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ABSTRACT OF DISSERTATION

ECONOMIC OPTIMIMATION FOR WATER ALLOCATTON SYSTEMS

Within a fixed boundary water basin, a model has been developed to
allocate water betweeon competing users to maximize net economic
returns to the basin. Water users within the basin have bLeen aggregated
into particular sectors, with the net economic returns to each producing
sector sole functions of the water consumed, excluding cconomic 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 analysis 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 cconomic return for the ontire basin is maximized
through a process of static iteration, with incremental modifications
being made to the final demand sector through developed distribution
multiplicrs. The economic maximization process operates under the
prime constraint of actual water available for consumption withsn the
basin during the adopted time period.

An initial water allocation pelics, 10 relation to average
monthly sectoral demands, 1s required to determine the ypitial net
economic return to the basin This policy has boeen established
through the development of a simple water allocaticn program,
incorporating arbitrary allocation criteria under water restriction

conditions.



To illustrate operation of the model, synthetic natural inflow and
sectoral demand data have been tabulated for a natural catchment area
located in the o beortorn U.S.A. From a literature review, real cco-
nomic data have CLen do0 ved, and though not exnlicit, indicates the
potential cconomic value of water for the above area. Frum the model
operation, comparative net cconomic returns between initial and optimal
conditions are made, with the resuiting incre.ses validating the viabil-
ity of the eptimization process. During periods of water restriction,
or periods of water importation, the model also offers a conceptual
means of valuing water transferred out of the basin or water imported
from an adiacent basin.

The high dependence of the model upon economic data, and the
effects of comparatively small data variations, indicates trhe necessity
for continuing rescarch in the valuation of water to consumers. This
dependence also elucidates the necessity for considerarion of the
cffects of physical water constraints upon water allocation systoems

and the cconomics of such.

John W. Andrew

Civil Enginecering Department
Colorado State University

Fort Collins, Colorado 80523 1.S.A.
Fall 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 usc, efficiency can imply nothing more than extracting the
maximum amnunt 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 unambhiguous 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 rasource takes on a positive ceonsmic value
as the competition for its use between consumers increases. Resources
may also increase in positive value, as the total known reserve quan-
tity of the resource is depleted, with this being well illustrated in
the market for crude oil and precious metals. The later case is appli-
cable only to nonrenewable resources, while competition for reoncwabie
resources, and consSequential increases in economic value, usually
results in an increased market or production activity of the resource.
Long term consumer prices of a renewable resource probahbly 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



value of water used in the resource extraction, conversion to a
marketable ccmmodity, 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 evisting
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
modifications 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 nct 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 ghe basin. The minimum water requirements of

each user are allocated initially, and the net economic returns are



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. 1In 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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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, togeth:2r with the
additional complications ariring 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 cxample 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 distributed 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.



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 (bi).

6. The transactions table is then rebalanced with the new final
demand values and the new water quantities determined.

7. TIterations 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 conclusioas 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

diversions. Although "inflow" uses, such as power generation,
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Figure 2.1 Generalized Catchment Area



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 e considered

as such in conjunction with return flows.

The diagrammatic

catchment area may further be reduced to flow

line form, depicting all ccnsumptive and nonconsumptive water uses

throughout the entire
This flow line format
symbol definition and
actual diversion from

or nonconsumptive, or

length of all rivers and creeks in the catchment.
is shown in Figure 2.2, and is accompanied by
explanation. Each use is represented by an

the river, irrespective of them being consumptive

off river - in flow uses. All users have been

Reservoir Use 2 Use 4
W% Tl %R e[ WRa
% 9 % 9 9 9 G O e
Tt 9 |l__\_’.—J_J 4R, o IL:-],_J 9%R3 qnlil::]ﬂ 9,Ry
% Use | Use 3 Use n

Figure

2.2 Flow Line Format for a Generalized Catchment Area



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)
q = imported monthly inflow discharge (glls)
Q(l+n) = monthly discharge between diversions (glls)
qE = exported monthly outflow discharge (glls)
qp = monthly discharge to storage (accumulation) (glls)
q = monthly discharge from storage (depletion} (glls)
q(l+n) = monthly discharge to users 1 + n (glls)
R(l+n) = 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:
= net economic benefit derived from the unit water

B (1+n)

consumption on indivicdual diversions 1 =+ n ($)

Bn = total net economic benefit derived from the total water
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

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

imports (S$).
The alpha symbol bI may be considered as a net economic benefit

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):

dp = - (2.1)

(where in turn Q =g+ qI) (2.2)
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For User 1, the following equation holds
q, =9, = 9 (2.3)
For the second user,

q, = 9, 4R (2.4)

q, = Q4 = q,R (2.5)
Substituting q, = qul from equation (2.4) into (2.5) yields
43 = Rylq,Ry)
For the fourth user,
= R .
9 = 937, (2.6)
and substituting for q, yields
= R . . .
a, = R (R, (q,.R,)) (2.7)

For the nth user within the catchment the water quantity available

for diversion is given by

= R .R R coae 2.
a, =R _ (R R 3R geeeeRyq) (2.8)

(Note that for manipulative ease the substitution ql = 9, (equation
(2.3)), has not been made in equation (2.8)).

For Users 1 through n, the total net economic benefit derived by
any particular individual user is given by biqi' Thus for a total of
n users, the total net economic benefit derived from the total water

usage on all areas is given by

+ ... +bqg. (2.9)

B, = biq; + byd, + bya, nZn

n
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Substituting 9, values in the above equation yields

B = blql + b2(qul) + b3(R2(qul)) +
ce . . 2.
+ bn(Rn—l(Rn-Z'Rn-3' . (qlkl))) (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 (Ri) will

be constant,

i.e., = = R_ = . 2.
i.e Rl R2 3 Rn (2.11)

Substituting R = Ri into equation (2.10) gives the following:

2 n-1
= + R ee. . .
Bn blql + bquR b3ql + + bnqu (2.12)
T.;us
B
b +bR+bR 4 ... +b R, (2.13)
a, 1 2 3 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,

Substituting b = bi into equation (2.13) yields

B

D oo b4 bR+ bRZ 4 ... + BROTL, (2.14)
4,

Thus
B
N L sR+R 4 ... +RVL (2.15)
bq1

= ) (2.16)
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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

n
L2 =7 b (r) (2.17)
i

For this case of dependent release transfer the nonlinear maximization

objective function may be stated as:

Bn d n-1
maximize — = ) b (K) (2.18)
l i n

i=1l, 2, 3, ..., n
under the constraints of

0<R<1 (2.19)
and

b, >0 (2.20)

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,
= + 2.20
Q = 9yt q., ( )
while for reservoir depletion, the returning flow is given by
= - + 2,21
Q2 Ql 9, q, ( )
which is the available river flow that User 1 may draw upon. For

User 2, the available water quantity is

0, =0, - R . (2.22)

- g R_. (2.23)

Substituting equation (2.22) into (2.23) yields
Q4 = Q2 - qul - q2R2, (2.24)
. th _. .
and in general, for the n diversion,

-1 7 o - 92 Rpoae (2.25)
The net economic benefit derived by User 1 is bl(q1 - qul); by
th
= H - . T
User 2, b2(q2 q2R2) and for the n~  user, bn(qn ann) he total
net economic benefit derived from water usage on all individual diver-
sions is thus given by
= - + - + - + ...
Pn T P19 TR by M, - quR)) 4 bo(g, - qgRy)

+ bn(qn - ann). (2.26)

Again, if it assumed that the return flow percentage for all users
is constant, i.e., Rl = R2 = R3 = Rn = R, then equation (2.26) reduces

to

B =ba(l-R + b,a, (1 - R) + bya, (1 - R) + ...

+ bnqn(l - 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

bl = b2 = b3 = bn.

Substituting b bi' into equation (2.27) yields

Bn = bql(l - R) + bq2(1 - R) + bq3(l - R) + ... + bqn(l - R) (2.28)

B

=B -Riq +tayta;t ... +q) (2.29)

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

user, then,

=2 3
Q= "R (2.30)
1
Q, - @
=34
q, = R (2.31)
2
and in general,
Q -Q
_ “n-1 n
q = -_—Ei:———— (2.32)

Q, -9
B =Db(l - R)[ 2 3 4 + ...+
n Rl

(2.33)

. B =
n

|

1 - R)(Q2 - Qn)- (2.34)

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 he identical
except that Q2 would be equivalent to Ql. As for the case of

dependent water transfer, the assumption that Rl = R2 = ... kR 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 cperational
practices.

From ecuation (2.26) the objective function for maximization of
the total nct cconomic benefit derived from water usage on all indi-
vidual diversions for the case of independent survey is linear, and may

be expresscd as

n
imize = - (2.35)
maximize Bn % biqi(l Ri)
subject to 0.0 < Ri < 1.0 (2.36)
0. + R > 0. (2.37)
Ry * Rygy 7 0.0
and
n
- = - 2.38)
Zqi(l R,) =0, Q (
i
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
considercd. However, optimization is conducted during these discrete
time periods through static iteration to achieve optimal net economic
benefits (bi) for all sectors within the catchment area, under the
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 bi values and the

correlation of bi 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 losszs under the assumption that an average
bi value is computed for all water consumers. However, as optimiza-
tion of biqi values is the prime concern of this analysis, inclusion
of variable loss rate values within the system would give rise to a
further extremely complex iterative procedure. As a result of this,
the biqi values computed during the input-output and allocation
iterative process rely upon net 9 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 Fiqgure 2.3,
the following alphanumeric symbols are added.

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

L“
1}

river length between nodes B and C (ft; m)

=
It
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Use 2
L_J R
94 lqa 2
A B
02 — ° QZ' — ° 03 — PY 03' —_— Py 04 —
C D
q }qR
W R
g
Use 1
Figure 2.3 Flow Line Format Section
LR river length between nodes C and D (ft; m)
3
Ll 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 R
1 1
q water loss per unit length in L (cfs/ft)
R R
2 2
9 water loss per unit length in Le (cfs/ft)
3 3
qr, water loss per unit length in Ll (cfs/ft)
1
q, water loss per unit length in L2 (cfs/ft)
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For User 1, the returned water quantity to the river is

(qu1 - Ll'qu)' and similarly for User 2, (q2R2 - Lz.qu). Consider-
ation of actual flows at each node yields the following. At node A:

Q, =9 +a: (2.39)

At node B:

Q Q) + (q,R, - L,.q ) = Lo - 9 (2.40)

3 2 11 1 1 1 1
Substituting for Qé from equation (2.39) yields:

=0 -q. + lqQR -L.. - L .q . 2.
Q= Q, - ay * {qR) - Ly.q ) =Ly +dp (2.41)
1 1N
At node C:
= '3 . .
Q, = Q) + 4, (2.42)
At node D:
— ¢ - - - o
Q, = Q3 * (4R, Lz‘qu) Laz'qu) (2.43)

Substituting for Qé from equation (2.42) yields:

[
0

- - . - 4 . 044
Q4 q, * (q2R2 L,-d ) - L_4g (2.44)

2 Ry Ry

Substituting for Q3 from equation (2.41) yields:

9, =9 -a + (qR -L.q ) -L .4 ~-4d + (g R, - L ) ~-L Qq
4 2 1 11 177°L, R TR 2 272 2°L, R, R,

(2.45)

20 =0 -q(1-R)-q(l-R)=-(La +Lg )= (Lpdp+Lpd)
4 2 1 1 2 2 1 Ll 2 L2 R1 Rl R2 R2

Generalizing, for an enclosed distribution system,

n n
=q - - - - ) 2.46
9 = 9p g q; (1 - Ry § LiqLi g Lr."9R. ( )
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where i =1, 2, ..., n
d5 = exported outflow discharge (glls)
U = 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 qp s then equation (2.46)

reduces to

n n

a = a, - L a1 -R) - (q [ @ 1 0. (2.47)
1 1 i

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 (qF) =4y - ) q; (1 = R.) = qp ) (L, + Le ) (2.48)
' 1 1 1
under the constraints of;
n
Y (L, +L ) >0 (2.49)
i R, —
1 i
and
n
La;(1-Rr) >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;

n

(£) _ (t-2) _
e = YL

n
Cq(t-1) (t-2)
q, (1 - hi)] q, ) (L, + L) (2.51)

1 1 1
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where superscript t flow condition at time ¢t;

1-1 = flow condition at time (t-1) 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
maximize B_ = b[qE +q, - ) q (L - R,) - qa ) (L, + LR.)] (2.52)
1 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 [22] and

[23].



3.00 CONSTRAINT CONDITIONS:

Constraints may be classically defined as restrictions, naturally

placed upon a maximizing condition. They may also define the area,
or boundaries, in which a system is confined and must operate within.
Constraining conditions exist upon the use of all renewable and non-
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
thesis are those constraints associated with the legal, political,
physical, quality and social conditions affecting the optimal allocation
and use of water. Subsections of cach of these classifications are
discussed following, including the cffects of the individual constraints,
the comparative effect of each, and mothods for reducing, or eliminating,

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
of water ownership and control. In these societies there exists both
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
public management authorities use the riparian doctrine as the basic

water allocation legality. This doctrine allows either a free flow

22
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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 applicaticns [25]. Again
this doctrine does not consider the use, or c¢conomic 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 afic.cted 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
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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 water 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 scctors. However, these comparative unit benefits
are rormally 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. 1In 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 compicte 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 goverrment 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 particularly evident in
European countries where a river may serve as a boundary between coun-
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]
Removal of, or a reduction in, these constraints normally reverts
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 problems existirg 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 1s 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 shortages serving as constraints wherce 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 arc 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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downstream demands. This criteria is becoming far more prevalent in
the Western World due to an upsurge in environmental concern, though
has always been operative regarding downstream demands for consumptive
use. At present, very little interaction between basins exists regard-
ing the optimal release of water for downstream consumption.

Physical constraints may also be found witnin the pure geography
and topography of the basin. Geologic, climatic and existing develop-
ment factors serve as constraints in the initial design and operation
of distribution systems. However, cxact definition of their effecr,
and constraining scverity may be evaluated rationally, with their final
effect reflected in the overall cost of development and operation.

The growth of urban development may impinge upon the allocation offi-
ciency, causing rerouting of water lines and continuous changes in the
supply costs to individual scctors. Again, these constraints may be

reflected in the economics of the system, and nuncrous techniques are

available for minimizing costs of water distribution pipe networks.

3.40 Quclity Constraints:

Water quality considerations may be considered as physical

constraints apon allocatrion and - onomt” o vimization, though
they have recently acquired entity consideration duc to cnvironmental
concern. Quality constraints may be physical  chemical, organic or
inorganic material, or radivactivity, and cevaluation of thelr effect
may again be conducted cconomically. MNormal evaluative practices
involve the determination of costs associated with the purification of
water, or the reduction in bencfits to producers lor varying degree

of quality reduction.
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Compared to the legal and political constraint conditions, quality
constraints do not affect allocation optimization severcely, and it is
normal for the costs as:iociated with water purification to be considered
within the overall operation and maintenance costs of the allocation
system. Numerous references are available for the determination of
purification costs to each sector, though less has been researched

regarding reduction in producer benefits in relation to water quality.

3.50 §9pial 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,
landscaping, etc., and as such, may also be encompassed within the
bounds of environmental considerotions. Within this definition, water
usc and protection of natural flora and fauna is also included. For
all of these uses, the basic constraints arise more from the problem
of cconomic cvaluation than from consideration of demand ana
allocation objectives,

Constraints may also arise in the evaluation of an optimal size of
urban centralization in relation to the gross water quantity available.
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
allocation vroblems in comparison to those previously discussed,

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

to other consuming sectors.



4.00 INPUT-OUTFUT 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 v .as 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

30
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defined region. The system 18 decigned (o real these

interdependencies among the various industries of the cconomy, and the

relations of these industries as sclley y» the final consumers. | In
doing so, the system becomes a formal cxproccing general economic
equilibrium within the defined region. Althongh the defined region is
purely arbitrary and no constraints exist upon its boundaries, most
input-output studies have been conductod < intra-regional! or inter-
regional basis, with the boundarics b lefined by major production
sectors or geographic areas. Irres) : t the geographlc size or
the degree of disaggregation to b iden 1l input-output studies
revolve around the basic formulatio: sactions table that
depicts the actual gross dolla: G wetiions between the
producing and consuming sectors. Hy j Ehis economic network
of transactions, it 1s possible i« o aconomic condition
for the defined area.

However, as the input-output ' nigue of analysis
for water resource systems is a st , any economic optimi-
zation within the allocation syster ie through compar-
ative analysis of a number of sta ' , While remaining within
all geographic, physical quantity nstraints. This
comparative analysis may be obtained ! tving the "water use mix"
between competing users within the reqgion i consequently inducing
changes within the total gross ocutpub. Chang \n the "water use mix"
basically implies reallocation of phys water guantities from one

competing sector to another, and this reallocation will consequently

cause a change in the net economic benefibt velues th} of affected
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users. An excellent introduction to input-output analysis may be found

in reference [31].

4.20 Static Input-Qutput 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 acctirate compilation of the total gross output from the region.
Consequently, the highest degree of disaggqregation 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 togcether 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 Il 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 Ll dollars during the covered period.
In considering a table orientated around s : 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 entry indicates the economic

%23
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 valuc is in dollars, and indicates the net economic value of
the sale of produce 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
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of the table. Columns in this sector usually consist of gross
inventory accumulation (the amounts of additions to inventorices held
by each of the users in the left-hand side of the table), exports (the
value of exports produced by each uscr), government purchases (pur-
chases made by all levels of government), and grosc private capital
formation. 1In Table 4.1, gross inventory accumulation, govoernment
purchases, and gross private capital formation arc aggregated within
the accumulation column. However, should individuai arcas warrant
disaggregation, on.y further minor computations ar. nccessary within
the input-output operational analysis.

