water users, the actual crop responie will be
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directly dependent upon the quantity of water applied and all other
 

parameters, such as timing, fertilizers, climatic conditions, etc.,
 

[4,24].
 

The generalized b. - q. relationship will, for any crop, take on 

the form illustrated in Figure 5.3, with an anticipated decline in the 

net economi': benefits occurrinq with over irrigation causing flooding 

and overland scour. 

.0 
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Net Quantity of Water Used per acre (qi (gallons) 

Figure 5.3 bi- qi Relationship for Irrigation Water. 

In Figure 5.3, the net economic benefit derived represents the
 

actual net profit returned to tihe user (and consequently the entire
 

area under consideration) after all operating, produce and material.
 

costs have been deducted. Thus any point on the curve represents the
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marginal value of the water for the specific quantity allocated. From
 

this relationship, the following total net economic benefit relation

ship (Figure 5.4) may be computed.
 

2
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Figure 	 5.4 bi qi-qi Relationship for Irrigation Water. 

5.42 	 Industrial.Water Value:
 

The actual consumptive use of industrial water is complicated 
to
 

a large degree by the recycling that is conducted wiAiin tht, 

used in
 
industries, arising from the fact that eighty percent of wate~r 


only. Lit,;rature surveys
industry is primarily for cooling purposes 

of all industrial[39, 4]]1 reveal that approximately ninety p)ercent 

five main sectors, of food production, pulp
water 	 is consumed by the 

and paper production, chemical industries, petroleum production 
and
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primary metal extraction. Empirical estimates reveal the value of
 

water has been derived using the actual cost of water intake to each
 

industry, though the value added, alternative cost and residual impu

tation approaches have also been used depending on the industry under 

consideration.
 

If water rstrictionsr were applied to an industry, then the 

willingness to pay for additional water supplies would increase signif

icantly (or the industry would cease to operate) to the point where 

additional water supplies would be. wasted and passed through the 

operationi without. an,, *.conomic benefit bei ng derived. Thus, the 

marginal value of th, water rteaches zero as soon as the demand under 

full production conditions is reached. From these considerations, the 

b. - (i relationshilp takes on the qeneralized form as shown in 

Figure 5.5. This figure is applicable to industries that do, or do 

not, use recycled wat(,r .ithin their production, though for the recy

cling case the curve would be significantly steeper and the marginal
 

value would approach zero with lower net unit water quantity values.
 

From the generalized format in Figure 5.5, the total net economic 

benefit relationship may be derived, and its general format is shown
 

in Figure 5.6 following. Note should be made that the upper portion
 

of this curve may be a straight line if the marginal value of produc

tion has reached zero.
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5.43 Domestic Water Value:
 

Domestic water supply in the context of this paper refers solely
 

to residential development in the form of private homes, domestic
 

apartments and residential estates. For both municipal and domestic
 

water supplies, water consumption and the rate of such, is not
 

generally very responsive to the unit price or actual domestic incomes.
 

This is due primarily to the necessity of water to sustain life, though
 

the quantities involved are comparatively low compared to the other
 

sectors. With private home water use, the greatest portion of consump

tion is used in the tendering of lawns and gardens which induces
 

comparative consumption problems between high-rise dwelling type
 

residents and private home residents. In both cases, if the water is
 

nonmetered the marginal price (and marginal value) is zero [41]. For
 

metered domestic water, a positive marginal value is apparent, though
 

if a constant unit price is applied to this metered water then the
 

In the following b. - qi relationships
marginal price is again zero. 


it has been assumed that for all domestic uses, the water is metered.
 

Due to the difficulties encountered in determining a user's
 

willingness to pay for water, the customary procedure for estimating
 

benefits of public water supplies is through an alternative cost
 

procedure. The value of water is thus defined as the cost of supplying
 

all dwellings within the basin, or area, under consideration through
 

the least; expensive distribution system alternative. This approach
 

adequately handles the cost involved in the construction, operation and
 

maintenance of the distribution system but does not allow for value
 

comparisons between other sectors, and consequently does not allow
 

economic optimization within the defined area. As a consequence of
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this, it is necessary to use demand curves and the price elasticity of
 

demand to determine the individual user's willingness to pay. As with
 

the b. - qi relationships established for all of the sectors here
 

considered, determination of the price elasticity of demand will
 

involve a great deal of data collection, and an expensive assessment of
 

all current empirical data.
 

The general format for the demand curves for domestic water are
 

given in Figure 5.7 following. In Figure 5.7 the net willingness to
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Figure 5.7 bi -qi Relationship for Domestic Water. 

pay for water indicates the actual economic return to the allocating 

authority, and consequently may be classified as the net economic
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benefit derived within the entire area. Also, the net quantity of
 

water used must be specified within a fixed time period, as is the
 

case with all other sector users.
 

From Figure 5.7, the generalized form of the biqi - qi 

relationship may be derived and is shown in Figure 5.8 following. If 

0* 

0 

Net Quantity of Watar Used (qi ) gall ons) 

Figure 5.8 biq I- qi Relationship for Domestic Water. 

water restrictions are imposed upon the domestic sector at any time,
 

the b i - qi curve will be shifted to the right of the ordinates:
 

that is, the willingness to pay shall increase for the same net quan

tity of water used. This will induce very high biqi values for
 

relatively small qi values.
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5.44 Commercial Water Value:
 

the commercial sector isWithin the context of this paper 

aggregated to include all commercial distribution businesses,
 

However, these
 water releases for purification and navigational use. 


be down three respective subsectors if 
individual uses may broken into 

area. In general,

large activity of these industries occurs within the 


sector shall

the commercial distribution and retailing section of the 

return to an area of
contribute the greatest percentage of economic 

b.1 - qi relationship for this sector 
uses aggregated above. The 

will be similar to the industrial sector, with a characteristic zero 

increases.marginal value occurring as the supply quantity 

Estimates for the value of purification of water have normally 

been made through estimation of the damaqes caused by the pollution, 

though difficulties do -rise in the determination of actual damages. 

also be made from the treatmentmayThe economic value of tne water 


the water to estaolished drinking
costs involved in purifyinq or
 

treatment

general reuse specifications. In conjunction with these 


also be used if competing

costs, the alternative cost approach may 


The actual

projects of alternatives are available within the basin. 


economic values derived for water purification are comparatively low
 

compared to other sectors, and the marginal values 
are correspondingly
 

low. 

The method of water valuation for navigation has normally
 

involved the alternative cost approach in which the capital, 
operation
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and maintenance costs incurred by a public or private agency in
 

transporting goods through rivers is compared to the freight costs
 

associated with alternative methods [411. No major problems arise in
 

the valuation of water for navigation purposes other than the valuation
 

of the relatively high minimum flow requirement necessary and the
 

corresponding valuation of this water that may be held out of produc

tive use. 

For this aggregated sector the b. - qi relationship takes on 

the generalized form shown in Figure 5.9 following. As for industrial 
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consumption the net economic value derived will approach a zero
 

marginal value as the net quantity of water used increases.
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Figure 5. 10 biqi - qi Relationship for Commercial Water.
 

5.45 	Hydroelectric Power Generation Water Value:
 

Due to the comparatively low consumptive use of hydroelectric
 

plants, the resulting economic returns per unit of consumed water
 

are exceptionally high. However due to the complimentary or supple

mentary nature of all water passing through the power stations the
 

economic value of all water used is low. Valuation is also complicated
 

through consideration of short term and long term operational policies,
 

as hydroelectric plants are taking on the role of peak load boosting
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rather than constant, base load, supply sources 
[41]. Variation within
 

the operational policies between peak and base load generation also
 

induce two sets of actual values, and in the economic optimization
 

example following it will be assumed that hydroelectric power generation
 

is being used for both base and peak load supply and on a long term
 

basis. 
 Empirical estimates reveal that large variations in economic
 

value from one region of the United States to another, and actual 

economic forecasting within a specific basic must be unique to that
 

area, considering all possible alternatives of power sources.
 

Past empirical estimates of the value of water have normally been
 

made through a combination of residual imputation and the alternative
 

cost methods. For existing hydroelectric stations, a reduction of the
 

power output has been hypothetically induced, and cosZ estimates of
 

producing this reauced quantity of electricity by alternative means
 

have been computed. For continuous incremental reductions, the marginal
 

water value may be determined by supplementing this power deficiency
 

with continuous incremental power increases from alternative 
sources.
 

As mentioned previously, this method is complicated due to the peak
 

and base load considerations, and further complicated if peak load
 

operation is conducted through pumped storage regulation in which water
 

is pumped back into the storage, during off peak powec demands, for
 

peak load generation.
 

Figure 5.11 following illusrates the hypothetical b. 

relationship for long run, base and peak load hydroe.ectric power 

generation. Once full power demand is satisfied within the area, the
 

marginal value of water passing through the station is zero, and under
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Figure 5. 11 bi - q, Rolationship for Hydroelectric Power Generation Water. 

the extreme conditions of physical water restrictions the net unit 

economic value will increase considerably. From Figure 5.11 the 

biq i - q, relationship Lakes on the following genural format. 

5.46 	 Recreational Water Value:
 

For the purposes of this thesis the te.m "recreation" includes
 

all activities associated with water use for pleasure and the use
 

of water for wildlife habitat and fishing, though the latter two may
 

also be classified within the industrial or commercial sectors. Since
 

recreation is a nonproductive water use, it is necessary to use 

synthetic imputation techniques in the derivation of economic values. 

The actual consumptive use of water for recreation is also complicated 
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Figure 5.12 bi q i Relationship for Hydroelectric Power Generation Water. 

due to problems of complimentary or supplementary, though numerous
 

methods are available for overcoming this problem [37, 41]. Recrea

tional water values are highly variable due to the actual water use,
 

the areal location, water quality, the volume and surface area of the
 

water, the actual flow rate in natural streams and the method used in
 

valuation. Generalized numerical values for recreational water use are
 

empirically impossible and specific areal values may also be
 

unrealistic in application due to the relatively minute quantity and
 

quality of literature available.
 

Estimates may be made however by considering the total
 

expenditure of participants at recreational facilities; by comparing
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the market value of private resorts and public facilities; by equating
 

the cost of facilities to the benefits generatud; by considering
 

indirect value added in the form of fees, licenses, etc., or by equating
 

recreational time with manpower output hours within the gross national
 

product. The overriding concept witin all these methods is the indi

vidual's willingness to pay for recreation opportunity in preference to
 

going without it, and as such the b. - qi relationship will take on a
 

generalized form similar to the domestic sector. However, the net
 

economic return to a distribution authority will increase in relation
 

to the quantity of water available to a use saturation point: v'here the
 

marginal value approaches zero. The hypothetical form of the b. - qi
 

relationship is given in Figure 5.13 following and indicates an approach
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Figure 5. 13 bi- qi Relationship for Recreational Water. 
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to zero marginal value as the quantity of water available for use
 

increases. Due to participants from outside the area, the marginal 

value will not reach exactly zero, though this will be highly seasonally 

orientated and also dependent upon complimentary demands. From 

Figure 5.13, the biqi - qi relationship for recreational water may 

be derived and is shown in Figure 5.14 following.
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Figure 5. 14 bi qi- qi Relationship for Recreational Water. 

5.47 	 social water value:
 

This sectoc has been considered as an entity due to the
 

specialized nature of some facets of water use within an enclosed
 

area. These facets include schools, hospitals, public park water use,
 

water and sewerage treatment plant consumption, street cleaning water
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use and general civic water use. Though some of these subsectors may
 

be considered within the domestic sector, the private individual's
 

willingness to pay is not as high as it is for "in-house" residential
 

use. An exception to this is the willingness to pay for water within
 

hospitals, though no specific literature has been found dealing with
 

this use. It is envisaged that within this particular subsector, the
 

willingness to pay will increase rapidly with diminishing available
 

water quantities.
 

As with the domestic sector, actual water withdrawals and
 

consumption to satisfy this demand are comparatively low compared to
 

the industrial and irrigation sectors, and actual water use determina

tion may be complicated due to recycling. The high seasonal variation
 

of use requires the time span of consideration to be a minimum and
 

preferably no greater than a month. The economic value of water may
 

again be determined through demand curves, and depending on the areal
 

definition and the deqree of water use anticipated from each subsector,
 

it may be necessary to disaggregate the sector and consider separate
 

demand curves. In the generalized b. - qi relat,onship of
 

Figure 5.15 following, the net willingness to pay indicates the actual
 

net economic return to the distribution authority, and as such may be
 

classified as the net economic benefit derived within the area.
 

With the imposition of water restrictions the previous curve will
 

be shifted to the right, indicating an increase in the willingness to
 

pay for the same water quantities. These higher b. values will again

1
 

induce higher b.q. values.
11
 

In summary, the previous demand function curves illustrate the
 

general form of the economic value of water in the seven main sectors
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considered in this paper. The extensive data requirements necessary to
 

construct the bz - qi relationships given are discussed in the
 

following chapter, together with suggested methods of collection and
 

collation. The previous curves have been drawn from literature surveys
 

within the specific sectors, especially within the mid ranges of con

sumption, and author estimates and extrapolation used for the extreme
 

valiie ranges. Specific note should be stressed regarding the high
 

degree of aggregation used within each sector, and for any specific
 

area under consideration, disaggregation into the anticipated prominent
 

water uses may be necessary.
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Figure 5.16 biqi-qi Relationship for Social Water Use. 

The foregoing curves represent the economic value of the use
 

sector solely, and do not include secondary and pecuniary costs or
 

benefits associated with the water use. A great deal of care should be
 

taken during the valuation process that complimentary of use is con

sidered within the appropriate sectors and that only consumptive use
 

is apportioned to the value. Major discrepancies in the value of water
 

will also arise between the comparisons of national valuation, regional
 

valuation and private valuation from empirical estimates due to the
 

inclusion of other resources within the accounting method. The varia

tions in the time span of planning will also distort the true value of
 

water within the sectors.
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Complexities also arise with the valuation of water transferred
 

from another basin, and the concepts of "on stream" or "off stream" use.
 

However, these complexities may be reduced to a minimum through com

parative cost and benefit analysis between basins, and exact qualitative
 

definition of consumptive use.
 

In the following economic optimization example, the numerical
 

values used in the compilation of the b. - qi relationships have been
 

extracted from the literature of data published for the mid-west area
 

of the United States. For all of the curves it has been necessary to
 

estimate or extrapolate the upper and lower bounds from extreme value
 

empirical data from other areas. The numerically valued curves are,
 

to a large degree, hypothetical, though their general shape is con

sidered representative of the economic value of water within each
 

sector. Consequently, a great deal of caution should be used in
 

direct extraction of data from these curves.
 

5.50 	Water Allocation Model:
 

The following water allocation model is a highly simplified
 

dynamic water storage program incorporated within this paper to
 

determine actual physical quantities available to consumer sectors,
 

export flow, and storage accumulation or depletion. Any particular
 

model available may be used in conjunction with the input-output
 

analysis, and the degree of complexity of the model will depend upon
 

the time increments adopted, data available, and overall required
 

accuracy of the entire optimization.
 

The primary objective of this model is to allocate physical
 

water quantities to the catchment demands from available storage
 

supplies, importee water and natural runoff from the basin. The pro.

gram has been designed to operate on a monthly basis, with initial
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demand satisfaction coming from available storage at the beginning of
 

each month, and half the average monthly natural ijflow. If the storage
 

of the beginning of any one month plus half the average mo..thly natural
 

inflow is insufficient to satisfy the demands, then the possibility of
 

imported water is considered.
 

An arbitrary base flow requirement has been imposed for each month,
 

and in context of the input-output program this is considered as
 

water available for export. If imported water is not available for
 

consumption the model considers the degree of restriction that must be
 

imposed amd then establishes an allocation policy under restricted
 

conditions. At the end of erach month, simplified storage behavior
 

computations are carried out to determine storage quantities and
 

export water available for the following month.
 

The basic data requirements for the model are discussed in detail
 

in the following chapter though initial mention of data to discuss
 

the models operation is given briefly following. Normal hydraulic data
 

in the form of net runoff to the entire system is required. As with
 

any water resource system design, empirical data are normally the most
 

accurate, though it may be necessary to synthetically generate data of
 

monthly inflow and average monthly rainfall. Estimates of the full
 

diversion requirements and minimum diversion requirements of the on

sumers are also necessary, together with the average annual or monthly
 

return flow coefficients of each sector. The monthly timing of
 

consumer requirements is also required, though the model assumes that
 

total diversion is undertaken at the beginning of each month.
 

For periods of restriction it is also necessary to have data of
 

the availability and timing of imported water, oa a monthly basis,
 



90 

together with the minimum base flow requirement passing through the
 

To commence
catchment and eventually considered as exported water. 


operation of the program the initial storage available at month one
 

must be known together with the maximum storage capacity within the
 

catchment.
 

The allocation model may be divided into three main sections: 

data read in, allocation and storage computation. Having read in the 

initial average monthly total diversion requirements (qi) together with 

(R.), the initial net monthly
the return coefficients of each secter 
 1 

(q ) are computed from the expression
consumptions of each sector 


= (5.15)qi q.(l - R.). 
1 1 1
 

The average net inflow to storaae for the month (qN), the maximum
 

the volume held in storage at the beginning of
storage capacity (MS), 


the minimum base export flow requirement for the month
month one (S.), 


(qEB), and the imported water available during the month (qi) are then
 

From these data, the total monthly consumption by all sectors
read in. 


(qt), including the minimum base export flow requirement is computed
 

from the equation
 

I11 

q= Y qI (5.16) 
i=O 1 

This total monthly consumption is then compared to the initial
 
11
 

Si + I(qN) > q then all
water quantity available (S. + -(qN)) and if 


demands are satisfied for the month and the storage available for the
 

next month computed from the expression
 

Si = Si + q N - qt + q 1 (5.17)
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where
 

= 0.0. 

As it is possible that spill from the reservoir may occur, the new S.
 

value is compared to the maximum storage capacity (M ) and if S. > M
 
S S 

then the actual export flow available (qE) is computed from the
 

equation
 
=
qE (Si - MS) + qEB' 
 (5.18)
 

and the storage available for the next month's use is a maximum. 
If
 

S. is less than zero, the export flow available is equal to the base
1
 

export flow requirement and storage available for the next month is
 

zero. If Si is greater than zero, but less than the maximum storage
 

capacity, the export flow available is again equal to the base export
 

flow requirement and the available storage remains the same.
 

The above computations do not require the imposition of
 

restrictions, however if the storage held cannot meet the monthly
 

requirements, it is necessary to rely upon imported water if available.
 

Water thus available, denoted by Sii, is given by
 

Sii = S. + qI 
 (5.19)
 

If Sii is greater than qt then total dema.d satisfaction is 

achieved, and the storage computations are carried out. For the case 

where Si < qt, restrictions must be imposed upon the sectors, either 

equally or under an allocation restriction criteria established by the
 

operating authority. The model given here allocates water initially
 

to the domestic, power and social sectors so that their total demands
 

are satisfied. The sum of these three demands, denoted by 
qxi' is
 

given by the equation,
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aqxi = q;3 + q5 + q7! (5.20) 

where q;, q; and a' represent the net monthly consumptions of the
 

domestic, power and social scctors respectively.
 

