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1 Introduction

1.1 Scope

TA%#=)4(')?#H?/G#/H#'56%'7#A)7#&%%=#)?4%'%:#&*#A(@)=#).45654*#)'/(=:#4A%#G/'?:#W95.A4%'#!"#$%&
"IIJY#Z(=&)'#!"#$%&#"IIDY#P%447#"IDIX#)=:#4A%#5@0).47#/H#4A%7%#)?4%')45/=7#/=#4A%#'56%'#&5/4)
A)6%#&%%=#5=4%=756%?*#'%7%)'.A%:#)=:#:/.(@%=4%:#W%,;,#K)?/G#)=:#P%447#"II!Y#Z'536%'#)=:
F)'.A)=:#"IDBY#-4')=;%[#$)(7.A[#)=:#K/65.A#"IIIY#T(=&'5:;%#)=:#N?%=)=%#"IDDX,#F)=*
4*0%7# /H# )?4%'=)45/=7# )=:# 4A%5'# 5@0).47# A)6%# &%%=# :%7.'5&%:,# $/'# %\)@0?%# 5@0)5'%:# H?//:
'%;5@%7# )=:# G)4%'# ]()?54*[# :%74'(.45/=# /H# A)&54)47# )=:# ./)74)?# %'/75/=# :(%# 4/# %\.%7756%
5''5;)45/=# 7.A%@%7# )=:# :)@7# 5=# (074'%)@# 0)'47# /H# '56%'7,# TA57# ?%:# 4/# 4A%# =%%:# H/'# )=
5=4%;')4%:#)00'/).A#/H#G)4%'#@)=);%@%=4#GA%'%#%6%=4()??*#./)74)?# )=:# '56%'#@)=);%@%=4
7A/(?:#&%#./=75:%'%:#5=4%':%0%=:%=4#W7%%#^ULP_FMP_PMP#"IIIX,

>/G%6%'[#4A%#745??#5=.'%)75=;#:%@)=:#/=#H'%7A#G)4%'#'%7/('.%7#H/'#);'5.(?4(')?[#:/@%745.#)=:
5=:(74'5)?# (7%7# A)7# ?%:# 4/# 4A%# 0%'.%045/=# &*# @)=*# :%6%?/0%'7# 4A)4# H'%7A# G)4%'# 4A)4# H?/G7
=)4(')??*# 4/# 4A%# /.%)=7# 57# )# %'((# 4A)4# A)7# 4/# &%# 0'%6%=4%:,# 2=# 4A%# /4A%'# A)=:# 4A%'%# 57# )
'%./;=545/=# &*# :%6%?/0%'7# )=:# %=65'/=@%=4)?5747# )?5S%# 4A)4# H'%7AG)4%'# 74/');%# :/%7# A)6%
7%'5/(7# =%;)456%# 75:%1%HH%.47[# &/4A# %=65'/=@%=4)??*# )=:# 7/.5/1%./=/@5.)??*,# TA57
(=:%'74)=:5=;# .)=# &%# 5??(74')4%:# &*# 4A%# H).4# 4A)4# )4# ?%)74# 4G%=4*1=5=%# ./(=4'5%7# 7%%S# 4/
@5=5@57%#%./7*74%@#5@0).47#H'/@#?)';%#:)@7#&*#(75=;#)=#)*+,-'*.!*"$%#/%'0#1!23,-!.!*"
WL$9X#4/#@%%4#0'%:%4%'@5=%:#%./7*74%@#@)5=4%=)=.%#/&3%.456%7#WZ(=&)'#!"#$%&#"IIDX,#M7#)
'%7(?4#/H#4A57#=%%:#4/#:%H5=%#)=#L$9[#@)=*#@%4A/:7#A)6%#&%%=#:%6%?/0%:,#-/@%#/H#4A%7%#)'%
6%'*# 70%.5H5.)??*#:%75;=%:# H/'# )# .%'4)5=# '56%'# /'# '%](5'%@%=4# W%,;,# H57A# A)&54)47X[# /4A%'7# )'%
@/'%#G5:%?*#)00?5.)&?%#)=:#/H#)#@/'%#;%=%')?#./=4%\4,

