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Summary

To use water resources efficiently, it becomes necessary to introduce a water market which
connects the agricultural sector with the non-agricultural sector.

In this paper, I will discuss about a farmer’s subjective equilibrium associated with water
and other resources use, and the efficiency of water and other resources use when a water
market is introduced.

From the standpoint of minimizing social losses associated with water and other resources
use, we can say that introduction of a water market is benefitial to society. However, water
pricing policies will give big impacts not only on water resources use but on other resources
use. Therefore, when we discuss about making a water market, we must pay attention to
introducing what kinds of water pricing policies.

Introduction

From the Microeconomic Theory, we know that to use water resources efficiently, @) if
it is directly consumed, each consumer’s marginal utility of water must be equal, or @) if it
is used as a productive input, each user’s marginal value product of water must be equal, or 3
if it is allocated between direct consumptive use and productive input use, the marginal utility
of water in consumption must be equal to the marginal value product of water in production.

But the real situation in water resources’ use is very far from the ideal situation presented
in the Microeconomic Theory. To achieve the ideal situation, a water market which connects
each water user has to exist and work well. However, because of the barriers which social
institutions raise the function of a water market is restricted®. For example, water users
hold water rights and the water rights are strongly protected by the Law and traditional
social institutions. Therefore, the transfer of water rights or the selling and buying of water
rights is very difficult. Even though a water market could exist under these restricted condi-
tions, each water user’s marginal valuation of water will not be equal and usually a big gap
will exist between each water user’s marginal valuation of water.

If we stand on the idea that water rights are not proprietary rights but rather rights to use
water and belong tosociety, to solve this kind of disequilibrium (or unbalance), it is necessary
for us to reallocate water resources. In short, it is necessary to transfer one part of formers
water rights to the latter until their marginal valuation of water becomes equal. But this
reallocation might cause income reallocation between these water users. If this situation
happened and if this reallocation was done without introducing a compensation mechanism, the
former’'s welfare level would decrease and the latter’s welfare level will increase compared to
the situation where reallocation had not been done. If society could get net benefit through this
reallocation (i.e., the latter’s benefit was greater than that of the formers) and this net benefit
could be reallocated between them, both parties would be better off compared to the pre-
reallocation.

However it is very difficult to introduce such a compensation mechanism. From which gainers
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and how much of a percentage of the gain should be reallocated among the losers 7. Persons
who think they might lose by this reallocation would have a strong incentive to prevent the
reallocation. If this situation happend, even though the reallocation was socially desirable,
it could not be done”. Therefore, to introduce a water market smoothly, we have to pay much
attention to how a water market can be introduced without decreasing the welfare level of the
persons who will lose from its introduction.

I think that the way which has the highest possibility for smoothly introducing a water
market is to introduce a water market with a guarantee of the vested right associated with
water resources’ use for the persons who will lose by the introduction. To put it in the
concrete, through the amendment of the institutions associated with water resources’ use, it
is necessary to allow the persons to be able to sell the water rights which they have held or
to be able to sell water while keeping their water rights. Though, in Japan, these behaviors
are prohibited by “RIVER CONTROL LAW (1964)”?. In this way, their welfare associated
with water use will decrease but they could recover this decrease in welfare by selling water
rights or selling water while keeping their water rights. If the revenue from selling water
rights or selling water did not recover the decrease in their welfare associated with the water
use decrease, they could maintain their current welfare level without selling water rights or
without selling water. In other words, only when their users believe that at least they will
not be worse off, they will sell their water rights or water while keeping their water rights.

When the water market is introduced, between which parties will water resources be
transfered 7. Generally speaking, in the current situation one part of the water resources
which are used in the agricultural sector will be transfered to the non-agricultural sector®.
Based on the introduction of a water market, let us assume that one part of the water resources
will be transfered from the agricultural sector to the non-agricultural sector and that farmers
are at least guaranteed to be able to keep the vested right which they have held before the
introduction of the water market (i.e., they can sell their water rights or they can sell water
while keeping their water rights). Under these conditions, when the water market is intro-
duced, will farmers choose to sell their water rights or to sell water while keeping their
water rights 7. Which way's possibility is high ?.

The main reason why current farmers enjoy an abundance of water depends on the diligent
efforts that their ancesters spent on developing water resources. Sometimes farmers’ ancesters
accomplished this at the risk of their lives because in those days the technological level of
civil engineering was very low. For example, in Japan, agricultural village communities are
like settled societies. In other words, the same families have been living in the same village
communities for several tens of generations. Moreover, each village community has the history
book of that village. Therefore, the current village residents know exactly how their ancestors
created the water resources which are now available. Should farmers be threatened with
losing their water rights, they would remember their ancestors’ hard efforts, will strongly
become attached to their water rights and therefore their subjective evaluation of the water
rights will be quite high.