However the available storage, now including imported water,
 

may still not satisfy total demand satisfaction of these three sectors,
 

and under these conditions it has been assumed that these sectors are
 

restricted equally. This is achieved by computing a restriction ratio,
 

denoted by RR, and expressed in the form
 

SiI 
RR= - (5.21)qxi
 

Using this ratio, the actual net diversions to these three sectors are 

given by the expressions 

qR= RR(q;) (5.22) 

qR= RR(q;) (5.23) 

and 

' = (5.24)q77RR(q;), 


and there is zero water available to all other sectors. As far as the
 

western United States is concerned this is a purely hypothetical and
 

highly improbable condition at the present moment.
 

If the domestic, power and social demands may be fully met, yet
 

insufficient storage is available to satisfy the four remaining
 

demands, the actual water available to these four sectors, designated
 

by S!L, is computed from the expression
 

SiI = S - qx (5.25)

1i ii xi*
 

The total monthly demand within these four sectors (qi2) is computed
 

from the equation
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q 1qx2 + 2' + + , (5.26) 

and the restriction ratio computed from the expression
 

Sii 
RR = 1. (5.27)x2
q 


From this expression, the actual water quantities available are given 

by: 

qlR RR(qj) (5.28) 

qR= RR(q ) (5.29) 

q4R
' = RR q ) (5.30) 

and 

q6R' = RR(q ) (5.31) 

After allocating the available water to the sectors, the storage
 

computations are carried as described previously, and the value of
 

q!, q QI' and S. are printed. The program then returns to the
 
I n 

data entry point and reads the next month's values of qi, R., qEB r 

and q for continuation. 

Under the above restriction conditions, an allocation policy 

that is a function of the net economic returns may be advantageous if 

a compensation criteria is to be used for sectors that receive no 

water. If the water supply is sufficient to supply all sectors, but in 

reduced quantities, a minimum water supply criteria for each sector is 

required. The initial sectoral b.1 values for this minimum water 

supply may then be read into the allocation program and the maximum 

amount of water available to the sector with the highest b. value,
 

under the minimum requirement constraints of other sectors, is
 

allocated. Water is then allocated t, the sector with the next highest
 

1 
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b. value and the allocation repeated until all requirements are
 

met, or all available water has been allocated.
 

This method basically implies a weighted allocation system, that
 

is dependent upon the net economic returns from each sector, and con

strained by the minimum water supply requirements of each sector.
 

From this allocation model, the initial values of q! are 

printed for each sector under all constraining conditions. These 

values are then used, in conjunction with the bi - q! and biq! - q!
I1 1 1
 

relationships to determine the net economic returns from each sector.
 

The b. values are then read into the input-output analysis to compute
1 

the gross economic return of the area.
 

The flow chart for the above water allocation program is given
 

in Figure 5.17 following, with the reslting computer program and
 

program output given in Appendices B/1 and B-2 respectively.

/7 
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Figure 5. 17 Flow Chart for the Water Allocation Model. 



6.00 	DATA REQUIREMENTS AND ACQUISITION:
 

6.10 	General:
 

As with most water resource feasibility studies and preliminary
 

design considerations, the major expense associated with the 

following optimization method occurs in data collection, evaluation, 

tabulation or synthetic generation. However, the basic requirement 

for the successful operation of this method is realistic and accurate 

data, irrespective of whether the data is empirical or generated. 

Data requirements for this model may be considered under three main 

interrelated sections; namely, hydrologic and hydraulic data, water
 

consumption data and economic data. The later two data sections are
 

highly dependent upon the hydrology of the catchment area, and it is 

suggested that data pertaining to this section be collected and 

evaluated first.
 

The above three sections will be considered following as separate
 

systems, and actual descriptions of data requirements included for
 

each section, together with suggested methods of acquisition. A flow
 

chart of the total data requirements is givn in Figure 6.1 following,
 

though note should be made that this chart is by no means comprehensive
 

as far as overall water resource planning for a basin is concerned. As
 

will be mentioned within each section, the probability of collecting
 

sufficient empirical data to satisfy the needs of the model is very
 

low, and the generation of synthetic data, especially hydrologic data
 

may be a necessity.
 

6.20 	Hydroloiic and Hydraulic Data:
 

Initial data collection requires a complete physical assessment
 

of natural water conditions within The catchment. This implies
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both on-surface and potential-surface water, with data collected on a
 

predetermined time basis. As shown in Figure 6.1 these requirements
 

include rainfall, evaporation, catchment topography and vegetal cover,
 

soil types and geology, actual physical size of the catchment and the
 

channel runoff system. The two most important parameters in this sec

tion are rainfall and evaporation, and numerous manual and automatic
 

gauges are available to collect such data. The spatial and temporal
 

distribution of these two parameters highly affects the monthly runoff
 

cycles, loss rates within the sectors, the occurrence of any temporal
 

water restrictions. Consequently, these data should be accurate and
 

of sufficient duration to allow complete model operation for the entire
 

time span of planning. Numerous synthetic methods are available to
 

determine accurately these data from adjacent basins, over long time
 

periods, and these methods are satisfactory for the generation of
 

runoff that is both spatially and temporally orientated.
 

Surface runoff data in defined natural channels may also be
 

collected through conventional stream gaging methods and numerous manual
 

and automatic devices are available. These data, for the purposes of
 

this model operation, should also be collected on a total monthly dis

charge basis, together with the maximum and minimum flows recorded
 

during each month. Although not discussed, nor incorporated within the
 

model operation, groundwater flows should also be recorded or deter

mined if extensive use is made of groundwater within any of the
 

sectors. For purposes of projecting anticipated monthly runoffs, a
 

full statistical analysis of past empirical or generated data should
 

be made to determine anticipated minimum and maximum flows together
 

with their probabilities. Such analysis allows predetermination of
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flood and restricted flow operation procedures and assists in the
 

formulation of restriction and consequential compensation criteria.
 

From data collected for the individual channels within the basin,
 

it is then possible to establish a complete inflow-outflow water
 

balance under natural conditions on a monthly time basis. This balance
 

is particularly important in determining natural outflows tc downstream
 

basins, and assists in determining what quantitative and temporal dis

tribution of imported water is required. Natural catchment outflow
 

conditions are also particularly important for the definition of
 

downstream wateE allocation and any legal litigation developing from
 

upstream allocation
 

For either developed or developing catchment areas, it is also
 

necessary to map all existing hydraulic structures and assess their
 

affect upon the natural runoff conditions. The storage capacities of
 

all reservoirs must be determined together with the minimum storage
 

capacities required for recreational or social use. Any existing dis

tribution network should also be mapped together with the flow capaci

ties of this network. The loss rates within the distribution system,
 

including evaporation and seepage, should be recorded or estimated to
 

assist in the computation of net water use in the various sectors.
 

These loss rates are applicable to both open and -los"d distribution 

systems. Potential or existing supplies of imported water should also
 

be determined together with the types of structures existing and their
 

respective losses. If water importation exists, the quantitative and
 

temporal availability of the water must be known, together with the
 

actual input location to the catchment.
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6.30 	Water Consumption Data:
 

Following a breakdowm of the entire basin into the various
 

sectoral uses, it is necessary to determine the quantitative and
 

temporal water consumption requirements of each sector. Depending
 

upon the degree of accuracy required within the entire model, it may be
 

necessary, or advantageous, to disaggregate the individual sectors into
 

subsectoral use areas. This would be particularly important for larger
 

water resource systems and areas that contain large, high density
 

population areas.
 

For each of the sectors considered, the minimum and average water
 

requirements during the selected time base should be determined,
 

together with major seasonal changes in consumption. This will involve
 

a more thorough study of all existing water consumption data within the
 

area, including basins other than the one under consideration. Basic
 

data may be obtained for the social and domestic sectors by considering
 

the gross quantities of water passing through operational water treat

ment plants within, or adjacent to, the catchment area. Data may be
 

expressed initially in terms of gross diversion per capita per month,
 

or gross diversion per unit land area per month, and following inclu

sion of anticipated losses, may be expressed in actual gross consumption
 

per month. Estimates for recreational use must be made in relation to
 

the total anticipated use, in terms of per capita, and the minimum
 

gross monthly water quantities necessary to sustain recreational
 

activity.
 

Power generation water demands may be obtained from direct
 

measurement of water passing into the plant and outgoing water. Losses
 

associated with power generation are, on a percentage total use basis,
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very small and the consumptive use of the power sector is very z'all.
 

However, minimum storage capacities are required for power generation
 

and competition for this water may exist from other sectors, especially
 

during periods of mild restriction. During these times, water consump

tion may be considered as the total water quantity held in storage
 

during a particular time period under the proviso that in the following
 

time period, water so stored is transferred to export flow. This is
 

also applicble for the case of pumped storage power generation in
 

which water is pumped back into storage during periods of low power
 

consumption.
 

Industrial and commercial water consumption data may be collected
 

through the consideration of inflows and outflows 'o the sectors to
 

determine the monthly return coefficients. Again, data may be obtained
 

through direct measurement comparative analysi i of similar sectors in
 

adjacent areas, or through rational estimation by considering the indi

vidual industrial or commercial activity. As mentioned in the previous
 

chapter, the prime use of industrial water is for cooling purposes,
 

and consumption will thus be highly dependent upon seasonal variations.
 

As for the other sectors these data should be expressed in net consump

tion per month in acre feet or gallons.
 

Of all the sectors, the most significant monthly and seasonal
 

water consumption variations will occur in the irrigation sector. For
 

an existing irrigation system, data may be collected by considering an
 

inflow-outflow water balance for each particular irrigation activity,
 

which allows determination of the return coefficients for each crop.
 

This study may be conducted as part of the loss rate analysis carried
 

out in conjunction with the total catchment input-output water balance,
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and for the purposes of this study, on a monthly basis. It is to be
 

expected that within the irrigation sector, a high degree of variation
 

will occur in the return coefficients from one time period to the next.
 

For developing catchment areas, where very little irrigation activity
 

is pursued, comparative analysis from adjacent catchments may be
 

necessary for compiling realistic gross diversion and return coeffi

cient data. Reliable estimates may also be determined through consid

eration of the climatic conditions, topography, geology, and soil con

ditions of the area and applying empirical equations to determine the
 

water requirements of the particular crops [40]. The resulting data
 

indicates the net consumptive requirements and it is then necessary to
 

compute or estimate anticipated monthly loss rates and consequential
 

gross diversions to determine monthly return coefficients. As with all
 

other sectors this data should be expressed in acre feet or gallons
 

per month, and the probabilities of monthly variation should be deter

mined for each crop type.
 

6.40 	 Economic Data:
 

The basic economic data requirements revolve around data for
 

input to the basic transactions table of the input-output
 

analysis, and the valuation of net water benefits to the individual 

sectors for development of the b - q' and b q' - q' relationships.
i i i i i
 

Data for establishing the average annual transactions table necessi

tates the valuation of all goods and services produced and purchased
 

by the individual sectors. These data may be collected by approaching
 

each sector as an entity initially to determine the net worth of
 

produce bought and sold. Through the consideration of raw material
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inputs, sector operational costs, and the sale prices of the finished
 

goods, the net sectoral economic values may be determined.
 

Normal method for data collection within the industrial,
 

commercial, power generation and irrigation sectors may be applied.
 

However for the social, domestic and recreational sectors of an area as
 

considered in this paper, severe problems may arise in the determina

tion of production values, and many of the entries within the transac

for these three sectors. However, by
tion table may appear as zero 


considering these sectors solely as purchasing sectors, data may be
 

It is
collected of the goods transferred from the producing sectors. 


normally far more applicable in pure economic input-output analysis to
 

consider these sectors as a payments group within the producing sector.
 

However, they must be considered in this paper within the main context
 

of the transaction table due to 'heir dependence upon water.
 

Data for the power generation sector may be obtained from the
 

actual sales of power both within and outside the catchment area. For
 

pumped power generation systems, power purchases will also be indicated
 

from the power producing sector, indicating transfer of the same
 

commodity within a particular sector. Actual numeric data may be
 

obtained from existing generating plants through the basic accounting
 

For catchment areas under development, it is necessary to
 system. 


estimate the power demands, both intra and interbasin, power generation
 

capacity to be designed for, and total costs of installation, operation
 

its design life. From these data,
and maintenance of the plant over 


changes to be levied against users may be determined and the 
monthly
 

As with the irrigation
production and purchasing values computed. 
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sector, large: monthly variations of data will occur witin the power
 

generation sector.
 

Specific note should be made of methods available for data
 

collection within the recreation sector. As discussed in Chapter 5.00,
 

the "producing" ability of any recreational activity may be measured
 

most accurately through the consumer's "willingness to pay." The
 

actual net revenue produced by a recreational facility may be classi

fied as the producing facet of that sector. Difficulties arise using
 

this type of assessment however in the fields of wild stream fishing,
 

game hunting, etc., though some indication of the production may be
 

estimated through income from licenses, permits, etc. The sale or
 

leasing of land rights for campgrounds, lake marinas and other commer

cial resorts also gives an indication of the recreational value, and
 

together with the net income received from these resorts, reliable
 

data estimates for recreational production may be made.
 

Within the final demand and payments sector of the transaction
 

table it is also necessary to determine the economic value of goods
 

produced and bought for the annual input-output budgeting of the entire
 

area. As the economic maximization objective is to maximize the total
 

gross output within the transactions table, the final demand sector
 

will be held as the prime variable, and the export and accumulation
 

values will be changed manually in relation to outputs from the water
 

allocation model.
 

Valuation of imported water may be made through the actual costs
 

incurred in buying and transporting the water into the distribution
 

system. For developing countries, without any existing import system,
 

this value must be computed from the physical costs of constructing
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the importation system, while for existing systems, valuation may be
 

made through empirical data of actual buying, operation and maintenance
 

costs incurred. Comparative costs of adjacent systems may again be
 

used to assist in net economic water valuations.
 

In the computation of net economic values per unit water
 

quantity for all sectors, a great deal o reliance must be placed in
 

the physical hydraulic data and the costs associated with such. It is
 

to be anticipated that complications regarding the interarea transfcr
 

of goods will be encountered, though actual valuations should be
 

accounted for in the basic transaction table of goods purchased and
 

produced.
 

To establish the net benefit - water quantity relationships it is
 

necessary in most cases to determine the gross incomes of each sector
 

together with the gross water diversions. These data may be collected
 

by observation of existing transactions within a developed catchment
 

area, or comparative value assignments from adjacent areas. For
 

undeveloped or developing areas, it will be necessary to use compara

tive analysis in conjunction with theoretical estimates determined from
 

climatic, soil, hydrologic, hydraulic, and anticipated growth pattern
 

data. Data must be collected from each sector considered as an entity
 

as discussed in length in the previous chapter. In many cases, it
 

may be necessary to estimate or collect from empirical data, only the 

extreme values for the b. - qi relationships and determine inter

mediate values through interpolation. However, for all sectors, the 

determination of the marginal values is crucial and in most cases will
 

necessitate consideration of empirical and theoretical data.
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Particular care should be exercised in the formation of the 

bi - q! relationships under temporal consideration. Monthly water 

quantity use variations may induce lalge variations in the net economic 

benefits derived per month, and is recommended that, for the irriga

tion, power generation and recreation sectors particularly, individual 

monthly b. - q! relationships be established. 

6.50 	 Conclusions:
 

Throughout the previous chapters it has been stressed that the
 

following optimization method requires practically all facets of
 

physical and economic data associated with the production of goods
 

within a catchnent area. It should also be stressed that the major
 

cost of operating this model will be associated with data collection
 

and evaluation.
 

qhe overall accuracy of operation of the model throughout the
 

maximization process will be dependent solely upon the reliability
 

and precision of the data, and final results should indicate the reli

ability of the maximization in relation to data precision. A great
 

deal of care should be taken in the collection and evaluation of the
 

data and monthly modifications may be necessary within the economic and
 

water use evaluations especially where comparative or estimated data
 

are used. This will be particularly prevalent in the case of a
 

developing country, where it is recommended that model operation be
 

conducted on a monthly sequential basis until validation of data is
 

achieved.
 



7.00 	 SYSTEM OPERATION:
 

In the following section, a logical sequence of discrete steps for
 

the economic and allocation optimization of an existing water
 

allocation system is formulated. Following the theoretical formulation,
 

synthetic data have been adopted for the water basin discussed in
 

Chapter 5.00. Synthetic data have been used within the example due to
 

the large comparative cost of real data collection in relation to the
 

model operation. However, economic data used have been derived from
 

references reporting real costs, though are specific in their nature
 

due to derivation from continental U.S.A. sources. Detailed operational
 

procedures for the month of September are given in section 7.20.
 

7.10 	Ooerational Theory:
 

The following sequential subsections list the entire operational
 

format for the maximization procedure.
 

7.11 	 Determine general catchment data. Basic catchment area parameters
 

in the form of area, average monthly rainfall, average monthly
 

runoff, distribution losses, and storage capacities are determined
 

initially. A complete accounting of the surface water movements within
 

the catchment area, together with imported and exported flows, is
 

required. All catchment data requirements are given in the flow chart
 

form of Figure 6.1 previously.
 

7.12 	 Determine average monthly sectoral demands and consumptions.
 

7.13 	 Compute the initial sectoral consumptions in relation to the
 

average monthly water available through the use of a water alloca

tion model.
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Establish the demand functions (b. - q! relationships). For each7.14 

sector, and from such, compile the b.qi - q! relationships.
1 1 1 

7.15 From the above step, determine the b. and b.q! values for
 
1 1 1 

total demand satisfaction consumptions.
 

7.16 Compile the average annual input-output table from either
 

historical sources, or estimates on the proposed gross production
 

values within the catchment area.
 

7.17 Establish the initial transactions table of net production arising
 

solely due to water use, for average monthly water consumption
 

is compiled through the
conditions. This table, designated by [Aijw , 

following manipulations: 

i) Sum the rows of the average annual input-output table within 

the consuming sector (excluding exports and accumulation). If
 

any particular sector has zero demand for water during a month,
 

the respective annual sectoral value is assigned as zero, and
 

the resulting matrix reduced accordingly. This summation may
 

be expressed as
 

IT = )xi .(7.1) 

ii) It is initially assumed that a value of $1.00 x 103 is
 

assigned to both the exports and accumulation columns. These
 

values are subtracted from the biq! values to give a new
 

net economic return for each sector designated by
 

Ibiq = Ibiq! - 2.001. (7.2) 
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The resulting values may be expressed as a column vector given
 

by
 

JBijClbibqi (7.3) 
C R 

iii) Compute a distribution multiplier (M ) from the ratio:
 

C
 (7.4)
Mi = Zxi.j 
R 

=TiTV 
R C 

Multiply each row in the average annual input-output 
table


iv) 


(excluding exports and accumulation) by the respective M1
 

values to give the initial distribution of produce between
 

sectors for average monthly water consumption conditions.
 