In addition to the producing and purchasing sectors, the final
additions of all scctors are also entered. The total gross outlays
give the total valuc of invuts to «acn 6f the users in cach column,
while the total gross outputs give the row additions of the total pro-
duction of ecach usecr, rtcyether with the outputs from the payments
sector. From thesc two totals, it may be seen that the input-output
table is essentially a system of double entry bookkeeping, with each
industry in the Use or procossimg) Oootor giving the leceipts of sales
that are paid out for goods and szervices purchased from other indus-
tries or scctors. After considering appropriate inventory changes,
the total gross output of cach industry in the lUse Scotor is equal to
the totai ontlays wade by that industry. “Thus, wethin the lse Sector,
the row additions culminating in the total gross outpuets column, are
identical to the column additions in the total qgross outlays row,

Note should be made that the final addition of the total gross
output column (or similarly, the total gross outlay row) is a double

counted value measuring all transactions 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 cconomic 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. For any particular Use Sector, the static balance equation

for total gross output is given by

T, = (x., + X., + X

i i1t Xyt Xzt oo X)) F P TD; (4.1)

Designating Yi as the total final demand, then

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

o= () x,) =Y, . (4.3)

This equation may be expressed in matrix form for the entire

transactions table as:
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Iz,

= [x,.] + |v.]| (4.4)
c + e

where [xij] represents the following matrix.

[xij] = (*11 X1 oo %y (4.5)
*21 *22 %23
_fil co xijJ
The values ITiI and IYil 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 cf produce, the depletion values in the
payments sector are subtracted from the total gross outlay values to
give adjusted total yross outlay (or similarly, adjusted total gross
output). Each column entry in the Use Scctor is then divided by the
respective adjusted total gross outlay value for that use. The result-

ing values are known as technical coefficients, designated by a,.,

1)
and the computations may be expressed in the form
xij
L= = 4.6
alJ = ( )
]
where
E. =G, - L., (4.7)
J J ]

L. .
(A..] = Tf%%— (4.8)
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or

Mx.. % X. . ]

11 *12 1
(a1 = | 5= 5= - 7;2- (4.9)

“1 Bp j

¥21 *22 23

E, E, By

i1 *i5

El 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

[xij] = [Aij]lEle (4.10)

Rearranging equation. (4.4), and substituting IEiI , the adjusted

c
total gross output, for lTi] , yields
C
lyil‘ = |eg| - [xij] (4.11)
C Cc
Since both IEj| and IEiI are numerically equivalent, though in
R C
transposed form, the substitution lEil = IEjI = IEi' is possible.
- C R
Thus, equation (4.11) becomes
|yi] = IEil - [xij]. (4.12)
Substituting equation (4.10) into (4.12) yields
IYiIC = lEiI - [Aij]lEil . (4.13)

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

coefficients table. To convert these 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 inverted in the following
marner. Rearranging equation (4.13), and considering the relationship

in pure matrix notation yields

[£;1 - [a;410E;] = IY;JC- (4.14)

Thus

[E;1(1-8;5] = |Yi|C (4.15)

where I 1is an identity matrix, of the same size as [Aij]' Using
matrix inversion teciniques, the following equation for adjusted total

gross outlay (or output) results.

[E,

;1= Iyil [(I-Ai.)'l] . (4.1¢6)

]

[

The [I-Ai.]"l matrix is known as the direct and indirect technical
coefficients table, and may be used directly, in conjunction with
modified demand values, tc obtain a new basic transactions table in
the following manner [31].

If we assume that a new final demand value !Yi[ (~.hich may

&
consist of either new P. or Di values, or both) is to bhe fed into

i
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 initiallv summing the column of the initial final

demand values. This summation may bec designated by
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o= el (4.17)
C

The initial depletion values are also summed within the use sector, and

may be designated by

|
o, . 4.18
Ly (4.18)

From these two summations, the new final demand (}Yi'l ) is adjusted
("
using the following expression to yield the adjusced new final

demand, [Yi'l

M,
.1 = v.'] (1 -2 (4.19)
c e "y

Designating the direct and indirect technical coefficients matrix
by lKijl, then the new direct and indirect technical coefficients

matrix is given by

[Kij] = le'| [Kij] (4.20)

which in expanded form may he written as

-1 ' -1

O =y fasa o) (4.21)

I-4,
[t 1] c J

The resulting lK)j]' matrix is then transposed tu return the matrix
to respective row-column matrix format of the original transactions
toble. Thus, the new dircect and indirect technical coefficients matrix
is given by

I vI\

x o 0 ] = [yl (a-a 1™

4.22
i ) 5 . (4.22)



The columns of this transyposed matrix are then summed to give the row

vector of adijusted total qross outputs, Jgiven by }Ti'} . Thus
R
et lo= SR ) ‘.
T L N (4.23)
\

These adjusted total ross output values are then multiplied by the
original matrix or direct technical coefiicients, {Ajj] to give the
matrix of projected use (or processing) scotor vilues, [xia]. That

is,

(xiﬁl = Jr.vl [Aa. L] . (4.24)

Once these basic transaction values have boen determined, they may
be inserted into the overall input-nutput table to allow computation
of the new export and accumulation values with:n the payhoents soctor.
This is nccessary to cnsure that the new toral oo satlay vow vector
is equivalent te the new total gross output column corived from the
new final demand valuces and the noew ase sector values,

The new total gross output s computed by samping the rows of
the new usc¢ sector vaiues {xIS], and i luding the respective new
Pi' and Di‘ values.  The resulting total Jgrosu outhuat, represented

by Ti', may be expressed as

R N R (4.25)

lTilI = lTi'l . {4.26)
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The individual use sector values are also summed, columnwise, and the

resulting vector, [Cj'] , may be expressed as
R

e 'l = Tx, . (4.27)

From equations (1.20) and (4.27), the total value of the payments

sector, designated by le'I , may be computed using the expression
R

le']R-—- I'l‘i'IR— ch'lR, (4.28)

These new total payment sector values must then be disaggregated into
the respective new imports and depletion values. Decisions regarding
this disagqreyation will be entirely dependent upon policy decisions
of the arcal nmanagoment body, ad for purvoses of the tabulation here
being considered, 1t 15 assumed that the original importsdepletion

'
ratio, i remains constant during the ohtimization process.  From

J
equation {(4..50) the new import asd depletion values are given by the

expression

+ le'| = |F.'| . (4.29)

R R
From the original import and depletion values, a row vector of the
individual ratios, given by Ile , 1s computed, and may be expressed

as:

| = = . (4.30)
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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 Ij' and

Lj'. These may then be substituted into the new input-~output table

to complete it. If new final demand values are to Le considered, then
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
or depletion values. The analysis is further constrained, as mentioned
previously, by the degree of desired disaggregation. TFor the purposes
of this thesis, the industrial sector encompasses all industrial sec-
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
amount of produce worth of all the industries, and computing the aver-
age net economic return per unit of water. This method may also be
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
induced by policy changes, or normil stabilization of economic trans-
actions within an area, over long periods of time [32]. The static
input-output model has been used by state bodies primarily on an
annual basis, with new final demand data beint extracted at the end
of fiscal year transactions, from actual state economic data collected.
Thus, the input-output data tabulated is of past ccenomic 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 Einal 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-ocutput
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 for 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 cconomic 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 of 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 cach sector of an

input-output study, Leontief introduced tha concept of a crude
acceleration principle that reflects the fact that any change in output
over a period of time, or from one discrete time period 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 expresscd as follows:

n 1
X, = ) ox.. - ) S..(t) =¥, (4.31)
i
i 321 ij 551 ij
where Xi = output level of industry i
xij = sales of produce from industry i to industry J
Sij(t) = capital stock of produce 1 held by industry Jj at

the beginning of time period t
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. _d N .
Sij(t) = 3t (Sij(t)) = rate of change of the above stock
(investment)
Yi = total final demand
n
and Si(t) = z sij(t) = the total capital stock of good i available
i=1

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

Incorporating capital coefficients, kij’ indicating the stock of
industry 1 used per unit of produce output of industry Jj over time

period t, the structural stock flow relationships are given by

S,. =k,.. (4.32)

Differentiating the above with respect to time, and substituting into
equation (4.31) leads to:

n
X, - ) p.. X:- )k, . X:.=Y, (4.33)
= j:l 1] J 1

which allows the formation of a system of n linear differential
equations with constant production coefficients, pij' and constant
capital coefficients kij' Solution of these equations is undertaken
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
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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 éi(t) = é% (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 instantancous 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 without time lags in the period analysis is

given by
o= I[X =X )] = aX=x, 1), (4.34)
where It = the level of induced investment at time t
Xt = output level of the industry at time ¢t
Xt-l = output level of the industry at time t-1
a = investment coefficient, a positive constant

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

I = 1[(xt_l—xt_2)] = alX =X _,), (4.35)

where X and xt are the total outputs of industry X at time

t-1 -2

periods (t-1) 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.

X () - jzlpij XjE) = 88, (E) = ¥, () (4.36)
where ASi(t) = Si(t) - Si(t—l) (4.37)
n
= k.. (X. - X.(t- .
_Z 15 (%500 - Xg(e-1)) (4.38)
J=1
>0.

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

[I—P]X(t) - };[x(t)—x(t_l)] =Yy, (4.39)
vhere P = [pij]
K = [kijl.

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
S;(t) - s, (¢-1) = E ki (X5 (£) =X, (1) . (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 borfman 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
vfor 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
X; (&) > jzlpij Xy (E) + B85, () + ¥, (t) (4.42)
n
and 5, () > j£1 kg X5(t) (4.43)

In matrix notation, these two equations may be written as
[x] > P[x] + [as] + [Y] (4.44)

and [s]

| v

k[x]. (4.45)

The inequality sign in equations (4.44) and (4.45) is only relevant
if the output of an industry beccmes so large that che entire opera-
tion becomes economically wasteful.

The formulation of the Dorfman dynamic model set ot 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 considering one single time period
an optimal solution may be determined based on the initially available
capital stocks, for th2 particular time period. This solution may
then be used as the initial condition for soluticn of optimal disLri-
bution within the second timc period, and the process repeated until

all time periods designated have been considered.



4.33 Chenery-Clark Dynamic Model:
Although the Leontief and Dorfman dynamic input-output wodels
constitute the presently most widely used methods [9]., the
Chenery-Clark model warrants bricef discussion due to the inbuilt pro-
vision of storing produce (or cquivalent economic value) ahead c¢:
demand. This model is thus designed to analyze the accumulation of
fixed capital in a regional or areal economy where the level of produc-
tive capacity of cach sector, defined by wj, is considered. In pre-
ference to capital coefficients, (kij)' as used in the Leontief and
Dorfman models that relate purely to outputs from each sector, the
coefficients in this model relate to capacities, and arce defined as
the marginal stock capacity ratio for commodity i in sector j. This

may be written as
v 1]
k.l = —= (4.46)

where Sij is the stock of commodity i required to produce a level
of capacity W in sector j. S=2parating the imports subsector from

the payments sector, the model takes the following form:

n
Lote) + x5 () = ] Pyy X(e) +

k.! AW.(t) + Y. (t) (4.47)
=1 j=1 ) *

)

1

where Ij(t) import sector values at time t

and ij(t) change in productive capacity at time t.
The investment demand segment, kij ij(t) may be disaggregated

as follows.

kij ij(t) = kij (Wj(t)-wj(t-l)) (4.48)



kijt (wj (t+>\)-wj (t+Ai-1)) (4.49)

= ASij(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 defired as

follows:

Ui(t) = Wi(t) - Xj(t) . (4.51)

From this expression, it follows that

AUi(t) = Ui(t) - Ui(t~l) (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, A4W,
and U) for each time period, specification of final demands, as in
the static model, leaves the timing of the investiments 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 1n advance.
Note should be made that it is necessary to make additional assumptions
regarding the anticipated futurc 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 pPurposes.

4.40 Adopted Input-Output Analysis:

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

objective to be optimized, and alternative formulations of the



52

value to be maximized may be conceived with reference to this objective.
Variations within the objective function depend upon the ultimate use
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 ecconomy 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 prodnctive 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 terms of capital output coefficients as in most of the
models, or in terms 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
hasin 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 considering 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.



As mentioned previously, severe difficulties arise in the
formulatiol. of the net economic benefits versus net quantity of water
used relationship for each water consuming sextor, and the following
two chapters will discuss these rcelationships, 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 relics upon the use of accumulating excess capital
stock, and programming formulations arz combined with these models to
maximize this accumulation, the economic optimization follcwing is
basically static for planning purpnses, 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 fcllowing 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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5.10 General Considerations:

Economic optimization, or maximization of efficiency, is

traditionally defined as the allocation, or use of resources to
producers and consurers in such an allocation pattern that no reallo-
cation alternatives crist which would sllow net eronomle galns 1o some
users, without acconmpanving losses te others,  This basically implies
that all unambicuous allocation possibilitires for lncreasing ccCnomic
welfare within an area have been exhausted, and that all resources
available to the area have beoen congumed or used.  jowever, this defi-
nition reqguires that betweern the users, the actual rate of roduct
substitution (satisfacrerily substitutine onc alternative product for
another) 1s egual to the rate of fubstitution that these products are
actually consuned at. The definicion alse requires that the rate of
factor substitution within production (chandws within actual production
items) 1is equal o the rate at which thcese factors will se substituted
within the consurming scocor [15).  In summary, coonomis «friciency im=
plies simultaneous satisfaction between the producers and the consumers.

However, cronomic efficiency in the real world 1. a rather
theoretical condition implying a completely static relationship between
the vroduction ani consuming scctors.  The jrorerly funcstioning, though
theoretical, competitive price system adopted 1 democratic countries
throughout the world, allocates resources initially to consuming scc-
tors *that yicld the greatest net cconomic return for the minimum amount
of resource use. Howewver, certaln soclal Tonstrainte are (laced upon
.

this system due te necensary consuning sectors that have no, or very

low, evconomic returns from any amount of resource use. These scctors



are well exemplified by the recreational, domestic and social use
sectors of a water allocation svstem,  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 ranking alternative methods
in an atrtempt to saticty g gqiven objective.  The concept further
allows a convenient introduction to the additional! concept of willing-
ness to pay which acts as an indicator of wvalue.

The willingness by a consumer to pay for produce reflects the
willingness to forego other consumption, and in terms of public proj-
ects, the net willingness to pav becomes the difference between the
aggregate willingness of all roncorned secteors to pay for a particular
alternative and the agarcaate willingress to pay to do without the
project entirely [11]. Note should also be made that the term "value"
in the context c¢f this study is taken as the economic amount that a
perfectly rational user of a pubklicly saprlizd geod is willing to pay
for that good. The competitive, cemplementary and supplementary rela-
tionships among producers and consumer will areatly affect the actual
numerical value of these publicly supplied goods, and only through a
socially and coonemt alle act allocation system can optimization of
resource usec be obtained.

For the purposcs of this study the entire catchment, or river
basin, area being considered is assumed to contain seven main producing
and water-using scctors. These are irrigation, industrial use, domes-
tic use, commercial 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



lawns and garden watering, and any other use not directly affiliated
with one of the other sectors, but uses that arc 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 ade~ted 1s shown in Figure 5.1 following. For this
catchment area, the specific flow line format is also given in
Figure 5.2, with the specific alphanumeric designations as defined in
Chapter 2.00, included. Both the dependent and independent release
transfer cascs will be considercd and the respective olb-jective functions
developed. Explicit note should e made that the model under consid-
eration is highly aggyregated purely for the sake of descriptive ease,
though conversion to a higher degrec of disajgregation necessitates

only a greater degree of data collection and computation time.

5.21 Dependent Release Transfer:
As discussed in Section 2.10, the dependent release transfer
criteria implies that each downstream water user is dotondent

upon the return flows of the immediate upstream user.  For
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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 = Z b.a, (5.1)
i
i=1-+7.

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

expands to the following expression

n
' = + b + 4+ + C
B Z b.q, (4 Y ba, t ba, fboas. (5.2)

During a discrete time period, any of the last four terms within the
expression may be removed independently or groupcd. Depending upon
accumulation, depletion or static total water quantity conditions
existing within the storage facilities c¢f the svstem, the baqa and
bdqd terms will not occur ftogether during a discr.te time poeried.

From the theorectical expression given in oquation (2.10), equation
(5.2) expands to the following expression:

+ bz(qlﬂl) + b (R)(q]R ) + b4(R (R Ry + b _(F (R qulRl))

32 1 32711 5 4 3

+ (R_(R R_R R + b (R (KRR KR_FE R + Loy + h
be (Rg (P RyR 4 Ry ) (R (RgR RIF q R D) ata d

1 7 1 d‘d

+ J_ . .
+ quE quI (5.3)

For the seven sectors considered, this expression becomes the
maximization objective function for the entire allocation syctoem
under the dependent release transfer criteria. The constraint condi-
tions for the system may be written as:

0 <R, <1 (5.4)
= =

Qi + Riqi >0 (5.5)
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- - - - + . .6
% q; (1 - R = qu+q - g - 4q, *d, (5.6)

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

ql(l - Rl) + qz(l - R2) + q3(l - RB) + q4(l - R4) + qs(l - RS) +

- - = + - - + . 5.
+q(l =R) +q (1 -R) =q *+aq -q -9 *dq, (5.7)

For the purely theoretical condition of constant return
coefficients, the objective function may be rewritten as

2 3 4 5 6
' o= b+ + b R R~ + R+ R™ + R
B = q[b, + bR+ bR+ b, by by b,R"]

R ; DG+ .
+ bAqA quD + L?qi b a. . (5.8)

with the constraint conditions varying accordingly and R = Ri. If all
of the sectors within the catchment area were irrigation, the above
assumption that = = Ri may be valid, but for the diverse sectors
under consideration, the assumption is purely hypothetical.

The entire concept of downstream users being completely dependent
upon upstream return flews, 15 also rather hypothetical under both the
major existing water law doctrines of riparian rights and prior-~
appropriation. [me to the physical constraint of water losses occur-
ring within the ailccation system, a base flow, dependent upon physi-
cal conditions of both natural and man-made corveyance structures, is
required, and the independent release transfer criteria following is a

far more realistic optimization base.



5.22 Independent Release Transfer:
For the water allocation system where downstream users arce not
solely dependent upon the return flows of the upstream users, the
resulting programming problem is linear, and the total net economic
benefit for the seven sectors, excluding imports, exports, accumulation
and depletion, is given by equation (2.35) as
n

B = g b.g; (1 - R, (2.35)

i=1->7.
Including the import, export, accumulation and depletion terms, and
expanding for the seven sectcrs, vields:

B' = b.g

n 1 (1 - R.) +Db q4(l - R4)

(- )+ bg, (1 = R+ bay ; .