1.2 Objectives

26%'# 45@%# 4A%# ](%745/=# A)7# '57%=# GA%4A%'# 54# G/(?:# &%# 0/775&?%# 4/# :%H5=%# )# @%4A/:# H/'
:%4%'@5=5=;#L$97#GA5.A#.)=#&%#)00?5%:#/=#)#6%'*#&'/):#7.)?%[#4)S5=;#5=4%;')4%:#'56%'#&)75=
)=:# ./)74)?# @)=);%@%=4# 5=4/# )../(=4,# M?7/[# 4/:)*`7# %\5745=;# L$97# /H4%=# '%@)5=# H)5'?*
:%7.'50456%#)=:#]()=45H5.)45/=7#)'%#:5HH5.(?4,#TA%#LU$9M<F#0'/3%.4#/&3%.456%#57#4A%'%H/'%#4/
:%6%?/0#4A%#./=.%04#/H#L$9#5=4/#)=#):%]()4%#W5,%,#%HH%.456%#)=:#%HH5.5%=4X#0?)==5=;#4//?#H/'
5=4%;')4%:#'56%'#)=:#./)74)?#@)=);%@%=4,#$/'# 4A57[#)#7/?5:#&).S;'/(=:# 5=#%\5745=;#0').45.)?
)=:# 4A%/'%45.)?# S=/G?%:;%# ./=.%'=5=;# 4A57# 4/05.# 57# '%](5'%:[# =/4# /=?*# '%;)':5=;# %\5745=;
L$97#&(4#)?7/#'%;)':5=;#4A%#'56%'7#4A)4#4A%*#G%'%#:%75;=%:#H/',

TA%#@)5=#/&3%.456%#/H# 4A57# '%0/'4# 57# 4/#;56%#)# 4A%/'%45.)?# H')@%G/'S#GA5.A#:%7.'5&%7# '56%'
7*74%@7#&)7%:#/=#.?)775H5.)45/=#@%4A/:7[#:%6%?/0%:#&*#:5HH%'%=4#:57.50?5=%7,#TA57[# 4/;%4A%'
G54A#)#:%7.'5045/=#/H#%\5745=;#L$910'/;')@7#.)=#&%#(7%:#G54A5=#4A%#LU$9M<F#0'/3%.4#)7#)
74)'45=;#0/5=4#H/'#H('4A%'#'%7%)'.A#/=#L=65'/=@%=4)?#$?/G#9%](5'%@%=47,
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1.3 Readers guide

TA57# '%0/'4# 74)'47# G54A# )# 7A/'4# '%65%G# /=# L$M7# 4/# 5=:5.)4%# 0/775&?%# ):6)=4);%7# )=:
:57):6)=4);%7#/H#%\5745=;#@%4A/:7#W$5;('%#"X,#M#7A/'4#'%65%G#/=#%\5745=;#'56%'#.?)775H5.)45/=7
7*74%@7# 57# ;56%=# )H4%'# 4A57,# TA%7%# .?)775H5.)45/=7# )'%# ;'/(0%:# 5=4/# 4A'%%# @)5=# )'%)7# /H
'%7%)'.A# W;%/@/'0A/?/;5.)?[# A*:'/?/;5.)?# )=:# &5/?/;5.)?X,# QA%'%# 0/775&?%# H%)4('%7# )=:
7(&@547#)'%#:%7.'5&%:,#>/G%6%'#H/'#&/4A#4A%#'%65%G#/=#L$M7#)7#/=#.?)775H5.)45/=#7*74%@7#4A%
'%):%'# 57# '%H%''%:# 4/# 4A%# /'5;5=)?# 4%\4# H/'# H(??# %\0?)=)45/=# /H# 4A%#@%4A/:# :%7.'5&%:# 5=# 4A57
'%0/'4,#MH4%'#4A%7%#7A/'4#'%65%G7#)#:%7.'5045/=#/H#4A%#H(=.45/=7#0'%7%=4#G54A5=#'56%'#7*74%@7#57
;56%=[#H/??/G%:#&*#4A%#./=.?(75/=7,#M#;?/77)'*#/H#@(.A#(7%:#4%'@7#57#;56%=#5=#)00%=:5\#M,

$5;('%#" 26%'65%G#/H#'%0/'4#74'(.4('%

L$M7

K?)775H5.)45/=
7*74%@7

N%/@/'0A/?/;5.)? >*:'/?/;5.)? O5/?/;5.)?