Consequently, it is reasonable to think that farmers will opt to sell water while keeping
their water rights. As farmers have a strong incentive to averse risk, they may be unwilling
to risk what might happen in the future if they sell out their water rights. Farmers may
consider that after having sold out their water rights, a heavy dry year might befall them or
in the future they may wish to increase agricultural production or to introduce new varieties
that might need increased amounts of water. Thus, even if a water market is introduced which
guarantees farmers’ vested rights in water, generally speaking, I think the possibility for them
to sell water while keeping their water rights is rather high.

I will consider more concretly a hypothetical situation whereby farmers sell water while
keeping their water rights. In Japan, in the real situation associated with water resources’ use
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in the agricultural sector, a water users’ community (“ Tochi Kairys Ku” in Japanese) is the
base unit organization and it holds the water rights as a whole and the water rights are divided
and each division of the water rights is attached to each member farmers’ land and each
member farmer pays water charges to the community for using water. Therefore, in this
hypothetical situation, water will be sold through the water users’ community. Hence, we
can imagine that the quantity of water which each farmer is using before the introduction of a
water market will be guaranteed as the vested right of each farmer and the difference between
that quantity and the quantity of water which each farmer will use after the introduction of a
water market will be recognized as each farmer’s selling a quantity of water and each farmer
will receive the money associated with the selling of water from the water users’ community.

The objectives of this paper are (I) to analyze, when a water market which allows farmers
to sell water while keeping their water rights is introduced, what a farmer’s subjective equi-
librium conditions associated with resources’ use will be, and (2) to explain, as the result of
the introduction of the water market, how the efficiency of water resources’ use and another
resources’s use will be changed.

Materials and Methods

Before the analysis, I will establish four hypothetical situations relevant to farmers’ water
use situations. The first two cases are where [I] the water which the farmer uses is bought
only from the water users’ community to which he belongs, and [[[] the water which the farmer
uses is partly bought from the water users’ community and partly pumped up from underground.
According to each of these two cases, I will set two additional cases where (I) the price (or
charge) of water which the farmer pays to the water users’ commumity is determined by per
unit acre of irrigated land, and (2) the price (or charge) of water which the farmer pays to
the water users’ community is determined by per unit quantity. As the results, we therefore
have four cases showed in Table 1.

Table 1. Four types of farmers’ water use situations

Water price systems

Sources of water

Case D Case (2
Case @) 0-®@
Case [T m-@ M-®

I will make some assumptions for the convenience of the analysis.
[ Assumptions)]
(A-1): Climate conditions are normal and stable
(A-2): A farmer is a profit maximizer
(A-3): A farmer produces one agricultural product
(A-4): A farmer is a price taker in input factors’ (or resources’) markets
(A-5): A farmer is a price taker in the product’s market
(A-6): A farmer’s production function is as follows:
Q=F[K, L, W]
@: the output
P: price of the output
F(-): this function is assumed to be strictly concave (associated with each input
factor) and each input factor works co-operatively for the output production
K: capital goods
Py: price of the capital goods
L: land
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P,: land price per unit acre
W : the quantity of water which is actually available for the plant in the root zone
(A7): A= B+X

A: applied water

B: the quantity of water bought from the water users’ community

X: the quantity of water pumped up from the underground
Due to evapolation and percolation into the underground, etc., the plant can not utilize
100% of A. But, through capital investment in water saving, we can increase the
utilization rate of A. Thus, I specify the relationships between A, W and C as

follows :
W=0aC) A
0<exl, af0) >0, a{x) =1, %Ea'>0
2

C: capital investment in water saving
Before the Opening of a Water Market
1) In CASE IO

Let P. be the price of water as determined by per unit acre of irrigated land which the
farmer pays to the water users’ community (for short, W.U.C.). Therefore, the total payment
to the W.U.C. associated with the water use will be P,- L. Where L is the total land area
which is irrigated by the water bought from the W.U.C.. The farmer’s profit function ( ;) is

(1) m=P-@—PyK—PL—Py, C—P. L

From the necessary conditions for profit maximization, the farmer’s subjective equilibrium
conditions associated with each resources’ use are

<2> P'Fh:Pk
(3) P-F,= P+P.
OF oW 24 _ , . _
(4) P- aW'a—A'Ezp Fya=0
OF oW _ , ., n_
(5) P ag =P Fua B=P,

From equations (4) and (5)

oW
oC | _ | Be| _

(6) oW "0"‘”
B4

In these equations, g—; is substituted by Fj, —g{— by F; and SI];/ by Fy. The left hand side

of each equation from (2) to (6) indicates the marginal value product (for short, M. V.P.) of
K, M.V.P. of L, M.V.P. of B, M.V.P. of C and the marginal rate of substitution (for short,
M.R.S.) of C to A, respectively. K* L* B* and C* which are the optimal input of each
resource respectively, are simultaneously determined by equations (2) to (5).

