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Absolute Ownership Doctrine 299
Abstraction
exceeding recharge 89
large-scale, induced recharge 199
permits 162, 166, 274
relative to sustainable yield 332
rights 178-179, 274
self-declaration 166
subsidies 288
totals, Australia 328, 329
Access
control 156
credit 262
ease 159
equity 32
flexible 73, 74
increase attempts 185
open 162
restriction 140-141
see also Exclusion
rules 140, 145
Active management areas (AMAs) 179, 180
Adaptation
concepts 182-187
defined 174, 182
dilemma 243-263
management 182, 189
strategies
carrying forward 257-260
common pool resources
(CPRs) 252

commuting 186, 188
livelihood realignment 262
migration 188, 246, 253, 260,
262
mobility 188
proactive 186, 187-190
research study 244
see also Common pool resources
(CPRs); Harvesting, rainwater;
Livelihood
Africa, regional institutions, programmes
and networks 377
Agricultural Resource Management
of Australia and New Zealand
(ARMCANZ) 321, 332
Agronomy, power scheduling 232-233
Ajil watershed 207-208
ALBERCA programme 274
Albuquerque 180, 181
Alliance for Sustainable Development
(ALIDES) 122
Allocations
annual, Australia 328, 329
cut backs 350
demand management 74
doctrines 312
farmer committees
responsibility 145
forecasts 337
laws 297-299, 302-304, 312, 313
licences 332
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Allocations continued
methods 312
non-agricultural uses 59
rules 136, 140, 324
unused, transfers 325
use comparison 349
water sharing 352
see also Caps; Concessions; Permits
America, regional institutions, programmes
and networks 376-377
American Rule 299
Andalusia 276-277
Animal husbandry 253
Antiexploitation 307-309
Antiexportation 313
Apportioning 316
Appropriation
Act 299, 302
dilemmas 136
doctrine 299, 302, 303, 310, 311,
312,314
externalities 140, 149, 150
permits 306
problems 133, 138, 139-141, 146,
148
Appropriators 134-135, 137
AQUASTAT 84
Aquifer Management Councils 26
Aquifer storage and recovery (ASR)
306-307, 340
Aquifers
basement complex 82, 83
characteristics 106-107
development 42, 158
groundwater user relationships 157
location, Spain 272
Nubian aquifer systems (NSAS) 66
shared 387
size 156
systems, India 12
types 8, 67, 105, 272
urban growth over 126
variation, China 41
volumes 296
Arab Center for the Study of Arid Dry
Lands (ACSAD) 377
Arab Networks on Groundwater 377
Aravari River 199-200
Areas designation 143
Arenal-Tempisque Irrigation District
(DRAT) 119, 120

ARICA programme 274
Artificial recharge movement in India
(ARMI) 197-209
Artificial recharge and retrieval
(ARR) 203-204
Asia 7-33,211-240,377-378
Assessment
extractable water 352
guidelines 386-387
programmes 366
regional and global 382-386
resources 327-329
river systems 340
studies 350
Assessment of Global Water Resources
(1997) 268
Assets sale 244, 253, 255, 263
Assignment problems 139, 140, 150
Assistance government 144
see also Subsidies
Associacién Latinoamericana de
Hidrologia Subterranea para el
Deasarrollo (ALHSUD) 377
Associations
European Geological Survey 376
Geoscientists for International
Development 369-370
hydrogeologists 367-369, 377, 378
mandatory formation 148
users 116, 121-122, 168, 221, 286
Augmentation of Groundwater Resource
through Artificial Recharge
(AGRAR) 257, 264
Australia 320-358
Australian and New Zealand Environment
and Conservation Committee
(ANZECC) 321
Availability
database 84-85
information 101, 105
overview 327-328
quantification difficulties 176
resource 8-11
technology 137
water 70, 353
Awareness 198-199, 379-381, 390, 393

Ban, new structures 215
Base flow loss 283
Belize 110, 111-112, 113, 124
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Below poverty line (BPL) 250-251, 264
Benefits 75, 93, 270, 275-280

