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Introduction

R. Quentin Grafton

Water is the classic contmon property resource. No one really owns the problem. Therefore, no one
| realiy owns the solwion. (Ban Ki-moon, Secretary=General of the United Nations, 6 February 20083

. Overview

This hook is a collection of previously published journal articles on the economics of water
resources. In total there are 95 articles that cover a vast range of topics, locations and
methodologies compiled in two volumes:

Volume 1

1 Environmental and In-Stream Flows {10 articles)
1t Eavironmental Vatuation {7 articles)

[l  Water Pollution {6 articlcs)

IV Trrigation (9 articles)

v Groundwater Use and Management (10 articles)

Volume I3

1 Residentinl and Non-Residential Water Use (8 articles)
I  Rights, Ownership and Efficiency (9 articles)

01 Water Demand and Supply Studies (9 articles)

IV Water Pricing and Management (10 articles)

¥V Water Scarcity and Reliability (10 articles)

V1 Water Supply and Demand in Poor Countries (7 articles)

Collectively the volumes include both much cited or ‘classic™ papers, survey arlicles and
many applied and some theoretical papers, The volumes do not purport to be a complete set of
articles on the economics of water resources as there are thousands of published papers in the
sub-disciptine. Thus, some excellent papers in well researched areas, especially ‘Irrigation
and ‘Groundwater Use and Management’, have not been included so as to make room for
equally worthy articles in important topics that have often been neglected in the economics
literature such as “Water Supply and Demand in Poor Countries’. The volumes also do not
include any articles in press, chapters in books or the many good mimecgraphs, working papers
and unpublished works that have appeared in the ‘grey’ literature. In addition, some articles

ould not be included because of copyright reasons,
The contributions in the 1wo volumes cover almost all of the key issues on the economics of
W'ltcr resources in 11 topic areas. Fundamental to balancing needs of use and non-use of water
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is an estimate of the benefits of environmental and in-stream Hows within river systems, and Table I Units of measurement for water

also the recreational and other vatues assoclated with water quality. Implementing such studics - "

can be expensive and involves a aumber of different techniques in terms of both stated and Symbol Name Comparison to Litre Example

revealed preference methods. A selection of different case studies and examples of how to apply

non-market valuation techaigues to valuing water for both water quantity and quality are mL millitre 100tk 1, one dmplet‘

provided in Parts T (Environmental and In-stream Flows) and [ (Environmental Valuation) of L litre same large soft d{'i“k bottle

Volume 1. In Part [ (Water Pollution) the issues of waste and discharge are addressed from KL kilolitre 1 thousand L. approx. 6 oil barrels

both a theoretical and applicd perspective. Irrigation is 2 major water consumer and (he key ML Megalitre 1 million L. 20 backyard swimming POOI% )
challenges (G its better use are examined in Part IV (Ireigation). In many parts of the world GL Gigalitre | thousand million L 1500th volume of Sydney ?'E‘Hb(’”‘
groundwater is the principal source of water, but extraction is frequently sub-optimal. The km? cubic km 1 militon million L 1/500th volume of Lake Erie
problems of gevernance, optimal extraction and misuses of groundwater are addressed in

section V (Groundwater Use and Management). Notes:

Volume Tf provides important centributions to understanding and managing household or
residentinl water use. Various demand case studies and analyses are provided in Part [
(Residential and Non-residential Water use) while Part I5 (Water Demand and Supply Studics)
includes methods to estimate residential demand. Part TV (Water Pricing and Management}
provides a number of contributions on efficient water pricing. Iimportant issues are whether
privatization is desirable in terms of water delivery and the relative efficiency of different
ownership struciures. Both topics are addressed in Part 11 {Rights, Ownership and Efficiency).
The "big picture’, such as overall water scarcity and its management implications, is covered
by the contributions in Part V (Water Scarcity and Reliability). The often neglected economic
issues of water demand and supply in poor countries, and where there is a great need for
improved water management, are examined in Part VI (Water Supply and Demand in Poor
Counirics).