The interesting points in these subjective equilibrium conditions are that (1) the land price
which the farmer conceives of subjectively (for short, Farmer’s Subjective Land Price) is not
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P, but (P,+P.). Consequently, the farmer begins to use too little land compared to the
perfectly competitive land market situation, because the Farmer’s Subjective Land Price (or
the M.V.P. of land on his subjective equilibrium) is higher than the land market price.
Therefore, when we compare this situation to the perfectly competitive land market situation,
land resources will be used inefficiently. (2) W will be inputted until marginal physical product
(for short, M.P.P.) of W approaches zero ("." in equation (4), a > 0 and P > 0) or inother
words, until the total output associated with W arrives at the maximum. This means that the
farmer uses water as if it were a free goods. (3) From equation (5), we know o'(C*) =
(" P>0, B>0, P,>0 and F, =0). Therefore, C* is zero. In other words, the
farmer does not invest in saving water.
2) In CASE 11-® ‘

Let P, be the price of water as determined by per unit quantity which the farmer pays to
the W.U.C.. In this case, the farmer’s profit function () is

(7) EZZPQ“P),;K_PLL“PkC““PbB

From the necessary conditions for profit maximization, the farmer’s subjective equilibrium
conditions associated with resources’ use are

(8) P'F};:Pk
(9) P-F,=P
W 84 _ , o
(10) P'Fw'—a—A“'aT—-—P Fw a—Pb
aW_ . - I. —
(11) PFw~a—C=P Fy-a-B=PF;

From equations (10) and (11)

oW

5C | _ | P

(12) av | = | B,
| Yl

The left hand side of each equation from (8) to (12) indicates the M.V.P. of K, M.V.P. of
L, M.V.P. of B, M.\V.P. of C and the M.R.S. of C to A, respectively. K** L** B**
and C**, which are the optimal input of each resource respectively, are simultaneously deter-
mined by equations (8) to (11).

The interesting points relating to these subjective equilibrium conditions when we compare
these to the results of CASE [I]—Q@) are that 0) the Farmer’s Subjective Land Price (or the
M.V.P. of land on his subjective equilibrium) is equal to the land market price. Consequently,
land resources are used efficiently as in a perfectly competitive land market situation. @) W is
not inputted until M. P.P. of W approaches zero (*." from (10), .F,, > 0). This result means
that the farmer no longer uses water as if it were a free goods. (3) From equation {(11), we
know 0 < ' (C**) < oo. Therefore, C** is greater than zero. In other words, the farmer
begins to invest in saving water.

3) In CASE II-@
The cost function (Z) for pumping up X is

az d*zZ

(13) Z=Z+ZX), S==272>0

' “ax x40

where Z is fixed cost and Z is variable cost. The farmer’s total land area (L) which is
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irrigated is L = L,+ L, where L, is the land area which is irrigated by B, i.e., L; =£-L

A
and L, is the land area which is irrigated by X, i.e., L, =§-L. Thus the farmer’s profit
function ( 75) is

(14) T3 =PQ—P}¢K—P[L_P9L1_P}€C—‘Z

From the necessary conditions for profit maximization, the farmer’s subjective equilibrium
conditions associated with each resources’ use are

(15) P'Fh; = Pk
(16) P-F.=P+PoL
W oA _p . _p. L. X
17) P-F, A aB-—PFwa—PeA "
W oA _op .y o p. L B
(18) P-F, oA aX——PFwa—Z PeA 1
W
(19) P-Fw-g—cs P-FoA-o = P,
From equations (17), {18) and (19)
oW
(20) oC = P or = ‘ i
oW P, -L/A-X/A Z'—P,-L/A-B/A
oA

The left hand side of each equation from (15) to (20) indicates the M.V.P. of K, M.V.P.
of L, MMV.P. of B, M.V.P. of X, M.V.P. of C and the M.R.S. of C to A, respectively.

From equations (17) and (18), the M.V.P. of B should be equal to the M.V.P. of X. In
oL, oL,
oB "’ oB

shows how much the land area irrigated by B will increase when the farmer increases the use

another way, we can show the right hand side of equation (17) as P,.- Here,

of Bby A B. Hence, Pe-—%lé—l is the marginal increase of payment to the W.U.C. which is

associated with the marginal increase of B. Therefore, we can call the right hand side of
equation (17) the marginal cost associated with the change of B (for short, M.C,.). In the

right hand side of equation (18), the second term (—Pe-%-—g—) is derived from P.- %I}g

A
oL,

The term X shows how much the land area irrigated by B will decrease when the farmer

increase the use of X by A X. Therefore, Pe-%g- is the marginal decrease of payment to

the W.U.C. which is associated with the marginal increase of X. Z' reflects marginal
increase of pumping costs associated with the marginal increase of X. Hence, we can call
the right hand side of equation (18) the net marginal cost associated with the change of X (for
short, N.M.C..).

K°, L°, B°, X° and C°, which are the optimal input of each resource respectively, are
simultaneously determined by equations (15) to (19).