!" H%)4('%7#/H#.?)775H5.)45/=
!" 7(&#(=547#:5745=;(57A%:
!" 7(7.%045&5?54*#/H#7(&#(=54#&)7%:
/=a

$(=.45/=7#/H#'56%'#7*74%@7
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2 Environmental Flow Requirements

2.1 Introduction

TA%# 4%'@# L=65'/=@%=4)?# $?/G# 9%](5'%@%=4# WL$9X# A)7# :%6%?/0%:# 5=4/# )# @(.A# (7%:# )=:
&'/):#4%'@#%=./@0)775=;#@)=*#577(%7#4A)4#)??#A)6%#/=%#@)3/'#.A)').4%'5745.#5=#./@@/=R#4A%
=%%:#H/'#)#:%H5=545/=#/H#)#cA%)?4A*#)=:#7(74)5=)&?%#'56%'#7*74%@`#%70%.5)??*#5=#'56%'7#4A)4#A)6%
&%%=# '%;(?)4%:# 4/# )# .%'4)5=# %\4%=4# )7# )# '%7(?4# /H# A(@)=# 5=H?(%=.%# W%,;,# &(5?:5=;# :)@7# H/'
A*:'/1%?%.4'5.54*[# %\4').45/=# /H# G)4%'# H/'# 5''5;)45/=# 0('0/7%7# /'# 5=:(74'5)?# =%%:7X,# 24A%'
./@@/=#4%'@7#H/'#L$9#)'%#H'%](%=4?*#(7%:#)7#G%??[#7(.A#)7#L./?/;5.)??*#M..%04)&?%#$?/G
9%;5@%#WLM$9X#WP%447#"IIEX[#F5=5@(@#$?/G#WF$X#/'#<=74'%)@#$?/G#W<$X,#TA%#?)44%'#4G/#)'%
/H4%=#(7%:#5=#4A%#^-M#WM=/=*@/(7#!++"X,

M=#L$9#57#)#@%)7('%#/H#)=*#H(4('%#H?/G#'%;5@%#/H#)#'56%'#/H4%=#&)7%:#/=#4A%#'%7(?47#/H#)=
L=65'/=@%=4)?#$?/G#M77%77@%=4# WL$MX# Wd5=;[# TA)'@%[# )=:#O'/G=# "IIIX# 4A)4# 0'/65:%7# )
7(74)5=)&?%# '56%'# 7*74%@,# TA%# @%4A/:7# H5'74# :%6%?/0%:# W5=# 4A%# "IE+7X# G%'%# &)7%:# /=# 4A%
3(:;%@%=4#/H#&5/?/;5747[#&(4#G%'%#7//=#H/??/G%:#&*#75@0?%#@%4A/:7#(75=;#7/@%#@%)7('%#/H
4A%# (='%;(?)4%:# 74'%)@# H?/G# WN/':/=[#F.F)A/=[# )=:# $5=?)*7/=# "II!X,# -%6%')?# %\4%=756%
'%65%G7#A)6%#&%%=#)::'%775=;#577(%7#'%?)4%:# 4/#@%4A/:7#H/'#7%445=;#L$97#W%,;,# Wd5=;# !"#$%&
"IIIY#Z(=&)'#!"#$%&#"IIDY#e/G%44#"IIJY#-@)SA45=#!++"XX,