The initial table is completed with the following steps:
 

For each row in the exports and accumulation columns 
an
 

v) 


initial value of unity has been assigned.
 

Sum each row of the entire input-output table to give the
 
vi) 


total gross output of produce for the month arising 
solely
 

from water consumption, and excluding all other resource 

inputs. The resulting column vector, designated by I(Ti)wIC 

may be expressed as 

(7.5)
IM(Ti)w I = MI(x ij) + Y.. 

to the row vector I(GjwlR , where
 
vii) Transpose I()i)wI 

RC 

and enter in the total gross outlay
[Ti)wl ]TJ(Gj)wIR [ 

row.
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viii) Complete balancing the table by computing the payments sector
 

from the expression
 

1(Ij + L.)wj = I(Gj) J - XI(xi )w , (7.6)
3 R w R 'j w C 

and adopt (Ij)wI = I(Lj) w Negative values from this 
Sw R JWR 

calculation may be induced in the payments sector, which are 

initially neglected during the iteration process. 

The resulting table gives the initial input-output table of net 

produce transactions between sectors arising solely from the water 

resource. 

7.18 Compute incremental changes in 
LIe final demand sector through the
 
use of a second multiplier, M2 These multipliers may be
 

established as follows:
 

i) 
 Sum the unit net economic returns for the particular month,
 
i=n
 

for all sectors, designdted by b.
 
i=l
 

ii) Compute the M2 nultiplier for each sector from the
 

expression
 

b.1 
M = i 
 (7.7)
2 i=n b
i
 

i=l1 

iii) Incr.mental charges in final demand are then made through use 

of the expression 

AYi )w = 2[aM2 (7.8)
 

where the variable 'a" is incremented in values of $10 x 103
 

3 3initially, then $1.00 x 10 
, $0.10 x 10 and finally
 

$0.01 x 103
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7.19 	 Feed in the initial values of (Y.) w with a = $10 x 103 and
 

determine the new transactions table of b.q! values through use 

of the input-output program. 

7.110 	The row summation within the resulting table gives the total 

output of each sector for the new final demand values. These are
 

the new biq! values.
 

11 qi 	relationships, determine the actual water7.111 	From the b.qi - 1 

consumption, q' for each sector.
 
1 i :: ', 

C q'), and7.112 	Sum the resulting q! values for each sector,
1 	 i=0 

compare the resulting value with the actual water available for
 

from 	 the water ,liocation t.rogram.consumption determined initially 

7.113 	If the water available for consumption is greater or less than the
 

actual water quantity consumed, (,Y.) is modified incrementally,
 

and iteration continued until [ qi = 
1i=o 


7.20 	Operational Example:
 

7.21 	General Catchnient Data:
 
3 

x 103 	acres.
i) Catchment area: A = 1400 square miles = 896 

ii) Average annual rainfall over catchment: P = 12.00 inches. 

the catchment (considered withiniii) 	 Average annual runoff from 


the allo ,t on mod- va: Tatur i if lcw)
 

= inches 72.50 x 103 gallons for the entireN (annual) 2.98 

monthly distributions of rainfallcatchment area. The average 

runoff are given in Table 7.1 following.and 

capacity within the catchment area:iv) 	 Maximum storage 


MS = 18.00 x 103 gallons.
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Average Average Average 

Monthly Monthly Monthly 

MONTH Precipitation Runoff Natural Inflow 

(inches) (inches) (glls xlO3 

P qn qn 

I Jon 0.65 0.22 5.35 

2 Feb o.65 0.23 5.60 

3 Mar 0.83 0.29 7.06 

4 Apr 1.20 0.40 9.73 

5 May 1.66 0.43 10.46 

6 Jun 1.85 0.39 9.49 

7 Jul 1.38 0.18 4.38 

8 Aug 0.92 0.12 2.91 

9 Sep 0.83 0.14 3.40 

I0 Oct 0.83 0.21 5.12 

II Nov 0.83 0.25 6.08 

12 Dec 0.37 0.12 2.92 

TOTAL 
ANNUAL 12.00 2.98 72.50 

Table 7.1 Average Monthly Rainfalls and Runoffs. 
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7.22 Water Movement Data:
 

Within any defined catchment area water movement may be considered
 

under the three main sections of water inputs to the system, gross
 

deliveries and net consumption by the sectors, and water outputs (or
 

These three main sections are considered
exports) from the system. 


individually in the following subsections.
 

7.221 Water Inputs to the System. 

Primary inputs to the allocation system considered here 

are natural monthly inflow (I), water diverted (or imported) 

(qI), and water used from storage within
from an adjacent catchment area 

the area, referred to here as depletion water (qD). Water inputs are 

considered separately as follows: 

i) Natural Inflow. 

This input to the system consists of natural precipitation 
and 

the adopted average monthly natural inflows are given in 

Table 7.1 previously. 

ii) Imported Water. 

x 103 gallons has been adoptedA maximum monthly value of 2.0 


As the
the water available from adjacent catchment areas. 
as 


loss to thepurchase of this water presents 	an economic 

considered catchment area, the
allocating authority within the 

program only considers the availability of
water allocation 

imported water if all storages have been depleted and restric

tions need to be imposed upon the consuming sectors. If 

to any degree, then the maximumrestrictions are imposed 

monthly amount available is imported. 
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iii) 	 Depletion Water.
 

The third water input to the system is available from storages
 

within the catchment. This water is accumulated during
 

periods in which natural inflow exceeds consumed and required
 

export quantities. The amount of depletion water available is
 

solely 	dependent upon tho quantity of water held in storage at
 

the end of the previous month, with a maximum amount of 

18 x 103 gallons available in any one month. 

7.222 	 Gross Deliveries and Net Sectoral Consumptions. 

Gross 	deliveries (or diversions) to the sectors are denoted
 

by qi . whereas the actual net consumptions are given by
 

q! The relationship between these two quantities, as discussed in
 

Chapters 2.00 and 5.00 may be written as
 

q! = 	qi(l - R.), (5.15)
 

where 	 R.

1 

values are the respective return coefficients. For each of 

the seven sectors, the following subsections give the average monthly 

gross diversions required.
 

i) Irrigation Sector.
 

Irrigation area: A = 27,000 acres = 42.19 square miles.
 

Irrigation season: 6 months, May to October inclusive.
 

Average annual irrigation requirement (gross diversion to
 

irrigation areas): 5 acre feet per year. The average gross
 

monthly diversions, in gallons x 109 , are given in Table 7.2
 

following.
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ii) Industrial Sector. 

Total number of industries within the catclunent area: 200. 

Average monthly diversion per industry (assumed constant for 

each month): 3 x 106 gallons. 

iii) Domestic Sector. 

Catchment area population served by the domestic water supply 

system: 100,000 people. Range of average daily diversion 

requirements per person: 42 to 125 gallons. Average monthly 

discharge is based upon 30 days per month, and the gross 

requirements for each month are given in Table 7.2. 

iv) Commercial Sector. 

Total number of commercial businesses: 1500. Average monthly 

requirement per business: 0.3 x 106 glls. (assumed constant 

for each month). 

v) Power Generation Sector. 

Total number of hydroelectric plants: 5. Range of average 

monthly diversion requirements per plant: 0.020 x 109 to 

0.052 x 109 gallons. Average monthly discharge is based upon 

30 days per month, and the gross monthly requirements are 

given in Table 7.2. 

vi) Recreation Sector. 

Total number of recreational uses: 50. Range of average 

monthly diversion requirements per recreational area: 

0.40 x 106 to 30.00 x 106 gallons, with the monthly allocation 

requirements given in Table 7.2. 
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vii) 	 Social Sector:
 

Total number of social sectors serviced: 100. Range of
 

average monthly diversion requirements for all sectors:
 

0.17 x 	109 to 0.20 x 109 gallons.
 

In Table 7.2, the average gross monthly requirements (qi) for all
 

sectors are given together with the average monthly consumptions (q!).
 

For simplicity, the return coefficients for each sector have been
 

assumed constant throughout the year, though for the irrigation,
 

domestic and social sectors especially, large variations may occur
 

between the summer and winter seasons.
 

7.223 	Water Outputs from the System.
 

Downstream demands for water originating within the
 

catchment are considered as water outputs from the alloca

tion system. If the storage at the end of the month under consideration
 

is greater than the storage at the end of the previous month, the
 

accumulated water is held out of productive use during the month, and
 

as such, is also considered as a monthly output from the system. These
 

two water output considerations are discussed separately in the
 

following subsections:
 

i) 	 Exported Water.
 

Under existing water law, most catchment areas are required to
 

pass a certain amount of water to areas downstream, either on
 

a daily, monthly, or annual basis. It has been assumed here
 

that a minimum monthly export base flow requirement (qEB) of
 

3.0 x 109 gallons is imposed upon the catchment area. Thus,
 

the actual monthly export flow (qE) is under the constraint
 

that qE > 3.0 x 109 gallons, and in any month may constitute
 

a portion of the storage depletion (qD) from the catchment.
 



SECTOR TOTAL 

MONTH IRRIG'NR 02 INDUSV'L00 DOM' 
3 =.5 COMM' J POWERP =.0._PWRRCNSCA R EC'N SOCIAL MONTHLY 

OTL 
R_ =0.20

q' R2 =0.05 q q R 3q =0.35 R 4 O.20 R 5 =0.20 R6 =0.80 
, R 7 =0.30 

,a q qi 
q, q q q q 4  q5 q5 q6 q q7 q7 i 

I Jan 0.00 0.00 0.60 0.57 0.13 0.08 0.45 0.36 0.26 0.026 0.02 0.004 0.17 0.12 1.63 1.160 

2 Feb 0.00 0.00 0.60 0.57 0.13 0.08 0.45 0.36 0.26 0.026 0.02 0.004 0.17 0.12 1.63 1.160 

3 Mar 0.00 0.00 0.60 0.57 0.14 0.09 0.45 0.36 0.26 0.026 0.05 0.010 0.17 0.12 1.67 1.176 
4 Apr 0.00 0.00 0.60 0.57 0.16 0.10 0.45 0.36 0.25 0.025 0.70 0.140 0.17 0.12 2.33 1.315 

5 May 3.00 2.40 0.60 0.57 0.19 0.12 0.45 0.36 0.20 0.020 0.80 0.160 0.17 0.12 5.41 3.750 

6 Jun 4.00 3.20 0.60 0.57 0.24 0.16 0.45 0.36 0.20 0.020 0.90 0.180 0.18 0.13 6.57 4.620 

7 Jul 10.00 8.00 0.60 0.57 0.33 0.21 0.45 0.36 0.15 0.015 1.00 0.200 0.19 0.13 12.72 9.485 F-

8 Aug 11.00 8.80 0.60 0.57 0.38 0.25 0.45 0.36 0.10 0.010 1.50 0.300 0.20 0.14 14.23 l.430 

9 Sep 9.00 7.20 0.60 0.57 0.33 0.21 0.45 0.36 0.10 0.010 1.50 0.300 0.20 0.14 12.18 8.790 

10 Oct 7.00 5.60 0.60 0.57 0.26 0.17 0.45 0.36 0.15 0.015 1.00 0.200 0.18 0.13 9.64 7.045 

II Nov 0.00 0.00 0.60 0.57 0.18 0.12 0.45 0.36 0.23 0.023 0.80 0.160 0.17 0.12 2.43 1.353 
12 Dec 0.00 0.00 0.60 0.57 0.16 0.10 0.45 0.36 0.25 0.025 0.06 0.012 0.17 0.12 1.69 [.187 

-. -. -. -

TOTAL 
ANNUAL 44.00 35.20 7.20 

-
6.84 

--
2.63 

j--- -
1.69 

--
5.40 

-
4.32 

- --
2.41 0.241 

- -
8.35 

--
1.670 

-
2.14 

-

0.1 

-
1.51 

6 

72.13 

187 

51.471 

Note: All values in gallons x 10 9 

Table 7.2 Average Gross Monthly Demands and Constumptlons 
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ii) 	 Accumulated Water.
 

Water accumulated during any particular month, designated by
 

qA' constitutes water in excess of consumptive demand that is
 

placed in storage for use in the following months. As such,
 

the maximum numerical value of qA in this system is
 

18.0 x 109 gallons during any one month, with qA only
 

occurring after all internal consumptive demands have been
 

met, together with the base export flow requirement.
 

7.224 	Water Balance for Average Annual Conditions.
 

From the previous sections it is now possible to construct
 

a tabular representation of the natural inflow, sectoral
 

consumption and export water data under the conditions of average monthly
 

runoff values and full demand satisfaction. Even under these conditions,
 

without physical water restrictions, a water reallocation may be
 

necessary to obtain economic maximization. The average annual data is
 

presented in Table 7.3 following. Assuming that the storage availabil

ity is 3.02 x 109 gallons at the beginning of month 1 (S.), we may
 

compute the storage at the end of each month using the allocation
 

program.
 

For month 1, the total monthly consumption and export quantity (qt)
 

is 4.16 x 103 gallons, and the average monthly 
inflow is 5.35 x 109
 

gallons. As the storage available is greater than the demand for the
 

month, the storage at the end of the month is given by
 

Si Si 	+.1 (q) - + L (q) (6.1) 

S. = 4.21 x 109 gallons. 

Within the allocation program it is assumed that half of the natural
 

inflow occurs at the beginning of the month and half at the end. The
 



Total Monthly Base Export Total Monthly Average Monthly 

Average Monthly Sectoral Consumption Sectoral Flow Consumption Natural 

(gallons x 10 9 ) Consumption Requirements Inflow 

MONTH (glls x I0 9 ) (glls x 10 9 ) (glls x 109 ) (glis x10 9 ) 

q q q3 q6 q7 q i qEB qr qn 

I Jan 0.00 0.57 0.08 0.36 0.026 0.004 0.12 1.160 3.00 4.160 5.35 

2 Feb 0.00 0.57 0.08 0.36 0.026 0.004 0.12 1.160 3.00 4.160 5.60 

3 Mar 0.00 0.57 0.09 0.36 0.026 0.010 0.12 1.176 3.00 4.176 7.06 

4 Apr 0.00 0.57 0.10 0.36 0.025 0.140 0.12 1.315 3.00 4.315 9.73 

5 May 2.40 0.57 0.12 0.36 0.020 0.160 0.12 3.750 3.00 6.750 10.46 

6 Jun 3.20 0.57 0.16 0.36 0.020 0.180 0.13 4.620 3.00 7.620 9.49 

7 Jul 8.00 0.57 0.21 0.36 0.015 0.200 0.13 9.485 3.00 12.485 4.38 

8 Aug 8.80 0.57 0.25 0.36 0.010 0.300 0.14 10.430 3.00 13.430 2.91 

9 Sep 7.20 0.57 0.21 0.36 0.010 0.300 0.14 8.790 3.00 11.790 3.40 

10 Oct 5.60 0.57 0.17 0.36 0.015 0.200 0.13 7.045 3.00 10.045 5.12 

II Nov 0.00 0.57 0.12 0.36 0.023 0.160 0.12 1.353 3.00 4.353 6.08 

12 Dec 0.00 0.57 0.10 0.36 0.025 0.012 0.12 1.295 3.00 4.295 2.92 

TOTAL 
ANNUAL 35.20 6.84 1.69 4.32 0.241 1.670 1.51 51.471 36.00 87.471 72.50 

Table 7.3 Average Monthly Natural Inflow, Consumption and Export Data. 
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above 	procedure is continued for each month, using the storage available
 

at the 	end of the preceding month plus half the natural monthly inflow
 

for consumption and export satisfaction. For the average annual values,
 

Table 	7.4 following tabulates the storage availability at the end of
 

each month, and indicates storage accumulation or depletion. The
 

complete tabulation of the monthly water balance for average monthly
 

conditions is given in the computer printout in Appendix B-2.
 

7.23 	Net Benefit-Water Quantity Relationships-


For each of the seven sectors, demand functions have been
 

developed from data pertinent to the central western area of the
 

U.S.A. These functions are, to a large extent, hypothetical due to the
 

lack of data available. This is particularly relevant for extreme
 

values within the functions, especially under restriction conditions.
 

From the b. - q* demand functions developed, the biqi - q! relation

ships have been developed for each of the sectors. From these relation

ships, the total net returns for each month may be obtained. Figures 7.1 

through 7.14 following give the b. - q! and biq! - q! relationships 

used within the example and Table 7.5 following these figures lists 

these values for each sector and month for average monthly demand 

conditions. 

To illustrate the development of Table 7.5, example computations
 

for month 9 are given following for each sector. Within this table the
 
i=.i 

summation b.q! for each month gives the total net economic benefit
 
i= 1 

derived from consumptive water use, while the double summation
 

n=12 i=7 
I biq! gives the total annual net economic benefit derived for 

1
i=1
n=l 

all sectors. Thus, for month 9 water use within the catchment area
 

realizes a total net economic return of $499,280 to the area for average
 



Storage at Total Montly Total Monthly Average Actual 

MONTH 

Beginning of 

Each Month 
M ( glls x I0 9 ) 

Consumption 
and Export 

(demand)(glls x O9 ) 

Consumption 
and Export 
(actual )(glis x I09 ) 

Monthly 
Natural 

Inflow(glis x 10 9 ) 

Accumulation 

9(glIs xIO ) 

Depletion 

(glis x O9 ) 

Water 

Wa 9rCOMMENTS(glIs xlO 9 ) 

Si qr qr qn qA q D q E 

I Jon 4.21 4.16 4.16 5.35 1.19 3.00 

2 Feb 5.64 4.16 4.16 5.60 1.44 3.00 

3 Mar 8.53 4.18 4.18 7.06 2.88 3.00 

4 Aor 13.94 4.32 4.32 9.73 5.41 3.00 

5 May 17.65 6.75 6.75 10.46 3.71 3.00 

6 Jun 18.00 7.61 7.61 9.49 0.35 4.52 Maximum storage 

7 Jul 9.89 12.49 12.49 4.38 8.11 3.00 

8 Aug 1.45 13.43 13.34 2.91 8.43 3.00 Water imported - Restrictions 

9 Sep 1.70 11.79 5.15 3.40 0.25 3.00 Water imported - Restrictions 

10 Oct 2.56 10.04 6.26 5.12 0.86 3.00 Water imported - Restrictions 

II Now 4.29 4.35 4.35 6.08 1.73 3.00 

12 Dec 3.02 4.19 4.19 2.92 1.27 3.00 

TOTAL 
ANNUAL AS = 0.00 87.49 76.36 72.50 17.82 17.81 37.52 

Table 7.4 Storage Behaviour for Average Annual Values. 
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monthly demand and consumption values. It should be realized however,
 

that the water allocation and net economic return may not be the optimal 

condition, and maximization of the total monthly economic: return will be 

carried out in conjunction with the intersectoral product distribution 

throuqh use of the basic annual input-output table. 

i) Irrigation Sector. 