1. 1 gallon (Impenad} = 4.546L1
2, 1 gallon (US) = 3.785L

1 cubic foot = 28.32L

4. 1 cubic yard = 764,61

. L acre foor = 1233491,

i

of total accessible runoff (Lomborg 2001, p. 151) and is increasing as global water consumplion
rose over sixfold in the Iwentieth century (Wolff and Gleick 2002, p. 10).

The lack of attention about water, at least in rich countries, is because many peoplf: pay very
fittle for it — it accounts for less than 1 per cent of houschold budgets in wealthy nations - and
it is readily available 24 hours per day, 363 days a year. The contrast to poor countries i3 s}za‘rk.
The United Nations Development Programme (UNDP) estimates that thcm_‘ are over one billion
people with inadequate access to water and over two billion wl‘m lack basic sanitation (UN[?P
2006, p. 2). A cross-counlry comparison of per capita water wilhdrawals by sector (domestic,

industry, and agriculture) is presented in Table 2. Huge differences c{(isl bccnu‘sc of geography
2 Water Matters {some places are much drier than ethers), size of the population and income (richer people can
afford to access more water and reat it to a higher quality). i
Water 35 of fundamental importance. [t is a necessity of life in terms of direct conswmption but Table 2 indicates tet Benin - a West African country - bas one of the world’s smadlest
is widely used in agriculture and industry, and also for recreation purposes and the disposal of estimated annual per capita withdrawils of water a1 151 while the US withdrawals of IGO0 KL
wastes, Fresh waler — in terms of both its availability and quality - is also of eritical impact o L are onc of the highest. Thus, on average, every American uses (for all purposes including

all terrestrial ecosystems,
Water Consumption

Despite its impartance witer rarely receives the altention it deserves, at least in rich countries,
except when there is too much (floods) or too little (droughis) available, Indeed, many people
do not even know how much they pay for water which, by weight, is by far the most important
natural resource we consume. In high income countries, such as Australia, the average
household consumption per capita is 2851 per day (Australian Water Asseciation 2007) or
104kL or M? per year (see Table One For units of measurement and conversion from §1 or
melric units to the American Engineering Systet units),

Thus every Australian, on average, consumes within the household 104 tonnes of water —an %\x :
amount that far exceeds per capita production of solid waste, Fuel or food by houscholds, Even
on u global seale, water withdrawal by humans is substantial - it represents about 30 per cent
-

industry, agriculiure and residential uses) more water in a week llh:m does a resident 0!" Benin
in one year. Differences in water consumption are alse reficeted in terms of water quahl)l:, The
Food and Agriculture Organization of the United Nations estimates that abox‘u 3$OOA children
die every day — almost exciusively in poor countries — as a direct result okf qnsare drinking water
and lack of proper sanitation (FAO 2007). Despite these alarming stalistics, water access has
increased dramatically over the past few decades such that the proportiorn of those w1th access
10 potable water more than doubled between 1970 and 2000, If the targets of the M{llcnmum
. Development Goals for 2015 are met then 1.5 billion more people will bcneﬁ? from 1mpr.0\'vcd
waler supply (FAQ 2006) althongh this will require investments of upwards of $US180 billion
. (Bijsberman 2004, p. 511).
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is an estimate of the bensfits of environmental and in-stream flows within river systems, and
also the recreational and other values associated with water guatity. Implementing such studies
can be expensive and involves a number of different techniques in terms of both stated and
revealed preference methods, A selection of different case studies and examples of how o apply
non-market valuation techniques to valuing water for both water quantity and quality are
provided in Parts T (Environmental and In-stream Flows) and 11 (Environmentai Valuation) of
Volume 1. In Part 1T (Water Pollution) the issucs of waste and discharge are addressed from
both a theoretical and applied perspective. Irrigation is a major water consumer and the key
challenges to its better use are examined in Part IV (Trrigation). In many parts of the world
groundwater is the principal source of water, but exitaction is frequently sub-optimal. The
problems of governance, oplimat extraction and misuses of groundwater are addressed in
section V (Groundwater Use and Management).