Best Management Practice Manual 334
Best practice 70, 386

Boreholes 83, 88, 331

Bosque 180-181

Brundtland Report 325

Burdekin River 339-340

Bureau of Indian Standards (BIS) 198
Burkino Faso, wells 87

Campo de Montiel aquifer 286
Canadian River Municipal Water
Authority (CRMWA) 310
Canals 16, 18, 56, 202, 223
Canary Islands 274
Capacities see Storage, capacity
Caps 324-325, 331, 341, 342
see also Allocations; Ban, new
structures
Captive management practice 204
Castilla La Mancha 148
Census 115, 245
Central America 100-127
Action Plan of Integrated Water
Resource Management 123
Agreement for Environmental
Protection 122, 123
Ecological Summit for
Sustainable Development,
Nicaragua 123
Environmental and Development
Commission 122, 123, 127
Free Trade Treaty 125
Water Agreement 122
Central Arizona Project 179-180
Central Ground Water Board, India 216
Central Groundwater Board (CGWB) 202
Centre for Environment and Development
for the Arab Region and Europe
(CEDARE) 377
Change, rapid 176, 178
Chennai Metropolitan Area Groundwater
(Regulation) Act (1987) 204
Cheyenne Bottom dispute 316
China
aquifers variation 41
crop types 44-45
electricity supply industry
219-220

Ministry of Water Resources 48,
49, 52
resources evaluation 48
rural 37-60
surveys 38, 39-40, 42, 4647,
48-49, 55
Water Institutions and
Management 38
water resources usage 41, 44
Cities, groundwater dependency,
Sub-Saharan Africa (SSA) 92
Clean Waters Act (1970) 345
Climate 270-271
see also Rainfall
Collaboration 323
see also Common pool resources
(CPRs); Compacts;
Cooperation; Sharing
Commerce Clause, United States
Constitution 307
Commission National de Aqua (CNA),
Mexico 215
Common pool resources (CPRs)
adaptation strategy 252
collective management 286
community management 131-150
governance 135
management 156, 177
use entitlement 73, 162
see also Adaptation; Cooperation;
Sharing
Common property approaches 178
Commonwealth leverage 321, 323
Commonwealth Scientific and Industrial
Research Organization
(CSIRO) 348
Communication 378
see also Information, sharing
Communidades de Regantes 286
Communidades de Usuarios de Aguas
Subterrraneas 286
Community
-based institutions 260
-based water-saving
technologies 404
gardens 93-94
management projects 401
participation 131-150, 350-351
role, defining sustainable yield 335
see also Participation
Compaction 283
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Compacts 298, 308-309, 313-314
see also Collaboration; Cooperation;
Sharing
Compensation 303, 304
Competition 1, 133, 326
see also Conflicts
Comprehensive Assessment of Water
Management in Agriculture
(CA) 2
Concessions 120, 123, 125, 216
see also Allocations; Permits
Conferences 123, 267, 316, 378, 379,
380-381
Conflicts
Cheyenne Bottom dispute 316
environment issues 285-286
interstate 298, 308-309
legal authority lack 261
legal wars 182
potential 209
Republican River Compact 298
resolution mechanisms 140, 143,
292,299-300, 313-314
social 173
technologies interference 133
transfer 290-291
upstream-downstream pollution 51
water use 118
see also Competition; Law and
legislation
Conjunctivity
Australian interpretation 339
crop use 344
licences 337
surface water-groundwater
interactions 340, 342
use 169, 358
water management 168-169,
181-182, 358
Connectivity 169, 324, 326, 339
Consejos Técnicos de Aguas (COTAS) 26,
162,167,179
Conservation
Conservation Amendment,
Texas 301
districts 301, 310
improvement 211-240
measures, Kansas 304
programmes 206
promotion 321
water 312-313

