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a
actions 184f, 188ff, 232
actual states 195
addition of intervals 272
additional information 272
adsorption 11
advection 11, 131
advective dispersion 138, 223
Aegean sea 207, 211
aerobic digestion 122
aesthetic
– criteria 46
– values 172
agriculture 1
Aherada Peninsula 207
aleatory
– randomness 43, 184
– uncertainties 43, 78ff, 184
algae 9, 12f, 31, 122, 222
Aliakmon 207, 210
allowed level of concentration 111
alluvial aquifer 155, 163, 170
alternative actions 184, 188ff
alternatives 24
ammonia 224, 228
ammoniac 12
analysis of frequency 72
analytical solution 132, 140ff, 160, 212
annual
– hydrologic risk 66f
– precipitation 66, 147
– rainfall heights 72ff
– risk of exceedance 67
aquifer 79, 150ff, 163, 171
– flow 80f
– properties 154
assessment of risk 23, 27, 237
atmospheric pressure 126

Australia 206, 231, 238f
autocatalytic growth 125
autocorrelation
– coefficient 228
– function 134f
availability 173
average 47
Axedale 234
Axios river 205, 209, 226f

b
bacteria 9, 12f, 111f, 122ff, 216
– fecal 82
bacterial decay 13
bacteriological 48
– contamination 8
bathing 10, 12, 46
– Water Quality Criteria 48
– waters 48
Bay of Amvrakikos 227
Bay of Thessaloniki 210, 216
Baye
– analysis 194
– Theorem 246, 248
beaufort 208
benefit 179f, 192f, 204
Bernoulli sequence 67ff
binary set 260f
binomial distribution law 69, 71, 168
bio-degradation 231
biochemical
– interactions 114, 137
– kinetics 123, 127, 128
biodiversity 9
biological
– decay 123
– digestion 122
– monitoring 20
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– oxygen demand 122
– treatment 210
biotic water system 8
BOD 122, 137ff, 181f, 231
boundary conditions 153, 164
Boundary Element Method 79
Brundtland Commission 17
Boussinesq�s approximation 126
bulk density 158

c
Campaspe 231
– area 206
– basin 239
– river 232f
– valley 232
candidate alternatives 188
capacity 56
capillary
– intrusion 100
– pressure 96f, 158, 167
– tubes 99, 155
carbonaceous matter 11
Carbonaceous Biochemical Oxygen

Demand 11
Cartesian product 269f
case studies 204
CBOD, see Carbonaceous Biochemical

Oxygen Demand
central safety factor 58
certainty 190
chance nodes 189
chemical
– oxidation 123
– pollutants 11
– species 138
chlorination 216
chlorophyll-a 221, 223
climate change 1, 206f, 219f, 225
climatological data 208
coastal
– area 111
– circulation 125
– currents 114
– dispersion 112
– disposal 49
– eutrophication 31
– pollution 206
– water pollution 206, 218
– water quality 9, 109
– waters 216
COD 228
coefficient of permeability 156
coin 249

coliform 210
– bacteria 12
– faecal 48
– growth 13
colour 48f
complementation 265
composite ecological index 202
composite programming 202
compromise programming 202
computer simulations 232f
concentrations of nutrient 12
condensation 4
conditional
– events 243
– probabilities 247
– simulation 186
conductivity 233
confidence intervals 91
confined aquifer 159ff
confined flow 162
consequences of failure 35, 173
conservative pollutants 48
constraints 179ff
continuity equation 118, 127
continuous random variables 251
controllable uncertainties 185
convection 221
convective diffusion equation 114
convective flux 117
convex
– fuzzy numbers 266f
– fuzzy set 266f
convolution 255, 278
correlation
– coefficient 87, 91, 94
– function 81
cost
– benefit 197
– effectiveness 197
– function 180
covariance function 165
credibility level 267
crisp number 267
criteria 47f, 191, 197ff
critical
– concentration 61
– condition 64f
– radius 100
– size 100
crystalline rock aquifers 149ff
cumulative
– distribution 251
– distribution function 60, 254, 256
– normal function 60, 65
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current component 112
current meters 211
current velocity 134, 218
currents 211, 218