1

b5q5(l - RS) + b6q6(1 - R6) + b7R7(l - R7) + bhgh + quD + quE + quI
(5.9)

in which any of the nonconsumptive use terms may again be removed from

the expression during a discrete time period. As with the dependent

release transfer, the bAqA and quD terms will not appear togecther

during a discrete time period.

Fquation (5.9) is the maximization obhjective function for the

entire catchment area under an independent releasc transfer operational

system. This system operates under the following general constraints.

0 <R < 1 (5.10)
+Rq >0 (5.11)
Q; Ry
and
n
- P + - - + 5.12
) q, (1 - R) =gq *aq ~d "9 "9 (5.12)

1
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Expanding equation (5.12) yields,

ql(l - Rl) + q2(1 - Vz) + q3(l - R3) + q4(1 - R4) + qs(l - RS)

+ q6(1 - Rﬁ) + q7(l - R) =g

+ - - + .13;
- q; q, T 9yt 9. (5.13

N 5 D
Again, if the hypothetical condition of constant return coefficients
erist within the system, the objective function of equation (5.9)

reduces to:

v (1 - R) O fbg +bgq +bqg +bqg +bg +b
Bl = (1= Ry g + bg, + bygy +Dbq, +bq, + beae + b))
. + . .
+ bAqA + quD bEQE + bIQI (5.14)
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
ecquations {5.)) teo (5.12) shall be used as the maximization objective
function and constraint conditions for net economic return
optimizatio:n.

The twe major constraints that exist within the entire operation
of the objectiwvee function are the physical water quantities available
to each user, g and the net economic buenefits capable of being
derived from this water use, bi. As the actual bi values are
directly dependent upon the dy values, it is necessary to determine
water valuations, from empirical estimates, on the quantities of water
availabl.y to cazh user, and what these users are willing to pay for
varying water gquantities., The following subsection considers the
alternative methods of valuing 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 allocation are centered
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 thcse sectors that yield the highest net
economic return per unit quantity of water. The competitive price
system is hampered to a large degrece 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

could serve as allc.ation authorities, it Is necessary to base water
resource development plans or reallocation decisions primarily on
estimated or synthetic market prices [41]. !umerous methods have been

postulated and derived for the economic valuation of water though the
following four alternative procedures summarized from reference [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 betweer 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 uncerlainty 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 of 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 marginal value. Constant unit price changes

add further weight to the short term qualities 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
areal rezoning. Values arrived at from this method for the domestic
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 reducticn in
marginal value, that is, through the imposition c¢f extreme qaantity
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 dedaree in certain
sectors due to public intervention in the form of price controls,
subsidies, and basic financial assistance in general. The major
problem arising with the application of demand functions is the
quantity of data collection associated with their derivation and the
jack of available data generally. This lack of data has given to

pseudo demand functions for consumer goods that de 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 rmainly 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 any 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 other scctors is highly contentious.
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5.34 Valuation by Alternative Cost:

The alternative cost concept basically implies the use of the

same activities within producing sectors to obtain the same end
product by using substantially different means. Valuation using this
method has been used extensively in the comparative analysis of public
versus private development and also between competing private develop-
ment schemes. By determining alternative costs of production or of
distribution system development, the willingness to pay for water, Or
any other rescurce, is determined within the necessity of demand func-
tion estimation. However the method is purely static, and is not
applicable under expanding or depleting demand conditions. Under these
ctatic conditions the method is complicated tc a large degrce by the
interdependencies existing between cectors. This problem may be
eradicated using dynamic evaluation through the usc of incremental and
stochastic time series.

This method has been uscd as a water valuation technique within
all sectors, though it is most applicable to sectors that have public
development alternatives such as recreation and some commercial produc-
tion areas.

In summary, the most realistic methods of determining the economic
valuz of water are through demand functions and through consideration
of alternative cost. Observation of actual water sale transactions
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
due to subsidization and buyer speculation. Valuation through residual
imputation requires the application of major assumptions that within

themselves may be unrealistic in most cases. For cconomic optimization
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within a proposed allocation system, especially applicable to developing
countrices, the use of demand functions gives the most accurate value
estimated, though the developnent of the bi Ty relationships will
involve a hichly exjensive data gathering study.  This is particulary
prevalent within ostablished allocation systems, and due to this data
expense, water values have normally been unted as single unit values

in the past.

In the follewing subsection, t'. wvalue of water for the seven
sectors considered will be estimated using demand functions derived
from unit values conputed for the central western arca of the
United States, teacther with alternative cost methods where considered
rationally applicalle.  However, it should be stressed that water

values should be determined for the individual basin under considera-

tion, either from rmpirical cstimatec ar devived from
patterns. Values aquoted in the following subsection are given as
illustrative examples o be used within the entire hywothetical
economic optimization model. Specific note sheuld e made that through
the use of demand functions, it is not assumed that constant 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 cach of the seven sectors considered, hypothetical bi - q
relationships and biqi - qy relationships are discussed in

the following subsections. These relationships give the general form

of the demand functicns anticipated for each sector, though actual
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numerical values will depend upon the country and arca under
consideration. Actual demand function estima“es must be made with
relation to geographic evaluation, temporal variability, actual soil
capabilities and site productivities in gencral and the economic scales

of both adjacent area and the entire country.

5.41 Irrigation Water Value:

The physical productivity of irrigation water is highly der2ndent

upor. tie «ffects of the natural ohysical conditions; water and

v

-

land management; nutvient addivions: type of crop being irrigated; the

effects of techrologieal chance over time, and the - £€001 of the time

—

of the year of rroduction [F]. The latter effect can cnly b
considered within an cconomic optlmization proc.:ss vhrough a sequential
or multistage decision mahing process. This process may include
benefit (or farlure) - -os*t analveis [27, sequere’ 1 linear Programming
or dynamlc. rogramming. sithough prot lems do arvse when determining
the ccoromic value of water on a microscale due to the determinat.on of
actual consumptive use, withdrawal gquantities versus actual consumption
quantities, and the induced complicaticons of roturn flow considera ion,
the net quantitics of water reforred <o in this paper refer to the
quantities of water delivered to the farm minus retorn f1ow.

Yaluing irrigation water has normally becn carried out in the
past by pricing inputs and outputs and the evaluation of intermediate
products. However this method may he distorted due t¢ the occurrence
of market failure, public intervention, or uncmploymert. For any

particular crop however, and assuming a constant manag:ment technique

for all irrigation water users, the actual crop respor:e 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 bi - qi relationship will, for any crop, take on
the form illustrated in Figure 5.3, with an anticipated decline in the
net economic henefits occurring with over irrigation causing flooding

and overland scour.

Net Economic Benefit Derived { b; }( 8 /gil)

>
Ner 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 the 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 cconomic benefit relation-

ship (Figure 5.4) may be computed.

Tota! Net Economic Benefit Derived ( biqi) (&)

—l
>

Net Quantity of Water Use per Acre {a i ( gallons )

Figure 5.4 b, q,-gq; 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 within the
industries, arising from the fact that eighty percent of water used in
industry is primarily for cooling purposes only. Literature surveys
[39, 41] reveal that approximately ninety percent of all industrial
water is consumed by the five main scctors of food production, pulp

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 restrictions 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
operation without any cconomic benefit being derived. Thus, the
marginal value of the water reaches zero as soon as the demand under
full production conditionsg is reached. From these considerations, the
bi - qi relationship takes on the generalized form as shown in
Figure 5.5. This fiqure is applicable to industries that do, or do
not, use recycled water within 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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v

Net Economic Benefit Derived ( b;)( 8§ /gli)

Net Quantity of Water Used (q. ) ( gallons )

Figure 5.5 b - g, Relationship for Industrial Water.

Total Net Economic Benefit Derived ( biql) {8)

Net Quantity of Water Used (qi)( galions )

Figure 5.6 qui—qi Relationship for Industrial Water,
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5.43 Domestic Water Value:

Domestic water supply in the context of this paper refers solely

to residential develcpment 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 guantities involved arc 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
marginal price is again zero. In the following bi - qi relationships
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 bi - qi relationships estahlished 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. 1In Fiqure 5.7 the net willingness to

Net Willingness to Pay by User ( b; ) ( 8 /gll)

\ J

Net Quantity of Water Used (q') ( gallons)

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 - q,

1

relationship may be derived and is shown in Figure 5.8 following. If

Total Net Wiltingness to Pay (b, q; ) (8)

Net Quuntity of Watar Used ( q; ) (gallons)

Figure 5.8 b'ql--qi Relationship for Domestic Water.

water restrictions are imposed upon the domestic sector at any time,
the bi - q curve will be shifted to the right of the ordinates:
that is, the willingness to pay shall increasc for the same net quan-

tity of water used. This will induce very high biqi values for

relatively small 9 values.
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5.44 Commercial Water Value:

Within the context of this paper the commercial sector is

aggregated to include all commercial distribution businesses,
water relcases for purification and navigational use. However, these
individual uses may be broken down into three respective subsectors if
large activity of these industries occurs within the area. In general,
the commercial distribution and retailing section of the sector shall
contribute the greatest percentage of cconomic return to an arca of
uses aggregated above. The bi - qy relationship for this sector
will be similar to the industrial sector, with a characteristic zero
marginal valuc occurring as he supply quantity increases.

Estimates for the value of purification of water have normally
been made through estimation of the damages caused by the pollution,
though difficulties do arisc in the determination of actual damages.
The economic value of tne water may also be made from the treatment
costs involved in purifying the water to estaplished drinking or
general recuse specifications. 1In conjunction with these treatment
costs, the alternative cost approach may also be used if competing
projects of alternatives are available within the basin. The actual
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 [41]. WNo 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 bi - q relationship takes on

the generalized form shown in Figure 5.9 following. As for industrial

Net Economic Benefit Derived ( b;)( $/gll)

—>
Net Quantity of Water Used (qi ) ( gallons)

Figure 5.9 b;-q; Relationship for Commercial Water.



79

consumption the net economic value derived will approach a zero

marginal value as the net quantity of water used increases.

Total Net Economic Benefit Derived (b|qi)(8)

v

Net Quantity of Water Used ( q, } ( gallons)

Figure 5. 10 biqi - q; Relationship for Commercial Woter.

5.45 Hydroelectric Power Genecration 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 hoth base and peak load supply and on a long term
basis. FEmpirical 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 unigue 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 cost 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 requlation in which water
is pumped back into the storage, during off peak powers demands, for
peak load generation.

Figure 5.11 following illus:rates the hypothetical bi - qi
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



81

Net Economic Benefit Derived { b; ) ( §/gll)

—

Net Quantity of Water Used ( aq,) ( gollons)

Figure 5.11 bi- q, Relationship 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

biqi -4, relationship takes orn the following gencral 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 latuter two may
also be classified within the industrial or commercial sectors. Since
recveation is a nonproductive water use, it is necessary to use
synthetic imputation techniques in the derivation of cconomic values.

The actual consumptive use of water for recreation is also complicated
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Total Net Economic Benefit Derived ( biqi)( 8)

—»>

Net Quantity of Water Used ( qi) ( gallons)

Figure 5.12 b, q; 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 generatad; 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 ccncept 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 bi - 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: vhere the
marginal value approaches zero. The hypothetical form of the bi - q,

1

relationship is given in Figure 5.13 following and indicates an approach

Net Economic Benefit Derived { b;)( $/qll)

—>

Net Quantity of Water Used ( qi) ( gallons )

Figure 5.13 b-gq; 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 - q relationship for recreational water may

be derived and is shown in Figure 5.14 following.

Total Net Economic Benefit Derived ( biqi)(S)

Net Quantity of Water Used (q;) ( galions )

Figure 5.14 bi 9;- 4, Relationship for Recreational Water.

5.47 Social Water Value:
This sectcr 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



85

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 bi - 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, irdicating an increase in the willingness to
pay for the same water guantities. These higher bi values will again
induce higher biqi values.

In summary, the previous demand functior curves illustrate the

general form of the economic value of water in the seven main sectors
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Net Willingness to Pay ( b;) ( 8/ gll)

Net Quantity of Water Used ( qi') ( gallons)

Figure 5.15 b;-q; Relationship for Social Water Use.

considered in this paper. The extensive data requirements necessary to
construct the bi - 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
value 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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Total Net Willingness to Pay (bjq;)($§)

Net Quantity of Water Used ( q;) ( gallons)

Figure 5.16 biqi— q, 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 tlie 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 hetween basins, and exact qualitative
definition of consumptive use.

In the following economic optimization example, the numerical
values used in the compilation of the bi -9 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, importec 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 inflow. 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 requireﬁent 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 or each 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 hydr;ulic 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. FEstimates of the full
diversicn requirements and minimum diversion requirements of the zon-
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 heginning of each month.

For periods of restriction it is also necessary to have data of

the availability and timing of imported water, on a monthly basis,
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together with the minimum base flow requirement passing through the
catchment and eventually considered as exported water. To commence
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
the return coefficients of each secter (Ri), the initial net monthly

consumptions of each sector (qi) are computed from the expression

q; = qi(l - Ri). (5.15)

:
i
The average net inflow to storace for the month (qN), the maximum
storage capacity (MS), the volume held in storage at the beginning of
month one (Si), the minimum base export flow requirement for the month
(qEB), and the imported water available during the month (qI) are then
read in. From these data, the Lotal monthly consumption by all sectors
(qt), including the minimum base export flow requirement is computed

from the equation

n
a, = L 9f * dpy- (5.16)
i=0

This total monthly consumption is then compared to the initial
. . 1 . 1
- . - —_ >
water quantity available (Si + 2(qN)) and if S, + 2(qN) q, then all
demands are satisfied for the month and the storage available for the
next month computed from the expression

= + -
S; =S8y tay At 9 (5.17)
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where

qI = 0.0.

As it is possible that spill from the reservoir may occur, the new Si

value is compared to the maximum storage capacity (Ms) and if Si z_Ms,
then the actual export flow available (qE) is computed from the
equation
= - MS) +
dp (Si ) Ipp? (5.18)

and the storaje available for the next month's use is a maximum. If
Si is less than zero, the export flow available is equal to the base
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 = Si + q; (5.19)
If SiI is greater than q, then total demard satisfaction is
achieved, and the storage computations are carried out. For the case
where SiI < 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 CIy is

given by the equation,
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9.4 =93 *Fdgt (5.20)
where qé, qé and q; represent the net monthly consumptions of the
domestic, power and social sectors 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

S.
RR = —= . (5.21)

xi

-4

Q

Using this ratio, the actual net diversions to these three sectors are

given by the expressions

qéR = RR(qé) (5.22)

qéR = RR(qé) (5.23)
and

d7g = RR{q.), (5.24)

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 SiI, is computed from the expression

' =5 -q .. 5.
Sit T % T Yy (5.25)

The total monthly demand within these four sectors (qéz) is computed

from the equation
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Qo = a4y + )+ qy g, (5.26)

and the restriction ratio computed from the expression

S!

RR = —=L (5.27)
ql
%2

From this expression, the actual water quantities available are given

by:
al, = RR(a}) (5.28)
aj, = RR{g}) (5.29)
ajy = RR(q)) (5.30)
and
dip = RR(qp) (5.31)

After allocating the available water to the sectors, the storage
computations are carried as described previously, and the value of

qi, qn, qE, QI, and Si are printed. The program then recturns to the
data entry point and reads the next month's values of qi, Ri, qEB' QI

and q, for continuation.

Ugg;r 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
reguired. The initial sectoral bi 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 bi value,

under the minimum requirement constraints of other sectors, is

allocated. Water is then allocated tu the sector with the next highest
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bi value and the allocation repeated until all recuirements are
met, or all available water has been allocated.

This mcthod 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 qi are
printed for each sector under all constraining conditions. These
values are then used, in conjunction with the bi - qi and biqi - qi
relationships to determine the net economic returns from each sector.
The bi values are then read into the input-output analysis to compute
the gross economic return of the area.

The flow chart for the above water allocation program is given
in Fiqure 5.17 following, with the resulting computer program and

program output given in Appendices B#l and B-2 respectively.
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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 consideratiors, the major expense associated with the
following optimization method occurs in data collection, evaluation,
tabulation or svnthetic generation. However, the basic requirement
for the successful operation of this method is recalistic and accurate
data, irrespective of whether the data is cmpirical 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 given in Fiqure 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 necassity.

6.20 Hydrologic and Hydraulic Data:

Initial data collection requires a complete physical assessment

of natural water conditions within “he catchment. This implies

96
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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 topoaraphy 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



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 t- 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 water 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 Lo
assist in the computation of net water use in the various sectors.
These loss rates are applicable to both open and closced 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 breakdown 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 c<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 applicuble 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 to 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 cxpressed 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, - a; !

and b,q'! - q! relati hips.
n lql ql elationship
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 cconomic 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-
tion table may appear as zero for these three sectors. However, by
considering these sectors solely as purchasing sectors, data may be
collected of the goods transferred from the producing sectors. It is
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 :their 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
system. For catchment areas under development, it is necessary to
estimate the power demands, both intra and interbasin, power generation
capacity to be designed for, and total costs of installation, operation
and maintenance of the plant over its design life. From these data,
changes to be levied against users may be determined and the monthly

production and purchasing values computed. As with the irrigation
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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 typ~ 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 of 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 bi - 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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ﬁarticular care should be exercised in the formation of the
bi - qi relationships under temporal consideration. Monthly water
quantity use variations may induce la.ge 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 bi - qi 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 catchment area. It should also be stressed that the major
cost of operating this model will be associated with data collection
and evaluation.

The 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 hasis 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 rxeal 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 Ovperational 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.

107



108

7.14 Establish the demand functions (bi - qi relationships). For each

sector, and from such, compile the biqi - qi relationships.

7.15 From the above step, determine the bi and biqi values for

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

conditions. This table, designated by [Aij]w , 1s compiled through the

following manipulations:

i)

ii)

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

|Tilc = {|xij|R. (7.1)

Tt 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 biqi values to give a new

net economic return for each sector designated by

bat| = |bjaj - 2.00]- (7.2)
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The resulting values may be expressed as a column vector given
by

eyl = Iegeil - (7.3)

iii) Compute a distribution multiplier (Ml) from the ratio:

biqilR lBil

_ _ C
17wl T 74
R c

M

iv) Multiply each row in the average annual input-output table
(excluding exports and accumulation) by the respective Ml
values to give the initial distribution of nroduce between
sectors for average monthly water consumption conditions.