water price rates effect 281, 282
Water Sharing Plan 350, 352, 354, 355
see also Environment; Sharing
Consumption
electricity 164, 165, 239
food, reduction 185, 256-257
water 91, 103, 147, 273, 342, 343
see also Usage
Contamination
chemical fertilizers 108, 109
control 123
control lack 126
mineral mining 92
non-agricultural 110
prevention and control 123
sewage 50
vulnerability 105
see also Pollution; Salinization;
Seawater intrusion
Control
access 156
depletion 335, 348
equitable 26-30
intensive use 299, 300, 303
measures 143
subsidies 233
Cooperation 140-141, 286, 365-367,
391
see also Collaboration; Common
pool resources (CPRs);
Compacts; Sharing
Cooperatives, electricity 235, 239
Coordinating Committee for Coastal
and Offshore Geosciences
Programmes (CCOP) 377-378
Corporatization 323
Correlative Rights Doctrine 299, 300
Costa Rica 107, 118-120, 124, 125
Costs
billing, power 237-238
collection, canal irrigation
volumetric charge 223
development 94, 270, 330
full cost recovery (FCR) 280, 282
management 159-160
marginal cost principle 222
overdraft consequences 49
power supply 236, 239-240
production 136
recovery 280, 282
transaction 138, 211-212, 239-240
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water buying 60
see also Prices
Cotton 348, 355
Council of Australian Governments
(COAG) 321, 326, 337, 338,
356
Credit access 258, 259, 260, 262
Crevillente aquifer 283
Crop types by location
Belize 111-112, 113
China 44-45
Guatemala 115
High Plains aquifer, USA 297
New South Wales, Australia 344,
345, 348
Panama 120-121
Seguara catchment, Spain 289
Crops
conjunctive water use 344
cultivated area reduction 248
irrigation 348
monsoon season 263
production 59, 93, 354-355
use 304
value 281, 283
water deficit 113
winter season 263
yields 19, 21, 74, 145, 248, 249
see also Irrigation
Cultivation technologies 55

Dairies 253-254, 260
Dams
check 206, 207
drought-proofing development 322
number in Spain 271, 274, 275
opposition 323
water use conflict 118
see also Harvesting, rainwater
Data
acquisition standardizing 386
availability 357
collection difficulties 86
series 157-158
sharing 76
Databases
availability and use 84-85
community gardens 93-94
development 384
guidelines and protocols 387

improvement 390
International Groundwater
Resources Assessment Centre
(IGRAC) 390
irrigated areas by country 395
projects 122
Degradation
avoidance 67
causes and solution 147
over-pumping impact 33
quality 10, 103, 281-284
response to 25
surface soils 142
through salinity 10-11, 340
topsoil sale 244
see also Depletion; Salinization
Demand 24-25, 74, 105, 169, 224
Department of Agriculture,
Limpopo 93-94
Department of Land and Water
Conservation (DLWC) 345, 350,
353
Department of Urban Affairs and
Planning 345
Dependency
cities 92, 331
countries 397
ecosystems 284-285, 334, 335
population 215, 216
protection 337
Depletion
acceleration 217
controlled 335, 348
countering 29
effects 22, 23, 245
formula 299
response to 25
stream flow 50
see also Degradation
Desalination 68, 281, 293
see also Salinization
Desertification 50, 377
Determinism 65
Development
costs and benefits 94, 270,
276-280
drivers 396-397
intensive 292
irrigated agriculture, Nicaragua 117
paradigms 126
stage 89
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Dieselization 230, 231

Disjuncture 177

Disputes see Conflicts

Disruption 184

Diversification 185, 186-187, 251, 254,

255, 261

see also Adaptation

Diversions 202-203, 288, 299, 323,

324-325

Doctrines
Absolute Ownership 299
Correlative Rights 299, 300
Equitable Apportionment 308
Prior Appropriation 299, 302, 303,

310,311, 312, 314

Reasonable Use 299, 300, 301
Riparian 314

Dodge city water re-use project 305, 313

Donor agencies 366

Drainage 101, 119

Drilling 94, 153-154, 179

Drought
adaptive responses 251-254
agricultural, defined 264
economic impacts 250-251
gender implications 256-257
hydrologic response 245
impacts 180, 246-251
losses 246
management policies 260-262
meteorological, defined 264
mitigation 90-91, 216
perceptions and responses 254-256
proofing 18-19, 322
response 244
withstanding 73

Dying Wisdom 197

Ebro River water diversion/transfer 287,
290-291
Ecology, impacts 284-286
Economics 11-17, 64, 212-240, 326
see also Costs
Ecosystems dependency 284-286, 334,
335
Education 254, 255, 256
Efficiency 164, 184, 257, 291
El Salvador 106-107, 115-116, 124
Electricity
consumption 164, 165, 239