d
daily circulation patterns 219
daily precipitation 241, 242
damage costs 176ff
Darcy�s law 79, 153, 159f, 162, 235
data uncertain 43
decay 221
decision 184
– analysis 198
– criteria 191, 197, 198
– making 15, 26, 188
– making under risk 193
– matrix 190
– nodes 189
– problem 184
– rules 192
– theory 3, 188
– tree 187, 189, 194f
– under certainty 190f
– under conflict 190f
– under risk 191
– under uncertainty 190f
– variables 179
Deep Lead 231ff, 238
degree of
– confidence 260
– membership 261
– saturation 167
denitrification 142, 223
deoxygenation rate 139
desirable limit 47
deterministic
– approach 21, 78f
– deviation 78
– modelling 78, 81
– solution 78
die 249f
diffusion 212
– coefficient 116
– equation 131, 140
– process 114
– turbulent 115, 118ff
diffusive flux 117
Dirac�s delta function 79, 120
directives 209
discrete
– elemems 262
– random variables 249
dispersion 113, 121, 126, 134, 141, 231

– coefficient 121, 130, 216, 235
– zone 113
disposal site 186
dissolved
– copper 47
– oxygen 11, 44ff, 114, 213, 224, 228
– orthophosphate 48
distribution function 50, 56, 57, 60, 62,

64, 68, 100f, 250f, 254
division 275
– of intervals 273
DO, see also dissolved oxygen 44, 225, 231
domestic demand 6
drainage 167, 231
drift cards 211
drinking 46
drought 185
duration 72
dynamic
– programming 24, 180
– risk analysis 26

e
E. coli 217
Ebro 205
EC directives 47
ecological
– grids 224
– impacts 9
– model 221, 224
– risk 46
– status 8
ecology 34, 47
economic 34, 175
– damage 35
– loss function 184
– loss matrix 192
– risk 3
– uncertainty 22
Economic Commission 19
ecosystems 6, 8, 36, 61, 145
eddy viscosity coefficient 126
efficient
– infiltration 148
– precipitation 5, 147f
effluent standards 49
engineering
– risk 3, 26, 33f, 173, 177
– risk analysis 3f
environment 1
environmental
– consequences 173, 197
– impact analysis 26
– monitoring 20
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– objectives 10
– quality standards 34, 111
– risk 3
– risk assessment 23
– water pollution 78
– water quality 20, 32, 109ff
Epanomi 207, 209
epistemic uncertainties 43, 78f, 184
ergodicity 165
errors 78
estimation 26, 34, 43, 56, 64, 74, 94,

142, 146, 157
Eulerian methods 140
Eulerian-Lagrangian 140, 212, 229
euphotic
– depth 31
– zone 13
European Union 205, 209
eutrophication 9, 31, 210, 220, 225
evaporation 4
evapotranspiration 5, 146, 148
event 241ff
exceedance
– event 68
– probability 72
expectation 251
expected
– costs 196
– life 99
– losses 194
– utility 195
– value 251f
exponential distribution 58, 86, 177
exposure 56
extension principle 96, 270f
extreme 71f
– values 66, 71ff
– value theory 71

f
faecal
– coliforms 47
– streptococci 47
failure 35, 38, 65, 96, 173f, 178, 184
– condition 35, 62, 100
– consequence 35, 173
– distance 97
– distribution 97
– distribution function 96, 101
– line 65
– probability 99, 100
– rate 38, 98
– state 65

– time 97
far-field 113
fate of pollutants 43, 206
feasibility frontier 201
feasible
– region 201
– solutions 180
fertiliser 226
Fick�s law 115ff, 119
field investigations 157
figures of merit 197, 203
finite
– differences 140, 170, 214
– elements 170, 214
fisheries 47
fishing 10
flood 67, 175
– levee 66, 175
– losses 184
– wave 36
flow equation 158
flow rate 265
frequency
– analysis 66, 72
– distribution 143
fresh water 5
functions of random vectors 254f
fuzziness 260
fuzzy
– arithmetic 95, 187, 270
– calculus 111, 272
– linear regression 89, 91ff
– logic 38
– measure of reliability 52
– modelling 95
– numbers 25, 88ff, 102, 106, 188f, 260,