For Month 9 

Area irrigated - 27,000 acres 

Gross monthly demand - 9.00 x 109 gallons
 

Return coefficient - R1 0.20
 

1
 

Net monthly consumption -q = ql (l - RI) 

= (9 x 109) (0.80) gallons 

= 7.20 x 109 gallons
 
7.20 x l09 

= 7,0
Net monthly consumption per 

acre 


27,000
 

= 0.267 x 106 glls/acre
 

From the b, - q1 relationship of Figure 7.1, for q! = 0.267 x 106
 

glls/acre, bI = $28.20 per 106 gallons, and from Figure 7.2, blq I = $7.52
 

per acre. Thus for 27,000 acres, the total net return for the month is
 

27,000 x $7.52 = $203,000.
 

ii) Industrial Sector.
 

For Month 9 

Total number of industries - 200 

Average diversion per industry - 3 x 106 gallons for month 9 

(Assumed constant for each month)
 

6 6
Gross monthly demand - q2 = 200 x 3 x 10 = 600 x 10 gallons
 

Return coefficient - R2 = 0.05
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Net monthly consumption - qj = q2(1 - R2)
 

= 600 10 (0.95) 

= 570 x 106 gallons
 

= 5 x 10Net monthly consumption per industry 
 200 

= 2.85 x 106 gallons
 

for q= 2.85 x 106
From the b2 - q§ relationship of Figure 7.3, 


gallons, b2 = $160 per 106 gallons, and from Figure 7.4, b2qj = $456 per
 

industry. Consequently, for 200 industries, the net economic return
 

from the industrial sectors for the month is 200 x $456 = $91,200 for a
 

total monthly consumption of 570 x 106 gallons.
 

iii) Domestic Sector.
 

For Month 9
 

Catchment area population served by the domestic water supply
 

system - 100,000 people
 

Average daily diversion per person - 108 gallons 

Gross monthly diversion - 93 = 3240 gallons per person 

Return coefficient - P = 0.35 

Net monthly consumption - q= q 3 (1 - R3 ) 

= 3240 (J - 0.351 

= 2106 gallons per person 

Net monthly consumption for the entire sector 

= 2106 x 100,000 gallons 

= q; 211 x 10' gallons 

Figure 7.5 gives the b3 - q; relationship for domestic water 

supply, and for a net monthly consumption of 2.11 x 103 qallons per 

person, the economic return to the distribution authority is given by 

33 
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The total net willingness to pay by the user, or the return to the
 

allocating authority, is given by b3q (population) = $47,600, as 

shown in the b 3 q 3 q; relationship of Figure 7.6. 

iv) Commercial Sector.
 

For Month 9
 

Total number of commercial businesses - 1500
 

Average diversion per business - q4 = 0.3 x 106 gallons
 

(Assumed constant for each month)
 

Gross monthly demand = 1500 x 0.3 x 106
 

= 450 x 106 gallons
 

Return coefficient - = 0.20
R4 

Net monthly consumption per business - q4 = q4 (l - R4 

= 0.3 x 106 (0.80) 

= 0.24 x 106 gallons 

From the b4 - q relationship of Figure 7.7, for q= 0.24 x 106 

gallons, b4 = $98.00 per 106 gallons, and from Figure 7.8, b4 - q = 

$23.52 per business. The net economic return for all businesses during 

the month is thus $23.52 x 1500 = $35,280.00, for a total net monthly 

consumption of 360 x 106 gallons. 

v) Power Generation. 

For Month 9 

Total number of units - 5 

Average diversion per unit - q5 = 20 x 106 gallons 

Gross demand for Month 7 = 5 x 20 x 106 

= 100 x 106 gallons
 

Return coefficient - R5 = 0.90
 

http:35,280.00
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Net monthly consumption per unit - q; 	= q 5 (l - R 5 ) 

= 20 x 106 (0.10) 

= 2.0 x 106 gallons 

From the b 5 - q; curve of Figure 7.9, for q; = 2 x 106 gallons,
 

b5 = $3750.00 per 106 gallons, and from Figure 7.10, b5q = $7,500.00
 

per power unit. The net economic return for all units during the month
 

is thus $7,500.00 x 5 = $37,500.00, for a total monthly consumption of
 

10 x 106 gallons.
 

vi) Recreation Sector.
 

For Month 9
 

Number of recreational facilities - 50
 

Average diversion per recreation area - q6 = 30 x 106 gallons
 

50 x 30 x 106
Gross diversion for Month 7 

= 1.50 x 109 gallons 

Return coefficient - = 0.80R6 


Net consumption per recreation area - q= - R6) 

= 30 x 106 (1 - 0.80) 

= 6.0 x 106 gallons 

From the b - q' curve of Figure 7.11, for a' = 6.0 x 106 
6 6 	 "
 
66 

gallons, b6 = $140.00 per 106 gallons, and from Figure 7.12, b6q6 = 

$840.00 per recreation area. The net economic return for all areas 

during the month is thus $840.00 x 50 = $42,000.00, for a total monthly 

consumption of 0.30 x 109 gallons. 

vii) Social Sector. 

For Month 9 

Number of sectors served - 100 

Month 9 diversion per sector - 2.00 x 106 gallons 

http:42,000.00
http:37,500.00
http:7,500.00
http:7,500.00
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Gross 	diversion for Month 9 - 200.00 x 106 gallons
 

Return coefficient - R7 = 0.30 

Net consumption per social sector - q = q7 (l - R7) 

= 2.00 	x 106 (0.70) 

= 1.40 	x 106 gallons
 

From 	the b7 - q7 relationship of Figure 7.13, for q7= 1.40 x 106 

gallons, b7 = $305.00 per 106 gallons,and from Figure 7.14, b7ql = 

$427.00 per social sector. The net economic return from all social
 

sectors f:." the month is thus $427.00 x 100 = $42,700.00 for a total 

monthly consump tion of 140 x 106 gallons. 

7.24 	 Basic Annual Input-Output Table: 

As discussed in Chapter 6.00, under Data Acquisition, it is
 

necessary to tabulate the total net economic returns for each 

sector in terms of the produce purchased from, or sold to other sectors 

within the basin. The interchang, of goods and services between the 

sectors is classified through the basi,: input-output table, though these 

values reflect the total output derived from all resources, arld are not 

specifically orientated to water. The basic input-output table adopted 

is given in 'Table 7.6 following, with note also being made that the 

final demand and payment:-; sectors refer solely to the economic value of 

goods and services, and not the net total economic return or cost of 

exported, accumul,-.ted, importhd or depleted water. 

7.25 	 Initial Water Transactions Tables: 

Following the discrete steps of section 7.17, derivation of the 

M1 and M2 multipliers for Month 9 is given in the following 

http:42,700.00
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MONTH 

-Jan 

2 Feb 

IRRIG'N 

b, q, 
0.00 Q.00 

0.00 0.00 

INDUST-L 

b2 b2 q' 
160.00 91.20 

160.00 91.20 

DOM 

b3 
510.00 

510.00 

b q 
43.10 

43.10 

SECTOR 

COMM [ 
b4 bq, 
98.00 35.28 

98.00 35.28 

POWER 

b5 bq 
280000 72.80 

2800.00 72.80 

REC'N 

b6 
105000 4.20 

1050.00 4.20 

SOCIAL 

7b b~q! 
335.00 39.87 

335.00 39.87 

iqit 

286.45 

286.45 

3 

4 

5 

6 

7 

8 

9 

10 

I. 

Mar 

Apr 

M 

Jun 

Jul 

Aug 

Sep 

Oct 

Nk 

0.00 

0.00 

17.50 

20.00 

2Q.25 

.0 

28.20 

25.,0 

. 0 

0.00 

0.00 

42.00 

64.00 

236.25 

262.24 

203.CO 

143.36 

.0o 

160.00 

160.00 

160.00 

160.00 

160.00 

160.00 

160.00 

160.00 

1-,0.o0 

91.20 

91.20 

91.20 

5H 
01.20 

91.20 

91.20 

91.20 

91.20 

01.20 

490.00 

420.00 

380.00 

310.00 

220.00 

210.00 

220.00 

290.00 

390.00 

44.60 

44.70 

46.93 

48.36 

47.60 

51.87 

47.60 

49.01 

45.63 

98.00 

98.00 

98.00 

98.00 

48.00 

98.00 

98.00 

98.00 

38.00 

35.28 

35.28 

35.28 

35.28 

35.28 

35.28 

35.28 

35.28 

35.28 

2800.00 

2850.00 

3000.00 

3000.00 

3250.00 

3750.00 

3750.00 

3250.00 

2900.00 

72.80 

71.25 

60.00 

60.00 

48.75 

37.50 

37.50 

48.75 

64.40 

840.00 

230.00 

215.00 

205.00 

196.00 

140.00 

140.00 

196.00 

215.00 

8.40 

32.20 

34.40 

36.90 

39.25 

42.00 

42.00 

39.25 

34.40 

335.00 

335.00 

335.00 

325.00 

307.00 

305.00 

305.00 

325.00 

335.00 

39.87 

39.87 

39.87 

40.95 

41.00 

42.70 

42.70 

40.95 

39.87 

292.15 

314.50 

349.68 

376.69 

539.33 

562.79 

499.28 

447.80 

310.78 

-

12 

b 

Dec 

q. 

0 

50. 

r. 160. 00 91.2q 

J10,4.40 
Note. All b, values 

420.00 44.70 98.00 

557.20 

in $ per I0 6 gallons 

35.28 2850.00 71.2t 790.00 

423.36 717.0 

All biq i values in $ X 103 

9.48 

326.68 

335.00 39.87 

487.39 

291.78 

4557.68 

Table 7.5 Unit Benefits and Total Economic Returns for Average Monthly Conditions. 



PURCHASING SECTORS
 

OUTPUTS CONSUMING SECTOR FINAL DEMAN,'D 

z -.j u TOTAL 

INPUTS Q. 

"N 

0a-

P UT 
cr.) 0U)Q . X J 

OUTPUT 

xi3 4 
ai. 

Xi5 Xi6 
ai2x.x 

Xi Pi Di Ti 

IRRIG'N XIj 18.00 11.00 30.00 10.00 10.00 9.00 14.00 9.00 9.00 120.00 

INDUST'L X 19.00 20.00 14.00 17.00 20.00 7.00 14.00 17.00 17.00 145.00 

0 
,., DO ' X3j 0.00 14.00 0.00 5.00 1.00 1 12.00 0.00 9.00 9.00 90.00 

I'_ ( COMm' X4j 20.00 25.00 10.00 4.00 6.00 6.00 5.00 12.00 12.00 00.00 

PW X5j 23.00 30.00 8.00 12.00 6.00 4.00 3.00 17.00 17.00 120.00 

F z0 REC'N 8.00 14.00 5.00 4.00 14.00 6.00 9.00 10.00 10.00 80.00 

SOCIAL X7j 10.00 15.00 7.00 8.00 9.00 8.00 10.00 14.00 14.00 95.00 

0.z IMPORTS j 6.00 8.00 3.00 23.00 19.00 14.00 15.00 0.00 0.00 88.00 

DEPLET'N Lj 6.00 8.00 3.00723.00 19.00 14.00 15.00 0.00 0.00 88.00 

TOTAL OUTLAY Gj 120.00 145.00 90.00 100.00 120.00 80.00 95.00 88.00 88.00 926.00 
7__-

Table 7.6 Brsic Annual Input-Output Table ($ X 104) . 
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steps, together with complete derivation of the initial transactions
 

table of net production arising due solely to water use.
 

i) Summation of the consuming sector rows of the annual input

output table, 7.6, yields the following column vector,
 

II = 102.00
 
C 111.00
 

72.00
 
76.00 
86.00 
60.00
 
67.00 

4 
with all values expressed in $ x 104. Note should be made
 

that this vector remains constant for all months.
 

ii) After subtracting the initial unit values allocated to the
 

export and accumulation columns the net economic returns for
 

the month to each sector, biq! from Table 7.5, may be written
 

as 

IBJ 20.100
 
C 8.920
 

4.560 
3.328 
3.550 
4.000 
4.070
 

4 
with all values expressed in $ x 10
 

From the above two column vectors, the allocation multiplier
iii) 


is computed from
 

JBil
 

(7.4)
= C 

C 

to give 
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M1 0.19706 
0.08036 

0.06333 
0.04379 
0.04128 
0.06667 
0.06075 

for Month 9. Multipliers for all months are given in 

Table 7.7 following. 

iv) Multiplying each row of the annual input-output table 

(excluding the final demand sector) by the respective M1 

value yields the consuming sector of Table 7.8 following. 

v) Final demand columns are assigned an initial value of 1.00 and 

entered in Table 7.8. 

vi) Row summation of the table gives the total gross output 

column, and may be expiessed as:
 

(Tri)w 203.00
 
C 91.20
 

47.60
 
35.28
 
37.50
 
42.00
 
42.70
 

3
 
with all values expressed in $ x 103. 


equivalent to the expression
 

I(Ti)w I = 0.ooLBiI . 

C c
 

This vector should be
 

(7.9) 

vii) Transposition of the ITil vector yields
 
C 

T
 
I(T )I = I(G) I
 

w j w R 

= 1203.00 91.20 47.60 35.28 37.50 42.00 42.701 

which gives the total gross outlay row of Table 7.2. 
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MONTH
 

SECTOR
 

Feb Mar Apr May Jun
Jon 


0.00000 0.06078
IRRIGN 0.00000 0.00000 	0.00000 0.03922 


0.09696 0.08036 0.08036
INDUST'L 0.09696 0.09696 0.09696 

DOM' 0.06629 0.06629 0.06871 0.06887 0.06240 0.06439 

0.05943 0.04379 0.0437')COMM' 0.05943 0.05943 0.05943 

POWER 0.11238 0.11238 0.11238 0.10992 0.06744 0.06744 

REC'N 0.00423 0.00423 0.01231 0.05808 0.05400 0.15H 17 

0.06644 0.05652 u.05H13
SOCIAL 0.06644 0.06644 0.06644 


MONTH
 

SECTOR
 
Aug Sep Oct Nov Dec
Jul 

0.13859 0.00000 0.=(000OIRRIG'N 0.22966 0.25514 	0. 19706 

0.0(-16%
INDUST'L 0.0H036 0.08036 	0.08036 0.08030 0.09696 

0.06333 0.06529 0.07037 0.u6887DOM' 0.06333 0.06926 


COMM' 0.04379 0.04379 0.04379 0.(43793 0.0594-10.Qu943 

POWER 0.05436 0. 04128 0.04128 0.0543q . 0005 0. 1 9 

REC'N 0.06208 0. 006(.7 0.06-67 0.0620R 0.)0231 ((.1)14 A 

SOCIAL 0.05821 0.06075 0.06075 0.0 O .0.0664.1 

Table 7. 7 M, Multipliers for Average Annual Conditions. 



PURCHASING SECTORS
 

OUTPUTS 

INPUTS 

CONSUMING 

-
Cn 

0 
z 

SECTOR 

, 

0 W 
a:w 

0 

FINAL DEMAND 

TOTA L 
OUTPUT 

xi x xi 2 xi3 xi4 x15 xi6 xi7 Pi Di Ti 

IRRIG'N Xlj 35.45 21.68 59.12 19.71 19.71 17.74 27.59 1.00 1.00 203.00 

C0 

I" 

U 

INDUST'L 

DOM' 

x2i 

x 

15.27 

6.33 

16.07 

8.87 

11.25 

6.33 

13.66 

3.17 

16.07 

6.97 

5.63 

7.60 

11.25 

6.33 

1.00 

1.00 

1.00 

1.00 

91.20 

47.60 

o 
wj z 

0 

COMM' 
__ _ _ 

POWER 

X4j 
_ _ 

X5j 
_ 

8.76 
_ _ 

9.50 

10.95 
__ _ __ 

12.38 

4.38 

3.30 

1.75 

4.95 

2.63 
_ _ 

2.48 

2.62 

1.65 

2.19 

1.24 

1.00 

1.00 

1.00 

i.00 

35.2r 

37.50 

(D 
z 
0 

_ 

_oREC'N 5.33 9.33 3.33 2.67 9.34 4.00 6.00 1.00 1.00 42.00 

o SOCIAL X7 j 6.08 9.11 .1.25 4.86 5.47 4.86 6.07 1.00 1.00 42.70 

z 

g 

IMPORTS 

DEPLET'N 

Ij 

Lj 

58.14 

58.14 

1.41 

1.40 

-22.18 

-22.18 

_-75 

-7.74 

-12.58 

-12.59 

-1.05 

-1.05 

-8.99 

-8.98 

0.00 

0.00 

0.00 

0.00 

7.00 

7.00 

TOTAL OUTLAY Gj 203.00 91.20 47.60 35.28 37.50 42.00 42.70 7.00 7.00 513.28 

Table 7.8 Initial 
Water 

Distribution of 
Consumption. 

Produce Between Sectors for Average September 
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viii) 	 The payments sector of the table is computed from the
 

expression
 

1(1. + L.) W = I(Gj)wR - EI(x ij) 	 (7.6)
3 w R J R JwC 

which yields, for the irrigation sector,
 

I(Ij + L.) w = 203.00 - 86.72 

= 116.28. 

j = (Lw I yields the imports and depletionAdopting I(Ij) wA •WR
 

row vectors of
 

(Ij) wI 	 = 158.14 1.41 -22.18 -7.75 -12.58 -1.05 -8.991.
 

in these 	vectors indicate negative paymentsNegative values 

aremade by 	 the purchasing sectors, which in reality, 

final demand sector
teflected as positive values within the 


in the maximized transactions table.
 

7.8 reflects the initial input-output 	 table ofThe resulting Table 

from the waternet produce transactions between sectors arising solely 

resource for the month of September. A similar table is constructed for 

each month and these are given in Appendix C. 