P%447#W"IIEX#:%75;=%:#)#6%'*#;%=%')?#H5;('%#4A)4#%\0?)5=7#4A%#;%=%')?#0'/.%:('%#H/'#:%'565=;
)=#L$9#W$5;('%#!X,#<4#:%7.'5&%7#4A%#7%445=;#/H#)=#L$9#H/??/G5=;#H/('#74%07R#W5X#0%'H/'@5=;#)=
%./?/;5.)?#)77%77@%=4#&*#.?)775H5.)45/=#/H#4A%#'56%'#5=4/#@)3/'#7%.4/'7#)=:#'%).A#4*0%7[#%).A
.?)775H5%:#0)'4#;%47#)#0'5@)'*#%./?/;5.)?#/&3%.456%[#&)7%:#/=#)#H(??# '%65%G#/H#)6)5?)&?%#:)4)
WA*:'/?/;*[#@/'0A/?/;*[#%./?/;*[#@)=);%@%=4#%4.,X,#O)7%:#/=#4A%7%#:)4)#%./?/;5.)?# 4)';%47
)'%# 7%4Y# W55X# 7%445=;# &%=.A@)'S# H?/G7# WH?/G7# '%](5'%:# 4/#@%%4# 4A%# %./?/;5.)?# 4)';%47XY# W555X
:%H5=5=;# )..%04)&?%# A*:'/;')0A7# H/'# G%4[# =/'@)?# )=:# :'*# *%)'7Y# W56X# ./@&5=5=;# 4A%7%
)..%04)&?%#A*:'/;')0A7#5=4/#)#H?/G#:(')45/=#.('6%,
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$5;('%#! M#;%=%')?#0'/.%:('%#H/'#:%'565=;#)=#%./?/;5.)??*#)..%04)&?%#H?/G#'%;5@%#'%0'%7%=4%:#)7#/=%#/'#@/'%
A*:'/;')0A7#H/'#:%H5=5=;#/0%')45/=)?#'(?%7#)=:#)7#)#H?/G#:(')45/=#.('6%#H/'#)77%775=;#)&74').4)&?%
6/?(@%7,#TA%#0'/.%:('%#)??/G7#4A%#%6)?()45/=#/H#)?4%'=)456%7#5=.?(:5=;#0A*75.)?#A)&54)4#5@0'/6%@%=4#)7
0)'4#/H#4A%#:%.575/=1@)S5=;#0'/.%77,#-/('.%#WP%447#"IIEX,

-5=.%#@)=*#:5HH%'%=4#4*0%7#/H#L$M7#)'%#0'%7%=4?*#(7%:#5=#:5HH%'%=4#0)'47#/H#4A%#G/'?:[#4A%7%
L$M7#.)=#&%#.?)775H5%:# 5=#/=%#G)*#/'#)=/4A%',# <=# 4A%5'#'%65%G[#d5=;#!"#$%# W"IIIX#.?)775H5%:
L$M7# )../':5=;# 4/# 4*0%# /H# @%4A/:/?/;*,# TA%*# :5745=;(57A# <X# >*:'/?/;5.)?# 4*0%
@%4A/:/?/;5%7#<<X#>*:')(?5.#')45=;#@%4A/:/?/;5%7#<<<X#>)&54)4#75@(?)45/=#@%4A/:/?/;5%7#<fX
>/?5745.# @%4A/:/?/;5%7# )=:# fX# F%4A/:/?/;5%7# ;%)'%:# 4/G)':7# 70%.5H5.# %./7*74%@
./@0/=%=47,# 24A%'# )(4A/'7# W%,;,e/G%44# "IIJY# N/':/=# !"# $%&# "II!X# .?)775H5%:# L$M7# 5=4/
A574/'5.#H?/G#@%4A/:7[#A*:')(?5.#@%4A/:7[#A)&54)4#@%4A/:7#)=:#4')=7%.4#@%4A/:7,