266f, 269, 270ff
– regression 87f, 91ff
– relation 95
– reliability 52, 103f
– reliability index 52
– risk 51, 54, 102
– rule 52, 103, 263, 265
– set 87, 95
– approach 26
– theory 3, 24, 27, 32, 43, 55, 87f,
95, 259ff
– uncertainty analysis 266

g
Galikos 207
Gauss formula 159
Gaussian 235
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– distribution 128
– hill 141
– law 140
geological formations 149
geology 147
geometric law 68
glacier 4
global circulation
– models 219
– patterns 219
global warming 224
Global Water Partnership (GWP) 16
grade of service 173
grain size distribution 155
greases 49
Greece 151, 205ff, 226f
Green�s function 79
groundwater 4f, 10, 26, 186
– contamination 10, 145, 206
– development 147
– flows 164
– hydrodynamics 235
– management 147f
– pollution 166, 172, 186, 231, 237
– quality 135, 145
– resources 146
– salinisation 206
– system 149ff
growth
– algal 13
– kinetics 121f
– rate 125
Gumbel distribution 74, 77
GWP, see Global Water Partnership

h
h-level set 266
habitat 9
hazard 23, 33
– function 98
– rate 101, 168
health 9
– human 1
– risk 3
heavy metals 11, 17, 32
heterogeneity 166
– scales 82
heterogeneous 153
higher allowable limit 47
historical change 221
hydraulic
– conductivity 158
– head 159

– properties 154
– structure 36
– uncertainty 22
hydrobiology 148
hydrochemistry 148
hydrodynamic 235
– computations 211
– dispersion 120
– grids 224
– model 127, 211, 223
hydrogeology 147
hydrologic
– analysis 193
– basins 226
– cycle 4f, 146
– data 186
– exceedance 66
– failure 67
– risk 66, 68
– uncertainty 22, 37, 178
hydrostatic pressure 126
hydrosystems 2
hydrosphere 4

i
ice sheets 4
immiscible fluids 166ff
impact probabilities 22, 33, 72, 133, 218
imperfect information 195
imprecision 191
inaccuracy 87
incident 33, 35f, 59, 67
– period 174
independent events 244
infiltration 5, 147, 164
inorganic
– nutrients 12
– phosphorus 224
input uncertainty 267
inputs 79, 179
integral continuity equation 27
Integrated Water Resources

Management 14ff
interception 4
intersection 242, 263f
interval
– analysis 88, 271
– arithmetics 89, 272, 288
– of occurrence 67
– regression 89f
inverse of a fuzzy number 275
IWRM, see Integrated Water Resources

Management
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j
joint
– events 243
– probability 243
joint probability density 50, 65, 254

k
karstic
– aquifer 149f
– areas 151
– formations 151
kinematic viscosity 156
krigging 82
– analysis 157

l
L-R representation 267f
laboratory scale 152
Lagrangian
– algorithms 237
– methods 140, 170
Lagrangian-Eulerian algorithm 141
lake 4
Lake Eppalock 232
limestone aquifers 149f
limit-state equation 64
linear
– programming 90f, 180, 182f
– regression 89ff
liquid effluents 24
load 27, 35f, 50f, 56, 59, 123
local aquifer scale 153
Loddon 232
log-normal
– distribution 81f, 86f
– random variables 62, 166
– variates 63
loss of opportunity 195
Loudias 207, 210

m
macro-scale dispersion 113
macroscopic scale 153
Macedonia 205ff, 226
management 14
margin of safety 58
marine organisms 31
mass
– balance 159f, 235
– concentration 131, 253
– conservation 117, 138, 159, 169
mathematical
– model 15, 153