7.26 	 Final Demand Modification: 

water for a particular month isOptimal 	 allocation of available 

achieved 	through static iteration of the initial input-output
 

final demand
table with iteration changes 	 being manually induced in the 

in the final demand sctor rely upon the
sector. Incremental changes 

direct functions 
use of a 	 second allocation multiplier M,, which are 
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of unit net economic benefits within each sector. Using the month of
 

September again, monthly tabulations for multipliers are estab-
M 2 


lished as follows:
 

i) From Table 7.5 the unit net eronomic benefits for all sectors
 

(for full demand satisfaction) ate summed to give 

i=76 
. bb 1i 4701.20 $ per 10 gallons
 

ii) M 2 multipliers for each sector are then computed from the
 

expression
 

M 1(7.7)
2 i=7
 

b.
 
i= 1 

which, for September, yields
 

M = 	 0.00600
 
0.03403
 
0.04680
 
0.02085
 
0.79767
 
0.02978 
0.06498
 

The summation of these multipliers for any particular month
 

should be equal to unity, and a complete listing of all
 

multipliers for average annual consumption conditions are
 

given in 	 Table 7.9 following. 

iii) Incremental changes within the final demand sector for each 

producing sector, are then made through the expression
 

(AY.) = 	 2[aM2 + 1.00]. (7.8)
1 w 2 

For September, a month under restriction conditions, the
 

initial iteration commences with the variable "a" equal to 

http:b1i4701.20
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MONTH
 

SECTOR
 

Jan Feb Mar Apr May Jun 

IRRIG'N 0.00000 0.00000 0.00000 	0.00000 0.00416 0.00486
 

0.03909 0.03885
INDUST'L 0.03230 0.03230 0.03388 0.03805 

DOM' 0.10297 0.10297 0.10375 0.10261 0.09036 0.07528 

0.02394 0.02380COMM' 0.01979 0.01979 0.02075 0.02330 


POWER 0.56531 0.56531 0.69631
0.59284 0.71335 0.72851 

REC'N 0.21199 0.21199 0.17785 0.05619 0.05112 0.04,1178 

0.07093 0.08185 0.07066 [0.07892SOCIAL 0.06764 0.06764 

MO NTH 

SECTOR 
Jul Aug Sep Oct Nov Dec 

IRRIG'N 0. 0()0687 1 .00635 10.00600 0.00589 0.00000 U.O(JUU 

(). 3403 (0.036R3 0.04002 ).o3,109INDUST'L 0.03756 0.03409 

0.0'755 0. 0 2 
DOM' 0.05164 0.04475 0.046R0 	 0.06675 

COMM' 0.o2300 0.02088 0.02,85 0.02256 0.0245i 0.,2,,11 W, 

POWER 0.76286 0.79010 0.797(,7 0.74806 0.73j 15 . 1: 1 

REC'N 0.04601 0.0283 0. 2(7 , 1). 045L111.. .t - 70 

SOCIAL 0.07206 0.06499 0.06488 0.(748 L (.),,37,) t;.,)7200 

Table 7.9 M2 Multipliers for Average Annual Conditions. 
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10.00 to give
 

(AY.) w = 2[10.00(M 2) + 1.00] (7.10)
 

Thus, the initial incremental changes in both the exports and
 

accumulation columns may be given by the column vector
 

I(AP i~w 1C (ADi wC 1.o61 
C C 1.34 

1.47 
1.21 

8.97 
1.30
 
1.65
 
0.00
 

where
 

I(APi)wI + j(AD)I = I(AYi)wI
C 

. (7.11)
C 
C 

These new final demand values are then read into the input

output program to give a new input-oucput table of biq!
 

values for all sectors.
 

iv) The total output values give a column vector of the total net
 

economic output from each sector. 
For the initial iteration,
 

these values are given below for September.
 

lb I = 36.91 
C 20.05
 

11.95
 
7.64
 

23.59
 
10.83
 
11.21
 

v) Actual consumptions necessary to give the above 
b.q! values
 
1 1
 

are then determined from the biqi - q! relationships, which
 
r u t 

results in the following column vector:
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Iqj 1 2.160 
C 0.168 

0.008 
0.123 
0.004 
0.018 
0.016 

vi) 	 Summation of the above vector yields the total water consumed
 

during the month. This is given by
 

i=7 9 

qi = 2.497 x 10 gallons.
i 1
 

As the above value is greater than the actual water quantity
 

available for consumption (2.150 x 109 gallons) (determined
 

from the water allocation model), a reduction in the final
 

demand values is required. The second iteration adopts an "a"
 

value of 5.00, arid the process repeated.
 
i=7 

vii) Iteration is continued until q'2.! = i2 Actual iteration 

steps 	are given in Table 7.10 following for the month, with
 

the final input-output listing given in Table 7.11.
 

7.30 	Operational Results:
 

7.31 	Average Demand Conditions: 

Table 7.12 following summarizes the average monthly consumptive 

demand and optimal consumptive allocations for (!ac:imonth lu iiig 

From 	this tabulation it can be seen
the hypothetical year considered. 


that increases in the next economic return to the area occur during the
 

and August, with reductionsmonths of January, February, May, June, July 

changes are relative to theoccurring during the other months. These 

net economic returns for average monthly consumptive demands, which
 



SECTOR 

IRRIG'N 

INDUST'L 

DOM' 
L.. 

COMM' 

POWER 

REC'N 

SOCIAL 

TOTALS 

Monthly 

Demand 
Values 

q 

203.00 7.200 

91.20 0.570 

'L 2--3010 

47.60 0.210 
2. 

35.28 0.360 

37.50 0.010, 

42.00 0.300 

42.70 0.140 

499.28 8.790 

y,_-
2 10" M21.00IO 

___ __7qi ,q -------
bq, qq' q 
36..911 2.16 

20.05 ,.168 

Il 

11.95 0. 008 

7.64 0.123 

23.59 0.004 

10.83 0.018 

11.21 C.016 

122.18 2.497 

Note: All bi qi values 

Table 7. 

ITERATION No 
2 3 4 


-2 SOOM2 1100 - :400 M2-
 0 : 4.58M2 +1.00 
2 2 .8 g1.O

i bb ,qi biq* biqjqi' qiqi 

28. 1 . 26.- 2 
27 R3 1 .-- 7 

15.31 .134 14.37 0.13o 14.93 
 0.133
 
W 

92 (.R 8.72 0.007 9.01 0 .0O . 2 ! 0 0 79 0 0.008 8 

6. 1 . 16 .7 0.104 6.06 0.112
 

14.2-) f'.001 12.11 0.001 
 13.49 0.001
 

9.4) 0.010 7.%0 0.1O9 8.20 0.009
 

0.3f.)1I 8.10 0.01) 8.41 0.011 

8055 2.121 87.33 2.1494170 )419 

in $ x 103 . .All qi values in gallons x IO 3 

10 Iteration for September. 

Water 

Availabl 

q
q Qi 



OUTPUTS 

INPUTS __ 

I N 

x x 

1 IRRIG'N XI3 

c- INDUST'L )2" . 

) U DOM',7 

Comm x3 

wl POWER 4,. 

I3 
0 0 

z _____ N 6j _ 

oSOCIo - SOC_____ 7]I ).2, 
OIXI 

z IMPORTS . 

< DEPLET'NJLJ i..-; 

TOTL ..TOTAL OUTLAY71G 

Table 

PURCHASING SECTORS
 

CONSUMING SECTOR 

-,_ 
_j 

-U' -~ F ~z, 
0E "E 3: 1 

I 
_U 

( 
FP 

x x. x. xP.
4 5 1712 13 

4.1, 3. ,'--2 4.32 

1 1.()7 2.065 3.1 1 .20 1.7(, 

lA.2 0. , 0.0-1 1. , T 1.2 0.99 

.31 6 0.34 

.. 31 0.0;0 0.53 0.35 0.19 

i 
3? 0.5' 1.98 5 0 .941 


!. K..; ,.", i 1.16, 1.,03 0.-'5 

0.51-

.. .,.1c, . 0-. -0.55 

1 134~~ .41 

.

14.~ Itput Out.p Tb fo S 

7.11 Final Input -Output Table for September. 

FINAL DEMAND
 
V) z 

- ~TOTAL" 
a- U 

D 

1.03 1.03 

1.16 1.16 

1.20 1.20 

1.1 1.10 


4.65 4.65 

1.14 1.14 

13L841.30 1.30 

0.00 0D.0o 

0.00 0.00 

ii115 11.58 
II -

OUTPUT 

T i 

27.83 

14.93 

9.01 

..06
 

13.49 

8.20 

8.41 

11.59 

11.57 

111.09,17-09 
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Average Consumptive Optimal Consumptive 
Demand Conditions Demand Conditions 
Average Net Economic Optimal Optimal Net 

MONTH Monthly Returns for Consumptive Economic 
Consumptive Consumptive Allocation Returns COMMENTS 
Demands Demands 

qi(demand) biq'(demand) q (optimal) biq'(optimal) 
I Jan .160 286.45 1.159 291.68 

2 Feb 1.160 286.45 1.159 291.68 

3 Mar 1.]76 292.15 1.182 291.03 

4 Apr 1.315 314.50 
 1.314 310.75 

5 May 3.750 349.68 3.749 351.62
 

6 Jun 4.610 376.69 4.610 376.98 

7 Jul 9.485 539.33 9.487 681.74
 

8 Aug 10.430 562.79 10.341 791.43 Restrictions 

9 Set 8.71)0 499.28 2.149 87.93 Restrictions 

10 Oct 7.045 447.Fi0 3.260 187.67 Restrictions 

II Nov 1.353 310.78 1.351 307.92
 

12 Dec 1.2o15 291.78 1.297 
 276.00
 

TOTA L 
ANNUAL 
 51.569 4557.68 41.058 4246.43 
Note: All q values in gallons x le. All biq i' values in S x 103 

Table 7. 12 Total Monthly Average Optimal Conditions. 
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remain constant within the optimal conditions except for the months of
 

August, September and October which are under water restriction condi

tions.
 

For the month of August, under a 0.85 percei.t water restriction,
 

the net economic return ha:; been increased 40.62 percent, and it is
 

anticipated that the months of September and October would have similar
 

percentage increases if water restrictions were not imposed. If these
 

three months are disregarded from the entire year of consideration, the
 

3
 

net annual economic return for demand conditions is $3,047.81 x 10 , and
 

3
 

the rdtimai net economic return is $3,179.40 x 10 , indicating a 4.32 

percent increase for these nine months.
 

of higherSignificant percentage increases occur durng the months 

demands, especially July and August, with minimal overall changes
 

not subject to restriction conditions.occurring in the other months 

in thc net economic returns are caused primarily by theThese increases 

demand function relationship for the power sqeneration sector, where 

b. values exist for !smqall water consumption values.comparatively high 1 

a shift in the water available to this sector from allThis induces 

tie hiqher net Lconomic rturns.other sectors, consequently inducing 

Table C-2-1 through Table C-2-11 in Appendix C-2 list the final 

results for each month. Comparison of the ihdividuchI sectoraloptimal 


tablu-s reveals both incre'ases and
values with the initial input-output 

sectoral net economic ieturns, irrespuctive of an increasedecreases in 


the net econunic return.
or decrease in total monthly 

7.32 	 Valuation of Exported Water:
 

During months of full demand satisfaction, water transferred out
 

of the basin area does not affect the nut economic return to the
 

http:3,179.40
http:3,047.81
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basin, and under such conditions, the exported water has zero marginal 

value. When full demand satisfaction is not achieved, export water 

demands cause a reduction in the net economic returns to each sector, 

and in doing so, takes on a io5 tiye economic value. 

The re I value of expel ted wat.er during months of partial demand 

satiS fac i on mly be determined by addinq the export water quantity to 

the total monLhly demand until hull demand satisfaction is obtained. 

With this additional water iv,iilahle for AI let ion, the, ,IptimiziZ tion 

process is rfrun to determin , Lehe new tot~al iet economic benefits. The 

difference between this valut and the oriqinal value of net economic 

benefit. without export water qi.vs the real value of the exported water 

or the va tIle of the watLr had it been placed in productive use within 

the ca L(hmelnl t. 

Considerinq i nterbasin allocation alternatives,, the not economi.c 

value lost by the basin considered should be gained by downstrea-m users 

if the water tran;fer is to be economically viable. A further alterna

tive int:erpr,.La tion is that users outside of the considered baiin should 

be willinq to buy t-he exjx)rLt,,d water at, or greater than, the net 

economic los: suffered by the UpStream user. However, this concept does 

not consider base flow requirements imposed upon natural river reaches. 

For the wate.r restricted months of August, September and October, 

Table 7.13 following qives the value of the export water, together with 

water quantities u:.,ed, for the basin under consideration. From this 

table, tHI unit value:-s of the export water (bE ) for the three months 

are $237.22 per 10 gallonis, $83.24 per 10 gallons and $86.86 per 

106 gallons, respectively. Note should be made that not all of the 

export wat:er avliilable has ben u.', d, r inql Autil, 

http:int:erpr,.La


MONTH 

8 Aug 

9 Sep 

10 Oct 

Average 


Monthly 


Consumptive 

Demands 


qii+ 


10.430 


8.790 


7.045 


Consumptive 

Demands 

Including 
Export Water 

i + E q 


lu.430 


5.150 


6.260 


Note:• 

Table 

Export Optimal Economic 

Water Net Returns 

Allocated Economic Including 
Returns Export Water 

qqE 7 bqq'bEqi Jbiq!+b qIbq+ E 

0.09 7D1.43 812.78 


3.00 87.93 337.65 

3.00 187.67 448.24 


All qj' and qEvalues in gallons x 109
 

All biqi and bEq E values in S x 103
 

All bE values in $ per 106 gallons
 

7. 13 Export Water Valuation 

Net Economic 


Value of 


Export 

Water 


bE Eb 


21.35 


249.72 

260.57 


Unit Economic
 

Value of
 

Export
 
Water
 

bEbb
 

237.22
 

83.24
 

86.86
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7.33 	 Valuation of Imported Water:
 

The value of the imported water to the basin may be determined in
 

a similar manner to that of exported water. If full demand satis

faction is achieved within all sectors from storage held within the
 

basin and natural monthly inflow, the marginal value of imported %Nter 

is zero. However, if all demands are not satisfied, then imported water 

assumes a real positive value. 

For the optimal net economic returns computed in Table 7.12, water 

has been imported for demand satisfaction during the restriction months
 

of August, September and October. Valuation of imported water may be
 

determined by subtracting the import water quantity amounts from the 

actual allocated quantities, and rerunning the optimization process to 

determine new net u2conomic benefits derived per month for all sectors. 

These new benefits are then subtracted from optimal net economic returns 

to give the net economic value of imported water (bIqI) for all sectors 

for the month. 

'Fable 7.14 following lists the import water values for the
 

restricted months of August, September and October, together with water
 

quantities consumed. From this table, the unit values of imported water 

(b I ) for the three months are $74.68 per 106 gallons, $41.02 per 106 

gallons and $76.98 per l0G gallons, respectively. All months have 

consumed the maximum amount of import water available during the month 

(2.00 	x 109 gallons).
 

For both imported and exported water quantities, demand functions
 

may be established by considering incremental increases in imported
 

water (up to full demand satisfaction) and incremental decreases in
 

exported water (until all exported water has buen consumed within the 



MONTH 

8 Aug 

9 Sep 

10 j Oct 

Average 


Monthly 


Consumptive 

Demands 


qi' 

10.430 

8.790 


7.045 

Consumptive 


Demands 


Excluding 

I Import Water 


q q1qi'-

8.340 


0.150 


1.260 

Note 

Table 

Import Optimal 

Water Net 

Allocated Economic 
Returns 

qi1- bi qi' 

2.00 791.43 


2.00 87.93 


2.00 187.67 

All qi and q, values in 

All biq i and b1q1 values 


All bI values in $ per 


7. 14 Import Water 

Economic 


Returns 


Excluding 

Import Water 


JbiqiI-bq, 

642.08 

5.89 


33.71 

gallons x 109 

in S x 103 

106 gallons 

Valuation. 

Net Economic 


Value of 


Import 

Water 


b1 q, 

149.35 


82.04 


153.96 

Unit Economic 

Value of 

Import 

Water 

b! 

74.68
 

41.02
 

76.98 
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basin, or full demand satisfaction occurs) and reallocating the
 

available water through the optimization process. The resulting demand
 

functions would serve as an exceptionally useful valuation tool for
 

incremental purchases of import water, and incremental sale of export
 

water quantities.
 



8.00 	CONCLUSIONS AND RECOMMENDATIONS:
 

The following chapter deals with the conclusions of the model
 

operation and the prime recommendations regarding the use of the
 

model under real data conditions, together with modifications and
 

further research requirements.
 

8.10 	 Conclusions:
 

The model developed allows the optimization of water allocation
 

for net economic rcturn maximization within a river basin. Using
 

average monthly sectoral demands initially, the model reallocates water
 

between sectors to maximize the net economic return to 
the entire basin
 

through a process of static iteration. Actual water available for the
 

particular year considered was 20.38 percent lower than the average
 

annual consumptive demand 	 conditions, though the actual net economic 

return was only 6.83 percent lower. Disregarding the months of
 

severe restrictions were imposed,
September and October, during which 

increased by 9.07 percent
the net economic return to the basin was 


through use of the model 	 indicating its viability to increase economic 

returns through rational 	 allocation decisions. 

For the water restricted months, August, with a 0.85 percent 

reduction in available water, gave a 40.62 percent increase in net
 

economic return; September with a 56.32 percent water reduction indicates
 

a 82.39 percent decrease 	in net economic return, and October, with a
 

reduction in net37.65 	percent water reduction gave a 50.80 percent 


to full demand satisfaction, within noneconomic bc.oefit compared 

in net 	 economic benefit ranged from 0.08restricted months, increases 

percent to 26.40 percent and decreases from 0.38 to 5.41 percent. 

161 
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Incorporation of input-output analysis within a physical water
 

allocation system has allowed comparative economic evaluation of water
 

between consuming sectors, though the method indicates a high degree
 

of data sensitivity. 
This 	sensitivity occurs within the input-output
 

program, primarily within-the matrix inversion-and the computations'
 

associated with new final demand allocations. 
This 	is particularly
 

evident when large final demand changes induced in one particular sector
 

detrimentally effect the total net economic benefit within a sector that
 

demands a comparatively small water consumption quantity. 
The model's
 

sensitivity also stems from its reliance upon the basic annual input

output transactions table for the entire basin, and recommendations
 

regarding this table's use are given in the following section.
 

In general, the model gives an increase in total net economic
 

returns by reallocating the actual water available for consumption
 

between the sectors, under the assumption that no constraints exist
 

within the allocation criteria other than the real water quantity
 

available with the basin. 
As legal, political and social constraints
 

play a large part in the actual allocation criteria of water within the
 

United States, the implementation of such a model is, 
at present,
 

hypothetical within an entire river basin. 
However, for future planned
 

cities, or developing countries, the model may be applicable to smaller
 

areas, under the assumption that a rational allocation authority is
 

established.
 

8.20 	Recomnendations:
 

The following suggestions for increasing the overall operational
 

efficiency of the model are offered, together with facets of the
 

model 	that require further individual research and investigation.
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1) For the existing model, a great deal more computer orientation
 

is required within the iteration process. A further computer program
 

could be incorporated within the input-output model to read directly
 

the resulting total outlays for each sector, modify the final demand
 

values appropriately, and continuing iteration until all available water
 

has been consumed.
 