9%;)':?%77# /H#GA5.A# 4*0%# /H# L$M# .?)775H5.)45/=# 57# (7%:[# 4A57# ?574# /H# .?)775H5.)45/=7# )?'%):*
5=:5.)4%7#4A%#&'/):#70%.4'(@#GA5.A#57#5=6/?6%:#5=#7%445=;#L$97#)=:#4A%#)@/(=4#/H#)6)5?)&?%
@%4A/:7#H/'#:/5=;#7/,#M#=(@&%'#/H#L$M7#A)7#;)5=%:#)#;?/&)?#'%./;=545/=#)=:#57#(7%:#5=#@/'%
4A)=#/=%#./(=4'*,#TA%7%#c5=4%'=)45/=)?#)00'/6%:#@%4A/:7`#G5??#&%#H('4A%'#:57.(77%:#A%'%[#4/
;56%#)#7A/'4#/6%'65%G#/H#7(..%77H(?#@%4A/:7,#TA%#.?)775H5.)45/=#&)7%:#/=#d5=;#!"#$%#W"IIIX
G5??# &%# (7%:# 4/# )::'%77# 4A%7%#@%4A/:7,# M00%=:5\# O# ;56%7# )=# /6%'65%G# /H# @)=*# %\5745=;
L$M7#5=#4)&(?)4%:#H/'@,
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2.2 Hydrological methodologies

>*:'/?/;5.)?# @%4A/:/?/;5%7# '%?*# @)5=?*# /=# )6)5?)&?%# A*:'/?/;5.)?# :)4)# W%,;,# ?/=;# 4%'@
@/=54/'5=;[# A574/'5.)?# @/=4A?*# /'# :)5?*# :57.A)';%# '%./':7X# )=:# )'%# )?7/# 4%'@%:# c?//S1(0`
@%4A/:7#WP%447#"IIEX#4A)4#)5@#/=#:%4%'@5=5=;#)#c@5=5@(@`#%=65'/=@%=4)?#:57.A)';%[#GA5.A
57#654)?#4/#4A%#%./?/;5.)?#H(=.45/=5=;#/H#4A%#'56%',#TA%'%#)'%#)4#?%)74#"B#H'%](%=4?*#'%H%'%=.%:[
A*:'/?/;*1&)7%:#@%4A/:7[#/H#GA5.A#7%6%')?#)'%#H)5'?*#70%.5H5.#H/.(775=;#/=#)#.%'4)5=#'%;5/=
/'#./=4%\4#Wd5=;#!"#$%&#"IIIX,

2=%#/H#4A%#74'%=;4A7#/H#A*:'/?/;5.)?#@%4A/:7#57#4A)4#4A%*#)'%#(7()??*#5=%\0%=756%#)=:#](5.S[
75=.%# /=?*# A574/'5.)?# H?/G# '%./':7# )'%# =%.%77)'*,#>/G%6%'[# H'/@# )=# %./?/;5.)?# 0%'70%.456%
4A57#4*0%#/H#@%4A/:/?/;*#57# ?5@54%:# 5=# 4A)4# 54#:/%7#=/4#):%]()4%?*#)::'%77# 4A%#:*=)@5.#)=:
6)'5)&?%#=)4('%#/H# 4A%#A*:'/?/;5.)?#'%;5@%,#F/'%/6%'[# 4A%# ?/=;# 4%'@#%HH%.47#/H#@)5=4)5=5=;
4A%# @5=5@(@# H?/G7# )'%# ')'%?*# 4A%# 7)@%# )7# 4A%# =)4(')??*# /..(''5=;# 5=H'%](%=4[# 7A/'414%'@
%HH%.47#'%H?%.4%:#&*#5=74)=4)=%/(7#%6%=47#5=#4A%#A574/'5.#'%./':,#d5=;#!"#$%#W"IIIX#7(;;%74#4A)4
4A%# :57):6)=4);%7# /H# A*:'/?/;5.)?# @%4A/:/?/;5%7# @)S%# 4A%@# /=?*# )00'/0'5)4%# )4# )
'%./==)577)=.%#?%6%?#)=:#5=#.)7%7#GA%'%#=/#=%;/45)45/=# 57# 5=6/?6%:#5=# 4A%#:%.575/=1@)S5=;
0'/.%77,#TA%*#7A/(?:#&%#(7%:#G54A#.)(45/=#5=#'%;5/=7#G54A#A*:'/?/;5.)?#'%;5@%7# 4A)4#:5HH%'
6)74?*# H'/@# 4A%# '56%'7# H/'#GA5.A# 4A%#@%4A/:#G)7# :%75;=%:# /'5;5=)??*# )=:# )?7/#GA%=# '56%'
7*74%@7#A)6%#)#A5;A#./=7%'6)45/=#5@0/'4)=.%,

