Fundamentals of the Economic
Approach

Manabu Kondo
Shiga University



Wﬂhngness To Pay

m (Definition) The amount of money it is considered
that may pay in order to get some goods (or
service or state of environment) by a certain
person.

m Marginal WTP: the amount of money it is
considered that may pay when purchasing one
more unit of goods

m Total WTP: The amount of money it 1s summed
up from marginal WTP evaluated at quantity
zero to marginal WTP evaluated at quantity qO.
When purchasing the goods of qO, it means the
amount of money considered that a certain
person may pay, 1.e., the benefits which goods of

q0 could bring about to a certain person.
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Marginal WTP =
Marginal Benefits
evaluated at 1 unit

S|

Total WTP when
purchasing 5 units

= at+b+c+d+e

= Total Benefits when
purchasing 5 units

quantity
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Marginal Net Benefit
at 1 unit

—

e ket 1 orice is in pO R
she may purchase 3 units
of good.

Because Marginal WTP
evaluated at 3 (=c)> p0, so
she can get net benefit
from purchasing one more
unit over 2.

Total WTP when
purchasing 3 units =
a+b+c

Cost = p0*3

Total Net Benefit =
(a+b+c)-p0*3
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Demand Curve
of Mr. X

Demand Curve
= Marginal WTP Curve

= Marginal Benefits Curve

When market price is in pO0,
she will purchase 3 units
of good.
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External Cost, Social Cost
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Development

m Although profits and benefits occur in water
resource development, external cost is also
generated inevitably.

m Social cost = private (user) cost + external cost
m External Costs of Water Resource Development:

---ecological damage and loss of biodiversity by dam
construction

---aggravation of water quality, eutrophication
---scenic damage and tourist income reduction
---fall of water table, change of water flow

---reduction of sands flow for downstream, etc.
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A Case Study of External Costs Estlmated by US-EPA (1990)

Total Pollution Reduction Costs (TPRC) when the present Anti-
Pollution Policies are carried out completely

1972 1980 1990 2000
Total Pollution Reduction Costs 26,481 57,969 100,167 160,416
(TPRC)
Ratio for GDP of TPRC (%) 0.88 1.58 2.14 2.83
[ Distribution of TPRC]
1.Air and radioactive pollution 30.1 30.7 28.0 28.0
2.Water pollution 37.4 42.7 42.3 40.0
3.S0il pollution 31.8 23.5 26.5 28.8
4.Chemical pollution 0.3 1.6 1.6 1.8
5.Multi-medium 0.4 1.5 1.6 1.4
contamination

Note: The observation cost for regulation and the administrative cost for performing regulation are also included in TPRC.
Source: U.S. Environmental Protection Agency, Environmental Instruments.: The Costs of a Clean Environment, EPA 230 12
(92-084), Washington, DC, 1990, pp.2-2~2-3.



Cost Price of Water

m (1) Fixed Cost---Iinfrastructure cost such as dam,
water quality purification station, reticulation
system, furrows system, etc. Administrative
expenses, a general maintenance cost

m (2) Variable Cost--- expense which is needed
along with the increase in the water amount of
supply. For example, Electric cost, labor cost,
chemicals cost, etc.

m (3) Cost Price of Water = Fixed Cost + Variable
Cost
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Cost Price of Water: Total and Mérgmal

Cost price of water per unit= Average Fixed Cost + Marginal Cost

\ ¥ /unit Cost curve in
1 new dam
Marginal Cost ; construction
|
|
Variable cost \
______ \
- plO \\‘
Fixed ) P N } _
et Marginal { ______ T~ :._::___:__ -
EFCO Cost ‘
. } _ q0 water used / / g0 gl unit
Cost price of water in
case the amount of AFC=FC0. g

the water used is g0




Supply curve of water (when there is no new dam
construction)
. Social cost curve of water =
¥ funit supply curve

External
Cost Curve

Supply curve of water
without external costs




. RS G5 ‘-‘“;?"’-‘a s T
T 2 e STETY, g e T~ o 7 y %
S e = N AN (AT -33-“'_._"-‘"{'."*' LIy ‘l‘?f 4 % b b | %

'{ o
4 A A ¢
2Ty t =
5 = . ‘:.L} ﬁﬁ Lﬁ_‘ mu{g{;ﬂ‘i-&# -;ﬁ‘;_.h" —

The determination for water supplies: desirable level and
actual level of water supplies
wilhit When not taking the

A external cost of water
Demand curve supply into consideration,
of water water is used to the level
of OA.