2) The direct correlation of net economic benefits arising from
 

sectoral water use in relation to the annual input-output transactions
 

table implies a water resource-use mix exactly the same as all other
 

resource-use mixes. This assumption may not be held valid for all
 

sectors, and a far more accurate method would be attained through the
 

use of a data collected (or generated) monthly water use input-output
 

table. However, data collection of this nature adds further to the cost
 

of model operation within a real system. As discussed previously, the
 

validity of the above assumption may be increased through the use of
 

monthly input-output tabulations, though this again will ald signifi

cantly to the overall operational cost of the model.
 

3) As discussed in Chapter 5.00, a great deal more research is
 

required in the field of economic evaluation of water, and the develop

ment of demand functions for the various sectors. The economic effect
 

of the imposition of constraint conditions, especially upon the domes

tic and social sectors, also requires further consideration and
 

research.
 

4) The flow chart of Figure 1.1 includes the possibility of a
 

compensation criteria for sectors that suffer a reduction in available
 

water at the conclusion of allocation optimization. The requirements
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of a compensation criteria, its format and the valuation of compensation
 

costs also require a great deal more research for existing basins. How

ever, if water restrictions are imposed upon a particular sector, the
 

produce from this sector may take on a higher value in a future time
 

period due to its scarcity during the restricted month. Should this
 

happen in reality, constant modifications to the demand functions will
 

be necessary for all sectors.
 

5) In relation to recommendation 1), an increase in the accuracy
 

of the model may be obtained by defining the biq! - q! relationships
 

in terms of parabolic or hyperbolic equations.
 

6) Optimization within the model relies upon the allocation of
 

i=n
 
actual water available for consumption C [ q!) derived from average
 

i=0
 

annual demand conditions. A more realistic approach results through
 

the consideration of the actual gross water quantities available to
 

i=n
 
each sector ( X qi) during the defined time period. However, the
 

i=O
 

optimization of q, values must also include spatial and relative
 

temporal considerations within the water allocation program. As dis

cussed in Chapter 5.00, any particular water allocation program may be
 

used in conjunction with the optimization model, though the inclusion
 

of spatial considerations within the model will require a far more
 

sophisticated water allocation model than the one adopted here.
 

7) A further refinement may be made within the model by modifying
 

the M2 multipliers to include minimum consumption constraints. Note
 

should also be made that within the model, the M2 values will change
 

slightly following each iteration due to the changes resulting in the
 

b values. However this variation has been considered insignificant
 

within the model.
 

i 
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8) In the consideration of final demand changes, it is recommended
 

that different functions between the incremental final demand change and
 

the respective M2 value be considered. A poiynomial function, in
 

preference to the linear function adopted, may eradicate the necessity
 

of a compensation criteria, and automatically consider minimum water
 

quantity constraints to any particular sector.
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APPENDIX A-I
 

INPUT-OUTPUT PROGRAMI AND INPUT-OUTPUT
 

P LOTP F' ) iAM
 



-------------- 

-------------------------------- 

C-c
 

C
 
TNPUT-OUTPUT PLOT PROGRAM 


C------ INPUT-OUTPUT PROGRAM AND 


C
 
C------------------------------------------------------------------------------------
C
 
C---------------------------------------------------


2
)


PROGRAM INOUT(INPUTOUTPUTTAPE5
 
=
 
INPUTTAPE6xOUTPUT.TAPE
 

DIMENSION X( 79 7),PI( 7)*PJ( 9)o.0( 7).DJ 9)tTI( q),Tj( 9)v
 

7).TT 7),PR( O.10O).AT(7.7)9DIV(7)

IA( 7, 7) Y( 9)oAl( 7. 7).YP( 


DIMENSION EJ(7),DIP(?),CPI73F(7)90(7)
 

COMMON N
 

CALL LOCAT(2PAT)
 
READ N SIZE OF MATRIX
C--------


READ(5,10}N
 

10 FORMAT(12)
 
M=N.2
 

INPUT 	MATRIX
C-------- READ X 


00 100 InI,N
 =
 
19N)
READ(5.20) CX(l'J)*J
 

20 FORMATC7FI0.O)
 
100 CONTINUE
 

C--------
 READ PAYMENTS SECTOR
 

WEAD(520) (PI(1),1=19N)
 

PEAD(5,?0) 
(OI(1),1=1N)
 

READ FINAL DEMAND M )
C--------
REAOt5,30) (PJ(1),I=I
 
M
)
PEAD(5,30)(DJ(I)9,=I9
 

30 	 FOPMAT(6F1O.Oi
 
DC 2 1=1,M
 

Y(I)=PJ(I) D0(J )
 

2 CONTINUE
 
DO 3 I.1.N
 

TI (1)=Y(I)
 
00 4 J=IN
 
TI(1)=TI(1)-X(IJ)
 

A CONTINUE
 

3 CONTINUE
 
)= Y (


51 	 TI(m M)
 

TI (N-)=Y(N1)
 

DC 5 1=1,N
 
TI (N 1)=T I CN- )I IIC
 

TI(m)=TI (M) DI(1)
 

5 CONTINUE
 

C--- CONTINUED
 

http:FOPMAT(6F1O.Oi
http:READ(5.20


00 6 I=19N
 
Tjf1)=PI(I).O I )
 

7 
6 

00 7 J=I.N 
TJ(I)=TJ(I) 
CONTINUE 
CONTINUE 

CX(JI) 

TJ(NI1=0. 

D 8 1=1,M 
TJ(N*I)=Tj(N*I). PJ(Ii
 
TJ(m)=TJ(m)-DJ(I)
 

a CONTINUE
 
SUmTj=O.
 
DO 9 1=1.M
 

9 SUMTJ=SUMTJ-TI(1)
 
C-------- PUT DATA IN PR MATRIX FOR PLOTTED CHART
 

DO 43 I=I.N
 
00 43 J=I,N
 
PR(IJ)=X(I,J)
 

43 CONTINUE
 

DO 44 I=1,M
 
PR(IN*I)=PJ(I)
 
PR(I,N.2)=DJ(I)

PP(ItN+2)=DJ(1)
 

PR(I,N-3)=TI(1)
 
PR(N 3,1)=TJ(I)
 
IF I.GT.N) GO TO 44
 
FR(N.1,I)=PI(I)
 
PP(N.2,I)=DI(I)
 

44 	CONTINUE
 
IF (N .EQ. 7) GO TO 45
 

PR(9,9) = SUMTJ
 
45 PR(10.10)=SUMTJ
 

CALL CHART(PR)
 
DO 11 1=1 9 N
 
EJ(I)=TI(I) -O I()
 

11 CONTINUE
 
DO 22 1=1,N
 
DO 22 J=1,N
 
A(I,J)= X( I,J)iEJ J)
 

22 CONTINUE
 
DO 23 J=1,N
 

16 DIR(J)=O.
 
DO 24 1=1,N
 
DIR(J)=DIR(J)+A(IJ)
 

24 CONTINUE
 

IF(DIR(J).LT.I.0) GO TO 23
 

C ---- CONTINUED
 



DO 25 1=1,N
 
At!eJ)=A(IoJ)*.99
 

25 CONTINUE
 
GO TO 16
 

23 CONTINUF
 
WRITE(6,3;)
 

39 FORMAT(* DIRECT TECHNICAL COEFFICIENTS*/)
 
00 200 Ir1,N
 

wRITE(6,40) (A(IJ)tJ=IN)
 
40 FOPMAT(7(2XF6.2))
 

200 CONTINUE
 

C-------- SET UP IDENTITY MATRIX
 
DO 93 I=],N
 
DO 91 J=19N
 
AI(I-J)=O.
 

91 CONTINUE
 
AI(I*I)=1.
 

93 CONTINUE
 
C-------- SUBTRACT A FROM I
 

Do 92 I=1,N
 
DO 92 J=1,N
 
AI(IJ)ZAI(IJ)-A(I9J)
 

92 CONTINUE
 
C-------- CALL MATWIX TO INVERT I-A
 

CALL MATRIX(l0,NNv0AIv7DET)
 
WRITE(6,49)
 

49 FORMAT(* DIRECT AND INDIRECT TECHNICAL. COEFFICIENTS*/)
 

DO 201 1=1,N

WPITE(6,40) (AI(IJ),J=IvN)
 

201 CONTINUE
 
C-------- RFAD CORRECTED FINAL DEMAND
 

PEAD{5,30)(PJ(1)9I=I.M)
 

IF(EOF(5))17,21
 
21 READ(5,30)(DJ(I)lIxlM)
 

DO 31 I=1,N
 
31 YP(I)=PJ(I) DJ(I)
 
C-------- CALCULATE ADJUSTMENT RATIO
 

mI=O.
 
DO 27 I=19N
 

27 HI=HI*Y(T)
 
DM IWO.
 
DO 18 I=10N
 
D0I=DMI.DI(I)
 

18 CONTINUE
 
IFHI1.EO.0.) GO TO 19
 
IF(DMI.EQ.0.) GO TO 19
 
Z=1.-(D"I/H!I
 

C---- CCNTINUED
 

http:At!eJ)=A(IoJ)*.99


00 52 I=I.N
 
YP(I)=YP(I)*Z
 

52 CONTINUE
 

C-------- MULTIPLY AT 
RY FINAL DEIIAND
 
DO 12 I=19N
 
DO 12 	JwlN
 

AI(IJ)=AI I.J) *YP(I)
 
12 CONTINUE
 
C--------
CALL MATRIX TO TRANSPOSE Al
 

CALL MATRIX(ON9N.0AIrTAT.T)
 
C-------- SUM ROWS OF AT-YP AND PUT INTO T
 

00 13 I=1.N

T(I)=O.
 

00 13 	J=lN
 
T(I)=T(I)+AT(IqJ)
 

13 CONTINUE
 
C-------- MULTIPLY 
A (DIRECT COEFF. MATRIX) BY T TRANSPOSE
 

DO 14 I=19N
 
O0 14 J=lN
 
A(IJ)zA(I*J)*T(J)
 

14 CONTINUE
 
C-------- REPLACE ORIGINAL X 
WITH RESULT AND RECALCULATE TABLE
00 15 	I=1,N
 

DO 15 	J=I*N
 
XtI*J)=A(I j) 


4b
15 	 CONTINUE
 
19 	 DO 53 J=1.N
 

CP(J)zO.
 
DO 53 I=19N
 
Cp(J.=CP(J) X(I.J)
 

53 CONTINUE
 
00 58 1=1M
 
Y(I)=PJ(I)DJ(I)
 

58 	 CONTINUE
 
DO 54 I=1.N
 
TI(I)z'Y(I)
 

DO 54 	J=I.N
 
TI(I)=TI(I)*X(IJ)
 

54 CONTINUE
 

00 55 I=1.N
 
F(I,=TI(I)-CP(I)
 

55 	 CONTINUE
 

DO 56 I=lN
 
IF(DI(I).NE.O) GO TO 66
 
R(I)=1. 
GO TO 56
 

66 R(I)=PI(1)/DI()
 
C ---- CONTINUED
 



56 	 CONTINUE
 
00 57 1=19N
 
DI(!)=F(1)/(P(1lol.)
 

PI(1 =F(I)-DI(I)
 
57 CONTINUE
 

GO TO 51
 

17 	 CONTINUE
 
STOP
 
END
 
SUBROUTINE CHART(DATA)
 
COMMON N
 

DIMENSION DATA(10,10),XLAB(9)tYLAB(g),XPD(1O)
 
DAT# XLAR/1OHIPRIGATION .10HINDUSTRIAL ,8HDOOEST!C,10HCOMMEPCIAL ,
 
I-0HPOWER GEN. ,10HRECREATION ,10HSOCIAL USE ,7HIMPOPTS .9HDEPLETI
 

20N/
 
DATA THETAXTHETAY/9O.0tl180.0/tHT/.14/
 

DATA XPD/2HO1.2H02,2HG3.?HQA42H05,2H62H7,1HPtHDtIHT/
 
DATA IPN/0/
 
CALL INIT(P)
 
NUM3=N
 
NUM2=N-1
 
NUM1=N.2
 
NUM=N+3
 
NUMP=N*4
 
YSPAC=.825
 

CALL FACTOR(.8)
 
DO I J=1,NUM3
 

1 	YLAB(J)=XLAB(J)
 
YLAB(NUN2)=1OHEXPORTS
 
YLAP(NUMI)=10HACCUM.
 

C X 	MAIN TITLES
 

CALL SYMBOL(6.0,0.25*HT,17HPRODUCING SECTOPS,THETAY,17)
 
CALL SYMROL(3.5,'.5,HT,9HCONSUMINGTHETAX9)
 
CALL SYMBOL(4.0.0.5.HT.7H SECTOR. THETAX.7)
 

CALL SYM3OLt2.2..667*NUM2,0.5,HT,BHPAYENTS.THETAXB)
 
CALL SYMBOL(2.2-.667*NUM1..5,HT.7H SECTOR ,THETAX,7)
 
CALL SYMBOL(2.2 .667*NUM,.5.HT,1BHTOTAL GROSS OUTLAYTHETAX,18)
 

CALL SYMBOL(l..1.4,HT,6HINPUTC,,THETAXv6)
 
C X LINE LABELS
 

P0S=2.2
 

00 10 J=1,NUMI
 
POS=POS-.667
 

10 CALL SYNBOL(PUSi.8,HT,XLAR(j),THETAX,10)
 
P0S=POS°.667
 
DO 11 j=I.NUm
 
K=NUMP-j 
IF(j.GT.3) GO TO 12
 

C--- CONTTNUVD
 

http:SYMBOL(4.0.0.5.HT.7H
http:THETAXTHETAY/9O.0tl180.0/tHT/.14


CALL SYMBOL(POS,3.1.HTXPO(KIoTHETAX,1)
 

GO TO 13
 
12 CALL SYMBOL(POS3.1mHTeXPD(K)tTHETtX2)

13 POSuPOS-.667
 
11 	 CONTINUE
 

CALL SYMBOL(POS93.1HT,1HQTHETAX91)
 
C Y 	MAIN TITLES
 

CALL SYMROL(I.2I2.1xTv7HOUTPUTSTHETAX.7)
 
CALL SYMBOL(.256.09HT917HPURCHASING SECTOR;THETAXtI71
 
CALL SYMROL(0.5#5.79HToI6HCONSUMING SECTOR.THETAX.16)
 
FINs4.0.NUM3*YSPAC
 
CALL SYMBOL(O.43,FINHT,5HFINALTHETAX.5)

CALL SYMBOL(.659FIN.HT.6HDEMANDTHETAX,6)
 
TOT=3.o7NUMI*YSPAC
 

CALL SYMBOL(.667,TOT.HTSHTOTALTHETAX.5)
 
CALL SYMBOL(I.0TOTHT.5HGPOSSTHETAX,5)

CALL SYMBOL(.33TOTHT6HOUTFUTTHETAX,6)
 

C YLINE LABELS
 
P0S=3.9
 
DO 20 J=1,NUM1
 
CALL SYMROL(I.88,POSHT.YLAB(J),TmETAY 910)


20 POSNPOS+YSPAC
 
POSXPOS-.12
 
UO 21 J=1,NUM
 
K=NUMP-J
 
IF(J.GT.3) GO TO 22
 
CALL SYMROL(2.2POStHTXPD(K),THETAX1)
 
GO TO 23
 

22 CALL SY0dOL(2.2POSHTXPO(K),THETAX2)
 
23 POSuPOS-YSPAC
 
21 CONTINUE
 
C NUMBERS
 

00 30 1=1,NUM
 
DO 30 J=I*NUM
 

30 CALL NUMSER(2.24.667*I.3.40*YSPAC*J-HTDATA(IJ),THETAX.2)
 
C LINES
 

YBORDz3.75.YSPAC*NUM
 
XFORD=23*.667*NUM
 
CALL PLOT(.O9*.O9o3
 
CALL PLOT(.O90YBORD2)
 
CALL PLOT(XBORDvYBOPD92
 
CALL PLOT(XBORD.0992)
 
CALL PLOT(.09*.09,2)

CALL PLOT(.943.0O,)
 
CALL PLOT(.94oYBORD92)
 
CALL PLOT(2.23,YBORD93)
 
CALL PLOT(2.23.09,2)
 

C---	 CONTINUED
 

http:PLOT(.943.0O
http:POSXPOS-.12
http:SECTOR.THETAX.16
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APPENDIX A-2
 

COMPUTER PLOT OUTPUT FOR SEPTEMBER
 

INITIAL ALLOCATION
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APPENDIX A-3
 

COMPUTER PLOT OUTPUT FOR SEPTEMBER
 

OPTIMAL ALLOCATION
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APPENDIX B-1
 

WATER ALLOCATION PROGRAM 
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C
C------ WATER ALLOCATION PROGRAM---- ------------------.---.-------------

-------- --------------------------- C
 
----- -- --C


C----- --------- m--- M--- M-----------------


C---------------------------mm---------------------------------------


PROGRAM WADIS(INPUTOUTPUTTAPE5=INPUTTAPEb'OUTPUT)
 
cDIMENSION (7),R(7), IP(7) 


INITIAL AVERAGE MONTHLY DIVERSION TO USER
 

C-------- R() = RETURN COEFFILIENT OF U ER
 

C------..-- QIP(I) = INITIAL NET MONTHLY CONSUMPTION HY USER
 

TO MONTH
 

C-------- -() = 


C-------- ON = AVERAbF NET INFLOW STREAM FOR 


C-------- AM = MAXIMUM STORAGE CAPACITY
 

AT HEGINNING OF MONTH 
I
C-------- ST = STORAE VOLUME 

C- ----- QE = MINIMUM 8ASE EAPORT FLOW REQUIRED PER MONTH
 

C-------- O = IMPORTED WATER AVAILABLE DURING MONTH
 

C ------- OT = TOTAL MONTHLY CONSUMPTION BY 
ALL USERS PLUS MINIMUM
 

BASE EXPORT FLOW REQUIRED
C--------

C ------- OXl = SUM OF DOMESTIC* 
POWER. AND SOCIAL OLMANOS FOR MONTH
 

C------ -QX = MONTHLY COMSUMPTION DEMAND IN IRRIUATION, INDUSTRY*
 

AND RECREATION SECTORS
C------ -COMMERCIAL 

C------A = 
MONTHLY ACTUAL WATER AVAILABLE
 
C-------- RP = RESTRICTION RATIO
 

C------- OF = ACTUAL EXPORT FLOW AVAILABLE
 
C-------- m---------- m-------------M-----M---m----------------------------------C
 
C------- READ AMS ANU SI
 

RLAO)(5,]O) A!-S,Sl
 

C- ------ PRINT HEADINGS
 

WRITE(6919)
 
19 FORMAT(1HI.12(/))
 

WkITF(6,?0) SI
 
ALLOCATION*//43A*AIL VALUE
 20 FORMAT(* Q43X,aMONTHLY SECTORAL WATER 

SECTORAL CONSLIMPTION*/*
IS IN GALLONS A 10E9*///17X*NET MONTHLY 

MO*
 
W c 3 X X
M *SOCIAL*5 MO.