The initial table is completed with the following steps:
v) For each row in the exports and accumulation columns an
initial value of unity has been assigned.

vi) Sum each row of the entire input-output table to give the
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)wl '

may be expressed as

lr) | o= oM (x, ) + Y. (7.5)
i'w 1 1) i
C
vii)  Transpose I(Ti)wl to the row vector I(Gj)wl‘ . vwhere
|(Gj)wl = [I;Ti)wl ]T , and enter in the total gross outlay

c

row.



viii)

J10

Complete balancing the table by computing the payments sector

from the expression

l(xj L) | = I(cj)wlR - Zl(xij)wlc, (7.6)

and adopt I(Ij)wl = |(Lj)w| . Negative values from this

R R

calculation may be induced in the payments secctor, 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 the final demand sector through the

-use of a second multiplier, M2 . These multipliers may bhe

established as follows:

i)

ii)

iii)

Sum the unit net economic returns for the particular month,

i=n
for all sectors, designated by Z bi
i=1
Compute the M2 nultiplier for each sector from the
expression
b,
My, o= (7.7)
2 i=n :
L b
i=1

Incremental charges in final demand are then made through use

of the expression

(8y,) = 2[aM, + 1.00] (7.8)

where the variable "a" is incremented in values of $10 x lO3

initially, ther $1.00 x 103, $0.10 x 103 and finally

$0.01 x 10°.
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7.19 FPeed in the initial values of (A‘{i)w with a = $10 x 103 and
determine the new transactions table of biqi 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.
7.111 From the biqi - qi relationships, determine the actual water
consumption, qi , for each scctor. '
7.112 Sum the resulting qi values for each sector, (lih qi), and
i=0
compare the resulting value with the actual water available for
consumption determined initially from the water allocation program.

7.113 If the water available for consumption is greater or less than the

actual water quantity consumed, (AYi)w is modified incrementally,

1=n

and iteration continued until Z q, = Q.
i i
7.20 Operational Example:
7.21 General Catchment Data:
i) Catchment area: A = 1400 square miles = 896 x 103 acres.
ii) Average annual rainfall over catchment: Pav = 12.00 inches.
iii) Average annual runoff from the catchment (considered within
the allo ation mod:l as naturel rnflow):
q = 2.98 inches = 72.50 x lO3 gallons for the entire

N (annual)

catchment area. The average monthly distributions of rainfall
and runoff arc given in Table 7.1 following.
iv) Maximum storage capacity within the catchment area:

MS = 18.00 x lO3 gallons.
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|

Average Average Average
Monthly Monthly Monthly
MONTH Precipitation Runoff Natural inflow
(inches) {inches ) (glls x10%)
P 9, 9,
| Jan 0.65 0.22 5.35
2 Feb 0.65 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
1C Oct 0.83 0.21 5.12
Il 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

exports) from the system. These three main sections are considered

individually in the following subsections.

7.221 Water Inputs to the System.

Primary inputs to the allocation system considered here

are natural monthly inflow (qN), water diverted (or imported)

from an adjacent catchment area (qI), and water used from storage within

the area, referred to here as depletion water (qD). Water inputs are

considered separately as follows:

i)

ii)

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.

Imported Water.

A maximum monthly value of 2.0 x 103 gallons has been adopted
as the water available from adjacent catchment arcas. As the
purchase cf this water presents an economic loss to the
allocating authority within the considered catchment area, the
water allocation program only considers the availability of
imported water if all storages have been depleted and restric-
tions need to be imposed upon the consuming sectors. If
restrictions arc imposed to any degree, then the maximum

monthly amount available is imported.
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-
[N
[N

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 quantitics. The amount of depletion water available is
solely dependent upon the quantity of water held in storage at
the end of the previous month, with a maximum amount of

18 x lO3 gallons available in any one month.

7.222 Gross Deliveries and Net Sectoral Consumptions.

Gross deliveries (or diversions) to the sectors are denoted
by gq. , whereas the actual net consumptions are given by

i

d: . The relationship between these two quantities, as discussed in

1

Chapters 2.00 and 5.00 may be written as

a =gl - R, (5.15)

;
i
wher:2 Ri 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.



ii)

iii)

iv)

V)

vi)
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Industrial Sector.
Total number of industries within the catchment area: 200.
Average monthly diversion per industry (assumed constant for
each month): 3 x 106 gallons.
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.
Commercial Sector.
Total number of commercial businesses: 1500. Average monthly
requirement per business: 0.3 x lO6 glls. (assumed constant
for each month).
Power Generation Sector.
Total number of hydroelectric plants: 5. Range of average
monthly diversion requirements per plant: 0.020 x lO9 to
0.052 x lO9 gallons. Average monthly discharge is based upon
30 days per month, and the gross monthly requirements are
given in Table 7.2.
Recreation Sector.
Total number of recreational uses: 50. Range of average
monthly diversion requirements per recreational area:

6

0.40 x 10° to 30.00 x 10° 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 ]O9 gallons.

In Table 7.2, the average gross monthly requirements (qi) for all
sectors are given together with the average monthly consumptions (qi).
For simplicity, thz 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 scasons.

7.223 Water Outputs from the System.

Downstream demands for water originating within the

catchment are considercd 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 A > 3.0 x 109 gallons, and in any month may constitute

a portion of the storage depletion (qD) from the catchment.



SECTOR TOTAL
MONTHLY

IRRIG'N INDUSTL DOM' COMM' POWER REC'N SOCIAL
MONTH

R, =0.20 R2 =0.05 Ry =0.35 R, =0.20 Rg =0.20 Re =0.80 R, =0.30 .

q 1 [ ' ' t [ ' E:QI zqi

) q, q, qz qs q3 R A 9 9 qs Q% RS q, q,
| 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 | ©.80 |0.160 0.17 0.12 5.41 3.750
6 Jun 4.001 3.20 1 0.60 | 0.57 | 0.24 | 0.16 [ 0.45 | 0.36 | 0.20 {0.020 | 0.90 |o.180 0.18 | 0.13 ] 6.57 4.620
7 Jul 110.00| 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 J12.72 9.485
8 Aug | 11.00 | 8.80 | 0.60 | 0.57 | 0.38 | 0.25 | 0.45 6.36 | 0.10 |0.010 | 1.50 |0.300 | 0.20 | ©.14 }14.23 10.430
9 Sep 9.00 | 7.20 1 0.60 | 0.57 | 0.33 | 0.21 | 0.45 | 0.36 | 0.10 |o.010 | 1.50 0.300 | 0.20 | 0.14 J12.18 8.790
10 | Oct 7-00 ) 5.60; 0.60 | 0.57 | 0.26 | 0.17 | 0.45 | 0.36 | 0.15 lo.015 | 1.00 0.200 { 0.18 | 0.13 § 9.64 7.045
R 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 | 9.00 | 0.60 | 0.57 | 0.16 | 0.10 ! 0.45 | 0.36 | 0.25 |0.025 0.06 J0.012 | 0.17 ] 0.12 1.69 1.187
TOTAL
ANNUAL § 44.00 | 35.20| 7.20| 6.84 | 2.63 1.69 | 5.40 | 4.32 2.41 {0.241 8.35 {1.670 | 2.14 { 1.51 }72.13 51.471
Note: Al values in gallons x 10°

Table 7.2

Average Gross Monthly Demands and

Consumptions

LTT
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ii) Accumulateq 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 9y 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 (Si)' 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

- 1 - 1
Si = Si + 3 (qN) q. * > (qN) (6.1)
Si = 4,21 x lO9 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



Totai Monthly | Base Export Total Monthly | Average Monthly
Average Monthly Sectoral Consumption Sectoral Flow Consumption Natural
MONTH ( galions x 10% ) Consumption | Requirements Inflow
(glis x 10°) {glls x 10° ) (glis x lOg) {glls x10° )
] ] ] 1 ] 1 ] Etl l‘

Q| qz q3 Q4 q5 qs Q'] i=7Qi qEB qr qn
| Jan 0.00 0.57 0.08 0.36 0.0261} 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 Mor 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 0.02510.140 | 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 0.02C | 0.180| 0.13 4.620 3.ocC 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 0.0101 0.300 | 0.14 10.430 3.00 13.430 2.91
9 Sep 7.20 0.57 0.21 0.36 0.010}f 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
| 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.

61T
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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 bi - qi demand functions developed, the biqi - qi 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 bi - qi and biqi - qi 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
summation lil biqi for each month gives the total net economic benefit

i=1
derived from consumptive water use, while the double summation

n=12 i=7

biqi gives the total annual net economic benefit derived for
n=1 i=]
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
Beginning of | Consumption | Consumption | Monthly i ) Exported
and Export | and Export Notural Accumulation; Depletion

Each Month Water
MONTH 5 (demand ) (actual ) Inflow s 5 o COMMENTS

(glls x 107) (glis x |09) (glis x |09) {glls x |09) (glts x107 ) | (glls x107) (glis x107)
I Jan 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
q Apr 13.94 4.32 4.32 9.73 5.41 3.00
s 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 2.5¢ 10.04 6.26 5.12 0.86 3.00 Water imported - Restrictions
11 Nov 4.29 4.35 4.35 6.08 1.73 3.00
4 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.

12T
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menthly demand and consumption values. It should be realized however,

that the water allocation and net cconomic return may not be the optimal

condition, and maximization of the total monthly cconomic return will be

carried out in conjunction with the intersectoral product distribution

through usc of the basic annual input-output table.

i) Trrigation Sector.
For Month 9
Arca irrigated - 27,000 acres
Gross monthly demand - 9.00 x lO9 gallons
Return coecfficient - Rl = 0.20
Net monthly consumption - qi = ql(l - Rl)
= (9 % 10%) (0.80) gallons
= 7.20 x 10° gallons
Net monthly consumption per acre = z:ggjgaégi
= 0,267 x 106 glls/acre
From the b relationship of Fiqure 7.1, fér qi = 0.267 x lO6

glls/acre, b

per acre.

1~ 9

L = $28.20 per 10% gallons, and from Figure 7.2, bia;, = $7.52

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 cach month)

Gross monthly demand - q, = 200 x 3 x 106 = 600 x lO6 gallons

Return coefficient - R2 = 0.05



Net Economic Benefit Derived ( b,) for Month 7

( $ perl0® gallons)
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Net monthly consumption - qé = q,(1 - R2)

600 10”(0.95)

it

570 x lO6 gallons

570 6
200 x 10

2.85 x 106 gallons

Net monthly consumption per industry

2.85 x 106

It

From the b relationship of Figure 7.3, for qé

2”9
gallons, b2 = $160 per 106 gallons, and from Figure 7.4, bzqé = $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 lO6 gallons.
iii) Domestic Sector.
For Month 9
Catchment arca population served by the domestic water supply

system - 100,000 people

Average daily diversion per wverson - 108 gallons
g Y I !

1

Gross monthly diversion - q3 3240 gallons per person

[0}

Return coefficient - R3 = 0.3

Net monthly consumption - a4 q3(l - R3)

3240 (1 - 0.35}

2106 gallons per person

Net monthly consumption for the entire sector

2106 x 100,000 gallons

O
q! 211 x 10 gallorns

3

Figure 7.5 gives the b3 - q% rclationship for domestic water

. 3
supply, and for a net monthly consumption of 2.11 x 10 gallons per

person, the economic return to the distribution authority is given by

b3 = $0.22 per lO3 gallons.
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The total net willingness to pay by the user, or the return to the

allocating authority, is given by b (population) = $47,600, as

393
shown in the b3q§ - qé relationship of Figure 7.6.
iv) Commercial Sector.
For Month 9
Total number of commercial businesses - 1500
Average diversion per business - q, = 0.3 x 106 gallons

(Assumed constant for each month)

Gross monthly demand = 1500 x 0.3 x lO6

i

450 x 106 gallons

Return coefficient -~ R4 = 0.20

Net monthly consumption per business - q& q4(1 - R4)

0.3 x 10° (0.80)

0.24 x lO6 gallons

From the b4 - qa relationship of Figure 7.7, for qé = 0.24 x lO6

gallons, b, = $98.00 per 106 gallons, and from Figure 7.8, b4 - q& =

4
$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

6
= 20 x 10 gallons

5
5 x 20 x 106

Average diversion per unit - g

Gross demand for Month 7

1

100 x 106 gallons

Return coefficient - R5 = 0.90
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Net monthly consumption per unit - qé q5(1 - R_)

5
6
20 x 10~ (0.10)

1

2.0 x 106 gallons
From the b5 - qé curve of Figure 7.9, for qé = 2 X 106 gallons,

b5 = $3750.00 per 106 gallons, and from Fiqgure 7.10, b = $7,500.00

1
595
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

6
10 x 10~ gallons.
vi) Recreation Sector.
For Month 9
Number of recreational facilities - 50
Average diversion per recreation area - 9 = 30 x 106 gallons
Gross diversion for Month 7 - 50 x 30 x lO6

= 1.50 x 109 gallons

Return coefficient - R6 = 0.80

1]

Net consumption per recreation area - qé q6(l - R6)

30 x 10° (1 - 0.80)

]

6.0 x 106 gallons

P = 6.0 x 106
6

From the b curve of Figure 7.11, for

\Q

- !
6~ 9

gallons, b_ = $140.00 per lO6 gallons, and from Figure 7.12, qué =

6
$840.00 per recreation area. The net economic return for all arcas
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 lO6 gallons
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Gross diversion for Month 9 - 200.00 x 106 gallons

Return coecfficient - R7 = 0.30

Net consumption per social sector - q; q7(1 - R7)

2.00 » 10° (0.70)

it

1.40 x lO6 gallons

From the b relationship of Figure 7.13, for q% = 1.40 x lO6

7~ Y
= $305.00 per 106 gallons, and from Fiqure 7.14, b

gallons, b 245 =

7
$427.00 per social sector. The net economic return from all social

sectors fc. the month is thus $427.00 x 100 = $42,700.00 for a total

monthly consumption of 140 x 106 gallons.

7.24 Basic Annual Input-Qutput 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 interchange of goods and services between the
sectors is classified through the basic input-output table, though these
values reflect the total output derived from all resources, and 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 payments sectors refer solely to the economic value of
goods and services, and not the net total economic return or cost of

exported, accumulated, imported or depleted water.

7.25 1Initial Water Transactions Tables:
Following the discrete steps of section 7.17, derivation of the

Ml and M, multipiicers for Month 9 is given in the following


http:42,700.00
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SECTOR

MONTH IRRIG'N INDUST'L DoM COMM' POWER REC'N SOCIAL Thq

(Bt}

b, b aq, b, b,a, by byas b b, a4 bs bsas be bg de b, bsa;
{ | Jon 0.00 0.00 | 160.00 91.20 | 510.00 43.10 98.00 35.28 | 2800.00 72.80 | 1050.00 4.20 335.00 39.87 | 286.45
2 | Feb 0.00 0.00 | 160.00 91.20 | 510.00 43.10 98.00 35.28 | 2800.00 72.80 | 1050.00 4.20 335.00 39.87 | 286.45
3 | Mar 0.09 0.00 | 160.00 91.20 | 490.00 44.60 98.00 35.28 | 2800.00 72.80 | 840.00 8.40 335.00 39.87 | 292.15
4 | Apr 0.00 0.00 | 160.00 91.20 | 420.00 44.70 98.00 35.28 | 2850.00 71.25 | 230.00 | 32.20 335.00 39.87 | 314.50
5 | May | 17.50 42.00 | 160.00 91.20 | 380.00 46.93 98.00 35.28 | 3000.00 60.00 | 215.00 | 34.40 335.00 39.87 | 349.68
6 |Jun | 20.00 £4.00 | 160.00 91.20 | 310.60 48.36 98.00 35.28 | 3000.00 60.00 | 205.00 | 36.90 325.00 40.95 | 376.69
7 | s 29,25 236.25 | 160.00 91.20 | 220.00 47.60 98.00 35.28 t 3250.00 48.75 | 196.00 | 39.25 307.00 41.00 | 539.33
8 | Aug ] 29.80 262.24 | 160.00 91.20 | 210.00 51.87 96.00 35.28 | 3750.00 37.50 | 140.00 | 42.00 305.00 42.70 | 562.79
9 |Sep | 28.20 203.60 | 160.00 91.20 | 220.00 47.60 98.00 35.28 | 3750.00 37.50 | 140.00 { 42.00 305.00 42.70 | 499.28
10 | Oc? 25.60 143.36 | 160.00 91.20 { 290.00 49.01 38.00 35.28 | 3250.00 48.75 | 196.00 | 39.25 325.00 40.95 | 447.80
11 | Nov 0.00 0.00 | 150.00 91.20 | 390.00 45.63 28,00 35.28 | 2800.00 64.40 | 215.00 | 34.40 335.00 39.87 { 310.78
12 | Dec 5.00 G.00 | 160.00 91.20 | 420.00 14.70 98.00 35.28 | 2850.00 71.2% | 790.00 9.48 335.00 39.87 | 291.78
T b g 950.85 1093.40 557.20 423,36 717.80 326.68 487.39 | 4557.68
Note. All b, values in $ per Tox gallons , Al biqi' values in $ x 103
Table 7.5 Unit Benefits and Total Economic Returns for Average Monthly Conditions.

TrT



PURCHASING SECTORS
QUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
z - - - - 4 =
- = - = 5 32 < & = OUTPUT
@ 3 Z Z £ el o a 3
INPUTS b S S S o o o4 x 8
puny = L~ ¢
Xi; ¥ Xiz Xi3 Xia Xis Xig Xiz P, D; T;
IRRIG'N X,J- 18.00 | 11.00 30.00 | 10.00| 10.00 9.00| 14.00] 9.00 9.00 | 120.00
@ | INDUST'L X2; 19.00| 20.00{ 14.00{ 17.00]| 20.00 7.00] 14.00] 17.00 | 17.00 | 145.00
o
-
o (S | oom' X3] 10.00 | 14.00| 10.00 5.00| 11.00| 12.00 10.00| 9.c00 9.00 90.00
S| o
S © | COMM’ x‘,j 20.00 | 25.00| 10.00 4.00 6.00 6.00 5.00] 12.00 | 12.00 } 100.00
w 4
uilz
Z | POwER Xsj 23.00 | 30.00 8.00] 12.00 6.00 4.00 3.00}1 17.00 | 17.00 | 120.00
w
z [}
14 © | RECN e 8.00 14.900 5.00 4.00 14.00 6.00 9.00] 10.00 10.00 80.00
Z | e 6j
[&]
a SOCIAL X7 10.00| 15.00 7.00 8.00 9.00 8.00( 10.00f 14.00 | 14.00 95.00
o
£le
o z IMPORTS Ij 6.00 8.00 3.00; 22.00! 19.00| 14.00| 15.00| 0.00 0.00 88.00
s
g DEPLET'N L; 6.00 8.00 3.001 23.00| 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 95.001| 88.00 88.00 926.00
Table 7.6 Basic Annual input-OQutput Table (§x10%).