– modelling 111, 113, 137, 148, 186,
206, 210, 226, 229f

– programming 180
– simulation 211
matrix representation 189
MAXIMAX 192
MAXIMIN 192, 203
maximum
– allowed concentration 35
– annual rainfall height 72f
– annual rainfall intensity 74
– annual values 66
– receiving capacity 46
– regret 193
mean
– of a fuzzy number 277
– safety 62
– value 59, 73
Mean-Time-to-Failure 99
measure of necessity 265
Mediterranean 10, 47, 205f, 213
membership function 260ff, 270f
meso-scale dispersion 113
method of characteristics 140, 169
microbes 137
microbial concentration 124f
microscopic
– channels 156
– phase 153
Mikra airport 209
MINIMAX regret 193f
MINIMIN 192f
mission reliability 174
modelling 15, 25
– conceptual 158
– mathematical 113f, 134f
– stochatic 25, 77ff
– techniques 210
– uncertainties 43
molecular diffusion 114
momentum 125f
monitoring station 228ff
Monte Carlo 225
– method 137
– simulation 27, 55, 83, 221f
mortality
– ratio 83
– risk 50
multi-criterion
– decision-making 25, 199
– optimisation 24
Multi-Objective Decision Analysis 198
multiphase flow 152f, 167
multiplication of intervals 89
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multiplicative probability 244, 265
multivariate stochastic model 219
Murray river 232
mutually
– disjoint 242
– exclusive 242ff

n
N-NO3 concentrations 228ff
n-year risk 69
N. Aegean sea 211
natural
– disaster 38
– hazard 38
– randomness 43, 184
– variability 163f
Navier-Stokes equations 153, 156f, 211
Nile 205
nitrates 69, 205, 214, 226ff
– removal 183
nitrification 142, 169, 223
nitrites 206, 226, 228
nitrogen ammonia 47f
non-conservative pollutants 48
non-convex fuzzy numbers 266f
non-dominated solution 201f
non-inferior solution 201f
non-quantified criteria 197
non-wetting fluid 96f, 99f, 166f
normal
– distribution 60ff, 86, 130
– fuzzy set 266
– variate 63
numerical
– diffusion 127, 140f
– simulation 127, 140, 143
nutrients 12, 217, 222f

o
objective 175, 197
– function 175, 198f
– probabilities 191
objectives 15, 78
ocean 4
– current 112
oil 49, 96
oligotrophic 13
operation 10
opportunity losses 185
opposite of a fuzzy number 274
optimal
– decision 185
– solution 15, 176
optimisation 175ff

– under uncertainty 24
optimum design 177
organic
– carbon 44f
– effluents 122
– load 124f
– matter 122f, 139
– nitrogen 49, 224
– phosphorus 224
– pollutants 11
outcome 189f, 197
outfall 10
outputs 78, 179
outranking technique 202
over-relaxation 235
overland flows 136
oxidation 122, 223
oxidized nitrogen 49
oxygen 124
– deficiency 139
– demand 122
– depletion 8, 13
– production 13
oyster farming 9f, 35, 48, 218

p
parallel system 103f
partial differential equations 78f
particle concentrations 124, 141, 236f
Peclet numbers 131f, 141
percentile 110
perception of risks 24
percolation 168f
perfect information 195f
performance
– function 65
– index 58, 61f, 173
permeability 155f, 160
pesticides 11
petroleum engineering 152
pH 49
phosphates 232
photosynthesis 13
phreatic aquifer 154, 160
physical
– hydrological system 78
– properties 164f
– uncertainties 80
phytoplankton 9, 13, 221f
– kinetics 222
piezometric
– head 159, 235
– height 79
Pinios 226
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planning 24
Po 205
pollutant 10f
– concentration 34f, 66, 95f, 110,

114, 169, 172
– dispersion 113, 128
– flux 116
– inorganic 11
– loads 61, 95, 206, 210, 214
– organic 11
– particles 115f
pollution 3, 11f, 18, 35, 205f
– marine 112
– water 1f, 15, 109
pore scale 152ff
porosity 155, 157f, 163
porous medium 97, 152f, 155f, 167f
possibility 265
– measure 265
– precautionary principle 19, 38ff
precipitation 4f, 146ff, 187, 208, 219
predicted states 195
preferences 190f, 198, 202
pressure head 159
primary treatment 110
principle 19
– polluter-pays 19
– precautionary 19, 38ff
prior information 196
probabilistic
– approach 27, 32, 46, 55, 241, 265
– reliability 101, 103
– risk 101, 103
– risk and reliability 49
– risk assessment 78
– rules 264
– safety assessment 78
probability(ies) 32, 38, 40, 177
– density 59, 62f, 70, 81, 84, 97,