The desirable level for
water supplies is OE
socially.

\. - unit
0 - A
Syl CUre @ H{Z Excess of water use

Water
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Two I\/Iethods"of I\/Ianaglng the
Excess of Water

M Direct regulation ... defining the maximum of the amount
of the water used and assigning it for every economic player.
— Irrationality of initial distribution

—High adjustment cost

M Inductive regulation by market-based management
technique ...

(1) Subsidies or Tax
(2) Introduce a charged system and manage water demand.

(3) Creating water rights market and leaves it to market
dealings.



Market-Based Policy Instruments
and Management




(1) Subsidies or Tax




Demand curve
of water

If the subsidy to
Infrastructure construction
of the central government is
reduced, water supply curve
will be shifted upwards.

If an income tax goes up,
demand curve will be shifted
downwards.

\\,\. . unit
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Reducing water use from A to E




(2) Volumetric Charging and
Increasing Block Rate
Charging of Water
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Volumetric Charging and Increasing Block Rate

Chargin
[ (1) Volumetric Charging =

Cost Price of Water=p0

' Total cost of water supply is
/ ensured.

\/unit

/ (2) Two Step Block Rate
% Charging= [0~p0~p1]

\ The water used can be reduce to a
S desirable level.

p0 \

unit




(3) Creating Water Rights
Market
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About Water nghts Tradlng

m \Water rights: The right that can intake and use
river water (or groundwater) up to the accepted
maximum exclusively.

In order to acquire new water rights, the burden
of expenses, such as dam construction, is required.

Irrigation Farmer, Local Government, Company, etc. can become
the owner of water right.

In the case of the right to pass drainage to a river up to the accepted
maximum, the right is called exhausted water rights.

m Water Rights Trading : Well defined water rights can be
tradable when you want to sell or buy some amount of
water like the usual commercial transaction.
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Expected various pattern of water

rights trading

(1)irrigation farmer
and irrigation damer

(2) local government

and irrigation farmer

(3) local government
and local government

(4) local government

and firm Ty
(5) Upstream and |
downstream
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-~ ' X:The Water demand person who
Water Trading-Case 1 performs profit activity. A water amount
demanded is measured rightward from
A Zero point.

Y : The water demand person who
performs another profit activity.A

Margi_nal water amount is measured
Benefit leftward from Point H.
Curve of Y _
If X sells off one unitto Y at pe,
Marginal X can increase the marginal net
Benefit benefit, and Y can also make a
Curve of X profit increase.

In this way, Social Net Benefits
changes to the maximum at point
E.

-
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pe

A

of Y
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ey g

Ah=1

unit of
water

If the condition, MB of
X <pe<MB of Y, is hold,
both seller and buyer
can be better off by
water trading.

(1) Net Benefit of X selling
off the water of one unitto Y

—PeX1—MB of X X1

= (Profit on sale) — (Opportunity
Cost)

(2) Net Benefit of Y
purchasing the water of one
unit from X

=MBof Y X1—peX1

= (Profits by the increase of
production) — (Purchase expense)



Water Trading-Case 2

A

Demand
curve of X

B e e [ H }. -ﬁ;“ T*‘E’

e iﬁf;%@ﬁ-ﬁffm fmw:-
X:Water I\/Ianagement Body of City X.

Y : Water Management Body of City Y

Px: water price of City X
Demand Py: water price of City Y

curve of Y gyppose that city X runs short of
water and city Y is left by
change of population.

If there is a free trading market
and X purchases water 1 unit

from Y at Pe, then X can obtain
net benefits of Px-Pe. Similarly

Y can obtain the net benefits of

_ Pe-Py.
Unit of

water
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Water Trading-CaSé 3

Water
DemAanded

Seasonal Water
Demand Curve

|
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X

>

Spring
Price condition:

Summer Autumn

px<pe<py (in Spring & Autumn)

py<pe<px (in Summer)

> RS I~
e T X T

e o _,__.«"",?i ;{J-'%;_ h ﬁ - E:r* :
water rights of X

Hy: amounts of water rights of Y

pXx,py : expected water price of x and y

As for X, water is left in spring and
autumn and, as for Y, water is left
conversely in summer.

If the seasonal water fall and demand
variation is stable, the amount of quota
water rights of both X and Y is
reducible to not Hx+Hy but He by
founding a temporary water rights
market.
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Water Trading-Cagé 4 HX: Inltlal amount of discharge of the
sewage in which X is permitted. Hy:Initial

(em!SS'On permits amount of discharge of the sewage in which
trading) Y is permitted

Hx+Hy=0H (=Max. amount of discharge)

MB of X Suppose that the MB curve of X shifted
up by technical progress, change of
products, etc., then the allocation of point
A become non-efficient economically.