Yolume II provides important contributions (o understanding and managing houschoid or
residential water use. Various demand cage studies and analyses are provided in Part I
(Residentiai and Non-residential Water use) while Part [11 {Water Demand zud Supply Studies)
includes methods to estimate residential demand. Part IV {Water Pricing and Management)
provides a number of contributions on efficient water pricing. Important issues are whether
privalization is desirable in terms of water delivery ard the relative efficiency of different
ownership structures. Both topics are addressed in Part 11 (Rights, Ownership and Efficiency),
The *big picture’, such as overall water scarcity and its management implications, is covered
by the contributions in Part V (Water Scareity and Reliability}, The often neglected economic
issues of water demand and supply in poor countries, and where there is a great need for
improved water management, are exansined in Part V1 (Water Supply and Demand in Poor
Countries),

2, Water Matters

Water is of fundamental importance. Tt is necessity of life in terms of direct consumption but
is widely used {n agriculture and industry, and also for recreation purposes and the disposal of
wastes, Frest water — in terms of both its availability and quality ~ is also of critical impact to
all terrestrial ecosystems.

Waier Consumption

Despite its importance water rarely receives the altention it deserves, at least in rich countries,
except when there is too much (floods) or too little (droughts) availabie. Indeed, fany people
do not even know how much they pay for water which, by weight, is by far the most important
natural resource we consume. In high income countries, such as Australia, the average
household consumption per capita is 285L per day (Australian Water Association 2007) or
104 kL or M? per year (see Table One for units of measurement and conversion from ST or
metric units 10 the American Engincering System units).

Thus every Australian, on average. consumes within the household 104 tonnes of water — an
amount that far exceeds per capita production of solid waste, fuel or food by households, Even
on a globul scale, water withdrawal by humans is substantial — it fepresents about 30 per cent

Econetics of Warer Resoirees § v
Table I Units of measurement for water
Symbol Mame Comparison 1o Litre Example
iili one droplet
L millitre 1/1000th 1. one ¢ )
E] litre same large soft drink bottle
kL. kilolitre 1 thousand L, approx. 6 oil bu'rrc]s-
ML Megalilre 1 million L. 20 backyard swimming pools
GL Gigalitre 1 thousand million L. 1/500th volume of Sydney -Harbour
kv cubic km 1 million miflion L 1300th volume of Lake Frie
Motes:

. 1 gallon (Imperial) = 4.5461,
. 1 gallon (US} = 37851

. 1 cubic foot = 28.321

. 1 cubic yard = 76461,

. Facre foot = 233491

[y

of total accessible runoff (Lomborg 2001, p. 151) and is increasing as global water consumption
rose over sixfold in the twentieth century (Wollf and Gleick 2002, p. 10).

The fack of attention about water, at least in rich countrics, is becau:@e many peoplg pay very
little for it - it accounts for less than 1 per cent of houschold budgets in wealthy na‘tmrff?w‘n lu;\d
it 15 readily available 24 hours per day, 365 days a year. Th.c contrast 1o poor countries is s;?r .
The United Nations Development Programme (UNDP) es.tlmales that thcrz.: are o.ver. one bi 10;
peaple with inadequate access to water and over two billicn wl.m lack basic sanitation (UaNjE'J
2006, p. 2). A cross-country comparison of per capita wa‘m‘:r wnhdra\\.fals by sector (c{onl;:nt;c,
industry, and agriculture) is presented in Table 2, Huge d:t"iefences e?ust bccuu-sc of gc:oglr.fp' M
(some places are much drier than others), size of the po?ulzmnn and income (richer people can
afford to aceess more water and treat it 10 a higher quality). , )