cooperatives 235, 239
inspection squads 240
pricing policies 146
reform 220
regulation 240
subsidies 177, 233
supply industry, China 219-220
tariffs 165,217, 228
see also Energy; Power; State
electricity boards (SEBs)
Electricity Network Reform
programme 220
Empowerment, community-based
institutions 261
Endowments 65-66
Energy
costs 212,213
pricing 146, 164-165
rationing 224-228
subsidies 27-28, 164-165, 215
see also Electricity; Power
Energy-irrigation nexus 27-28, 211-240
English Rule 299
Entitlement 74, 162, 324
Environment
Acts 345
Global Environment Outlook 381
issues 285-286, 302-303, 323, 324,
325, 356
Ministries, Central America 123
Protection Authority 345
Equitable Apportionment doctrine 308
Equity 18-19, 26-30, 32, 54, 159-160
Equus Beds aquifer 306
Erosion 101, 103
Ethics 287-288, 304
European Union Framework Directive on
Water 376
Evaporation 347
Evapotranspiration 180, 181, 270-271,
280
Exclusion 132, 133
Expansion, indiscriminate 32
Exploitation 120, 195, 397
see also Overdraft; Overexploitation
Exportation interstate 307-309, 313
see also Transfers
Externalities 139, 140, 149, 150
Extraction
annual, category of use 329
depths to 41-42, 43, 83
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exceeding recharge 48-50, 89

mechanism 215, 218-219,
223-224,227-228

percentage, available water 103

regime 336

sustainable, defined 350

see also Drilling; Exploitation;
Mining

Farmers
distribution responsibility 145
drought response 244
farm-based, governance 136-137
irrigation perspective 41-42
lobbies 63, 75

managed irrigation systems 144-145

metering resistance 237
numbers 25
satisfaction improvement 233
without tube well water supply 21
Federations 116, 260, 264
Fees 122, 164
Fertilizer use 108, 109
Fight against Desertification 377
Fisheries 150
Flexibility 73, 74, 274
Fodder security 259

Food
consumption reduction 185,
256-257
imports 68

security 44, 396
self-sufficiency 74-75
for work programme 264-265
Food and Agricultural Organization
(FAO) 371
Forestry 254, 255, 263
Fossil groundwater 68-70, 76
Fragility concept 267
Franklin Dam 323
Full cost recovery (FCR) 281, 282

Gender issues 254, 256, 257-259, 260,
262
General Water Law 123
Global Environment Outlook 381
Global Water Partnership (GWP) 374
Governance
exclusion criticality 132

farm-based 136-137
formal mechanisms lack 94-95
instruments and institutions 153-171
irrigators 144-149
natural resources
management 321-322
problems 126, 289
self- 134-135
state responsibility 340-341
surface water irrigation 135-136
water property rights 324
see also Policies
Governments
assistance 144
awareness, artificial recharge
need 198-199
council, Australia 321, 326, 337,
338, 356
information development
role 146-147
investment 206
role 52-53, 145-146, 199, 356
Gravity systems 213
Great Leap Forward 45-46
Great Man-made River project 68
Green Revolution 1, 211
Gross domestic product (GDP)
agriculture contribution 40-41, 90,
110, 320
groundwater contribution 15, 214,
237,243
Groundwater conservation districts
(GCDs) 301, 309-310
Groundwater described 79
Groundwater management areas
(GMAs) 300
Groundwater Management
Committees 346
Groundwater Management District
(GMD) Act 299
Groundwater Regulation Bill 204
Groundwater and River Resources Action
Programme at the European Scale
(GRAPES) 269, 285
Groundwater Users Communities 286
Guadiana River Water Authority 287
Guanajuanto 26, 163-164
Guatemala 106, 113-115, 123
Guidelines 198, 386-387
Gujarat 206-208, 224
GW-Mate 387, 388
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Habir aquifer project 26-27
Harvesting
actions impact 133
costs 132
methods 198
projects 206
rainwater
methods 29-30, 199
recharge enhancement 261, 395
rooftop 197, 204
storage 197
systems, participation 207
structures adoption 257
technology interference 133
see also Dams; Water-saving
Heterogeneity 137
High Plains aquifer system 296-316
Honduras 106, 116-117, 124
Hoshangabad association 221
Hydrogeologists associations 367-369,
377,378
Hydrogeology
mapping 376, 377, 381-384,
385-387
patterns 8-11
Sub-Saharan Africa (SSA)
provinces 81-82, 83
Hydrology 245,270-271, 278-280,
396
Hydromyth 266-267
Hydropolitics 69
Hydroschizophrenia 271
Hydrosolidarity 287-291