[4:40



143

steps, together with complete derivation of the initial transactions

table of net production arising due solely to water use.

i)

ii)

iii)

Summation of the consuming sector rows of the annual input-

output table, 7.6, yie.ds the following column vector,

i = 102.00

C 111.00
72.00
76.00
86.00
60.00
67.00

with all values expressed in $ x 104. Note should be made
that this vector remains constant for all months.

After subtracting the initial unit values allocated to the
export and accumulation columns the net economic returns for
the month to each sector, biqi from Table 7.5, may be written

as

|B.| = 20.100

C 8.920
.560
.328
.550
.000
.070

BB WwWw S

with all values expressed in $ x 104.

From the above two column vectors, the allocation multiplier

is computed from

c (7.4)

to give
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M, = 0.197006
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 followirg.

V) Final demand columns are assigned an initial value of 1.00 and

gntered in Table 7.8.
vi) Row summation of the table gives the total gross output

column, and may be expressed as:

| |- 203.00

C 91.20
47.60
35.28
37.50
42.00
42.70

with all values expressed in $ x 103. This vector should be

equivalent to the expression

l(r.) | = 10.00{B.]| . (7.9)
Wl iy
vii) Transposition of the ITiI vector yields
c
T
ez 1= |(c;j)w|R

It

|203.00 91.20 47.60 35.28 37.50 42.00 42.70

which gives the total gross outlay row of Table 7.%8.
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MONTH
SECTOR
Jan Feb Mar Apr May Jun
IRRIG'NT] 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.03922 | 0.06078
INDUSTLE 0.09696 | 0.09696 | 0.09696 | 0.0969G | 0.08036 | 0.08036
poM' | 0.06629 | 0.06629 | 0.06871 | 0.06887 | 0.06240 | 0.06439
COMM'f 0.05943 | 0.05943 | 0.05943 | 0.05943 | 0.04379 | 0.04379
POWER | 0.11238] 0.112235 ! 0.11238 | 0.10992 | 0.06744 | 0.006744
REC'N | 0.00423 | 0.00423 | 0.01231 | 0.05808 | 0.05400 | 0.925817
soclaL | 0.06644 | 0.06644 | 0.06644 | 0.06644 l0.05652 0.05813
MONTH
SECTOR -
Jul Aug Sep Oct Nov Dec
RRIG'N ] 0.22966 ] 0.25514 | 0.19706 | 0.13859 | 0.00000 | 0.00OLO
inousT'Ll 0.08036 | 0.08036¢ | 0.08036 | 0.08036 | 0.09696 | 0.0Y696
poM' | 0.06333] 0.06926 | 0.06333 | 0.06529 | 0.07037 | 0.06887
COMM' | 0.04379 1 0.04379 | 0.04379 | 0.04379 | 0.05942 1 0.05943
POWER | 0.05436 | 0.04128 | 0.04128 | 0.054360 | 0.09905 10,1099
—_—
REC'N 0.06208 | 0.06667 0.06667 0,06208 1 0.06231] 0.,01438
sociaL | 0.05821 ] 0.06075 | 0.06075 | 0.05813 | 0.06644 | G.0b0d
Table 7.7 M, Multipliers for Average Annual Conditions.




PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
- TOTAL
r4 — - | w 4
> = . = x z < x = OUTPUT
& a 3 3 S by S 8 3
INPUTS @ z a S o ® 3 3 o
- <
Xi; i Xiz Xi3 Xia Xig Xis | Xiz P; D; T
iIRRIG'N x,j 35.45 | 21.68 | 59.12 19.71 19.71 | 17.74 ) 27.59} 1.00 1.00 | 203.c0
x INDUST'L X2; 15.27 | 16.07 | 11.25 1} 13.66| 16.07 5.63 11.25) 1.00 1.00 91.20
ot }
7)) 3 DOM' X3 6.33 8.87 6.33 3.17 6.97 7.60 6.33 1.00 1.00 47.60
g »
5 o | COMM' Xg: 8.76 | 10.95 4.38 1.75 2.63 2.62 2.19| 1.00 1.00 35,20
@ |z '
Z | POWER Xs; 9.50 | 12.38 3.30 4.95 2.48 1.65 1.24) 1.00 i.o0 37.50
[42)
4
213 REC'N Xg; 5.33 9.33 3.33 2.67 9.34 4.00 6.00] 1.00 1.00 42.00
o
3 SOCIAL | Xq: 6.08 9.11 1.25 4.86 5.47 4.86 6.07] 1.00 1.00 42.70
ao: j
a E IMPORTS Ij 58.14 1.41}-22.18}) -7 75| -12.58 | -1.05| -8.99]| 0.00 0.00 7.00
uw
u -
E DEPLET'N L 58.14 1.40 | -22.18 | -7.74( -12.59| -1.05| -8.981] 0.00 0.00 7.00
TOTAL OQUTLAY Gj [203.C0 | 91.20 | 47.60 | 35.28| 37.50| 42.00| 42.70| 7.00 7.00 | 513.28
Table 7.8 |Initial Distribution of Produce Between Sectors for Average September

Water Consumption.

9vT
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viii) The payments sector of the table is computed from the

expression

|(1j + Lj)wlR = l(Gj)wlR - zl(xij)wlc (7.6)

which yields, for the irrigation sector,

|(z, + L) | = 203.00 - 86.72
s I R A
= 116.28.
Adopting |(Ij)w| = l(L.)wl yields the imports and depletion
A T ¥R
row vectors of
l(z,). | = |s8.24 1.41 -22.18 -7.75 -12.58 ~-1.05 -8.99].

J W

Negative values in these vectors indicate negative payments
made by the purchasing scctors, which in reality, are
reflected as positive values within the final demand sector
in the maximized transactions table.
The resulting Table 7.8 reflects the initial input-output table of
net produce transactions between scctors arising solely from the water
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:
Optimal allocation of available water for a particular month is
achioved through static iteration of the initial input-output
table with iteration changes being manually induced in the final demand
sector. Incremental changes in the final demand scctor rely upon the

use of a second allocation multiplicr M, which are direct functions

«



of unit net economic benefits within each sector.

September again, monthly tabulations for M
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Using the month of

2 multipliers are estab-

lished as follows:

i)

ii)

iii)

From Table 7.5 the unit net economic benefits for all sectors

(for full demand satisfaction) are summed to give

¥ b, = 4701.20 § per 10° gallons

(7.7)

which, for September, yields

.03403
.04680
.02085
. 79767
0.02978
.064138

C CcC OO0 0o

C

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.

Incremental changes within the final demand sector for each

producing sector, are then made through the expression

(AYi)w = 2[aM_ + 1.00]. (7.8)

2

For September, a month under restriction conditions, the

initial iteration commences with the variable "a" equal to


http:b1i4701.20

149

MONTH
SECTOR
Jan Feb Mar Apr May Jun
IRRIG'NI O0.00000 | 0.00000 | 0.00000 | 6.00000 | 0.00416 | 0.00486
iNnDusTLl 0.03230 | 0.03230 | 0.03388 [0.03209 | 0.03805 0.03885
pom' 0.10297 | 0.10297 |0.10375 | 0.10261 | 0.09036 | 0.07528
comm'] 0.01972 | 0.01979 | 0.02075 [ 0.02394 | 0.02330 0.02380
POWER | 0.56531 { 0.56531 | 0.59284 |0.69631 | 0.71335 | 0.72851
REC'N 0.21199 1] 0.21199 | 0.17785 [0.05619 | 0.05112 | 0.04V78
SOCIAL 0.06764~_b.06764 0.07093 }{0.08185 | 0.07966 | 0.97892
MONTH
SECTOR
Jul Aug Sep Oct Nov Dec

RRie'N | 0.00627 | 1.00635 | 0.00600 | 0.00589 | 0.00000 | V.VODLY
iNousT'Ll 0.03756 | 0.03409 {0.03403 | 0.03633 | G.04002 | 1}.03439

DOM' 0.05164 | 0.04475 | 0.04680 | 6.06675 | 0.09755 ﬂtnﬁﬂlh
coMm' | 0.02300 | 0.02088 | 0.02085 [ 0.02256 | 0.02451 FO.O2T05
POWER | 0.76286 | 0.79910 | 0.79767 | 0.74806 } 0.7)035 | 0.61.251
REC'N | 0.04601 | 0.02083 [0.02072 | D.04511 | 0.05376 4 0. 16974
soclaL | 0.07206 | 0.06499 0.06483 | 0.0748L [ 0.03379 | G.07200

Table 7.9 M, Multipliers for Average Annual Conditions.



iv)

v)

150

10.00 to give

(AY,) = 2[10.00(4,) + 1.00] (7.10)

Thus, the initial incremental changes in both the exports and

accumulation columns may be given by the column vector

(ap) | = b)) | = 1.06
vy, c YW 1.34
1.47
1.21
8.97
1.30
1.65
0.00

where

I(APi)w[C + l(ADi)wlc = I(Avi)wlc. (7.11)

These new final demand values are then read into the input-~
output program to give a new input-oucput table of biqi
values for all sectors.

The total output values give a column vector of the total net
economic output from cach sector. For the initial iteration,

these values are given below for September.

b.q!| = 36.91

e 20.05
11.95
7.64
23.59
10.83
11.21

Actual consumptions necessary to give the above biqi values
are then determined from the biqi - qi relationships, which

results in the following column vector:



151

2.160
C 0.168
0.008
0.123
0.004
0.018
0.016

la; |

vi) summation of the above vector yields the total water consumed

during the month. This is given by
= ' 9
z q; = 2.497 x 10° gallons.

As the above value is greater than the actual water quantity
available for consumption (2.150 x lO9 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, and the process repeated.
i=7
vii) Iteration is continued until ) qi = Qi . Actual iteration

i=l

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 each month during
the hypothetical year considered. From this tabulation it can hc seen
that increases in the next economic return to the area occur during the
months of January, February, May, June, July and August, with reductions
occurring during the other months. These changes are relative to the

net economic returns for average monthly consumptive demands, which



ITERATION N°

Monthly S - Actual

Demand ] ( 2 J 3 1 4 Water

Vv ] R s S S Available
SECTOR alues (av L (av), 7oA v,

—%— 1000M,+00 S~ =500M,+1.00 Tz =4 00M2+|oo;7 : 4.58 M, +1.00
, e e R T Eahan
t | ' + t 1 | ' ' : t '
b, q; q; b, g 9% | bjq, 9 _, biai | g | bg 9 b; g; q; Q;
i ! ;
IRRIG'N 203.00 | 7.200 36.91 2.160 28.52 1 1.8920 ! 26.82 : 1.860 + 27.83 1.875
RS S A v_,li;- SR S S
INDUST'L 91.20 j 0.570 20.05 .1608 15.31 10,1349 ! 14.37 0.130 14.93 ] 0.133
A R S ‘f I
DOM' 47.60 | 0.210 11.95 0.608 EINAL G.008 L8.72 [O 007 9.01} 0.008
4 e e AU S
i

COMM' 35.28 | 0.360 7.64 0.123 H.16 10,116 5.87 '().104 6.00] 0.112
POWER 37.50 | 0.010 23.59 | 0.004 | 14.28 1 ©.001 | 12.41 |0.00] 13.49! 0.001
REC'N 42.00 | 0.300 10.83 | 0.018 3.40 1 0.010 7.90 10.009 8.20{ 0.009
SOCIAL 42.70 | 0.140 11.21 | 2.016 .63 [ 0,011 8.10 | 0.010 8.41] 0.011
TOTALS 1499.28 18.790 [ 122.18] 2.497 | 90.55 | 2.170 ! 84.19 2.121 87.937 2.149 2.150

Note: All b, q; values in § x103. Al q;’

Table 7.

10

values in gallons x 103,

Iteration for September.

st



PURCHASING SECTORS
-
OUTPUTS CONSUMING SECTOR FINAL DEMAND ,
TJOTAL
F4 - - - g’ =z
© % - z o z < © z | OUTPUT
z 3 3 3 z o S g 3
N i ] —
1 1 XIZ Xi3 Xia Xig Xie X7 Pi Di Ti
I IRRIG'N | X, 2 51 5.63 n2 | o4.ia 31.78 4.32 1.03 1.03 27.83
g INDUST'L X2 L6 1,46 1.07 2.65 3,31 1.20 1.76 1.16 1.16 14.93
c _ _
2 § DOM’ X3 07 1.02 0.00 0.41 L.as | 1.62 0.99 1.20 1.20 3.01
o
51 o | comm | x Vs 1,27 TR n.33 | v.se G50 0.34 1. 10 1.10 6.06
4
5| 2 ‘
Z | POWER Xs; 41 IR 9.31 0.5 .53 0.35 0.19 3.65 4.65 13.49
[75} —t
z
g S | REC'N Xg; Lo )L30 0.52 | 1.98 0.45 0.94 1.14 1.14 8.20
(&)
é SOCIAL | X, R Lo Lan Log bo1i1e 1.3 0,95 1.30 1.30 8.41
fe dl w
o % | IMPORTS I,‘ 4 5, vL13 -1.3% 1 ~ {50 -0.5% 0.00 0.C0 11.59
w !
= t
= DEPLETN | L, ; 11 S U T B L 10 -0.60 | -0.55 0.00 0.00 11.57
]
L
TOTAL OUTLAY | Gj 2 IR PN N e 1204 6. 20 5.41 | 11.5% |11.58 | 111.09
Table 7.11 Final Input-Qutput Table for September.
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Average Consumptive
Demand Conditions

Optimal Consumptive
Demand Conditions

Average Net Economic Optimal Optimal Net
Monthly Returns for Consumptive Economic
MONTH Consumptive | Consumptive | Allocation Returns COMMENTS
Demands Demands
q;(demond) biqi'(demond) qil (optimal) biq;(optimol)
| Jan 1.160 286.45 1.159 291.68
2 Feb 1.160 236.45 1.159 291.68
3 Mar 1,176 292.15 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 3.485 539.33 9.487 681.74
8 Aug 10.430 562.79 10.341 791.43 Restrictions
9 Set 8.790 499,28 2.149 87.93 Restrictions
10 Oct 7.045 447.80 3.260 187.67 Restrictions
[l Nov 1.353 310.78 1.351 307.92
12 Dec 1.29% 291.78 1.297 276.00
TOTAL
ANNUAL 51.569 4557.68 41.058 4246.43

Note: All g, values in gallons x 10°. All biq; values in § «x 10°

Table 7.12 Total

Monthly Average Optirnal 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 percert water restriction,
the net economic return ha:s 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. 1f thesc
three months are disregarded from the entire year of consideration, the
net annual economic return for demand conditions is $3,047.81 x 103, and
the rptimal net economic return is $3,179.40 x 103, indicating a 4.32
percent increase for these nine months.

Significant percentage increases occur durng the months of higher
demands, especially July and August, with minimal overall changes
occurring in the other months not subject to restriction conditions.
These increases in the net economic returns are caused primarily by the
demand function relationship for the power gencration secior, where
comparatively high b.l values exist for small water consumption values.
This induces a shift in the water available to this scctor from all
other sectors, consequently inducing the higher net cconomic roeturns.,

Table C-2-1 through Table C-2-11 in Appendix C-2 list the final
optimal results for each month. Comparison of the individual scctoral
values with the initial input-output tables reveals both increases and
decreases in scctoral net cconomic returns, irrespective of an increase
or decreasc in the total monthly net econunic return.

7.32 Valuation of Exported Water:

puring months of full demand satisfaction, water transferred out

of the basin arca does not affect the net cconomic return to the


http:3,179.40
http:3,047.81

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 cach scoctor,
and in doing so, takes on a positive cconomic value.

The real value of exported water during months of partial demand
satisfaction may be determined by adding the export water quantity to
the total monthly demand until full demand satisfaction is obtained.
With this additional water available for allocation, the optimization
process is rerun to determine the new tcetal net cconomic benefits.  The
difference between this value and the original value of net economic
benefit without export water gives the real value of the exported water
or the value of the water had it been placed in productive use within
the catchment.

Considering interbasin allocation alternatives, the net cconomic
value lost by the basin considered should be gained by downstream users
if the water transfer is to be economically viable. A further alterna-
tive interpretation is that users outside of the considered basin should
be willing to buy the exported water at, or greater than, the net
economic loss suffered by the upstream user. However, this concept does
not consider base flow requircements imposced upon natural river reaches.

For the water restricted months of Auqust, September and October,
Table 7.13 following gives the value of the export water, together with
water quantities used, for the basin under consideration. From this
table, the unit values of the export water (bE) for the threc months
are $237..22 per 106 gallons, $83.24 per 106 gallons and $86.86 per
106 gallons, respectively. Note should be made that not all of the

export water available has been used during Auqgust .


http:int:erpr,.La

Average Consumptive Export Optimal Economic | NetEconomic |Unit Economic
Monthly Demands Water Net Returns Value of Value of
Consumptive including Allocated Economic inciuding Export Export
MONTH Demands Export Water Returns Export Water Water Water
L} t I I
q, al + ag ag Tbiai  |Zbiai+bgag |  bgag be
8 Aug 10.430 10.430 0.09 791.43 812.78 21.35 237.22
9 Sep 8.790 5.150 3.00 87.93 337.65 249.72 83.24
10 Oct 7.045 6.260 3.00 187.67 448.24 260.57 86.86
Note: , 9
All q;" and qgvalues in gallons x 10
Alt b;qi and bgqg values in § x Tox
All b values in § per 105 gallons
Table 7.13 Export Water

Valuation

LST
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7.33 Valuation of Imported Water:
The value of the imported water to the basin may be determined in
a similer 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 wiater
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 guantities, and rerunning the optimization process to
determine new net cconomic benefits derived per month for all sectors.
These new benefits are then subtracted from optimal net economic returns
to give the net cconomic value of imported water (quI) for all sectors
for the month.