Table 2 indicates that Benin — a West African country - has onc‘ of'lhe world’s smallest
estimated annual per capita withdrawals of water at 15kL while the US withdrawals qf iﬁOO.kL
arc one of the highest, Thus, on average, every American uses (for all purposes mc]udnrg
industry, agricoiture and residential uses) more water in a week .lhan does # resident of &n;lr:
in one year. Differences in water consumption are also rcﬂeclfd in terms of water qual} l}.i' T ‘L.
Food and Agriculiure Organization of the United Nations Fsmuatcs that about 3§Oq children
die every day - almost exclusively in poor countries —as a dxrecl.rcsult o.f l{nsafc drinking v?atef
and lack of proper sanitation (FAO 2007). Despite these alarming slal'lsucs‘, waler acusshas

increased dramatically over the past few decades such that the proportion of those Wfﬂl aceess
o potable waler more than doubled between 1970 and 2000. If the tlargets of the Mfll"““”‘f“
Developmient Goals for 2015 are met then 1.5 billien more peop]t{ will benefit f oI unpr‘m.md
water supply (FAQ 2006) although this will require investments of upwards of $US {80 billion
Rijsberman 2004, p. 511).
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Total

freshwater  Percapita  Domestic  Industrial Agricultural

withdrawal ~ withdrawal use use use
Region & Counlry Year  (kmifyr) (m*/plyr) (%) (%) (%)
Africa
Algeria 2000 6.07 185 22 13 63
Angola 2000 0.35 22 23 17 60
Benin 2001 0.13 13 3 23 43
Botswana 2000 G.19 107 4} 18 41
Burkina Faso 2000 0.80 60 13 1 86
Burundi 2000 0.29 38 17 & 77
Cameroon 2000 0.99 61 18 ] 74
Cape Verde 2000 0.02 39 7 2 91
Central African 2000 0.03 7 80 16 4
Republic
Chad 2060 0.23 24 17 0] 83
Comoros 1599 0.01 13 48 5 47
Congo, Demecratic 2000 .36 6 53 17 ERl
Repubtic (formerdy
Zaire}
Congo, Republic of 2000 0.03 8 59 25 12
Cote D Ivoire 2000 093 51 24 12 63
Djibouti 2000 .02 25 84 0 16
Egypt 2000 68.30 923 8 6 86
Equatorial Guinea 2000 ol 220 83 16 1
Eritrea 2000 0.30 68 3 M) 97
Elhiopia 2002 5.56 7 4 0 94
Gabon 2000 G.12 87 30 8 42
Garmbia 2000 0.03 20 23 12 65
Ghana 2000 0.98 44 24 16 a6
Guinea 2000 1.51 6l 8 2 90
Guinea-Bissau 2000 0.18 113 13 5 82
Kenya 2000 1.58 46 30 6 64
Lesctho 2000 0.05 28 40 40 20
Liberia 2000 G.11 34 27 18 35
Libya 2000 4.27 730 14 3 83
Madagascar 2000 14.96 804 3 2 96
Malawi 2000 1.01 7% 15 5 80
Mali 2000 6,53 484 9 1 90
Mauritania 2000 1.70 554 9 3 88
Mauritius 2000 0.61 488 25 14 60
Moroceo 2000 12,60 400 10 3 37
Mozambique 2000 0.63 32 i1 2 87
Namibia 2000 0.3 148 24 5 71