*IRRI 03XINDUST*3%)OM'.ACOM 4XePOW ER4 ARE
23 A G E 2 X A C C X E p L / 6 °O E M A N
 

4*5X*MO.*5X mo.*5XOMO.*5XeMO.*2X*STOW ~x o s. I
X *E X P *
kT */*/ l u 04 *DF ? .0


5U.eX*DISTWN*?XOIN LOW*?A*IMPORT62


DO 12 J=1912
 
C-------- STOPE SI VALUE FOR COMPUTATION OF ACCUMULATION OR DEPLETION
 

SIL=SI
 
C-------- READ 0(I) AND R(I)
 

HEAD(5 10)(u(1) I=1,*7),(P(I),I=1,7)
 

10 FORMAl (7F10.0)
 
C------ -READ ON. QEB, AND UI
 

READ(5,10) UNUEBoI
 

C-.CONTINUED
 

http:FORMAT(1HI.12
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C-------- COMPUTF iNITIAL NET MONTHLY CONSUMPTION (GIP(1)) 
13 DO 2 Jz1'7 

QIP(I) ' tii (J*-P(I)) 
P CONTIN'wF 

QT=O0,
 
C-------- COMPL1TF *rOTi.. MONTHLY CONSUMPTION * EXPORT (QT; 

DO 3 1=3, 
QT=QT+QIP(1) 

3 CONTINUE
 
QTUOT*QEB
 

QD=QT
 
OA=SIL*O.5UN
 

C-------- IF STORAGE VOLUME GREATER THAN TOTAL CONSUMPTION THERE ARE
 
C -------- NO RESTRICTIONS
 

IF(A.GfQT) GO TO 16
 
C-------ADD STORAGE AND IMPORTED WATER
 

QA=QA*QI
 
C-------- IF THIS TOTAL IS GREATER THAN TOTAL CONSUMPTION* IMPORT WATER
 

IF(QA.GE.QT) GO TU 17
 
C-------- IF NOT* CALCULATE RESTRICTIONS
 

IF(QA.LT.OEB) OEB=OO
 
QA=QA-QEB
 

C-------- TOTAL DEMANDS FOR SECTORS 3,5, AND 7
 
OXI=QIP(3)#UIP(5)#QIP(7)
 

C-------- IF TOTAL STORAGE LESS THAN THIS TOTAL DISTRIBUTE WATER AMONG
 
C-------- THESE SECTORS IN RATIO OF INITIAL MONTHLY CONSUMPTION
 
C-------- SECTORS 1,2,4o AND 6 GET NO WATER
 

IFGA.GE.Q.A'; GO TO 5
 
RR=QA/OX1
 
UIP(3)=RR*QIP(31
 
QIP('5)=ROQIP(5)
 
QIP(7)=RR*QIP(7)
 
QIP(1)=O.O
 
00 7 I=29692
 
OlP(I)=O.O
 

7 CONTINUE
 
GO TO 21
 

16 OI=0.0
 
17 SI=QA-QT*O.5SUP]
 

GO TO 6
 
C-------- IF TOTAL STORAGE IS GREATER THAN DEMANDS FOR 3959 AND 7
 
C-------- DISTRIBUTE REMAINING AMOUNT AMONG SECTORS 1,24,, AND 6 IN
 
C-------- R,rIO OF INITIAL MONTHLY CONSUMPTION
 

5 UA=gA-QX1
 
0X2=QIP(I)*QIP(2)*CIP(4)*QIP(6)
 
NRzQA/QX2
 
QIP(l)=QIP(1)0RR
 

C --- CONTINUED
 

http:IF(QA.GE.QT


Olp(?)ZO~pl?) *fWw
 

OIPC4) znTP 4) *wW
O1P CA) =0I PCb) oh
 

21 	SI= .5",)N
 
GTOO
 

DO ?? l19?
 

01 OT .(.l lC )
 

2? 	CCNT I NkUf
 
OT xQTo-Ot 0
 

C- ------ C')mPJTf. NFw STOA(,L VOLUME FOW NEAT MONTH 

SIF (Sl.1'..AMu ) G) TO d 

(jErQEfH 
I (Sl.G .0.1 (,( TO 11
 

9 si 0.0
 

AVAILABLE
C-------- oMPLJT ACTUAL EXPOU1 Ft.Ow 

A Q t - (SI-1.M S - L P 
F TCTA. STOWAG GQLATE.4 THAN MAX. CAPACITY.'fOR4GE FOR NEXT
 

C--------

1% AX4IMUM
C-------- wONT" 


SI=a m 
(3M 	DEPL TION Vto.JtE
 

(OMPJTE. ACCUMULATIN 


1' "CC3SI-SIl
 
C ---------


IF ,ACC.LT.rn) (o TO 1
 

C-------- PPINT OUTPUT 

*11P I 1 1:I7t D.QTON I1sUC.sSIoACLuiHI 	 fE( 6s.30) j.i 
" ' ' ) )

4CJA0C , 


G TO 1?
 

14 ACC:ACC(C-i.0?
 

30 	F'jkUA1(Ix*!?
 

G ).O T I

ON.0 

'0E * SI *ACC
WWI IF 16s4.0) Js (Ol (I )*iz .7) -
k'
 

I*13 13A .F b .) IA.F5.
40 FO MATI Xs 

12 CONTINUF
 

STOP
 

http:ACC.LT.rn
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APPENDIX B-2
 

WATER ALLOCATION PROGRAM OUTPUT
 



MONTHLY SECTORAL WATEP ALLOCATION 

ALL VALUES IN GALLONS X 10E9 

MO IRFIG 

NET MONTHLY SECTORAL CONSUMPTION 

INOUST DOM COrM POwEP REC SOCIAL NO. 

DEMAND 

MO. 
DISTPN 

MO. 
INFLOW 

6O. 
IMPORT 

MO. 
EXPORT 

STORAGE ACC DEPL. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

0.00 
C.00 
0.00 
0.00 

2.40 
3.20 
8.00 
8.73 
1.53 
2.45 
0.00 
0.00 

.57 

.57 

.57 

.57 

.57 

.57 

.57 

.57 

.12 

.25 

.57 

.57 

.0h 

.01 

.09 

.10 

.12 

.16 

.21 

.25 

.21 

.17 

.I 
.10 

.3b 

.36 

.36 

.3b 

.3b 

.36 

.36 

.36 

.08 

.Ib 

.3b 

.36 

.03 

.03 

.03 

.03 

.02 

.02 

.02 

.01 

.01 
.02 
.02 
.03 

.00 

.00 

.01 

.14 

.1b 

.Ib 

.9(O 

.30 

.06 

.09 

.1 a 

.01 

.12 

.12 

.12 

.le 

.12 

.13 

.13 

.1 

.14 
.13 
.12 
.12 

4.1b 
4.16 
4.1s 
4.32 
b./b 
1.bl 

12.-9 
1.43 
11. 7 
10.0' 
4.3t 
4.19 

4.Ib 
4.1b 
-,lb 
'.32 
6.15 
1.b1 

le.49 
1ij.34 
5.15 

b2b 
4.35 
4.19 

5.35 
5.60 
7.06 
ci.o3 

10.46 
9.49 
4.38 
2.91 
3.40 
5.12 
b.0 
2.92 

0.00 
0.00 
0.00 
U.00 
0.00 
0.00 
U.O0 
e.00 
e.00 
e.00 
0.00 
0.00 

3.00 
3.00 
3.00 
3.00 
3.00 
..b2 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

3.02 

4.21 
5.64 
8.53 
13.94 
17.65 
18.00 
9.89 
1.45 
1.70 
2.56 
4.29 
3.02 

1.19 
1.44 
2.8A 
5.41 
3.71 
.35 

.25 

.86 
1.73 

8.11 
8.43 

1.27 
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APPENDIX C-i
 

INITIAL DISTRIBUTION OF PRODUCE BETWEEN SECTORS
 

FOR AVERAGE MONTHLY WATER CONSUMPTIONS
 



PURCHASING SECTORS 

OUTPUTS CONSUMING SECTOR FINAL DEMAND 

TOTAL 
z I -j U, 

INPUTS m 
c-, 

-

o 0 
-

") 
-

( 
cr0 I OUTPUT 

xij 2 i 3 i4 Ki 5 iP Di Ti 

IRRIG'N Xlj 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I INDUST'L X 0.00 19.39 13.57 16.48 19.39 6.79 13.58 1.00 1.00 91.20 
I

) o, X3i 0.00 9.28 6.63 3.31 7.29 7.96 6.63 1.00 1.00 43.10 

I-OO 
0D COMM X4 j 0.00 14.86 5.94 2.38 3.56 3.57 2.97 1.00 1.00 35.28 

D POWER 0.00 33.71 8.99 13.49 6.75 4.49 3.37 1.00 1.00 72.80 

C 
z 

z
0 
c., 

REC'N 
~ 

0.00 0.59 0.21 0.18 0.59 0.25 0.38 1.00 1.00 4.20 

o 
0 

SOCIAL X7j 
-

0.00 9.97 4.65 5.32 5.97 5.32 6.64 1.00 1.00 39.87 

i: U)
0 IMPORTS I j 0.00 1.70 1.56 -2.94 14.62 -12.09 3.15 0.00 0.00 6.00 

g DEPLET'N Lj 0.00 1.70 1.55 -2.94 14.63 12.09 3.15 0.00 0.00 6.00 

TOTAL OUTLAY Gj 0.00 91.20 43.10 35.28 72.80 4.20 39.87 6.00 6.00 298.45 

Table C- !- I Months : January and February 



PURCHASING SECTORS 

OUTPUTS CONSUMING SECTOR FINAL DEMAND 

TOTAL 
z --

(n " Z 
< I.n 

OUTPUT 
m - : 0 

INPUTS a z 0 ,- 0 W r. c . u 

xij xiI xi2 xi3 xi4 xi5 xi6 xi7 Pi Di Ti 

IRRIGIN XIj 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

c- INDUST'L X 0.00 19.39 13.57 16.48 19.39 6.79 13.58 1.00 1.00 91.20 
0 2j_ 13 5 100 1.0 9.2 

U) w DOM' 0.00 9.62 6.87 3.44 7.56 8.24 6.87 1.00 1.00 44.60 
0 { 

U) 
- COMM x4j 0.00 14.86 5.94 2.38 3.56 3.57 2.97 1.00 1.00 35.28 

m POWER )5' 0.00 33.71 8.99 13.49 6.75 4.49 3.37 1.00 1.00 72.80 

z 
z
0 REC N x6j 0.00 1.72 0.62 0.49 1.72 0.74 1.11 1.00 1.00 8.40 

SOCIAL Xj 0.00 9.97 4.65 5.32 5.97 5.32 6.64 1.00 1.00 39.87 

z IMPORTS Ij 0.00 0.97 1.98 -3.16 13.92 -10.37 2.66 0.00 0.00 6.00 

>- DEPLET'N j 0.00 0.96 i.98 -3.16 13.93 -10.38 2.67 0.00 0.00 6.00 

TOTAL OUTLAY Gj 0.00 91.20 44.60 35.28 72.80 8.40 39.87 6.00 6.00 304.15 

Table C- I -2 Month: March 



PURCHASING SECTORS 

OUTPUTS 

INPUTS 

Ki X 1 

2 

CONSUMING 

2Z 

xi 2 i 3 

SECTOR 

0 :0
0o o 

i 4 Ki 5 

0 

Ki6 i7 

FINAL DEMAND 

n z 

D 
x 

Di 

TOTAL 

OUPU 

Ti 

IRRIG'N X j .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

r
0 

w -

0 

S 
Il z 
(f) 

zI 
D 0 

U) 0 
z ) 

INDUST'L 

DOM' 

COMM' 

POWER
E 

RE C'N 

SOCIAL 

X
_2j 

x 
4j__ 

XN000 

X7j 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

19.39 

9.64 

14.86 

32.98 
21 

8.13 

9.97 

13.57 

6.89 

5.94 

8.79 

2.90 

4.65 

16.48 

3.44 

2.38 

13.19 

2.32 

5.32 

19.39 

7.58 

3.56 

6.60 

8.13 

5.97 

6.79 

8.26 

3.57 

4.40 

3.49 

5.32 

13.58 

6.89 

2.97 

3.29 

5.23 

6.64 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

91.20 

44.70 

35.28 

71.25 

32.20 

39.87 

Z IMPORTS Ij 0.00 -1.88 0.98 -3.93 10.01 0.18 0.64 0.00 0.00 6.00 

-DEPLEVNDEa. L 0.00o -1.87i87 0.98_ __.o 98_3.9 -3.92 10.01 0.19 0.63 0.00 0.00 6.00 

TOTAL OUTLAY Gj 0.00 91.20 44.70 35.28 71.25 32.20 39.87 6.00 6.00 326.50 

Table C- I -3 Month: Apr'I 



TPUT PURCHASING SECTORS 
TS CONSUMING SECTOR FINAL DEMAND 

z , ,-- U.) 
-TOTAL 

INPUTS " .. x UTUTo 

xij xiI xi xi 3 xi4 xi 5 xi6 xi 7 Pi Di T i 
IRRIG'N X1j 7.06 4.31 11.77 3.92 3.92 3.53 5.49 1.00 1.00 42.00 

-- INDUST'L0X2j5 

0Ixz 

15.27 16.07 11.25 13.66 16.07 5.63. 3 11.25i .2i.0i.0 1.00 91 0 
_ 

-, DOM x3j 6.24 
___________ 

8.74 6.24 3.12 6.86 7.49 6.24 1.00 1.00 : 46.93 

Cl)- O 
z 

COMM X4 j 8.76 10.95 4.38 1.75 2.63 2.62 2.19 1.00 1.00 35.28 

m POWER 15.51 20.23 5.40 8.09 4.05 2.70 2.02 1.00 1.00 60.00 

z 
0 

0 
REC'N X6 

6j 
4.32 7.56 2.70 2.16 7.56 3.24 4.86 1.00 1.00 34.40 

3 SOCIAL Xj 5.65 8.48 3.96 4.52 5.09 4.52 5.65 1.00 1.00 39.87 

IMPORTS -10.40 7.43 0.61 -0.97 6.91 2.34 1.08 0.00 0.00 7.00 
DEPLET'N Lj -10.41 7.43 0.62 -0.97 6.91 2.33 1.09 0.00 0.00 7.00 

TOTAL OUTLAY Gj 42.00 91.20 46.93 35.28 60.00 34.40 39.87 7.00 7.00 363.68 

Tb --00 , C Mot- -

Table C- 1 -4 Month: May 



rPPURCHASING 
SECTORS
 
TOTAL 

2 -, w z 4- OUTPUT 
D 0 0 U MINPUTS o o" o x
 

x.. x12 O O IE f P.l D.
 
xij XiI xi2 xi3 x i4 Xis5 x i6 x i7 Pi Di Ti
 

IRRIG'N Xli 10.94 6.69 18.23 6.08 6.08 5.47 
 8.51 1.00 1.00 64.00
 

n- INDUST'L X2- 15.27 16.07 11.25 13.66 16.07 5.63 11.25 1.00 1.00 91.20
0 

U) DOM' X3j 6.44 9.02 6.44 3.22 7.08 7.73 6.43 1.00 1.00 48.36
Or u)
 

o , COMM X4 j 8.76 10.95 4.3S 1.75 
 2.63 2.62 2.19 1.00 1.00 35.28
 
w. z _ __ 

hU -
_ _ _ 

D POWER 15.51 20.23 5.40 8.09 4.05 2.70 2.02 1.00 1.00 60.00ci X_ 
C 

z 
o0 REC'N X 4.65 8.14 2.91 2.33 8.14 3.49 5.24 1.00 1.00 36.90
 

z 06 

o SOCIAL X7 j 5.81 8.72 4.07 4.65 5.23 4.65 5.82 1.00 1.00 40.95
 
0
 

z IMPORTS Ij -1.69 5.69 -2.16 -2.25 5.36 2.31 -0.26 0.00 0.00 7.00 

.- --Eu'N Lj -i.(9 5.69 -. 16 -2 25 5.36 2.30 -0.25 0.00 0.00 7.00 

TOTAL OUTLAY G) 64.00 91.20 48.36 35.28 60.00 36.90 40.95 7.00 7.00 390.69
 

Table C- I -5 Month: June 



OUTPUTS 

PURCHASING 

CONSUMING SECTOR 

SECTORS 

FINAL DEMAND 

INPUTS 

z 
-r(D 

I 

" 
, 

:z 

;TOTAL 
-

0 
a1 

0 

w 

0 
a,. 

z 

r 0c n 

I 

0.x 

Z 
" OUTPUTI 

U T 

IRRIG'N 

Xi. 

Xlj 

KXi xi 

_____________X41.34 25.26 

xi3 

3
68.89 

xi4 

I]41 
22.97 

xi5 

22.97 

xi6 

20.67 

xi7 
7i' 

32.15 

Pi 

1.00 

Di 

1 00 

T 

236.25 

" INDUST'L X2j 15.27 16.07 11.25 13.66 16.07 5.63 11.25 i.00 1.00 91.20 

co0 

uJ 
CO 

z 
-

PW 

POWE 
OWR 

X 

xj 

1 6.33 

_ 
12.50 

8.87 

_ __ 
16.31 

6.33 

4.35 

3.17 

.5 

6.97 

_ 
3.6 

7.60 

_ 
2.17 

6.33 

1.64 

1.00 

1.00 

1.00 

1.O00 

47.60 

48.75 
I-. 

o 

z REC'N 

SOCIAL 

x6 

Xj 

4.97 

5.82 

8.69 

8.73 

3.10 

4.08 

2.48 

4.66 

8.69 

5.24 

3.73 

4.66 

5.59 

5.81 

1.00 

1.00 

1.00 

1. GO 

39.25 

41.00 

a- -2z IMPORTS 

DEPLE T'N 
DEPaT 

TOTAL OUTLAY 

-Ij 

Lj 

G7 

70.63 

70.63 

236.25 

--1.94 

-1.84 

91.20 

-27.39 

-27.39 

47.60 

-9 96 

-9.87 
7f 

-8.54 

-8.54 
413 

5 

-3.92 

-3.91 
9 

39.25 

-11.98 

-11.99 
1 .9. 