Impairment, defined 315
Imports 66, 68, 75
Incentives 170, 220-221, 326
Incomes 93, 222, 249, 250-251
see also Livelihood
India 11,12, 17, 150, 163, 195-209
Indian Grameen Services 221
Indian Income Tax Department 222
Indira Vriksh Mitra Award 264
Industry 103, 181, 305
Inequalities 137
Infiltration 201, 202, 206
Information
collection 86, 158, 281
development 142, 146-147
exchange 389

gap 127,138,178, 398
resource conditions indicators 134
sharing 362-393
Institute for Rural Futures (IRF) study 354
Institute for Social and Environmental
Transition (ISET) 174
Institutions
community-based 260
convergence need 261
development difficulties 179
framework 122-125, 155, 332
mechanism 263
need 268
reforms 325-327
regional 376-378
Instruments
concessions 120, 123, 125, 215
explained 154
licensing 337-338
pricing 146, 164-166, 212, 217,
326
use rights 160-166, 168, 178-179
see also Law and legislation;
Management; Permits;
Subsidies; Tariffs
Integrated water resources management
(IWRM) 367
Integrated Watershed Development
Programme 30
Integration 339-358
Intensive groundwater use control areas
(IGUCAs) 299, 300, 303
International Association of
Hydrogeologists (IAH) 367-369, 378
International Association of Hydrological
Sciences (IAHS) 369, 378
International Atomic Energy Agency
(IAEA) 372
International Centre for Research in the
Dry Areas (ICARDA) 377
International Groundwater Modeling
Centre IGWMC) 376
International Groundwater Resources
Assessment Centre (IGRAC) 375
International Groundwater Resources
Assessment Centre (IGRAC)
database 390
International Hydrological Programme
(IHP) 370
International Legend for Hydrogeological
Maps 382
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International Symposium on
Groundwater Sustainability
267
International Water Management Institute
(IWMI)
description of 374-375
diversion study 202-203
energy-groundwater co-management
suggestion 28
non-governmental organizations
study 29
research 22,24, 26,27, 163-164
resources planning and management
suggestion 31
Surveys 7,19, 32
Interventions 25, 32, 33, 174, 189
Inventory, transboundary water
resources 388-389
Investments
donors 207
government/state 116-117, 122,
206
public 322
returns 19, 21
Western Irrigation Program 118
World Bank 211
Invisible resource 138, 363, 381, 401
Irrigated areas, development 349
Irrigation
areas 13, 114, 115-116, 117, 119,
121
see also Crop types by location
beneficiaries, Nicaragua 118
boom 8, 10, 15
costs 115,122,221, 281, 330
descriptive elements, Spain 279
development 322-323, 329-331
economic value 17
energized 183
evolution, Segura catchment
area 291
groundwater role 44-45
groundwater share percentage 13
growth 153
impact, crop yield 21
purchase 16, 21
sources 15, 20, 214, 277-278
systems, farmer-managed 144-145
see also Crops
Irrigation Communities of Surface Water
Users Associations 286

Irrigation and Drainage of Small Areas
(PARD) 119-120

Irrigation Systems of Public Use 122

Irrigators, governance 144-149

ISARM-Balkans network 376

Job reservation 254, 255
Johnson, Corwin 309, 310, 316
Journals 378

Jyotirgram Yojana project 225

Kansas
Administration Regulations 314
allocation law 302-304
aquifer storage and recovery
project 306-307
conservation measures 304
Dodge city 305, 313
High Plains Aquifer location 296,
297
law 299-300, 302-304
Prior Appropriation Doctrine 311
Water Appropriation Act 299, 302
water reuse project 305
Water Transfer Act 310
Karnataka 200
Karst aquifers 89
Knowledge 73-75, 364, 389

La Mancha aquifer 286, 287
Land use planning 345
LandCare 325, 326-327
Landholding inequalities 137
Landry, Clay 309, 310
Las Canoas dam 118
Law and legislation
allocations 297-299, 302-304, 312,
313
China 52-53
conflicts resolution mecha-
nisms 140, 143, 292,
299-300, 313-314
groundwater conservation districts
(GCDs) 301
institutional framework 122-125,
332
lack 126
legislation formulation 123
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Law and legislation continued
National Irrigation and Drainage