The interesting points relating to these subjective equilibrium conditions when we compare
these to the results of CASE [I]1—(@) are that (1) the Farmer’s Subjective Land Price is
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higher than the land market price, but it is lower than that of CASE [T]—@ ("." P+ Pe-% <
P,+P,). Therefore, even though land resources will be used inefficiently compared to the
perfectly competitive land market situation, the degree of inefficiency of land use is smaller
than that of CASE [I1—@). @ From equation (17), we know F, is positive. That is to say,
the farmer does not input W until M.P.P. of W becomes zero (or the total output associated
with W is maximized). The reason is that as the farmer evaluates the unit quantity of B by
M.Cs., he no longer uses water as if it were a free goods, even though the price of water
which he uses is determined by per unit acre of irrigated land. (3) From equation (19), we
know 0 < a'(C°) < o0, Therefore, C°is greater than zero. In other words, the farmer
begins to invest in saving water.

4) In CASE [MI-®@

The farmer’s profit function {,) is

(21) 71'4:P'Q_PE'K_PL'L_P};'C_‘PZ,'B—“Z

From the necessary conditions for profit maximization, the farmer’s subjective equilibrium
conditions associated with each resources’ use are

(22) P-F,—P,
(23) P-F =P
(24) P'Fw'g—zv'g—gEPFw'a:Pb
(25) PPy 22 =P Fya=2
(26) P~Fw-g—vgsP-Fw-A-a'=Pk

From equations (24), (25) and (26)

oW
_oC | _ | P _ ._k

27) aw |~ B, | T |z
oA

The left hand side of each equation from (22) to (27) indicates the M.V.P. of K, M.V.P. of
L, M\V.P. of B, M.V.P. of X, M.V.P. of C and the M.R.S. of C to A, respectively.
From equations (24) and (25), the M.V.P. of B should be equal to the M.V.P. of X and
these are equal to P,. K, L*, B>, X*° and C*, which are the optimal input of each resource
respectively, are simultaneously determined by equations (22) to (26).

By the way, if we compared equations (22)~(26) to equations (8)~(11), we will notice
that K¥** = K=, L¥™ = L>, B¥ = B+ X" and C¥** = C™.

The interesting points according to these subjective equilibrium conditions compared to the

results of CASE [T]—(D) are the same as that of CASE [I]—2.

After the Opening of a Water Market

1 have already analyzed a farmer’s subjective equilibrium before the opening of a water market
as it relates to four hypothetical cases. Next, I will analyze how a farmer’s subjective equi-
librium will change after the opening of a water market in each case. To analyze this, I will
make three additional assumptions.

(A-8): The water price per unit quantity in a water market is Pg
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(A-9): The transportation costs relating to the water which the W.U.C. sells to the non-

agricultural sector is zero

(A-10): The quantity which the farmer was using before the opening of a water market is
recognized as the farmer’s vested right (for short, Vested Water Quantity). There-
fore, the difference between the Vested Water Quantity and the water quantity (for
short, £) which the farmer is using after the opening of a water market is recognized
as the farmer’s water selling quantity (for short, S), i.e., S = Vested Water
Quantiy—8 And the farmer receives the amount (= Ps-S) from the W.U.C..

1) In The Case Whose Initial Condition was CASE [I]—@)

For short, I call this case CASE [I1—Q)".

I assume that when the farmer buys water from the W.U.C., the price of the water is still
the same as that before the opening of a water market, i.e., the water price is P, per unit
acre of irrigated land. As the farmer’s Vested Water Quantity is B*, where B* is the water
quantity which the farmer was buying from the W.U.C. before the opening of a water market
in CASE [I]—@), S should be equal to (B*—48). In order to analyze the farmer’s subjective
equilibrium we form the Lagrangean function {(¢,):

(28) K'%\’/,Isyasxvc’/\ =P Q—P,K—P-L—P,-L—P,-C+P;-S+ A (B*—8—S5)
where A is the Lagrange multiplier. From necessary conditions for the maximization of the
function (¢,), the farmer’s subjective equilibrium conditions associated with each resources’

use are
(30) P-F,=P+P,
W 24 _ o, oo
(31) PFw—aZ— 28 =P Fya=P
aW = . PPN j—
(32) P-Fy35 =P Fya f=P

From (31) and (32)

oW
5C | _| B

(33) ow | = ’ P,
oA

The left hand side of each equation from (29) to (33) indicates the M.V.P. of K, M.V.P. of
L, M.V.P. of 8, M.V.P. of C and the M.R.S. of C to A, respectively. K*, L* 8* S*
and C*, which are the optimal input of each resource respectively, are simultaneously deter-
mined by equations (29) to (32) and the constraint equation.