Table 2 continued
Total
freshwater  Pereapita  Domestic  Industrial  Agricultural
withdrawal  withdrawal use use use
Region & Country Year  (kmfyn) {m¥fp/yr) {%) (%) (%)
Niger 2000 218 156 4 0 95
Nigeria 2000 8.01 9] 21 10 69
Rwandsa 2000 .15 17 24 8 68
Senegal 2002 2.22 190 4 3 93
Sierra Leone 2000 0.38 69 5 3 a2
Somualia 2000 329 400 ] 1} 100
South Africa 2000 12,50 264 3l 6 63
Sodan 2000 37.32 1030 3 i a7
Swaziland 2000 104 1010 2 1 97
Tanzania 2000 5.18 135 10 4] g9
Togo 2000 017 28 53 2 45
Tunisia 2000 264 261 14 4 82
Uganda 2002 0.30 10 43 17 40
Zambia 2000 1.74 {49 17 7 16
Zimbabwe 2002 421 324 14 ? 79
North and Central
America
Antigua and 199 0.005 63 60 20 20
Barbuda
Barbados 2000 0.09 313 33 44 22
Belize 2000 0.15 556 7 73 20
Canada 1996 44,72 1386 20 69 12
Costa Rica 2000 2.68 619 29 17 53
Cuba 2000 820 728 19 12 69
Bominica 1996 0.02 213 — — —
Dominican Republic 2000 3.39 381 32 2 66
El Sulvador 2000 1.28 186 25 16 59
Guatemala 2000 2m 160 4] 13 80
Haili 2000 0.99 116 5 1 G4
Honduras 2000 0.86 119 8 12 80
Jamaica 2000 041 153 34 17 49
Mexico 2000 78,22 731 17 5 77
Nicaragua 2000 1.30 237 15 2 83
. Panama 2000 0.82 254 67 5 28
St. Lucia 1997 0.01 81 — o s
St Vincent and the 1995 0.01 83 — o e
Grenadines
Trinidad and Tobago 2000 .31 237 68 26 6
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Table 2 continued Tuble 2 continued

Total Total
freshwater  Percapita  Domestic  Industial  Agricaltoral freshwater  Percapits  Domestic  Industrial — Agriculiural
withdrawal  withdrawal use use use withdrawal  withdrawal use use use
Region & Country Year  (km%yry  {mVplyr) (%) (%) (50) ; Region & Country Year  {km%yr) (m*/plyr) (%) (%) (%)
United States of 2000 477.00 1600 13 46 41 Kuwail 2000 044 164 43 2 52
America Kyrgyz Repubtic 2000 10,08 1916 3 3 04
Laos 2000 3.00 507 4 G 90
South America Lebanon 2000 1.38 385 33 H 67
Argentina 2000 29.19 753 17 9 74 Malaysia 2000 9.02 330 ¥ 21 62
i Bolivia 2000 1.44 157 13 7 81 Maldives 1987 0.003 9 98 2 0
i Brazil 2000 59.30 318 20 18 62 Maongolia 2000 0.44 166 20 27 52
Chile 2000 12,55 770 11 25 64 Myanmar 2000 33.23 658 ! i 98
Colombia 2000 10.71 233 30 4 46 Nepal 2000 10.18 375 3 1 a6
Ecuador 2000 16.98 1283 12 3 82 Oman 2000 .36 529 7 2 a0
Guyana 2000 1.64 2187 2 1 98 Pakistan 2000 16939 1072 2 2 96
Paraguay 2000 0.49 80 20 8 71 Philippines 2000 28.52 343 17 g 74
Peru 2000 H13 720 8 10 52 Quaar 2000 0.29 358 24 3 72
Suriname 2000 0.67 1489 4 3 93 Saundi Arabia 2000 17.32 705 10 1 89
Urugoay 2000 315 910 2 ! 96 Singapore 1975 0.1% 44 45 51 4
Venezuela 2000 8.37 313 6 7 47 Sri Lanka 2000 12.61 608 2 2 95
Syria 2000 19.95 1048 3 2 93
Asia Taikistan 2000 11.96 1837 4 5 92
Afghanistan 2000 23260 T 2 1} 98 Thailand 2000 §2.95 1288 2 2 93
Armenia 2000 295 977 30 4 66 Torkey 2001 39.78 544 15 1 74
Azerbaijan 2000 17.25 2051 5 28 68 Turkiienistan 2000 24.63 5104 2 I 98
g Bahrain 2000 0.30 411 40 3 57 United Arab 2000 2.30 511 23 9 a3
: Bangladesh 2000 7940 560 3 i 96 Emirites
Bhutan 2000 0.43 199 5 1 94 . Uzbekistan 2000 58.34 2194 5 2 93
Brunei 1994 009 243 nd nd nd = Vietam 2000 7139 847 8 24 68
Cambodia W00 408 290 1 0 98 © Yemen 2000 6.63 316 4 ! 35
China 2000 549.76 415 7 26 68 o
Cyprus 2000 0.21 250 27 1 71 = Europe
Georgia 2000 3.61 808 20 at 3G % Albania 2000 1.71 346 27 i 62
India 2000 04584 585 § 5 86 Austria 1999 367 448 35 64 1
indonesia 2000 8278 in 8 1 91 Belarys 2000 279 286 23 47 30
Iran 3000 72.88 1048 7 2 91 : - Belgium 1998 744 714 13 83 I
Iraq 2000 42,70 1482 3 5 92 - Bosnia ang s . o - o
Isracl 2000 2.05 303 31 7 62 - Herzegovina
Japan 2000 B8.43 690 20 18 62 ; Bulgaria 2003 6.92 895 3 78 19
Jordan 2000 1.01 177 21 4 75 ) Croatia
Kazakhstan 2000 3500 2360 2 17 82 Ceech Repubtic 2002 131 187 41 57 2
Korea Democratic 2000 9.02 401 20 25 35 S ‘ 2002 0.67 123 32 26 42
People’s Republic ] v.’\ i 2002 1.41 1060 56 39 5