If Point E is attained by emission trading,
under the restriction of [MR of Y < pe <

. . - MB of X1, the both sides will get net

N ) AmspE H benefits, and social net benefits will serve
i as the maximum.

e

Unit of discharged
water

-



(4) Watershed Conservation Fees
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Basin-Wide Optlmlzatlon by usmg Watershed Conservation -

Fees (1)
When each area of X, Y, and Z attains optimization
separately, it is best to make water distribution

increase from the industry with highest marginal net
benefit.
However, the upstream economic activities generates

Ex the external cost E to the lower stream. Therefore,
‘ total net benefits of sectoral-optimization (TNBa)
l will be:
Ey TNBa=Bx+(By-Ex)+(Bz-Ex-Ey)-Ez.

On the other hand, total net benefits in Basin-Wide
l Optimization case (TNBb) will be:

i TNBb=(BX-Ex) +(By'-Ey’)+ (Bz-EZ)
z

v
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Basin-Wide Optlmlzatlon by using Watershed Conservation
Fees (2)

If it assumes that (Bx+By+Bz)= (Bx'+By'+Bz') is hold, then,

under the restriction of [2 Ex+Ey+Ez> EX'+Ey'+EZ' ], the TNBb
could be greater than TNBa. This means that External Cost reduction
Is more effective for maximization than economic development in this
case.

For example, if Watershed Conservation tax is introduced in the basin
level and this income is used for upstream forest conservation to
reduce external cost and/or is used for promotion of green industry
(for example, agriculture, sightseeing), the bigger Total Net Benefits
can be realized.

Cost changes to Benefit. Benefit changes to Cost.



(5) Slow Economic Growth
Management




Temporary Optimizatien ar

Term Optimization

Economic activity level

A Ecosystem limits
with uncertainty

time

Slow Economy Is
faster than Fast
Economy.

Path B can make
more economical
output than path A In
the long run.

Slow economic
growth management
IS rational from the
viewpoint of

» Precautionary

Principle.
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Comments on the I\/Iarket Based Management
Policy In Japan

(1) Water demand is controllable.

Moreover, introduction of the charged system of water promotes
efficient use and recycling of water. Charging of groundwater should
be considered.

(2) In Japan, the approach of bringing water supply close to water
demand was in use until now.However, such an approach should be
converted.

In order to manage water demand from now on, introduction and
practical use of the market-based management policy are desired.

(3)The Cost-Benefits Ratio of water supply was ambiguous as a
result of “soft budget constraint”.



Case Studies
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Examples of Water nghts I\/Iarket

m \WRM carries out in United States, Australia, the
Netherlands, Brazil, Spain, and Chile at present.

m Introduction of WRM is under examination in China,
Tanzania and so on.

m Executive Organization of Basin Management: Murray-
Darling Basin Commission, and introduction of CAP
system, inter-state trading

"Environment flow" by a civic donation through WRM

m  Appearance of Internet Water Rights Market and Water
Broker
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Map nf Austraha with State Lines and the Outlme Gf
the Murray-Darling Basin
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Source: MacDonald and Young(2001), p.8.




Smith(2003),
56.
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Spatial and sectoral use of water in Australia (from Smith 1998a)
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Source: Smith(2003), p.59.



Growth in trade in Victoria, 1990/1 to 2000/1

250 —
B Permanent
500 M Temporary
o
£ 150 _
=
a
g
S 100 _|
=
Includes auction
50 _ \\
0 _|
1990/1 1992/3 1994/5 1996/7 1998/9 2000/1

Source: Department of Natural Resources and Environment (Victoria)(2001), p.12.
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Organizational chart of MDBC
Murray-Darling Basin Federal Gov. )
Ministerial Council
.
_ _ State Gov.
Murray-Darling Community
Basin Commission Advisory River
Committee | Murray
Water

Wate
Supplier <:JJ
River Murray

Water u

Water User




CAP system in Murray-Darling Basih
(introduced in 1997 everlastingly based on a standard in 1994.)

T T T T
14000 —
Avarage Natural Flow 1o Saa

12000 m/—

Diversions (GL)

1920 1940 1960 1980 2000 2020
Year

Annual diversions from the Murray-Darling Basin 1920-95 with projections to
2020

Source: Murray-Darling Basin Commission (2000)
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