The interesting points which arise when these subjective equilibrium conditions are compared
to the results obtained in the analysis of before the opening of a water market are (1) even
though the farmer comes to sell water at a per unit quantity price (Ps), in so far as the price
of water bought from the W.U.C. is determined by per unit acre of irrigated land, land
resources wil be used inefficiently if compared to the perfectly competitive land market situation.
This is because the farmer's M. V.P. of land is still not equal to the land market price. (2)
W is not inputted until the M.P.P. of W arrives at zero ("." from (31), F,, > 0), or in other
words, until total output associated with W is maximized. This result means that the farmer
no longer uses water as if it were a free good. (3) The farmer buys £ until M.V.P. of #
becomes equal to the water market price. Consequently, water resources will be used effi-
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ciently as in the perfectly competitive water market situation. This result is very interesting,
because, even though the farmer buys water from the W.U.C. at a per unit acre price (P,),
he evaluates the water at a per unit quantity price (Ps) which is the water market price. (@)
From equation (32), we know 0 < '(C¥) < 0. Therefore, C* is greater than zero. In
other words, the farmer begins to invest in saving water.

We can think of two cases of how the farmer sells water after the opening of a water market,
(a) the farmer sells some part of his Vested Water Quantity (i.e., B decreases from B* to ),
but he increases C to keep W at the same level as that before the opening of a water market
(for short, I call this W as W*), (b) the farmer sells some part of his Vested Water Quantity
and he increases C, but the increase of C is not enough to keep W at the same level as that
before the opening of a water market. In other words, when associated with any level of £,
the C of case (a) [for short, C,] is bigger than the C of case (b) [for short, C,] and also
the W of case (a) is bigger than the W of case (b).

As K, L, and W work co-operatively in the production. If the input level of W decreases,
the M.V.P. curve of K and the M.V.P. curve of L will shift to the left. Therefore, the
optimal input level of K and L will decrease so long as P., P, and P. are constant. The
decrease of K and L will shift the M.V.P. curve of W to the left. Therefore, the M.V.P.

Price

The M.V.P. Curve of 8 in case (a)

The M.V.P.\ Curve of 8 in case (b)

Bor B

Fig. 1. A farmer’s water supply behavior.
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curve of W in case (b) is in a lower position than that of W in case (a). Moreover, a(C,)
is bigger than o(C,) {"." C4o> Cyl. As a result, the M.V.P. curve of £ in case (b)|=
a(C,)-P-Fy! is in a lower position than that of 8 in case (a) | = «(C,)-P-F,l. Consequently,
the optimal 8 in case (b) {for short, 85| is smaller than the optimal £ in case (a) |for short,

1 associated with any level of P;. In other words, the farmer's water selling quantity in
case (b) {for short, S,! is larger than that in case (a) {for short, S,l. This situation is
demonstrated in Fig. 1, where B* reflects the farmer’s Vested Water Quantity. From Fig. 1,
the farmer’s water supply behavior in case (a) is inelastic compared to that in case (b).
Hence, if the farmer has an incentive to keep W at the same level as that of before the opening
of a water market for some reasons(for example, some anxieties about the future), the farmer’s
water supply behavior will be inelastic. To let the farmer behave in more elastic manner with
regards to water selling to outsiders or to sell more water under the same water market
price, we have to do something to help remove those amxieties.

Up to here, I have analyzed the farmer’s water supply behavior in case (b) on the premise
that the capital market and land market work well or that a decrease in K and L is very easy.
But in the real world, to decrease K and L may not be so easy. For example, if K is fixed
capital, to reduce K will be difficult. Also, assuming K includes labor capital, it may not be
easy to reduce family labor in agricultural production because of the difficulty for them to find
a good job in the non-agricultural sector. Therefore, I will analyze the farmer’s water supply
behavior after the opening of a water market under the condition that he can not reduce K and
L under the levels of these before the opening of a water market (i.e., K = K* and L = L¥).
Therefore, from equations (2) and (3), W will be equal to W*. For short, I call this
situation case (b). Then, the M.V.P. curve of 8 of case (b)' is equal to the M.V.P. curve
of B of case (a)® As the result of this, if there were some barriers for reducing K and L,
or the capital and land markets did not work well, the farmer’s water supply behavior will be
inelastic as in case (a). Therefore, to allow the farmer behave in a more elastic manner
regarding the selling of water to outsiders or to sell more water under the same water market
price, we have to do work with other resources’ markets as well.

2) In The Case Whose Initial Condition was CASE [I|—(@)

For short, I call this case CASE [I]—2)".

I assume that when the farmer buys water from the W.U.C., the price of the water is still
the same as that before the opening of a water market, i.e., the water price is P, per unit
quantity. As the farmer’s Vested Water Quantity is B**, where B** is the water quantity

a) In case (a), let us assume W is equal to W*. Then K* and L* will be determined by these following two
simultaneous equations. From equations (29) and (30)

(29)" P-FK, L; W*] =P,
(30) P-F.[K, Ly W*] = P+P.