Table 7.14 following lists the import water values for the
restricted months of Auqgust, September and October, together with water
quantities consumed. From this table, the unit values of imported water
(bI) for the three months are $74.68 per lO6 gallons, $41.02 per lO6
gallons and $76.98 per 106 gallons, respectively. All months have
consumed the maximum amount of import water available during the month
(2.00 x 10” 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 been consumed within the



Average Consumptive Import Optimal Economic |Net Economic jUnit Economic
Monthly Demands Water Net Returns Vaolue of Value of
MONTH Consumptive Excluding Allocated Economic E xcluding Import Import
Demands import Water Returns Import Water Water Water
a;' a; - a Q 2 b, g 2b;a;-b q; by a; b
8 Aug 10.130 8.340 2.00 791.43 ©12.08 149.35 74.68
9 | Sep 8.790 0.150 2.00 87.93 5.89 82.04 41.02
10 Oct 7.045 1.200 2.00 187.67 33.71 153.96 76.98
Note . . 9
All q; and q; values in gallons x 10
All b;q; and b g, values in § x 10°
All b, values in § per t0® gallons
Table 7. 14 import Water Valuation.

6ST
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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 return maximization within a river basin. Usinag
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 averaqgc
annual consumptive demand ~onditions, though the actual net cconomic
return was only 6.83 percent lower. Disregarding the months of
September and October, during which severe restrictions were imposed,
the net economic return to the basin was increased by 9.07 percent
through use of the mcdel 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
37.65 percent water reduction gave a 50.8% percent reduction in net
economic bcaefit compared to full demand satisfaction, within non-
restricted nonths, lncreases in net cconomic benefit ranged from 0.08

percent to 26.40 percent and decrcases 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 wate: juantity

available with the bacin, 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,

hypothatical within an entire river basin. However, for future planned

cities, or developing ~ountries, the model may be applicable to smaller

areas, under the astwrption that a rational allocation authority is

established.

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-cutput 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
sectcrs, 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) 1In relation to recommendation 1), an increase in the accuracy
of the model may be obtained by defining the biqi = qi 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 ( Z qi) 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 ( Z qi) during the defined time period. However, the
i=0

optimization of 94 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
bi values. However this variation has been considered insignificant

within the model.
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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 polynomial 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-1

INPUT-OUTPUT PROGRAM AND INPUT-OUTPUT

PLOT PRIGRAM



Cre—memree—reeem———s=~mo—oso- cemm———— e ememmmemeemee——————e———————— -C

Cmmememccececcemmesmese=oc——o= JE R O e ™

Cm=em==INPUT-OUTPUT PROGRAM AND TNPUT-OUTPUT PLOT PROGRAM=======n======C

PROGRAM INOUT(INPUTQOUTPUYvTAPE5=[NPUT9TAPEG‘OUTPUT.TAPEZ)
DIMENSION XU Te T)ePIL 71ePJL 91sDIC T)e0UL 9)eTIC 9)sTIL 9
TIAC T ThreY{ Q)AL Te TIaYPL THeTH 7).DR(IO.]O)'AT(1.7)'DIV(7)
DIMENSION EJ(7)ODIR(7)vCP(7)OF(7)09(7)
COMMON N
CALL LOCAT(2RAT}

Ce=w==-====READ N SIZE OF MATRIX
READ (510N

10 FORMAT (12)
MxNe?
Crmmm=m="- READ X INPUT MATRIX

0C 100 I=1leN
READ(S5+20) (X(IsJ)sJ=1leN)

20 FORMATI(TF10.0)
100 CONTINUE
Commmmmm- READ PAYMENTS SECTOR

READ(5420) (PI(I)ei=1eN)
READ(S+20) (DICI)sI=1eN)
Comem=—== READ FINAL DE™AND
READ(5¢30) (PJ(T)eI=1eM)
pEAD(5v30)(DJ(I)c.=lv“)

30 FORMAT (6F10.01
DC 2 I=1s¥
Y(Iy=PULT)eDU]D)

2 CONTINUE
DO 3 I=1eN

TI(p)y=7(D)
DO & J=1eN
TIC(II=TI(I) e X (TeJ)

4 CONT INUE

3 CONTINUE

51 TI(MI=Y (M)
Tl(Nel)=Y(N1)
DC 5 I=leN

TI(N 1) =TT (N1 eRPI(])
TI(e)=TT(M)eDILT)

S CONTINUE

Commmm= CONTINUED


http:FOPMAT(6F1O.Oi
http:READ(5.20

DO 6 I=]eN
TUtI=PI(I)«DICI)
DO 7 J=1eN
TJEDI=TIO(I) X (U D)
CONTINUE

CONTINUE
TJ(NeDY=0,
TJ(Mr=0,

DC B I=1lewM
TUIN+1)=TUI(Ns1)ePU(T)
ToMI=Ty (M) eDI )
CONTINUE

SUMTJ=0.

DO 9 I=l.M

SUMT J=SUMTJ+TI(])

Comemmmw= PUT DATA IN PR MATRIX FOR PLOYTED CHART

43

11

a2

16

24

oAb

45

DC 43 I=1.N

D0 43 J=1leN
PR{TeJI=ZX (14}
CONTINUE

DC 46 I=1l.M
PR{I«N+1)=PJ(D)
PR{T«N+2)=DJ(])
PR(TsN¢2)=DJI(])
PR{I«Ne3)=TI(I1)
PRIN3«1)=TU(I)
IF{I.GT,N) GO TO 4a
FR{Ne1lsIV=PI(I])
PR(N+2y1)=DI(])
CONTINUE

IF (N .EQ. 7) GO TO 45
PR(G+9) = SUMTY
PR(10+10)=SUMTY
CALL CHART(PR)

DO 11 I=1sN
EJ(DI=TI()~-DI (D)
CONTINUE

DO 22 I=1sN

DO 22 J=1+N

Af{ledl= X(LeJ)/ZEJLY)
CONTINUE

DO 23 Ju=1.N
DIR(J})=0,

DO 24 I=1.N
DIR(JI=DIR(UII+A(I»))
CONTINUE
IF(DIR(U)LT.1.0) GO TO 23

C==-=~CONTINUED

[4A



25

23

DO 25 I=1sN
AtTed)=A(1vJ)®,99
CONTINUE
GO T0 16
CONTINUF
WRITE(6+35)
39 FORMAT(® DIRECT TECHNICAL COEFFICIENTS®/)
00 200 Ix=]leN
WRITE(6+40) (A(IeJ)ed=1eN)
40 FORMAT({T(2XsF6,2))

200 CONTINUE

Cewecem===SET UP IDENTITY MATRIX

DO 93 I=1sN
DO 91 JU=leN

AT(IsJ)=0,
91 CONTINUE
Al(1.1)=1,
93 CONTINUE
C--=--~===SUBTRACT A FRCM I
DO 92 I=leN
DO S2 J=leN
AT(Ted)=AT(Tsd)=A(10d)
92 CONTINUE
Cee=e====CALL MATRIX TO INVERT [-A

i8

CALL MATRIX(10sNsNeOsAT+T7+DET)
WRITE(6+49)

49 FORMAT(® DIRECT AND INDIRECT TECHNICAL COEFFICIENTS®/)

DO 201 I1=1lsN
WRITE(S+40) (AI(TI+J) e J=1eN)

201 CONTINUE

------ READ CORRECTED FINAL DEMAND
READ(5+30) (PJ(I)eI=1eM)
IF(ENF({S))117+21
READ(S¢306) (DUtI)sIx=]eM)

DC 31 I=1.N
YPIT)=PJU(I)eDUILI)

------ CALCULATE ADJUSTMENT RATIO
Hi=o0,

DO 27 1I=1N

HI=HIsY (])

D™1=0.

D0 18 [=lsN

OMI=DMI«DI(D)

CONTINUE

IF(HI.EQ.0.) GO TO 19

IF(OMI.EQ.0.) GO TO 19

Z=]1,=-(DMI/HD
~==CCNTINUED

€LT


http:At!eJ)=A(IoJ)*.99

52
Conewm=

53

S8

54

55

00 52 I=1.N
YP(I)=sYP(I)®7

CONT INUE

~==MULTIPLY AT BY FINAL DEMAND
D0 12 I=1,N

DO 12 J=lsN
AT(IeS)=AT (I eJ)®YP(])

CONTINUE

~==CALL MATRIX TO TRANSPOSE Al
CALL MATRIX(OWNoNsOvAIcTsATsT)
===SUM ROWS OF ATeYP aND PUT INTO T
DO 13 I=1,N

T(iy=0,

D0 13 U=s1l.N

TIII=T(1)eAT (1o}

CONTINUE

==-MULTIPLY A (DIRECT COEFF., MATRIX) BY T TRANSPOSE
DO 14 I=1.w

DO 14 u=zl,sN

A{IeJ)=A(Ivd)*T ()

CONTINUE

~=~=REPLACE ORIGINAL X WITH RESULT AND RECALCULATE TABLE
BO 15 I=l.N

DO 15 JU=leN

X{Ied)=A(]=24)

CONTINUE

DO 53 J=1l.N

CP(Jy)=0,

DO S3 I=1¢N

CPUUIZCP (J) eX(1IvJ)

CONTINUE

DO S8 I=1¢M

Y(I)=2PJU(1)eDU(I)

CONTINUE

DO 54 1I=1,N

TI(l)=Y(I)

DO 54 JU=1lsN

TICI)=STI(I)eX(1ed)

CONTINUE

DO S5 I=1leN

F(I)=TI(1)=CP(])

CONTINUE

DO S6 I=1lsN

IF(DI(I).NE.O) GO TO 66
RtIy=1,

GO TO Sé6

R{D=PI()/DI(])

CONTINUED

LT
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S7
17
1
2
1
c X
C X
10
c .....

CONTINUE

NO ST I=1leN

DICI)=SF(I)/Z(R(I)el,)

PI(I)=F(I)~DI(I)

CONTINUE

GC TO 51

CONTINUE

SToP

END

SUBROUTINE CHART(DATA}

COMMON N

DIMENSION DATA(10+10)+¢XLAB(9)sYLAB(9)XPD(10)

DATSA XLAR/JOMIRRIGATION +1O0HINDUSTRIAL ¢ BHDOMESTIC s 10HCOMMERCTIAL
Li0RPOWER GEN. +10HRECREATION »10HSOCIAL USE +THIMPORTS «9HDEPLETI
ON/

DATA THETAXsTHETAY/90,0+180.0/¢HT/.147

DATA XPD/Z2HQRl1+2HQ2+s2HAZ+2HQ4 +2HA5+2HQ6+2HQAT s 1HP s IHD e IHT/
DATA IPN/O/

CALL INIT (2}

NUM3=N

NUMZ2=Ne+1

NUM]l=Ne?2

NUM=N+3

NUMP=Ns+4

YSPAC=,.825

CALL FACTOR(,.8)

DC 1 J=1eNUM3

YLAR(J)=XLAR(J}

YLAB (NUMZ21I=10HEXPORTS

YLAR(NUM1) =1OHACCUM,

MAIN TITLES

CALL SYMBOL(6.0+0,25¢HTs17HPRODUCING SECTORSsTHETAYS17)
CALL SYMROL (3.5¢0,S+HTsGHCONSUMING+ THETAX+9)

CALL SYMBOL (4.000,5¢HTs7H SECTORs THETAX.T7}

CALL SYMBOL 1242+ .66TONUM2+0.5+HT +BHPAYMENTS«THETAX¢8)
CALL SYMBOL (Z2e2+,65TaNUM] + SsHTTH SECTOR +THETAXT)
CALL SYMAOL(2.2+.66TONUM, ., SsHT+18HTOTAL GROSS OUTLAY,THETAX.18)
CALL SYMBOL (1eBelabohnT+6HINPUTS THETAX6)

LINE LABELS

POS=2.2

00 10 JU=1 NUMIL

POS=POS«,.667

CALL SYMBOLI(PUSr1.BsHT+XLARB(J}sTHETAX10)

PCS=2PNSe, 667

DO 11 U=1eNUM

K=NUMP =

IF(U.GT.2) 60 7O 12

CONTTINUED

SLT


http:SYMBOL(4.0.0.5.HT.7H
http:THETAXTHETAY/9O.0tl180.0/tHT/.14

12
13
11

22
23
21

20

30

CALL SYMBOL(POS+3.1+HTeXPD(K) s THETAX 1)

GO Tn 13

CALL SYMBOL (POSs3.,11MT 4 XPD(K) s THET2X+2)
POSxP0OS-.667

CONTINUE

CALL SYMBOL (POS+3.1+HT41HQsTHETAX1)

MAIN TITLES

CALL SYMROL(1.242419HT:THOUTPUTS+THETAX7)

CALL SYMBOL (.2546.0+HT+17HPURCHASING SECTOR:THETAX+17)
CALL SYMBOL(0.515.7+HTs16HCONSUMING SECTORTHETAXs16)

FIN®A ,0«NUMISYSPAC

CALL SYMBOL(D.43sFINyHTsSHFINALsTHETAXS)
CALL SYMBOL(,65¢FINsHT+6HDEMAND s THETAX +6)
TOT=23,7+NUMI*YSPAC

CALL SYMBOL (667 +TOTeHTySHYOTAL s THETAX S}
CALL SYMBOL(1.0+TOTsHT«SHGROSSs THETAXS)
CALL SYMBOL(1.33¢TOTyHT+6HOUTFUT,THETAXs6)
YLINE LABELS

P0S=3.9

DO 20 J=1sNUM]

CALL SYMBOL (1.,8B+sPOSsHTeYLAB(J) s THETAY +10)
POS=P0OS+YSPAC

POS=P0S~,12

D0 21 U=1sNUM

KaNUMP =

IF(U.6T,3) GO Y0 22

CALL SYMAOL (2.2+POSsHT+XPD(K) s THETAXs1)
GO TO 23

CALL SYMBOL(2.2sPOSyHT ¢ XPD(K) s THETAX+2)
POSsPOS-YSPAC

CONTINUE

NUMBERS

D0 30 I=1+NUM

DO 30 Jx=1lsNUM

CALL NUMBER (2,24 ,66T#1+3,40+YSPAC*Js=HT+sDATA(IeJ) s THETAX+2)

LINES
YBORD=3,75¢YSPACO®NUM
XBORD=Z2,34,567®NUM

CALL PLOT(409+,0943)

CALL PLOT(.09+YBORD2)
CALL PLOT(XBORD»YBORDs2 )
CALL PLOT(XBORDs.094+2)
CALL PLOT(409¢,09+2)

CALL PLOT(1.94+3,0+2)
CALL PLOT(1.94+YBORDs2)
CALL PLOT(2.23+YBORD+3)
CALL PLOT(2.2341.09+2)

C=====CONTINUED

9LT


http:PLOT(.943.0O
http:POSXPOS-.12
http:SECTOR.THETAX.16
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QN3
NENL 3y
(NdIYYlSy 19D
Ndl-1=Ndl
(24€°=-104%60°) 10624 1VD
(E'E°=-101Q80RYI1uTd TI¥D
(24QHUBAS*2-0233x} L1014 Tivwd
(E*CE"1°2~CxCa¢LLCTTe VY
(2460°41L09° =288 200 VIvD
(E4Qd0dA*L99°*~0:00YY 1604 10%D
(246G =NI4¢2:0u7)L0Ng VD
(E¢GG°=NI14¢L2°)10Yd TTVD
(24G*E*L9°)Y101d 1v)
(£¢C°=1014£6°)100g MWD
(2¢E°=10L0%£2°)1073 1V
(€¢G°E4L2": 1074 7))
(2¢G°E*50°) L0a 139D
(E4G°E€8QH08YILCd T7vD
(240°€¢Cd0YX3 L1072 1IvD
(E40°E*»6°1) 1004 VD
(29€L°T1%€2°2) 104 WD
(E*EL°T*IRNNGLD9°+0E"2)10G 1TVD
(24E°0* THNNOLI9°+0E~2)10d 11v)
(E4€°0+€2°2)10d TIVD
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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



T PURCNASING SECT O A i
| CONSUMING SECTOR Finac
: CEMBNG ¢ raraL
i .’ = ] - o = -:
: | S T » a =z = < 5#20SS
f QUTPUTS = o = = = T - = GUTPUT
: \ g <. .. \D.‘, e E T x T OuThU’
C e jai) [Ty z fren ae —_ &3 b
LW o x z z o s o =
NPL.'T:Z\ . = o o o - o - !
* .- —_ (o) (%) Q______ 2 73 i X
_ G__ . Gl Ce_ 63 G4 05 U5 _az P G A,
FiRRIGHT IaN| Gl P1.S3 2,91 563 382 4.8 3.78 4w 32| 1.G3 1 33 27.83
f i
i ! . ,
CONSUMING ' INLusTR AL 32 . G.66 1.86  1.67 2.65 3.4 .20 1.76| i.i6 i..5 14.33
| SEctoe :
o LaMe T 3 0 §.27  1.63 9.8 0.51 1.48 i.52 06.98] 1.26 ..20 9.Gi
z |
v LowMprcladoy - 8.38  1.27 042 6.3 0.56  0.56  0.3%] 1.i6  L.15  5.06
Lo ! i
= i
é POWEr GEN 13D 0 0.4l 143 0.3 G.96 9.53  S5.35  3.:3] w.65  4.55 . 3.49
&
- i .
; PELPESTIONMGQU | 023 1.08  G.32 0.%2 . 98  U.8Y G 94| iiw 1 v B.20
i - .- —~ i — '
PR07 AL UFG7 | 50260 .06 G 40 J.94 o yas| 133 L 38 6.4
j |
PATHENRTS L IMPORTS P .2.04 2.35 0.13 -1..83  3.1G 54 5| dcu 5.55 1:.59
? SEOTGP LEPLETION (L 0 .2.04 2.34 0. '3 -i.83 4.5 o - 58| a.as 1.66 .97
TATAL GR3S, Outuay T 27.83 4093 9.0 0.06 1349 .20 34! 5g 56 i1i 59
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APPENDIX B-1