41.00 

0.00 

0.00 
00 

7.00 

0.00 

0.00 
0 

7.00 

7.00 

7. 00 

553.33 

Table C- I -6 Month: July 



PURCHASING SECTORS 

OUTPUTS CONSUMING SECTOR FINAL DEMAND 

TOTAL 
- I " , z _ .m OUTPUT 

INPUTS cr_0 0 
o. 0. cr 00cn axC.w, 

XRR X.G X X Ni4 i5 Xi6 xi 7 Pi Di Ti 

IRRIG'N XIj 45.03 28.07 76.54 25.51 25.51 22.96 35.72 1.00 1.00 262.24 
On INDOUST'L X2j 15.27 16.07 11.25 13.66 16.07 5.63 11.25 1.00 1.00 91.20 

03
E) 
0 

o 
" 
(n 

DOM' 
M.93 xDO 9.70 6.93 6

3.46 76
7.62 .1

8.31 69
6.92 1.00 1.00 51.87 

wi 
o 

z 
COMM' 

_ 

X4 
4___ _ _ 

8.76 
_ __ 

10.95 
_ _ _ _ _ 

4.38 
_ _ 

1.75 2.63 2.62 2.19 1.00 1.00 35.28 

POWER 9.50 12.38 3.30 4.95 2.48 1.65 1.24 1.00 1.00 37.50 
z 

z REC'N x 5.33 9.33 3.33 2.67 9.34 4.00 6.00 1.00 1.00 42.00 

:)o SOCIAL X7j 6.08 9.11 4.25 4.86 5.47 4.86 6.07 1.00 1.00 42.70 

z IMPORTS Ij .32.22 -2.21 -29.05 -10.79 -15.8] -4.02 -13.34 0.00 0.00 7.00 

DEPLET'N Lj R2.22 -2.20 -29.06 -10.79 -15.81 -4.01 -13.35 0.00 0.00 7.00 

TOTAL OUTLAY G: 262.24 11.20 51.87 35.28 37.50 42.00 42.70 7.00 7.00 576.79 

Table C- I - 7 Month August 



PURCHASING SECTORS 

OUTPUTS CONSUMING SECTOR FINAL DEMAND 

TOTAL 
- in- "n "' zn - " OUTPUT 

INPUTS: - o OUTPUT 

xij xiI xi2 xi3 xi4 xi5 xi6 xi7 Pi Di Ti 

IRRIG'N Xlj 35.45 21.68 59.12 19.71 19.71 17.74 27.59 1.00 1.00 203.00 

I INDUST'L X 15.27 16.07 11.25 13.66 16.07 5.63 11.25 1.00 1.00 91.20 
0 _ 2____ 

cO0 ui .CA DOM' 6.33 8.87 6.33 3.17 6.97 7.60.0 6.336 3 1.0010 1.0010 47.6076 

C 
La z 

COMM' X 
4j 

8.76 10.95 
_ _ 

4. 38 1.75 2.63 
_ 

2.62 
_ 

2.19 1.00 1.00 35.28 

0 POWER 9.50 12.38 3.30 4.95 2.48 1.65 1.24 1.00 1.00 37.50 
U) __ _ __ _ _ _ _ _ _ _ _ 

C) 
z
0 REC'N 5.33 9.33 3.33 2.67 9.34 4.00 6.00 i.00 1.00 42.00 

o SOCIAL X7j 6.08 9.11 4.25 4.86 5.47 4.86 6.07 1.00 1.00 42.70 

IMPORTS Ij 58.14 1.41 -22.18 -7.75 -12.58 -1.05 -8.99 0.00 0.00 7.00 

DEPLET'N Lj 58.14 1.40 -22.18 -7.74 -12.59 -1.05 -8.98 0.00 0.00 7.00 

TOTAL OUTLAY Gj 203.00 91.20 47.60 35.28 37.50 42.00 42.70 7.00 7.00 513.28 

Table C- I -8 Month: September 



PURCHASING SECTORS 

OUTPUTS CONSUMING SECTOR FINAL DEMAND 
_______ _____ _ ____ _ _____ __ ___TOTAL 

z 
-

"z 
z -j cn z OUTPUT 

ToTA L 

--
INPUTS - P T S 

_ -
, 

cr0 a 
0 00 0 0 a 

xj x1 x12  xi3 Xi4 xi5 xi6 xi7 Pi Di Ti 

IRRIG'N XIj 24.95 15.24 41.58 13.8r3 13.86 12.47 19.40 1.00 1.00 143.36 

r
0 

INDUST'L 
,.°DOM' TL4 

x2J 15.27 16.07 
91 

11.25 
65 

13.36 
2 

16.07 5.63 11.25 1.00 1.00 91.20 

X3i 6.54 .14 6.53 3.26 7.18 7.83 6.53 1.00 1.00 49.01 

.LL Z COMM 
_ 

X4 
J__ 

8.76 10.95 4.38 
_ _ _ 

1.75 
_ _ 

2.63 
_ _ _ 

2.62 2.19 1.00 1.00 35.28 

SPOWER 
(n3 

X5j 12.50 16. 31 4.35 (-.52 3.26 2.17 1.64 1.00 1.00 48.75 

C)zR z0 REC'.NN jx6 * 4.4.97 8.69 3.10 2.48 8.69 3.73 5.5 -) 1.00 1.00 39.25 

SOCIAL X 5.81 3.72 4.07 4.65 5.23 4.65 5.82 1.00 1.00 40,95 

z IMPORTS Ij 3.1. 2 ,. -1-5.451 -4.(. 0. 07 -5.73 0.00 0.00 7.00 

DEPLETN 32. , 3.04 -13.13 -5.45 -4.08 0.08 -5.74 0.00 0.00 7.00 

TOTAL OUTLAY Gj 143.36 91.20 49.91 35.28 48.75 39.25 40.95 7.00 7.00 461.80 

Table C- 1 -9 Month: October 



I PURCHASING SECTORS 
OUTPUTS CONSUMING SECTOR FINAL DEMAND 

I - --ITOTAL 
En- w:= I-. : OUTPUT 

INPUTS 
z 0 

C.) o 
o. 0 C) 

c) 

xij xiI xi 2 xi3 xi4 xix xi6 xi7 Pi Di T i 

IRRIG'N X1j 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

INDUST'L X2 j  0.00 19.39 13.57 16.48 19,39 6.79 13.58 1.00 1.00 91.20 
U) DOM' X31 0.00 9.85 7.04 3.52 7.74 8.44 7.04 1.00 1.00 45.63 
o a __ _ _ 

S COMM' 
POWER 

X 
X5j 

0.00 
0.00 

14.86 
29.72 

5.94 
7.92 

2.38 
11.89 

3.56 
5.94 

3.57 
3.96 

2.27 
2. 7 

1.00 
1.00 

1.00 
1.00 

35.28 
64.40 

REC'N0.00 8.72 3.12 2.49 8.72 3.74 5.61 1.00 1.00 34.40 
o SOCIAL 0.00 9.q7 4.65 5.32 5.97 5.32 6.64 1.00 1.00 39.87 
0. ! IMPORTS 0.00 -0.65 1.69 -3.40 6.54 1.29 0.53 0.00 0.00 6.00 

OEPLET'N 0.00 -0.66 1.70 -3.40 6.54 i.29 0.53 0.00 0.00 6.00 

TOTAL OUTLAY 0.00 91.20 45.63 35.28 64.40 34.40 39.87 6.00 6.00 322.78 

Table C- I -10 Month: November 



OUPUSPURCHASINGUTPUTS CONSUMING SECTOR 
SECTORS 

FINAL DEMAND 

0z 
, . Z - rz "JI- , 

TOTAL 

INPUTS IX_I P Tr z ox. o.Xj X. 

-Z 

" X'. U..} 

Cr 

P. D. 

OTU 

OUTPUT 

xij Xil x1 xi3 xi4 xi5 xi6 x17 pi Di Ti 
IRRIG'N X1j 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o INDUST'L X2. 0.00 19.39 13.57 16.48 19.39 6.79 13.58 1.00 1.00 91.20 
0 _ 2__ _ _ 

U) DOM' X3j 0.00 9.64 6.89 3.44 -. 58 8.26 6.89 1.00 1.00 44.70 
0 
L (D, ComM X 0.00 14.86 5.94 2. 38 3.56 3.57 2.97 1.00 1.00 35.28 
(/) - PO W E R_ 

POWER X5 0.00 32.98 8.79 13.19 6.60 4.40 3.29 1.00 
_ _ 

1.00 71.25 
z REC'N ,, 0.00 2.02 0.72 0.58 2.01 0.86 1.29 1.00 1.00 9.48 

0 
SOCIAL Xjr 000 9.97 4.65 5.32 5.97 5.32 6.64 1.00 1.00 39.87 

z IMPORTS Ij 0.00 1.1- 2.07 -3.06 13.07 -9.86 2.61 0.00 0.00 6.00 

E DEPLE'N Lj 0.00 1.17 2.07 -3.05 13.07 -9.86 2.60 0.00 0.00 6.00 

TOTAL OUTLAY Gj 0- ')1.20 44.70 3.28 71.25 9.48 39.87 6.00 6.00 303.78 

Table C- I- II Month: December 
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APPENDIX C-2
 

INITIAL CONSUMPTIVE DEMANDS AND FINAL OPTIMAL RESULTS
 



MONTH; January and February 

i aOptimal 
Consumptive 
Distribution 

qi (optimal 

0.000
 

0.542
 

0.130
 

0.320
 

0.027
 

0.018
 

0.122
 

1.159 

1O3
 

Average Monthly Actual Monthly 

SECTOR Consumptive
Demands 

q1 (demand) 

IRRIG'N 0.000 

INDUST'L 0.570 

DOM' 0.080 


Comm 0.360 


POWER 0.026 

REC'N 0.004 

SOCIAL 0.120 

TOTAL 
MONTHLY 1.160 

Note: All qi values 

Consumptive

Allocation 


qi(allocated) 

0.000 

0.570 


0.080 


0.360 


0.026 


0.004 


0.120 


1.160 


in gallons x 

Table 

-'I R eturns fo rNet or 

Consumptive 
Demands 

biq i (demand) 

0.00 


91.20 


43.10 


35.28 


72.80 


4.20 


39.87 


286.45 

109 All biq i ' 

C-2-1 

Op ti a epOptimal Net 


Economic 

Returns 


biqi(optimal) 


0.00 


86.00 


46.72 


30.88 


76.81 


10.64 


40.63 


291.68 

values in $ x 



MONTH ; March 

Average Monthly Actual Monthly !Net Economic 

SECTOR Consumptive 
Demands 

Consumptive 
Allocation 

Returns for 
1 Consumptive 

Demands 

qi (demand) qilallocated) ibiq i '(demand) 

IRRIG'N 0.000 0.000 0.00 

INDUST'L 0.570 0.570 91.20 
DOM' 0.090 0.090 44.60 

COP1,M, 0.360 0.360 35.28 

POWER 0.026 0.026 72.80 

REC'N 0.010 0.010 8.40 

SOCIAL 0.120 0.120 39.87 

TOTAL 
MONTHLY 
 1.176 1.176 292.15 


Note: All qi values in gallons x 109 . All iqi 

Table C-2-2 

i 
Opn Net 

Economic 
Returns 

biqi'(optimal) 

0.00 

85.65 


47.38 


30.62 


74.68 


12.49 


40.21 


291.03 


values in $ x 

I 
Optimal

Consumptive 
Distribution 

q, (optimal) 

0.000 

0.546 

0.142 t 

0.323 

0 

0.027 

0.023 

0.121 

1.182 

103 



MONTH; April 

NeEonomicReturns for EoAverage Monthly Actual Monthly Net Eco nmic ConsmptimvlOptimalOptimal Net 

SECTOR Consumptive Consumptive Consumptive Economic Consumptive
Demands Allocation Demands Returns Distribution 

qi (demand) jqi(allocated) ibiq ij(demand) biq(optimal) qi'(optimal 

IRRIG'N 0.000 0.000 0.00 0.00 0.000 

INDUST'L 0.570 0.570 91.20 89.85 0.570 

DOM' 0.100 0.100 44.70 47.73 0.145 

COMM' 0.360 0.360 35.28 31.64 0.335 

POWER 0.025 0.025 71.25 69.15 0.024 

REC'N 0.140 0.140 32.20 31.30 0.118
 

SOCIAL 0.120 0.120 39.87 41.08 0.122
 

TOTAL 
MONTHLY 1.315 1.315 314.50 310.75 1.314
 

Note: All qi vclues in gallons x l0 All biq i' values in $ x 103 

Table C- 2-3 



MONTH ; May 

Average Monthly Actual Monthly 
Optimal Net 

Economic 
Returns 

biqi(optimal) 

42.48 

89.02 


48.59 


30.66 


66.68 


33.63 


40.56 


351.62 


values in $ x 

Optimal 
Consumptive 
Distribution 

qi (optimal 

2.400 

0.566
 

0.175
 

0.326
 

0.023
 

0.135
 

0.124
 

3.749
 

103 

SECTOR Consumptive 
Demands 

qi (demand) 

IRRIG'N 2.400 

INDUST'L 0.570 

DOM' 0.120 

COMM' 0.360 

POWER 0.020 

REC'N 0.160 

SOCIAL 0.120 

TOTAL 
MONTHLY 3.750 

Note: A!! qi' values 

Consumptive 

Allocation 


qi(allocated) 

2.400 

0.570 


0.120 


0.360 


0.020 


0.160 


0.120 


3.750 


Net Economic

Returns for 

Consumptive 

Demands 


biq(demand) 

42.00 

91.20 


46.93 


35.28 


60.00 


34.40 


39.87 


349.68 


in gallons x 109. All biq i 

Table C- 2-4 



MONTH; June 

INet EconomicOpiaNeAverage Monthly Actual Monthly Returnsor Optimal Net 

SECTOR Consumptive Consumptive Consumptive Economic 
Demands Allocation Demands Returns 

qi (demand) qi(allocated) biqi(demand) biqitoptimal) 

IRRIG'N 3.200 3.200 64.00 64.87 

91.20 90.38
INDUST'L 0.570 0.570 

DOM' 0.160 0.160 48.36 49.87 


COMM' 0.360 0.360 35.28 31.11 


POWER 0.020 0.020 60.00 62.54 

REC'N 0.180 0.180 36.90 36.37 

SOCIAL 0.130 0.130 40.93 41.84 

TOTAL 
MONTHLY 4.610 4.610 376.69 376.98 

Note: All qi values in gallons x 109 . All biq. values in $ 
T i 

Table C-2-5 

OtmlOptimal 
Consumptive 
Distribution 

qi (optimal) 

3.215 

0.572 

0.178 

0.328 

oLn 

0.022 

0.165 

0.130 

4.610 

1I03 



MONTH ; July 
Monthly Net Economic 

Average Monthly Actual Returns for Optimal Net Optimal 
SECTOR Consumptive Consumptive Consumptive Economic Consumptive 

Demands Allocation Demands Returns Distribution 

qi (demand) qi(allocated) b i q i (demand) bqi(optimal) qi'(optimal) 

IRRIG'N 8.000 8.000 236.25 200.82 7.160 

INDUST'L 0.570 0.570 91.20 98.34 0.618 

DOM' 0.210 0.210 47.60 57.53 0.328 

COMM' 0.360 0.360 35.28 32.29 0.338 

POWER 0.015 0.015 48.75 187.42 0.078 

REC'N 0.200 0.200 39.25 51.27 0.580 

SOCIAL 0.130 0.130 41.00 54.07 0.385 

TOTAL 
MONTHLY 9.485 9.485 539.33 681.74 9.487 

Note: All qi' values in gallons x 109. All biq i values in $ I03 

Table C -2- 6 



SECTOR 


IRRIG'N 

!NDUST'L 


DOM' 


COMM' 


POWER 


REC'N 


SOCIAL 


TOTAL
 
MONTHLY 


Note: 

MONTH ; August 

Averagc Monthly Actual Monthly 

Consumptive 

Demands 


8.S00 


0.570 


0.250 


0.360 


0.010 


0.300 


0.140 


10.430 

All qi values 

Consumptive 
Allocation 

q1 (allocated) 

8.730 


0.560 


0.250 


0.350 


0.0O0 


0.300 


0.140 


10.340 


Net Economic 
Returns for 

Consumptive 

Demands 


biq i(demand) 


262.24 


91.20 


51.87 


35.28 


37.50 


42.00 


42.70 


562.79 


Optimal Net Optimal 
o iNensO pti vec 
Economic 
Returns 


biq(optimal) 


221.24 


103.71 


64.89 


33.50 


251.94 


55.93 


60.22 


791.43 


x 109in gallons All biq i values in $ 

Table C- 2-7 

Consumptive 
Distribution 
i(otimal ) 

7.690
 

0.646
 

0.475
 

0.350
 

0.101
 

0.479
 

O.OO
 

10.341
 

x 103 



MONTH ; September 

AverageMonthly Actual Monthly Net Economic iSECTOR Consumptive Consumptive 	 Returns for OptimalNet Optimal

Sonsumptive Economic Consumptive
Demands Allocation Demands Returns Distribution
 

qj (demand) qi(allocated) 
 bi qi (demand) bi qi(optimal) (optima Iq1 

IRRIG'N 7.200 153P 203.1D 1.875INDUST'L 0.570 120 
 .20 0.133 

DOM 0.210 6 O1 OOR
 

COM ' .36 ! 0.,_)80 3 €:.06 0.112
35. 29
Comm' 0.360 0.73 

POWER 0.010 ! 0.010 37.50 13.49 0.001
 

REC'N 0.300 O.oCO 
 42.00 8.20 0.009 

SOCIAL 0.140 .140 42.70 8.41 0.011
 

ITOTAL .... 

MONTHLY 8.790 
 2.150 499.28 87.93 2.149
 

Note: 
All qi' values in gallons x 10 . A:I biq i values in $ x 103 

Table C -2-8 

c 



E E 

CL 

0 

-
N 

u o 
0 

-

0 0 0 

6 0 0' 0N 0 0 

40 

E 

E0 c 0. 

.3 

Wj 

0 

L) 

Cm 

in 
au 

E 

:,0 

.,~N C6 

- N 

C 
O 

-n 0 

-u 

7--

0rr 
-

0. 

b

*6 
CN 

cE' 
--

T -Ofj0 

r 

0 

0 

mo 

C 
0n 

-r 

U)) 

-E 

2 CwC
E00 

>0 in w 

'C: 

a 

0 C,55~lJul 

0 C'r 1O~I~0
- I -'II 



_______________ _____________ 

MONTH; November
 

Average MonthlylActual Monthly !Net Economic 
 i

Monthly Returns for Optimal Net OptimalSECTOR Consumptive Consumptive Consumptive Economic ConsumptiveDemands A! ocatior Demands Returns Distribution 

q demand) q:( Q!Iocated, biq, (demand) Diqi'(optimal) ,q,(optimal 

IRRIG'N A . o 0 :0)G 0.000 

INDUST'L o.R7 0.57 0 91.20 91.33 0.578
 

DOM " .120 1 (.lO 45 .63 
 48.24 0.164
 

COMM p.360 . 360 35.28 31.83 0.326
 
rI-M o 

POWER 0.023 
- 

0.023 64.40 
 61.81 0.021
 

REC'N 0.160 0.160 
 34.40 33.66 0.136
 

SOCIAL 0.120 0.120 
 39.87 41.05 
 0.126
 

TOTAL
 
MONTHLY 1.353
i 1.353 310.78 307.92 1.351
 . b q! 

3Note: All qi' values in gallons x I0 . All iqi values in S x 10


Table C- 2- IO
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