Next, according to equations (2) and (3), let us assume W is equal to W*. Then K* and L*will be determined
by these following two simultaneous equations.

(2 P-FiK, L; W¥] = P,

(3) P-F.K, L; W*] = P.+P.

From these above four equations, if W * is kept equal to W*, K* should be equal to K* and L* should be equal
to L*.

Therefore, the K of case (a) is equal to that of case (b)' and the L of case (a) is equal to that of case (b)'.
And the C of case (a) is equal to that of case (b)’, because the W in both cases are equal to W*and the M.R.S.

P

Ps

of Cto A in both cases have to be equal to
equal to that of case (a).

. Hence, we know that the M.V.P. curve of 8 of case (b) is
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which the farmer was buying from the W.U.C. before the opening of a water market in CASE
[I1—@), S should be equal to (B*—8). In order to analyze the farmer’s subjective equilibrium,
we form the Lagrangean function (¢,) :

(34) Max §,=P-Q—PyK—PiL—P,-f—Py C+Ps: S+2-(B*—g-5)
where A is the Lagrange multiplier. From the necessary conditions for the maximization of
the function (¢,), the farmer’s subjective equilibrium conditions associated with each resources’

use are
(36) P-F,=P,
W 0A _ o
(37) P-Fy, aA.a,B_P Fy a= P,+P;
v aW = . . /- —
(38) P-FyS5=P-Fuya-f=P

From equations (37) and (38)

oW

oC | | P
(39) oW ‘in+Ps

BV

The left hand side of each equation from (35) to (39) represents the M. V.P. of K, M.V.P.
of L, M.V.P. of 5, M.V.P. of C and the M.R.S. of C to A, respectively. K** L** g*%
S** and C** which are the optimal input of each resource respectively, are simultaneously
determined by equations (35) to (38) and the constraint equation.

The interesting point which arise when these subjective equilibrium conditions are compared
to the results obtained in the analysis of before the opening of a water market is that the price
of water bought from the W.U.C. which the farmer thinks of subjectively (for short, Farmer’s
Subjective Water Price) is not P,, but (P,+P,). That is to say, the farmer comes to
evaluate the per unit quantity of water bought from the W.U.C. as (P,+ Ps) which is higher
than the water market price (Ps). In other words, the farmer starts to think that the water
which he uses is more valuable than the water as evaluated by the water market price.
Consequently, the farmer begins to use too little water compared to the perfectly competitive
water market situation, because the Farmer’s Subjective Water Price (or the M. V.P. of & on
his subjective equilibrium) is higher than the water market price. Therefore, water resources
will be used inefficiently compared to the perfectly competitive water market situation.

After the opening of a water market, the total available water resources will be allocated
between in the agricultural sector and in the non-agricultural sector as demonstrated in Fig.
2. In Fig. 2, WAT is the total available water resources, WAT, is the quantity of water
resources which will be used in the agricultural sector and WAT, is the quantity of water
resources which will be used in the non-agricultural sector. Thus, after the opening of a
water market, the gap (for short, GAP,) between the M.V.P. of water in the agricultural
sector and that in the non-agricultural sector will be P,. On the other hand, in the situation
before the opening of a water market, from equation (10), the M. V.P. of water in the agri-
cultural sector is P,. And, for convenience, let the M.V.P. of water in the non-agricultural
sector be P,. Therefore, before the opening of a water market, the gap (for short, GAP,)
between the M. V.P. of water in the agricultural sector and that in the non-agricultural sector
is (P,—P,). If GAP, is greater than GAP,, even though water resources will still be used
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Price Price

The M.V.P. Curve of water
in the non-agricultural sector

The M.V.P. Curve of water
in the agricultural sector

P+ P
Ps

WAT, : WAT,

< Bt S -
<% L] o
g WAT .

Fig. 2. Water resource allocation between agricultural sector and
non-agricultural sector.

inefficiently after the opening of a water market (compared to the perfectly competitive water
market situation), we will be able to say that water resources will be used more efficiently
when we compare this water resources’ use situation to that of before the opening of a water
market. But, if GAP,; is smaller than GAP,, the above mentioned conclusion will be opposite.

The interesting point when we compare the results obtained here to the results obtained in
CASE [I]—@)' is that even though the water market was opened, if the farmer buys water
according to a per unit acre price from the W.U.C., water resources are used efficiently but
land resources come to be used inefficiently. If the farmer buys water at a per unit quantity
price from the W.U.C., water rescurces will be used inefficiently but land resources come to
be used efficiently. Therefore, from the standpoint of minimizing social losses associated with
various resources use, we can not say anything about which system is better until we get
more information about production functions and the price of each resources.

3) In The Case Whose Initial Condition was [[]—1)

For short, I call this case CASE [T1—Q).