WATER ALLOCATION PROGRAM
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c----------------.-------------.-----------------------—---------------c

c--------------------------—---------------------.-—--—--------—-------c

Cowom=>==WATER ALLOCATION PROGRAM=e=memeencesnrreecsenemesacacerneaansas=(

PROGRAM HADIS(lNPUT-OUTPUT.IAPES:lNPUT'TAPEbzouTPUT)
DIMENSION GIT)eR(TIVQIPL(T)
(m~wemermmrrrcanana—ce R e i i PR R el Ll bt dehl -=C
Coroe====Q(]} INITIAL AVERAGE MONTHLY DIVERSION TO USER
Comemm=~==R(]) KETURN COEFFICIENT OF USER
Come=mu=m==QP (]} = INITIAL NE! MONTHLY CONSUMPTYION HY USER
Commam=== ON = AVERAGE NET INFLOW TO STREAM FOR MONTH
Cmemme===iMS = MAKIMUM STOKRAGE CAPACITY
Creeme===S] = STORAGE VULUME AT HBEGINNING OF MONTH 1

Commmmmm= OEB = MINIMUM HASE EAPORT FLOW REQUIRED PER MONTH
e Gl = IMPORIED WATER AVAILABLE DURING MONTH
Commmm——— 9T = TOTAL MONTHLY CONSUMPTYION RY ALL USERS PLUS MINIMUM
e AASE EXPORT FLOW KEQUIRED
Ce=-=====QX1l = SUM OF DOMESTIC. POWERs AND SOCIAL OEMANDS FUOR MONTH
C=-======QX¢ = MONTHLY COMSUMPTION DEMAND IN IRRIGATIONs INDUSTRY
T CUMMERCIAL AND RECKEATION SECTORS
Ce=e=====QA = MONTHLY ACTUAL WATER AVAILABLE
Cmmm==-==RR = RESTRICTION RATIO
Crmm=mm=- OF = ACTUAL EXPORT FLOW AVAILABLE
it aemcmemmmemmeescsemmesm—smeccsssmmmeee==(
Crwmwomm== READ AMS ANU SI

READ (5010) AMS,SI
Cromme==- PRINT HEADINGS

WHITE(6419)

19 FORMAT (l1H1+12(/))
wHITE(6420) SI

20 FORMAT (o a43xy9MONTHLY SECTORAL WATER ALLOCATION®//434®ALL VALUE
1S IN GALLONS X 10E9®///1TXeNET MONTHLY SECTORAL CONSUMPTION®/e MO®
23!'1RRIG°3K°]NDUST“JX°DOM'0l’COMN'kX“POdER°“X'HEC’3X“SOCIAL’SX“MO.
Q'SX'MO.°5X“M0.°5X°M0.°SK°M0.°3X°STORAGE°2X°ACC°“X“DEPL.°/6£X°DEHAN
5U°£X°DISTHN"?K°INFLOH°Bl°lMPOHT'EX°EXPORT°//lUdloFS.é)
DO 12 J=1l+1l2

Commmom== STORE S] VALUE FUR COMPUTATION OF ACCUMULATION OR DEPLETION
SIL=SI
Commmmm—= REAN O(I) AND R(D)

NEAD (90100 (UITVol=1eT)e(PLI)sl=lsT)
10 FORMAT (7F10,0)
Comeom=rm- HEAD QN+ QEBs AND 41
READ(5910) WNe+QEBIGI
C==~===-CONTINUED


http:FORMAT(1HI.12
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Commmem==COMPUTF INITIAL NET MONTHLY CONSUMPTION (QIPI(I))
13 D0 2 T=}.47
QIP(I)-Qt1)e () ~R(I))
? CONTIN S
QT=0.0
Corrmmnca= COMPUTF TOT&. MONTHLY CONSUMPTION ¢ EXPORT (QT:
DO 3 I=1.e7
QT=QT+QIP(])
3 CONTINUE
QT=QT+QEB
QD=QT
QA=SIL+0,5%UN
Crmmon== =IF STORAGE VOLUME GREATER THAN TOTAL CONSUMPTION YTHERE ARE
Covmmmrone NO RESTRICTIONS
IF(QA.GE.QT) GO TO 1%
Crmmerm- ADD STORAGE AND IMPORTED WATER
QA=QA+Q!
Commmm== «~IF THIS TOTAL IS GREATER THAN TOTAL CONSUMPTIONs IMPORT WATER
IF(QA.GE .QT) GO TU 17
Cormcmm=- IF NOTs CALCULATE RESTRICTIONS
IF(GA.LT.QEB) QEB=0,0
QGA=QA-QEB
Crommeme- TOTAlL DEMANDS FOR SECTORS 3¢S5¢ AND 7
QX1=QIP(3)+WIP(S)+QIP(T)
Crcmme==- IF TOTAL STORAGE LESS THAN THIS TOTAL DISTRIBUTE WATER AMONG
Corvmmane- THESE SECTORS IN RATIO OF INITIAL MONTHLY CONSUMPTION
Crmmmmm=a SECTORS 1+92¢4s AND 6 GET NO WATER
IF (QAGE.Q%2: GO YO 5
RR=QA/QX]
WIP(3)=RR*QIP (3}
QIP(S)=HReQIP(5)
QIP(T)=RReQIP(T)
QIP(1)=0.0
DO 7 I=2+642
QIP(1)=0,0
7 CONTINUE
GO 10 21
16 0I=0,0
17 SI=0A-QT+0,5%UN
GO 10 6
Commamce- IF TOTAL STORAGE IS GREATER THAN DEMANDS FOR 395y AND 7
Comwm=e==DISTRIBUTE REMAINING AMOUNT AMONG SECTORS les2+4s AND 6 IN
Co==w==e=RATI0 OF INITIAL MONTHLY CONSUMPTION
5 QAzZQA-QX]
OXx22QIP(1)+QIP(2)+QIP(4) «QIF(6)
HRz=QA/QX?2
QIP(1)=JIP(1)%RR
Ce====CONTINUED


http:IF(QA.GE.QT

QIP(21:xQ1P(2) *RN
QIP (&) XNIP (&) *RKH
QIP(AIZQIP(0) ®KR
2) S1=2,5%uN
G1=20,0
00 22 1=x1.7
Q1=QleiP ]
22 CONTINUE

QTanTeqt @
(o=~ COMPUTE NFe STORAGE VOLUME FOR NEAT MONTH
6 1H(Sl.05.am%) G) TO 4
GEZ=QJEN
1F1S1.68,6.1 GG TO 1S
9 5130,0
60 1O 1S
(oo coMPUTE ACTUAL EXPOHT F Ow AVAILABLE
A QE=2(S1-aMS)eneh
(oeewcan==- It 16Ta. STOURAGE OREATER THAN MAX, CAPACITY S TORAGE FOR NEXT
[EXTTERE N wONTH TS MAS[MyUM
Slz=amMd
(emmm==r- COMPUTE ACCUMULATICN OR DEPLETION Vi JE

18 aCCaSI1-S1¢
1 \ACC.LT N1 GO TO e
Ceme=====PR|NT OUTPUT
wh[TE (630 JetQIP I el =l eT) eUD 0T ONIQL ¢UE ST ACC
30 FORMAT (I Xelcelatdret S, 2
6o 10 12
J& ACC=2aCCe (=],
WwH]TE (6ee0) J'(019(1)-11107)-GDoOT.QNoOIoOEoSI-ACC
00 FOAMAT(IXe12a1313ReF5,¢)el1AFS, )
12 CCNTINUE
S10P
€En0


http:ACC.LT.rn
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APPENDIX B-2

WATER ALLOCATION PROGRAM OUTPUT



0

OE NN &N~

IRKIG

0,00
c.00
0,00
0.00
2.40
3,20
8.00
8.73
1.593
2.45
0.00
0.00

MONTHLY SECTORAL wATER ALLOCATION

ALL VALUES

NET MONTHLY SECTORAL CONSUMPTION

INDUST

57
57
57
57

57
<57
«57
.12
.25
.57
.ST

DOm

«0h
<08
<09
.10
.12
.16
.21
.25
.21
.17
Y
.10

COMM

.36
«36
.36
« 36
« 36
«36
«36
«36
.08
.16
36
«36

POwWER

.03
.03
.03
.03
.02
<02
.02
.01
.01
.02
.02
.03

REC

.00
.00
.01
ole
Y-}
.18
20
« 30
«06
.09
«1%
«01

IN GALLONS x 10€£9

soclac

ol2
.13
ol
ol
w12
«13
.13
ola
«la
.13
.12
.12

“0.
DEMAND

Lo lb
4,16
bold
4,32
615
7.51
12,89
13,63
llaTv
10,04
4,35
4,19

MO,
DISTEN

.16
4.l
~.l8
4,32
6.1715
Tetbl
1¢469
13,3
Se 15
[ -4
«.35
4,19

“0.
INFLOw

5e35
S.60
7.06
973
10,46
Y49
“,38
2.91
JeoU
5.1¢2
6.0%
2.92

“0.
IMPORT

0.00
0.00
v.00
L.00
0.00
0.00
v.00
2.00
2.00
¢.N0
0.00
0.00

MO.
EXPORTY

3.00
3.00
3.00
3.00
3.00
LT
3.00
3.C0
3.00
3.00
3.00
3.00

STORAGE

3'02
4,21
S.64
8.53
13.94
17.65
18.00
9.89
1.45
1.70
2.56
4.29
3.02

ACC

l1.19
l.44
2.88
5.41
3.71

35

.25
86
1.73

DEPL.

[ALA
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APPENDIX C-1

INITIAL DISTRIBUTION OF PRODUCE BETWEEN SECTORS

FOR AVERAGE MONTHLY WATER CONSUMPTIONS



PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
z = - J d Zz
“© b - = w z < x = OUTPUT
z H 3 3 z o S S 3
INPUTS & S 2 S Q « @ 5 S
i Xi\ Xis Xi3 Xia Xis Xig Xis P D; T
IRRIG'N | X | 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 INDUST'L Xg; | 0-00 |19.39 |13.57 |16.48 |19.39 6.79 | 13.58 1.00 1.00 | 91.20
[
0 o | oom’ X3 | ©-00 9.28 6.63 3.31 7.29 7.96 6.63 1.00 1.00 | 43.10
O wn
51 o | comm’ X4 0.00 |14.86 5.94 2.38 3.56 3.57 2.97 1.00 1.00 | 35.28
w 2
Wl =z
Z | POWER Xsj 0.00 |33.71 8.99 |[13.49 6.75 4.49 3.37 1.00 1.00 | 72.80
n
=z
© | g | REC'N xg; | ©-00 0.59 0.21 0.18 0.59 0.25 0.38 1.00 1.00 4.20
o
2 SOCIAL | Xz; | 0.00 9.97 4.65 5.32 5.97 5.32 6.64 1.00 1.0c | 39.87
S —
o E IMPORTS | 1 0.00 1.70 1.56 | -2.94 | 14.62 [12.09 3.15 0.00 0.00 6.00
=
g | DEPLETN L 0.00 1.70 1.55 | -2.94 | 14.63 [}12.09 3.15 0.00 0.00 6.00
TOTAL OUTLAY | G; 0.00 |91.20 |43.10 |35.28 | 72.80 4.20 | 39.87 6.00 6.00 [|298.45
Table C-!-1 Months : January and February

681



\ PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR EINAL DEMAND oTA
L
-J (2]
INPUTS x S 2 S o = @ X S
X3 i Xi2 Xi3 Xia Xis Xie | Xiz P D; T
IRRIG'N | X; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
x INDUSTL X2j 0.00 | 19.39 | 13.57 | 16.48 | 19.39 6.79 | 13.58 1.00 1.00 | 91.20
g g DOM' X3j | ©-00 9.62 6.87 3.44 7.56 8.24 6.87 1.00 1.00 | 44.60
Lt} o COMM' Xg 0.00 | 14.86 5.94 2.38 3.56 3.57 2.97 1.00 1.00 | 35.28
@ § POWER | .. [ 0.00 | 33.71 8.99 | 13.49 6.75 4.49 3.37 1.00 1.00 | 72.80
2 § REC'N Xgj | 0-00 1.72 0.62 0.49 1.72 0.74 1.11 1.00 1.00 8.40
% SOCIAL | X4 0.00 9.97 4.65 5.32 5.97 5.32 6.64 1.00 1.00 3-9.87
& % IMPORTS | 1; 0.00 0.97 1.98 | -3.16 | 13.92 |-10.37 2.66 0.00 0.00 6.00
§ DEPLETN | | ; 0.00 | 0.96 | 1.98 | -3.16 | 13.93 (-10.38 | 2.67 | 0.00 | 0.00 ]| 6.00
TOTAL OUTLAY | G; 0.00 | 91.20 | 44.60 | 35.28 | 72.80 8.40 | 39.87 6.00 6.00 |304.15
Table C-1-2 Month : March

06T



PURCHASING SECTORS
-
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
4 -~ - J [ =z
Z = ] = x z 3 & = |ouTpur
@ a z g = Y o g =)
INPUTS o S S S o e o x §
xij X Xi2 Xiz Xia Xis5 Xig Xi7 Pi Di Ti
IRRIG'N Xy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
@ INDUST'L Xz; | 0-00 |19.39 |13.57 |16.48 19.39 6.79 | 13.58 1.00 1.00 } 91.20
‘_
f’x) o | oom’ X3j 0.00 9.64 6.89 3.44 7.58 8.26 6.89 1.00 1.00 | 44.70
e} (/2]
51 o | comm’ x4j 0.00 | 14.86 5.94 2.38 3.56 3.57 2.97 1.00 1.00 } 35.28
W 4
wlz
Z | POWER Xs; 0.00 | 32.98 8.79 | 13.19 6.60 4.40 3.29 1.00 1.00 | 71.25
(7]
=z
€| g | RECN %ej | ©-00 g.13 2.90 2.32 8.13 3.49 5.23 1.00 1.00 | 32.20
o
a2 SOCIAL | X4; 0.00 9.97 4.65 5.32 5.97 5.32 6.64 1.00 1.00 | 39.87
o i
[r el [}
a | % | mPORTS 1 0.00 | -1.88 0.98 | -3.93 | 10.01 0.18 0.64 0.00 0.00 6.00
w
=
E DEPLET'N Lj 0.00 | -1.87 0.98 | -3.92 10.01 0.19 0.63 0.00 0.00 6.00
TOTAL OUTLAY | G; 0.00 191.20 | 44.70 | 35.28 | 71.25 | 32.20 | 39.87 6.00 6.00 [326.50
Table C-1-3 Month: April