Korea Rep 2000 18.59 389 36 16 48 ; : 1999 233 444 id 34 3




§
!
F

e

ficanoniics of Water Resources |

Table 2 continued

Total

freshwater  Percapita  Domestic  Indusirial Agricubtural

withdrawal  withdrawal use use use
Region & Country Year  (km'yr) {m¥%plyr) (%) %) (%)
France 2000 33.16 548 16 74 10
Germany 2001 38.01 460 12 68 20
Gireece 1997 8,70 782 16 3 81
Hungary 2001 21.03 2082 9 59 32
Teeland 2003 Q1 567 34 a6 0
freland 1994 1.18 284 23 77 0
Ltaly 1998 41.98 723 18 37 45
Latvia 2003 0.25 108 55 33 12
Lithuania 2003 3.33 971 78 15 7
Luxembourg 1999 0.06 121 42 45 13
Macedonia 2000 227 118
Maita 2000 .02 50 74 1 25
Moldova 2000 231 549 {1l 58 33
Netherlands 2001 8.86 544 6 60} 34
Norway 1996 240 519 23 67 10
Poland 2002 173 304 13 79 8
Portugal 1998 11.09 H56 i 12 78
Rotmania 2003 6.50 269 9 34 57
Russian Federation 2000 76,68 533 19 63 18
Serbia and e — — — — —
Montenegro
Slovakia 2003 1.04 193
Slovenia 2002 0.50 457
Spain 2002 3122 864 13 19 68
Sweden 2002 2.08 296 37 54 9
Switzerland 2002 2.52 348 24 74 2
Ukraine 2000 37.53 807 12 35 52
United Kingdom 1994 11.75 197 22 75 3
Oceania
Australia 2000 24.06 1193 15 16 75
Fiji 2000 0.07 82 14 14 71
New Zealand 2000 211 324 48 9 42
Papua New Guinea 1987 Q.10 17 56 43 1
Solomon Islands 1987 — — 40 20 40
Sowrce: Pacific Instinute (2007, Accessed bupifwww.worldwater.org/data htm!