I assume that when the farmer buys water from the W.U.C., the price of the water is still
the same as that before the opening of a water market, i.e., the water price is P, per unit
acre of irrigated land. As the farmer’s Vested Water Quantity is B°, where B° is the water
quantity which the farmer was buying from the W.U.C. before the opening of a water market
in CASE [M]—@), S should be equal to (B°—8). In order to analyze the farmer’s subjective
equilibrium, we form the Lagrangean function (¢;):
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(40) Max ¢y = P-Q—Py-K—P, L—P,-Li—Py-C— Z+Py- S+ A-(B'—S—g)
K,L,B,X,5,C,A
(41) P-Fo=P,
(42) P-F = P1+Pe-7§—
W A _p . _p L X
(43) P-FuSi S5 =P Fuoa=Pryf5+P
W PA _p . s p L B
(44) P-Fy 28 =P Fya=2-PoiL
(45) P-Fw--—aé—vg—EP-Fw'a’-Asz

From equations (43), (44) and (45)

W

aC | P, - P,
W W TRLIX "7 |, 5L

oA A A s ©A A

The left hand side of each equation from (41) to (46) represents the M.V.P. of K, M.V.P.
of L, M.LV.P. of B, M.V.P. of X, M.V.P. of C and the M.R.S. of C to A, respectively.
From (43) and (44), the M.V.P. of @ should be equal to the M.V.P. of X. K°, L°, 8°, S",
X° and C°, which are the optimal input of each resource respectively, are simultaneously
determined by equations (41) to (45) and the constraint equation.

The interesting points which arise when these subjective equilibrium conditions are compared
to the results obtained in the analysis of before the opening of a water market are (1) even
though the farmer is able to sell water at a per unit quantity price (Ps), in so far as the
price of water bought from the W.U.C. is determined by per wunit acre of irrigated land, land
resources will still be used inefficiently when we compare this land resources’ use situation to
the perfectly competitive land market situation. Because, the farmer's M.V.P. of land on his
subjective equilibrium is still not equal to the land market price. (2) Farmer’s Subjective Water
Price is not Pe'%'% (marginal increase of payment to the W.U.C.), but (Pe-%‘%—i— PS> .

That is to say, the farmer evaluates the per unit quantity of water bought from the W.U.C.

as (Pe'%-—g(-—i— Ps> which is higher than the water market price (Ps). In other words, the

farmer starts to think that the water which he uses is more valuable than the water as
evaluated by the water market price. Consequently, the farmer comes to use too little water
when we compare this to the perfectly competitive water market situation, because the Farmer’s
Subjective Water Price (or the M. V.P. of 8 on his subjective equilibrium) is higher than the
water market price. Therefore, when we compare this water resources’ use situation to the
prefectly competitive water market situation, water resources will be used inefficiently. ()
From equations (43) and (44), as the marginal pumping costs on X° is greater than the
water market price (P;), when we compare this underground water use situation to that in the
case of perfectly competitive water market situation, underground water will be overdrafted.
If the water market in the non-agricultural sector is perfectly competitive, after the opening
of a water market, the M.V.P. of water in the non-agricultural sector will be equal to Ps.
Therefore, after the opening of a water market, the gap (for short, GAP;) between the
M.V.P. of water in the agricultural sector and that in the non-agricultural sector will be
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Pe-’j—'-i{—. On the other hand, in the situation before the opening of a water market, from
equation (17), the M. V. P of water in the agricultural sector is Pe-%~%. And, for
convenience, let the M. V.P. of water in the non-agricultural sector be Py. Therefore, before
the opening of a water market, the gap (for short, GAP,) between the M.V.P. of water in
%) If GAP,
is greater than GAPs, even though water resources will still be used inefficiently after the
opening of a water market (compared to the perfectly competitive water market situation), we
will be able to say that water resources will be used more efficiently when we compare this
water resources’ use situation to that of before the opening of a water market., But, if GAP,
is smaller than GAP;, the above mentioned conclusion will be opposite.

4) In The Case Whose Initial Condition was CASE [[]—(2)

For short, I call this case CASE [[]—2)".

1 assume that when the farmer buys water from the W.U.C., the price of the water is still
the same as that before the opening of a water market, i.e., the water price is P, per unit
quantity. ' As the farmer’s Vested Water Quantity is B°°, where B is the water quantity
which the farmer was buying from the W.U.C. before the opening of a water market in
CASE [[[]—®), S should be equal to (B °—8). In order to analyze the farmer’s subjective

equilibrium, we form the Iagrangean function (g,):

. . . . L
the agricultural sector and that in the non-agricultural sector is <PN—P6-7

(47) Max #« = P-Q—Py-K—P,-L—Py-f—Py-C—Z+Ps-S+A-(B"—S—p)