Service creation 118-119

personal property 298-299

problems, aquifer storage and
recovery (ASR) 306

projects 124

regulation 25-26

rights 311-312

United States of America 297-304

see also Conflicts; Institutions;
Instruments; Statutes
Law of the National Water Plan
(2001) 286
Levers 27
Licenses
allocation 332
conjunctive 337
issuing 324, 330
sleeper and dozer 325, 348, 358
water use 345
Literacy, female 256

Literature 378, 381, 386, 387, 388, 398

Livelihood
adaptation 243-265
agricultural production 93-94
change 252

diversification 185, 186-187, 251,

254, 255, 261
groundwater contribution 80
incomes 93, 222, 249, 250-251
provision 64
realignment 249, 262
women’s participation 258-259

Livestock 90, 248-249, 305, 315

Llobregat delta groundwater user
association 286

Loans 258, 259, 260

Location map, Central America 102, 105

Madhya Ganga Canal Project
(MGCP) 202
Management

challenges 10, 155-160, 401-402

change drivers 331-332
community-based 327
debates, India 177
direct 216, 316

five steps 31

indirect 216-217

initiation difficulties 177-178

integrated 339-344, 357

intelligent supply 226-232, 233,
235

limitations 175-182

mode 30-31

organization 167-168

plans 300-301, 346

practices 292

problem solutions paradigms 396,
400-401

regimes, creating 24

strategies 27

supply approach 74

zones 338, 352

see also Institutions; Instruments;
Law and legislation

Maps and mapping

aquifers, India 11

Central America location 102, 105

global recharge 8, 9

hydrogeological 376, 377, 381-384,
383-385

Legends 382

Murray-Darling Basin 341

resources, South America map 385

WHYMAP 382

Markets

analysis 171

defined 60

introduction 54-55, 274, 276
overabstraction incentive 161
overview 338

pump irrigation 214

rights 276

value 15, 16

water 274,276

see also Trading

Mass balance concept 395
Mesa Water Project (MWP) 310-311
Metering

costs 219, 237-238

extent, Australia 332

groundwater pricing 165-166

power supply separation 225-226

problems 235, 238

resistance 237

transition from flat rate tariff 217,
218-221

see also Monitoring

Mexico 178
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Middle East and North Africa
(MENA) 63-77,377
Middle Rio Grande 180-181
Migration 188, 246, 253, 260, 262
Mindsets 73-75, 76
Mining
groundwater
allocation law problems 298
effects 142
hydromyth 267
over-draft solutions 147
permits 299
problems 302-303
sustainable yields 335
minerals 91-92, 320
see also Drilling; Exploitation;
Extraction
Ministry of Agricultural Development,
Panama 122
Ministry of Agriculture and
Livestock,El Salvador,
census 115
Ministry of Land Resources, China,
resources evaluation 48
Ministry of Power, Iran 214-215
Ministry of Water Resources, China 48,
49, 52
Minor Irrigation Census 245
Mismatches 176
Misuse 49
Monitoring
costs 166
guidelines 386-387
licensed bores 348
networks 178
points 157
quality 73
remote-sensing tools 166
systems 145
see also Metering
Murray-Darling Basin 25, 322, 323, 324,
326, 340-344