February 19, 2008,
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Water Scarcity

A growing world population expected to rise by another bil]:um by 20350 (United Nations
Population Division 2006}, even under low growth forecasts, will exacerbate water shlorlages.
Climate change will also have important impacts on water supplies (Mays 2007) zn"ncl \jvﬂl make
some dry arcas cven drier, such as Sowth-east Australia (Jones e m’.‘2002). wlhl'le mcn“jased
gvaporation and transpiration associated with higher temperatures will makg it lm?rcasmg]y
difficult 1o adapt to these changes, To the extent that climate becomes more variable with greater
exteemes of rainfull and temperature, existing chronic water shontages will likely become acute
in low-rainfall periods. Apart from the difficulties 1o water users, this will impose increasing
costs on the environment as consumption will alinost certainly rise as a proportion of the amount
of water avatlable. An iHlustration of possible future trends is provided in Figure 1 which records
river inflow and outflow and irrigation use on the Murrumbidgee River ~ a tributary nr: the
Muray River - in South-east Australia over the period 19842003, Despite an overall cap since
1995 on total water use, the proportion of inflow diverted for agricultural purposes has increased
dramatically in response te a more than 50 per cent decline in inflows from 1989 to 2005. As
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Annual inflow, ouiflow end irvigation use on the M urrumbidgee River, Australio
198420035,




Economics of Water Resoturces | XU

il - Economics of Water Resources |

a consequence, in-stream Aows as measured by outflows have becomne a fraction of previous
Ievels, high
Inereasing population, higher temperatures, salt-water intrusion in coasta? areas, and deying ¢
trends in some arid areas will place increasing strains on freshwater resources. Without a
fundamental change in how water is managed scarcity problems will be made much worse,
Part of the difficulty in managing water resources well is the nature of the resource. Water is
wobile and to ‘trap’ and store it for future use can require substantial investments, especially
for large capacity storage. Water, at least what comes from the sky, also does not belong to
anyone until it is trapped on the greund with dams or underground in terms of suifers.
Acquiring *ownership’ of water, however, is expensive both in terms of infrastructure costs and
the opportunity cost of the land allocated to water storage. Morcover, once stored, water
depreciates through both evaporation and seepage ¢ven when consurplion is rero.

Common-Pool
Resources
(e.g., aquifer)

Private Goods
{e.g., motor car)

RIVALRY

Water Economics

Water shares two characteristics that make it difficult for i to be used efficiently. First, many
uses of water are rival in the sense its diversion for ane activity teduces the amount avaifable Club Qoods
to others. For example, an irrigator may only relurn 20 per cent of the water that is diverted (e.g., fibrary)
from a river, thereby reducing the amount available to downstream users, Some uses may also
be rivalrous in terms of water quality. For example, the use of water and its subsequent discharge
by & pulp and paper plant detracts from recreational uses of water, such as swimming. By itself,
rivaley does not result in misuse or inefliciency. For cxample, many private goods are rivalrous
in terms of consumption but are efficiently aliocated through the market systent. However, this
requires that there are well-defined property rights over assels and persons without such rights
can be easily and cheaply excluded from consuming what is not theirs, in the case of walter, low high
however, creating and enforcing user rights can be both difficult and cxpensive. These (win
features ~rivalry in use and difficulty in excluding people from accessing water that does not e EXCLUSIVITY
belong to them — means that water frequently has the characteristic of a COMMION-poot resource, 5

This is illustrated in Figure 2 with a comparison of the characteristics of a common-pool
vesource (aquifer) to private goods (car), public goods (lighthouse) and club goods (library).

Where water rights have been created, such as for surface water rights separated from land
rights, they have generated substantial benefits to water users (Grafton and Peterson 2007). In
tury, this has allowed water 1o trade to its highest valne in use. However, to generate efficient
outcomes holders of property rights must also have concomitant responsibilities or duties
(Bromley 1991, chapter 2). In the case of water, such responsibilities include meeting water
quality and return flow requirements. To achieve desired sccietal goals environmental
allocations of water, such as minimum in-stream flow, nay also be required.