KL,B X S,CA

where A is the Lagrange multipler. From necessary conditions for the maximization of the
function { ¢,), the farmer’s subjective equilibrium conditions associated with each resources’

use are
W oA _ .
(50) P'Fw'—a‘A—'—aFZP Fua= Py+Ps
W 9A _ . .
(51) P-F, oA aXZP Fopa=2
W
(52) P-Fw-%EEPFu; o« A =P,
From equations (50), (51) and (52)
oW
‘ aC | | P | P
(53) aw | = Bt p, | T ] 7
oA

The left hand side of each equation from (48) to (53) represents the M. V.P. of K, M.V.P.
of L, M.V.P. of 8, M.V.P. of X, M.V.P. of C and the M.R.S. of C to A, respectively.
From equations (50) and (51), the M.V.P. of £ should be equal to the M.V.P. of X. K=,
L, B, 8, X °, C*, which are the optimal input of each resource respectively, are
simultaneously determined by equations (48) to (52) and the constraint equation.

The interesting points which arise when these subjective equilibrium conditions are compared
to the results obtained in the analysis of before the opening of a water market are the same in
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CASE [I]—@)'. Another additional interesting point is that from equations (50) and (51), as
the marginal pumping costs on X is greater than the water market price (Ps), underground
water will be overdrafted when we compare this underground water use situation to that in
the case of perfectly competitive water market situation.

Discussion

To use water resources efficiently, it becomes necessary to introduce a water market which
connects the agricultural sector with the non-agricultural sector. Even so, to introduce such
a water market is not so easy and how we introduce this water market is a very important
problem.

In Japan, from two thousand years ago up until several decades ago, almost all water re-
sources had been used for agricultural production (especially, for rice production). Therefore,
for farmers, the introduction of a water market which connects the agricultural sector and the
non-agricultural sector will lead to drastic changes or they may feel that they are under a
water market revolution.

If the introduction of a water market presents some big changes to farmers, they will not
be able to anticipate what kinds of merits and demerits they will obtain from 1t’s introduction.
As farmers have a strong preference for risk aversion, they will be more concerned with
demerits than with merits. If they can not anticipate the demerits precisely, they will be
nervous about the introduction of a water market and as a result, they will have a strong
incentive to block this introduction by using their strong political power.

If the plan to introduce a water market is cancelled, to restart discussion about the intro-
duction of a water market, it will be necessary to wait for a long time until farmers’ anger
becomes cooled down. Therefore, to introduce a water market smoothly, it would be better
to introduce it step by step without drastic changes, so that farmers can anticipate the merits
and demerits caused by the introduction. When we introduce a water market, from the first
step, to persist in pursuing 100% efficient workability of such a water market which will
cause drastic changes will not be so efficient, if the introduction of a water market is blocked
by farmers and if we have to wait a long time to re-discuss it.

Therefore, for the smooth introduction of a water market, it is best to introduce a water
market which allows farmers to continue to hold their vested rights associated with water
resources use which they have held, i.e., to allow farmers to be able to sell water while
keeping their water rights.

In this paper, it has been seen that when a water market is introduced while allowing
farmers to maintain their vested rights, a farmer’s subjective equilibrium associated with
each resources’ use and the efficiency of each resources’ use will change as follows:

(1) In CASE [I]—Q)', water resources will be used efficiently as in the perfectly competitive
water market situation. But, when we compare the land resources’ use situation obtained
here to the perfectly competitive land market situation, land resources will be used ineffi-
ciently. Even so, the level of inefficiency of use of land resources is still the same as that
of before the opening of a water market. Therefore, from the standpoint of minimizing
social losses associated with each resources’ use, we can say that introduction of a water
market is beneficial to society.

(2) In each case of CASE [I]—(@), CASE [[]-@) and CASE [[]—(2), when we compare
the water resources’ use situation to the perfectly competitive water market situation, water
resources will be used inefficiently. Even so, after the opening of a water market, if the
gap between the M.V.P. of water in the agricultural sector and the M.V.P. of water in
the non-agricultural sector is smaller than that in the case of before the opening of a water
market, we will be able to say that water resources will be used more efficiently than the
water resources use situation before the opening of a water market. But, the opposite
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situation of those gaps leads to the oppsite conclusion.

(3) The land resources’ use situation in CASE [[]—Q)' will remain inefficient when we
compare this land resources’ use situation to the perfectly competitive land market situation.
But, the land resources’ use in CASE [I]—(2)' and CASE [[]—@)' will still be efficient as
in the perfectly competitive land market situation.

(4) After the opening of a water market, from the standpoint of minimizing social losses
associated with each resources’ use, we can not say anything about which way of water
pricing by the price per unit acre of irrigated land or the price per unit quantity is better,
until we get more information about production functions and the price of each resources.

(5) For some anxieties in the future, if farmers have the incentive to keep W, which is the
quantity of water that is actually available for the plant in the root zone, at the same level
as that of before the opening of a water market or if the other resources’ markets do not
work well, farmer's water supply behavior will be inelastic. Therefore, when we think
about efficient water resources’ use, we have to pay much attention to other resources’
markets’ situations, too.
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