165, 251f
– distribution 50, 57, 64, 66f, 70f, 73,

77, 80f, 84f, 104, 143, 165, 219f
– mass function 249
– of exceedance 67
– of failure 37, 50, 184
product
– of two fuzzy numbers 275
– rule of reliability 102
protection cost 177f, 184
pseudo-random numbers 84
protozoa 122
public health 3, 8, 34
pumping well 145, 162, 179, 186

q
quality of service 174
quality standard 110
quantification of risk 25, 36
quantified criteria 197

r
rainfall 36, 72ff, 185, 205f
– curves 75
– data 76
– duration 72f
– height 72ff, 77
– intensity 74ff
RAMSAR 210
random
– function 165f
– numbers 84f
– process 165
– variables 37, 56, 59, 62f, 66f, 67, 87, 88f,

129, 134, 170
– walk 128ff, 140, 169, 170, 186, 212, 216, 235
– walk simulation 235
randomness 43
range 248
– space 248f
ranking 72, 190f
rare events 244
ratio 273
– of two TFN�s 276f
reaeration 142
– rate 139
receiving capacity 49, 111
regional
– aquifers 157
– scale 153
regression lines 90f
regret 193
regret matrix 193
regretist 193
relative desirability 197
reliability 2f, 22ff, 33ff, 37, 49, 51, 61,

69f, 85, 96, 174f
– analysis 55f, 78
– condition 64, 100
– function 96ff
– index 61f, 64f
– measure 51
remediation 10
Representative Elementary Volume 153, 155
reservoir 21f
resilience 173f
resistance 24, 27, 35f, 49f, 56f, 96
resistant load 61
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respiration 221f
return period 38, 67, 70, 72ff
Rhone 205
Rio declaration 40
risk 2f, 22ff, 23, 33, 37, 58
– adverse 198
– acceptable 38ff, 284
– analysis 3, 27, 41, 111
– analysis of extremes 26
– and reliability 2ff, 25f, 31ff
– assessment 23, 27, 78, 109, 142
estimation 34
– identification 27, 31ff
– indifferent 198
– management 23f, 27, 173ff
– of exceedance 67, 69f
– of failure 31, 59
– of pollution 69, 110f, 186, 205ff
– policy 42
– quantification 24f, 55ff, 163
– seeking 198
– sudden 39
– unacceptable 40
– uncontrollable 39
River Basin Management Plans

(RBMPs) 20
rivers 4, 18, 69, 136ff
– pollution 61, 137, 144, 186f
– water quality 136ff, 226
Rochester 235, 237f
runoff 5f, 110, 148

s
safe state 65
safety 35, 173
– factor 58, 62
– margin 51, 59, 62ff, 102ff, 174
salinisation 145, 206, 231, 235, 238
salinity 13, 206, 213, 231ff, 259
– concentrations 231
– contours 236ff
– distribution 235f
sample
– scale 152
– space 241, 246, 249f
sampling stations 213
saturation 124
scale effect 154
second moment 64f
sedimentary basin 149f, 152
sedimentation 11ff, 136
sensitivity analysis 14, 25, 239, 271
series system 101ff

settling 49, 221
sewage 12, 136f, 181f, 205ff, 229ff
shellfish farming 10, 46f
Shepparton formation 231ff
silicates 206, 228
simulation 55, 81ff, 127ff, 206, 211, 221, 235ff
social sciences 3, 33f
Society of Risk Analysis (SRA) 32
soil erosion 11
solar
– insulation 221
– penetration 31
solute transport 169, 232
space scales 112, 152
specific yield 155, 233
spectral analysis 82
speed of response 174
spillway 65
standard 46, 49
– deviation 71, 134f, 251f, 260
– normal cumulative function 60
– normal distribution function 60
– uniform random variable standards 84
state function 65
states of nature 184ff
static risk and reliability analysis 37
stationarity 165f
statistical
– analysis 66
– independence 85, 145, 244
– regression 87f, 91, 94
steady flow 160ff
stochastic
– approach 24, 56, 164
– deviation 80
– modelling 25, 77, 163
– simulation 2, 26, 169
– variables 37, 78, 80, 102, 153, 205
storage coefficient 157
storm
– sewer 77f
– water 75f
structural 76f
– reliability 22, 26
– uncertainty 22
Strymon 226
submarine outfall 110, 113, 218
subtraction of intervals 272f
sum of two fuzzy numbers 271
support of a fuzzy number 269
surface runoff 151
suspended solids 47f, 137f, 232
sustainability 19, 174, 206
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sustainable development 17f
synthetic samples 85
system
– reliability 102
– risk 96, 101