Groundwater is a classic example of a comman-pool resource, For instance, if an aquifer
lies beneath many properties there are minial incentives for a conservation-minded land owner
to reduce pumping as the reduced water consumption will be diverted by someone else so long
as the costs of delivering the water is less than the marginal value of what the water can
generate. Consequently, and in the absence of effective collective action, an aquifer can easily
be overexploited such that total withdrawals exceed rechacge. A well-known example of overuse
of groundwater resources is the huge Ogallala aquifer in mid-west and high plains of the USA
{Rogers 1986) but overexploitation of large aquifers occurs in many places in the world.

low Public Goods
{e.g., lighthouse}

ource; Grafton er gl (20043, p. 37,

igure 2 Rivairy and exclusivity

The pumping of aquifers in excess of recharge is particularly worrying because groundwater
ently accounts for about 25-40 per cent of total freshwater use, Although not all aguifers
verexploited in a physical sense, the importance of groundwater consumption suggests
t future total water availability will be less where overuse is currently occurring, As water
city increases, water confiicts will be exacerbated among users. Technical ‘fixes’ will help
gate increased water scarcity and include water diversions from wetter o drier arcas, and
Oved waler conservation and water efficiency, especially in agriculiure that accounts for
1 70 per cent of global water use {Rijsberman 2004, p, 500). Such fixes, however, pose
wn problems. Diverting water from one arca or catchment (o another is expensive and
Ny places of the world there are few locations where water is available without imposing

tial costy on users from where the water is being supplied, and also on the environment.
mMicro-fevel, improved technical water cfficiency that reduces seepage will also lower
h flows and, thus, the amount of water available to ather nsers and for the eavironment.
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Improved water outcomies require waler prices 1o reflect the value of water in use, and also
noi-use. In many parts of the world this will require a substantial increase in the price churged
fo users because many water consumers do not pay the full cost of water delivery and large
subsidies are often provided to farmers in the form of below-cost pricing for water, These
subsidies are very large and are estimated to be as much as $US60 bitlion per year glabally
(Brouwer and Pearce 2003, p.3). Higher per unit charges of water will CRCOUrAge waler
conservation and efficiency and also investment to increase and ireprove existing supplies.
Where equity concerns exist over higher waler per unit prices, water suppliers can reduce fixed
charges and governments can provide lump-sum assistance 1o consumers independent of
household water consumption.
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Sowrce:  FAQ 2006, p. 26.

Figure 3 Integrated water resources managenent

From Cheap Water to Dry Warer

The coming decades will see o fundumental shift in how water is managed. Business as usual
will simply not be good enough to face the challenges of increasing water security. Simply put,
the time of *cheap waler' is passing and the era of *dry water’ is upon us. As users and decision
makers take up these challenges they will need an integrated approach to freshwater
management - cafled Integrated Water Resource Management (IWRM) by the United Nations
(FAQ 2006) — that requires an interdisciplinary approach and a scope that goes beyond water
management 1o include other natural resources such as land-use. This approach is illustrated
n Figure 3.

One of the "three pillars” of IWRM is economic efficiency. Many of the articles in these two
volumes contribute to understanding how o improve economic efficiency in the management
of water resources, Chapters in Volume I will help to achieve the second pillar of TWRM -
gnvironmental sustainability - by providing the methods to estimate non-use values of water
and by showing how water managers can help achieve environmental goals, The many problems
of misuse and overuse of water will be greatly mitigated if the insights compiled in these two
volumes were to be more widely practised and understood, For too long the economics of water
resources has not been given the attenton it deserves.

{n a world of increasing water scarcity the many insights the contributions in these two
volumes offer about water pricing, optimal waler use, teade-offs belween use and non-use,
water supply and demand and many other topics will be invaluable to ensute water continues
to deliver the myriad of benefits we both expect and aeed.
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