Namoi River 344, 346, 347-355

Narmada project 29

National Competition Policy reform
package 326

National Framework for Improved
Groundwater Management,
Australia 332-335

National Geophysical Research Institute
(NGRI) 203, 204

National Groundwater Committee
(NGC) 321, 335, 339

National Irrigation and Drainage Service
(SENARA) 118-120

National Land and Water Resources Audit
(NLWRA) 327-328

National Strategy for Ecologically
Sustainable Development
(NSESD) 325, 326

National Water Initiative (NWI) 326, 339

National Water Plan, Spain 287, 293

Natural Resources Management
Ministerial Council
(NRMMC) 321, 326

Nature Conservation Council, New South
Wales 350, 352

Nebraska 296, 297, 300-301, 314

Networks 238, 376-378, 387

New Institutional Economics 212

New Mexico 180, 308

New South Wales (NSW) 344-358

Nicaragua 106, 117-118, 123, 124, 125

North China Water Resource Survey 39,
42, 46-47, 48-49, 55

Nubian aquifer systems (NSAS),
aquifers 66

L'Observatoire du Sahara et du Sahel
(OSS) 377

Ogallala aquifer 215, 301, 310-311
Opposition 290
see also Competition; Conflicts
Oregon Water Resources
Commission 143-144
Organizacién de Estados Americanos
(AOS/OEA) 376
Organizations 167-168, 376, 387, 390
Orissa Electricity Regulatory
Commission 240
Overabstraction 89, 158-159
see also Overdraft; Overexploitation;
Overuse
Overallocation 328, 334, 348, 350
Overdraft
consequences 49-50
definition 49, 59
greater than recharge 86
impact, desertification 50
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Overdraft continued
response 33
self-terminating 32
solutions 147
survey evidence 48-49
see also Overexploitation; Overuse
Overexploitation
agricultural expansion effect 153
associations compulsory
formation 286-287
awareness 198
corrective mechanisms 30-31
defined 263, 269-270
drought effects 245
equity impacts 159
explained 398
indicators 284
population concentration
effects 105, 108
Spanish Water Act (1985)
provision 267
see also Overdraft; Overuse
Overuse 75, 133, 140, 148
see also Overdraft; Overexploitation
Ownership
changes 54
collective 59
common property approaches 178
landowners 301
private 113, 275
privatization 53-54, 323
property rights 298-304
public domain 271, 274, 276

Pacific, regional institutions, programmes
and networks 377-378
Panama 107, 120-122, 124
Panhandle Groundwater Conservation
District 310
Paradigms, obsolete 290, 292
Participation
community 131-150, 350-351
promotion 261
public 356-357
rainwater harvesting systems 207
stakeholders 167, 285-287
see also Community
Percolation 201-202, 206
Permits
abstraction 162, 166, 274
appropriation 306

change of use 305
prior to use 311
pumping near streams 314
transfer 307
use 25-26
water diversion 299
well drilling 53
Perspectives on the Sustainable
Development of Groundwater in
the Barwon Region 350
Phoenix active management areas 180
Policies
drought management 260-262
formulation 52-53, 122
framework 332-335, 346
integration 344-358
knowledge-based 74
perspectives 216-218
public 303-304
see also Governance; Law and
legislation
Politics 69, 75, 181
Pollution
detection increase 126
integrated approach need 169-170
investigations 347
sewage 50-51
sources 1, 10, 108-110, 142, 283
wastewater irrigation 305
see also Contamination; Salinization
Population
concentration effects 105, 108
declines 296
distribution 83-84, 103
groundwater dependency 215, 216
growth 70, 76, 101, 305
pressure 17-18
Poverty 70, 93-94, 165, 250-251
Power 211-240
see also Electricity; Energy
Pradan 29
Pravara electricity cooperative 235
Precautionary principle 325
Precipitation 42, 270-271
see also Rainfall
Prices 220, 283, 338, 345
see also Costs
Pricing 146, 164-166, 212,217, 326
see also Tariffs
Prior Appropriation Doctrine 299, 302,
303,310,311, 312,314
Privatization 53-54, 323
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Programmes 376-378
Projects database 122
Protocols 386, 387
Provision problems 142-144
Public awareness 198-199, 379-381
Public goods 147-148
Publications 378, 381, 386, 387, 388,
398
Pumping
costs 203
effects on others 150
excess 228-229
facilities installation 202
intensive 280
limits 144, 147
rate 238
reductions 303
regulations 148
Pumps
economic impact 213
introduction, China 45-47
irrigation contracts 16, 214
percentage irrigated farm output 215
power sources 212-213
technology evolution 47
use growth 11, 13, 14

Quality
degradation 103, 283-284
deterioration 396
management 142, 169-170, 341
monitoring 73
power supply 230
water 305
see also Contamination; Pollution;
Salt water intrusion; Seawater

Rainfall
recharge contribution 196, 203
seasonal 40
variability 80, 90, 101, 113, 208,
347
Rainwater harvesting see Harvesting,
rainwater

Rajiv Gandhi National Drinking Water
Mission (RGNDWM) 198

Rationing, energy 224-228, 229-230,
232-234,235-236

Reasonable Use and Correlative
Rights 311

Reasonable Use Doctrine 299, 300, 301
Recharge
annual 261
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Sardar Sarovar project, Gujarat 224
Saurashtra 200
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change 258
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power-rationing 232-233
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depletion 336-337
enhancement 257
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irrigation units 114-115
permits 307
prices 338
upstream-downstream 325
Transformer User Associations 221
Transportation 197, 199
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