t
T-90 13
T-year 36, 67ff, 71, 73
Taylor series 82, 120, 127, 140
technological uncertainties 43
temperature 4, 10, 12f, 31, 88, 91, 93ff,

113, 122, 205ff, 213, 219ff
– changes 205f
– time series 93, 220f, 224
Thermaikos Gulf 205ff
Thessaloniki 149, 151, 170, 208ff
tide 121, 127, 213
time
– scales 112f, 143, 152f
– series 43ff, 66, 96f, 112ff, 134, 141f,

205, 213ff
– series analysis 81, 164
time dependent reliability analysis 55
time dependent risk 55
total
– ammonia 47
– coliforms 122, 206
– nitrogen concentrations 225
– organic nitrogen 228
– phosphorus 47, 49
– precipitation 147f
– probability 246
tourism 9ff
transboundary
– impact 19
– region 18
– watercourses 19
transmissivity 79f, 235
– coefficient 157
– transpiration 4
transport 12, 113f, 128, 169, 185, 206ff
– of pollutants 114
trapezoidal fuzzy number 268ff
triangular fuzzy number 186f, 268, 274ff
turbidity 13, 49
turbulence 221
turbulent
– diffusion 43, 113ff
– dispersion 11, 31, 113ff
– flow 118f, 139
turning bands 186
two-dimensional distributions 254
typology 38f, 202

u
uncertainties 2f, 21, 31f, 41ff, 66, 77ff, 110,

163, 173, 183ff, 205
uncertainty
– analysis 2, 24, 26f, 37, 163
– economic 22
– hydraulic 22
– hydrologic 22
– structural 22
unconfined aquifer 161ff
UNEP, see United Nations� Environment

Programme
uniform random variable 84
uniformly distributed random numbers

84f
union 104, 242ff, 263ff
United Nations� Environmental Programme

(UNEP) 1
universal
– set 241ff
– space 245, 248, 269
unreliability function 97f
utility
– function 198
– theory 197

v
value of information 194
variance 33, 58f, 63f, 83, 87f, 128ff, 165,

235
variogram 165
Venn diagrams 242
Victoria 231ff
vorticity 120, 125f
vulnerability 33, 145, 170, 173f, 203

w
waste disposal 2, 145
waste water 1f, 205ff
– municipal 7, 14, 19
– treatment 215ff
water
– balance 5, 148
– biology 8
– bodies 20
– budget 5f, 16
– circulation 211f, 223f
– demand 1, 7, 146, 164
– ecosystems 12
– market 7
– pollution 1ff, 11ff, 18, 36
– pollution risk 22
– quality 1ff, 6ff, 12f, 22, 32f, 43ff, 48,

109ff, 223ff, 259
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– quality data 137, 141f, 205
– quality index 247f
– quality problems 25f, 46
– quality specifications 46, 66
– quality standards 46, 96, 209, 237
– resources 1ff, 17ff, 35f
– resources engineering 21, 24ff, 35f,

96
– resources management 2, 5, 13ff, 27,

175, 200
– supply 2, 7, 14, 21f, 26, 66, 145, 170,

193f, 205
– supply reliability 22
– table 14, 145, 147, 154, 161f, 169f,

179, 231, 238
– temperature 43f, 88, 113f, 122, 223
– transparency 8, 31

water crisis 1
Water Framework Directive (WFD) 19f
water resources 1ff, 17
– system 7, 173
wetting
– fluid 96, 99
– phase 167
width of a fuzzy number 278
wildlife criteria 46
wind 127, 217
– generated current 112, 134, 216
– roses 209
World Water Council (WWC) 16
WWC, see World Water Council

z
zooplankton 13

Index j311