161



PURCHASING  SECTORS
OUTPUTS CONSUMING  SECTOR FINAL DEMAND
~ : 5 —ToTaL
INPUTS & 2 S S o @ a x S
xij i Xi2 Xi3 Xia Xis Xie Xi7 Pi Di Ti
IRRIG'N le 7.06 4.31 11.77 3.92 3.92 3.53 5.49 1.00 1.00 42.00
g INDUST'L xaj 15.27 16.97 11.25 13.66 16.07 5.63 11.25 1.00 1.00 91.20
%’ ;E DOM’ ij 6.24 8.74 6.24 3.12 6.86 7.49 6.24 1.00 1.00 46.93 |
l§ g COMM' )(4j 8.76 10.95 4.38 1.75 2.63 2.62 2.19 1.00 1.00 35.28
@ § POWER x5j 15.51 20.23 5.40 8.09 4.05 2.70 2.02 1.00 1.00 60.00
2 § REC'N ij 4.32 7.56 2.70 2.16 7.56 3.24 4.86 1.00 1.00 34.40
é SOoCiaL X-,j 5.65 8.48 3.95 4.52 5.09 4.52 5.65 1.00 1.00 39.87
& g IMPORTS IJ -10.40 7.43 0.61 -0.97 6.91 2.34 1.08 0.00 0.00 7.00
g 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
Table C-1-4 Month: May
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PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
> ! _ 3 wn b4
o B - = W =z = o = |ouTput
= 3 3 z = 2 g g 3
INPUTS = 2 = S o w S x S
il % Xi2 Xis Xia Xis Xis Xiz P; D; T
IRRIG'N | X;; 1 10.94 6.69 | 18.23 6.08 6.08 5.47 8.51 1.00 1.00 | 64.00
« INDUST'L X2; 15.27 |16.07 | 11.25 | 13.66 | 16.07 5.63 | 11.25 1.00 1.00 } 91.20
®w | 5| oom X3 G.44 9.02 6.44 3.22 7.08 7.73 6.43 1.00 1.00 | 48.36
5% ,
5 o | coMM' xl,,j 8.76 | 10.95 4.38 1.75 2.63 2.62 2.19 1.00 1.00 | 35.28
w 2
=
Z | POWER Xs; 15.51 | 20.23 5.40 8.09 4.05 2.70 2.02 1.00 1.00 | 60.00
wn
Z
2 | 3| REC'N Xgj | 4-65 8.14 2.91 2.33 8.14 3.49 5.24 1.00 1.00 | 36.90
o
§ SOCIAL | X 5.81 8.72 4.07 4.65 5.23 4.65 5.82 1.00 1.00 | 40.95
v of
o '5 IMPORTS | 1 | ~1.69 5.69 | -2.i6¢ | -2.25 5.36 2.31 | -0.26 0.00 0.00 7.00
=
g | DEPLETN} L | -1.69 5.69 | -2.16 | -2.25 5.36 2.30 | -0.25 0.00 0.00 7.00
TOTAL OUTLAY Gj | ©4.00 }91.20 | 48.36 35.28 | 60.00 36.90 | 40.95 7.00 7.00 (390.69
Tabie C-1 -5 Mornth: June
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PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
Z - - ) s =z
- 5 - z 5 z < g = |outeut
INPUTS x g b4 S o w S < 8
= = <
il % Xiz Xi3 Xia Xis Xig Xiz P D; T
' |
IRRIG'N X.j 41. 34 25.26 68.89 22.97 22.97 20.67 32.15 1.00 1.60 |236.25
x INDUSTL X2; 15.27 16.07 11.25 13.66 16.07 5.63 | 11.25 .00 1.00 91.20
-
» | S| oo’ X3 6.33 8.87 6.33 3.17 65.97 7.60 6.33 1.00 1.00 | 47.60
S| o»
S © | COMM' Xai 8.76 | 10.95 4.38 1.75 2.63 2.62 2.19 1.00 1.00 35.23
w 2 s
a1 2
§ POWER Xsj 12.50 | 16.31 4.35 6.52 3.26 2.17 1.64 1.00 1.00 48.75
[/2]
r4
S| 8| rec'~ Xe; | 4.97 8.69 3.10 2.48 8.69 3.73 5.59 1.00 1.00 | 39.25
-— 4
(&)
8 SOCIAL x.,j 5.82 8.73 4.08 4.66 5.24 4.66 5.81 1.00 1.50 | 41.00
o)
x|
Q@ | Z | IMPORTS l,- 70.63 -1.84 [-27.39 | -9 9¢ -8.54 | -3.92 I-11.98 0.00 0.00 7.00
Ww
-3
E DEPLET'N Lj 70.63 | -1.84 [-27.39 | -9.87 -8.54 -3.91 [-11.98 0.00 0.00 7.00
TOTAL OUTLAY Gj |236.25 | 91.20 | 47.60 35.28 | 48.75 39.25 | 41.00 7.00 7.00 }553.33
Table C-1 -6 Month : July
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PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
z -~ - 4 2 =
© o - z w z < < = |ouTPuT
x 3 3 S z &i S g 3
INPUTS 2 z = S o b Q x S
il % X2 X3 ia Xis Xie | Xiz P D; T
'RRIG'N | Xj | 4503 | 28.07 | 76.54 | 25.51 | 25.51 | 22.96 | 35.72 1.00 1.00 |262.24
@ | INDUSTL X2; | 15-27 | 16.07 | 11.25 | 13.66 | 16.57 5.63 | 11.25 1.00 1.00 | 91.20
-
@ > | oom’ X3; 6.93 2.70 6.93 3.46 7.62 8.31 6.92 1.00 1.00 | 51.87
') [72]
- [
ole COMM X4j 8.76 | 10.95 4.38 1.75 2.63 2.62 2.19 1.00 1.00 | 35.28
r4
Wz
Z | POWER Xgj | 9.50 | 12.38 3.20 4.95 2.48 1.65 1.24 1.00 1.00 | 37.50
[72}
4
© | g | ReC'N xg; | ©5-33 9.33 3.33 2.67 9. 34 4.00 6.00 1.00 1.00 | 42.00
O
3 SCCIAL | Xz | 608 9.11 4.25 4.86 5.47 4.86 6.07 1.00 1.00 | 42.70
g e
a z | IMPORTS | 1j | g2 22 | —2.21 [-29.05 |-10.79 |-15.81 | -4.02 |-13.34 0.00 0.00 7.00
=
g | DEPLETN| | [ R2.22 | -2.20 |-29.06 |-10.79 |-15.81 | -4.01 |-13.35 0.00 0.00 7.00
TOTAL OUTLAY| G; 1262.24 | 91.20 | S1.87 | 35.28 | 37.50 | 42.00 | 42.70 7.00 7.00 |576.79
Table C-1| -7 Month - August
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PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TJOTAL
z -~ - 3 4 z
s C ] p x z 3 & = JouTeuT
@ 2 g g z o o Q S
INPUTS & 2 3 S o = a % 9
Xi; i Xiz i3 Xiq Xis Xig | Xiz P D; T
IRRIG'N X)j | 35.45 | 21.68 | 59.12 | 19.71 | 19.71 | 17.74 | 27.59 1.00 1.00 |203.00
3 INDUST'L Xaj | 15-27 | 16.07 | 11.25 | 13.66 | 16.07 5.63 | 11.25 1.00 1.00 | 91.20
—
@ O | oom’ X3] 6.33 8.87 6.33 3.17 6.97 7.60 6.33 1.00 1.00 | 47.60
o [72]
51 o | comm )(4j 8.76 | 10.95 4.38 1.75 2.63 2.62 2.19 1.00 1.00 | 35.28
w 4
wil =z
Z | POWER Xs; 9.50 | 12.38 3.30 4.95 2.48 1.65 1.24 1.00 1.00 | 37.50
[7,} A
- 4
€| g | rec'N Xg; 5.33 9.33 3.33 2.67 9.34 4.00 6.00 1.00 1.00 { 42.00
o
a SOCIAL | X, 6.08 9.11 4.25 4.86 5.47 4.86 6.07 1.00 1.00 | 42.70
e e ’
o Z | 'MPORTS 1j | s8.14 1.41 ;-22.18 | -7.75 |-12.58 | -1.05 | -8.99 0.00 0.00 7.00
p- 3
§ DEPLETN Lj 58.14 1.40 |-22.18 ~7.74 [-12.59 | ~1.05 -8.98 0.00 Cc.00 7.00
TOTAL OUTLAY | G; [203.00 | 91.20 | 47.60 | 35.28 | 37.50 | 42.00 | 42.70 7.00 7.00 |513.28
Table C-1 -8 Month: September
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PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
z -~ - - 2 =z
© @ - z w z < 3 = |ouTpuT
=t 8 = = 2 8 o e =
INPUTS x =] S o o w o x 8
= = - <<
{ " X2 Xig Xiq Xis Xig Xiz P D; T
IRRIG'N | X3 | 24.95 | 15.24 | 41.58 | 13.86 | 13.86 | 12.47 | 19.40 1.00 1.00 |143.36
« INDUST'L Xpj | 15:27 | 16.07 | 11.25 | 13.56 | 16.07 5.63 | 11.25 1.00 1.00 | 91.20
[
0 o | DOM’ Xz | 6.54 9.14 6.53 3.26 7.18 7.83 6.53 1.00 1.00 | 49.01
o (73]
51 o | comm’ Xgj| 876 | 10.95 4.38 1.75 2.63 2.62 2.19 1.00 1.00 | 35.28
W
R
S | POWER | xg; | 12.50 | 16.31 4.35 6.352 3.26 2.17 1.64 1.00 1.00 | 48.75
(/2]
Z
S | g | REC'N X 4.97 8.69 3.10 2.48 8.69 3.73 5.59 1.00 1.00 | 39.25
'S
2 SOCIAL | X4 5.81 3.72 4.07 4.65 5.23 4.65 5.82 1.00 1.00 | 40.95
A
o z | IMPORTS Iy | 3e.om 3.00 1-13.12 | -5.45 | -4.09 0.07 | -5.73 0.00 0.00 7.00
-3
g | DEPLETN| L, | 32.28 3.04 [-13.13 | -5.45 | -4.08 0.08 | -5.74 0.00 0.00 7.00
TOTAL OUTLAY | G; [143.36 | 91.20 | 49.01 | 35.28 | 48.75 | 39.25 | 40.95 7.00 7.00 1461.80
Table C-t -9 Month: October
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PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
z - - 4 0 =
® 5 - z & z = i = |ouTeut
x 3 z z £ o o o 3
INPUTS & 2 = S o « 3 3 S
Xii i Xia Xi3 Xia Xis Xig Xis P D, T
IRRIG'N X)j 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00
x INDUST'L X2 0.00 | 19.39 | 13.57 | 16.48 | 19.39 6.79 | 13.58 1.00 1.00 | 91.20
[,
o | O] oom’ X3 0.00 9.85 7.04 3.52 7.74 8.44 7.04 1.00 1.00 | 45.63
g P
5 o | cCoMm' x4j 0.00 | 14.86 5.94 2.38 3.56 3.57 2.27 1.00 1.00 | 35.28
W 4
w1z
Z | POWER Xs; 0.00 | 29.72 7.92 ] 11.89 5.94 3.96 2..7 1.00 1.00 | 64.40
N
z [ ]
€ | 8| rec'n Xgj | 0.00 g.72 3.12 2.49 8.72 3.74 5.61 1.00 1.00 | 34.40
o
3 SOCIAL | X 0.00 9.97 4.65 5.32 5.97 5.352 6.64 1.00 1.00 | 39.87
2 I :
a .?, IMPORTS 1,- 0.00 | -0.65 1.69 | -3.40 6.54 1.29 0.53 0.00 0.00 6.00
=
g DEPLET'N Lj 0.00 | -0.66 1.70 | -3.40 6.54 1.29 0.53 0.00 0.00 6.00
TOTAL OUTLAY| 3 0.00 | 91.20 | 45.63 | 35.28 | 64.40 | 34.40 | 39.87 6.00 6.00 [322.78
i
Table C-1 -10 Month: November
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PURCHASING SECTORS
OUTPUTS CONSUMING SECTOR FINAL DEMAND
TOTAL
z - - 4 s z
- = ; = o =z < g = OUTPUT
x 3 3 3 z o 3 X 3
INPUTS © 2 = S S = 2 x 8
i i\ Xia Xiz | Xia Xis Xie | Xi7 P, D; T
IRRIG'N Xy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
x INDUST'L X2; 0.00 | 19.39 | 13.57 1.48 | 19.39 6.79 | 13.58 1.00 1.00 § 91.20
’_.
e w | OOM’ X3 0.00 9.64 6.89 2.44 ~.58 8.26 6.89 1.00 1.00 | 44.70
') (2]
5 | o | comm’ Xg; | ©0.00 | 14.86 | s5.94 | 2.33 | 3.56 | 3.57 | 2.97| 1.00| 1.00] 35.28
w
o |3
S | POWER Xs; 0.00 | 32.98 8.79 | 13.19 6.60 4.40 3.29 1.00 1.00 § 71.25
(72}
r4
S | g | ReC'N Ve 0.00 2.02 0.72 0.58 2.01 0.86 1.29 1.00 1.00 9.48
g 3
o SOCIAL X7i 0.00 9.97 4.65 5.32 5.97 5.32 6.64 1.00 1.00 | 39.87
2 7
a z | IMPORTS I 0.00 1.1°% 2.07 | -3.06 | 13.07 | -9.86 2.61 0.00 0.00 6.00
Lz
132 DEPLETN | |, 0.00 1.17 2.07 | -3.05 | 13.07 | -9.86 2.60 0.00 0.00 6.00
TOTAL OULTLAY | G; 0.00 1 91.20 | a44.70 | 35.28 | 71.25 9.48 | 39.87 6.00 6.00 }303.78
Table C-1-11 Mon th: December

66T
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APPENDIX C-2

INITIAL CONSUMPTIVE DEMANDS AND FINAL OPTIMAL RESULTS



MONTH : January and February
Average Monthiy|Actual Monthly N;;'Ecrzggoairc Optimal Net Optimal
SECTOR | Consumptive | Consumptive ' Consumptive Economic Consumptive
Demands Allocation ., Demands Returns Distribution
q; (demand ) q;(allocoted) ‘biq;(demond) biq;(optimal) qi' (optimati )
)
' !
IRRIG N 0.000 0.000 : 0.00 0.00 0.000
. 1
INDUST L 0.570 0.570 91.20 86.00 0.542
DOM' 0.080 0.080 43.10 46.72 0.130
COMM' | 0.360 0.360 35.28 30.88 0.320
POWER 0.026 0.026 72.80 76.81 0.027
REC'N 0.004 0.004 4.20 10.64 0.018
SOCIAL 0.120 0.120 39.87 40.63 0.122
TOTAL
MONTHLY 1.160 1.160 286.45 291.68 1.159

Note: All q; values in gallons x 10%. Al biqi' values in § x 10°

Table C-2-1

Toec




MONTH: March

Average Monthly|Actual Monthly N;éﬁ(r:rolgo;gic Opt'inal Net Optimal
SECTOR | Consumptive | Consumptive Consumptive Economic Consumptive
Demands Allocation Demands Returns Distribution
qi' {demand) q;( allocated) biq;(demond) biqi'(optimcl) ql' {optimal )
|RR|G'N 0.000 0.000 0.00 0.00 0.000
INDUST'L| 0.570 0.570 91.20 85.65 0.546
DOMI 0.090 0.090 44.60 47.38 0.142
comM' | 0.360 0.360 35.28 30.62 0.323
POWER 0.026 0.026 72.80 74.68 0.027
REC'N 0.010 0.010 8.40 12.49 0.023
SOCIAL 0.120 0.120 39.87 40.21 0.121
TOTAL
MONTHLY l1.176 1l.176 292.15 291.03 1.182

Note: All qi' values in gallong x 10°. Al biqi' values in § x 10>

Table C-2-2

zoc



MONTH: April

Net Economic

Average Monthly|Actual Monthly Returns for Optimal Net Optimal
SECTOR | Consumptive | Consumptive Consumptive Economic Consumptive
Demands Allocation Demands Returns Distribution
qi' (demand ) q;(allocoted) ibiqi'(demand) biq;(optimol) qi' (optimal )
IRRIG'N 0.000 0.000 0.00 0.00 0.000
INDUST'L 0.570 0.570 91.20 59.85 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 q.l' vclues in gallons x 10%. All biqi' values in § x IO3

Table C-2-3

£0¢



MONTH: May

Average Monthly|Actual Monthly N;g’sﬁggogirc Optimal Net Optimal

SECTOR | Consumptive | Consumptive Consumptive Economic Consumptive
Demands Allocation Demands Returns Distribution

qi' (demand) q;(qllocqted) biq;(demund) biqi'(optimal) qi' (optimal )
IRRIG'N 2.400 2.400 42.00 42.48 2.400
INDUST'L} 0.570 0.570 91.20 89.02 0.566
DOM' 0.120 0.120 46.93 48.59 0.175
COMM' 0.360 0.360 35.28 30.66 0.326
POWER 0.020 0.020 60.00 66.68 0.023
REC'N 0.160 0.160 34.40 33.63 0.135
SOCIAL 0.120 0.120 39.87 40.56 0.124
TOTAL
MONTHLY| 3.750 3.750 349.68 351.62 3.749

Note: All qi' values in gallons x 10°. All biqi' values in § x 103

Table C-2-4

roc



MONTH: June
Average Monthly|Actual Monthly Nsé&iggo;girc Optimal Net Optimal
SECTOR | Consumptive | Consumptive | Consumptive Economic | Consumptive
Demands Allocation Demands Returns Distribution
q; (demand ) q‘i(allocoted) ‘biq;(demand) biq{(optimol) qi' (optimatl )
IRRIG'N 3.200 ' 3.200 64.00 64.87 3.215
INDUST'L| 0.570 0.570 91.20 90.38 0.572
DOM' 0.160 0.160 48.36 49.87 0.178
coMm™' 0.360 0.360 35.28 31.11 0.328
POWER 0.020 0.020 60.00 62.54 0.022
REC'N 0.180 0.180 36.90 36.37 0.165
SOCIAL 0.130 0.130 40.95 41.84 0.130
TOTAL
MONTHLY| 4.610 4.610 376.69 376.98 4.610

Note: All qi' values in gallons x 10°. Al biqi' values in § «x 10°

Table C-2-5

s0¢



MONTH: July

e

Net Economic

Average Monthly|Actual Monthly Returns for | Optimal Net Optimal

SECTOR | Consumptive | Consumptive Consumptive Economic | Consumptive
Demands Allocation Demands Returns Distribution

qi' (demand) q;(cllocuted) biqi'(demcnd) biq;(optimcl) 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' | o0.360 0.360 35.28 32.29 0.338
POWER | o0.015 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 qiI values in gallons x 10%. All biqi' values in § x I03

Table C -2 -6

90¢



MONTH :

Augnust

Net Economic !

Average Monthly|Actual Monthly Returns for Optimal Net Optimol
SECTOR | Consumptive | Consumptive | Consumptive Economic | Consumptive
Demands Allocation Demands Returns Distribution
q; {demand) q;(olloccted) :biq;(demond) biq;(optimol) qi' (optimal )
IRRIG'N 8.800 8.730 262.24 221.24 7.690
}NDUST'L $.570 0.560 91.20 103.71 0.646
DOM' 0.250 0.250 51.87 64.89 0.475
coMM' | 0.360 0.350 35.28 33.50 0.350
POWER 0.010 0.010 37.50 251.94 0.101
REC'N 0.300 0.300 42.00 55.93 0.479
SOCIAL 0.140 0.140 42.70 60.22 9.600
TOTAL
MONTHLY] 10.430 10.340 562.79 791.43 10.341

Note: All qi' values in gallons x 10°. All biqi' values in § x 10°

Tabie C-2 -7

Loce



MONTH: September
Average Monthly|Actua! Monthly ?N;;'ES:’:O;E'{C Optimal Net Optimal
SECTOR | Consumptive | Consumptive ‘ConSumptwe Economic Consumptive
Demands Allocation Demands Returns ! Distribution
[ t ; ' t . I ' .
q; (demand) 1q;(allocated) 'b;q; (demand) |b;q;(optimal) 1q; (optimal )
! !
IRRIG'N 7.200 ' 1.530 C203.90 27.83 1.875
) ! |
INDUST'L| ©0.570 { 0.120 ; a1.20 14.23 0.133
| o . _
!
DOM' 0.210 | 0.210 37,60 9.01 0.008
COMM' 0.360 I 0.480 35.28 .06 0.112
POWER 0.010 0.010 37.50 13.49 0.001
REC'N 0.300 0.0€0 42.00 R.20 0.009
SOCIAL 0.140 0.140 42.70 8.41 0.011
TOTAL
MONTHLY| 8.790 2.150 499,28 87.93 2.149

Note: Ail qi' values in gallons x 10%. Al biqi' values in § «x 10>

Table C-2-~18
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MONTH : nNovember
T i R

AverogeMomthlAcfuol Monthly ;N;;Eisgog:c Optimal Net | OQOptimal

SECTOR | Consumptive ! Consumptive Consumptive Economic ' Consumptive
Demands Allocation © Demands Returns ' Distribution

q; \demand ) ;q:(allocoted) biq;(demond) biq;(OD?imGI) iqll {optimal )
IRRIG'N | ¢, S.oun 0,00 0.00 | 0.000
INDUST'L| 0.57 0.570 91.20 91.33 . 0.578
DOM' 0.120 n.120 15.63 48.24 0.164

. T

COMM n.360 ; 360 35.28 31.83 0.326
POWER 0.023 0.022 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 1.353 310.78 307.92 1.351

Note: All q; values in gallons x 10°. All bgq.' valuesin § x 107

Table C-2-10
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