Z(=&)'#!"#$%#W"IIDX#7%?%.4#4A%#T%==)=4#@%4A/:#W)?7/#S=/G=#)7#4A%#F/=4)=)#F%4A/:#Wd5=;#!"
$%&#"IIIXX#)7#/=%#/H#4A%#@/'%#0'/@575=;#@%4A/:7,#<4#57#.(''%=4?*#4A%#7%./=:#@/74#G5:%?*#(7%:
L$M#5=#U/'4A#M@%'5.),#<=#4A%#T%==)=4#@%4A/:#WT%==)=4#"IJEX#4A%#0%'.%=4);%#/H#4A%#)6%');%
)==()?# H?/G# WMM$X# 57# (7%:# 4/# H/'@(?)4%# &)7%H?/G# '%;5@%7# /=# )# 7%)7/=)?# &)757[# 75=.%# 54
)77(@%7# 4A)4# 7/@%# 0%'.%=4);%# /H# 4A%# @%)=# H?/G# 57# =%%:%:# 4/# @)5=4)5=# )# A%)?4A*# 74'%)@
%=65'/=@%=4,#TA57#57#:/=%#(75=;#)#4)&?%#?5=S5=;#4A%#0%'.%=4);%#/H#MM$#4/#:5HH%'%=4#.)4%;/'5%7
/H# 5=74'%)@# A)&54)4# ./=:545/=,# T%==)=4# %\)@5=%:# .'/7717%.45/=# :)4)# H'/@# ""# 74'%)@7# 5=
F/=4)=)[#U%&')7S)#)=:#Q*/@5=;#)=:#H/(=:#4A)4#74'%)@#G5:4A[#G)4%'#6%?/.54*#)=:#:%04A#)??
5=.'%)7%:# ')05:?*# H'/@# g%'/# H?/G# 4/# "+h# /H# 4A%#@%)=# H?/G[# )=:# 4A)4# 4A%# ')4%# /H# 5=.'%)7%
:%.?5=%:#)4#H?/G7#A5;A%'#4A)=#"+h,#M4#?%77#4A)=#"+h#/H# 4A%#@%)=#H?/G[#A%#./=75:%'%:#4A)4
G)4%'#6%?/.54*#)=:#:%04A#G%'%#:%;'):%:#)=:#G/(?:#/=?*#0'/65:%#H/'#c7A/'414%'@`#7('656)?#/H
)]()45.#?5H%,#>%#./=75:%'%:#4A)4#8+h#/H#4A%#)6%');%#H?/G#G/(?:#0'/65:%#7)457H).4/'*#74'%)@
G5:4A[#:%04A#)=:#6%?/.54*#H/'#)#c&)7%H?/G#'%;5@%`,#>%#7A/G%:#4A)4#8+h#/H#)6%');%#H?/G#/'
A5;A%'#0'/65:%:#)6%');%#:%04A7#/H#+,CB1+,E#@#)=:#6%?/.545%7#/H#+,CB1+,E#@_7#)=:#./=75:%'%:
4A%7%#4/#&%#;//:#4/#/045@(@#')=;%#H/'#)]()45.#/';)=57@7,#>/G%6%'[#54#7A/(?:#&%#=/4%:#4A)4
4A%7%#H5;('%7#5=:5.)4%#4A)4#4A%#%\)@5=%:#G)4%'&/:5%7#7A/(?:#&%#.?)775H5%:#)7#c74'%)@7`#')4A%'
4A)=#c?)';%`#'56%'7,

e/G%44# W"IIJX# =)@%7# )# H%G# %\4')#@%4A/:7# &)7%:# /=# A*:'/?/;5.)?# 0)')@%4%'7[# 7(.A# )7# 4A%
@5=5@(@# H?/G7# (7%:# 5=# U%G# i%)?)=:# W$/'?/=;[# "IIC# 5=# We/G%44# "IIJXX# GA5.A# 4)S%7# )
0%'.%=4);%#W8+1JBhX#/H#4A%#"#5=#B#*%)'#?/G#H?/G#)=:#4A%#H?/G#%]()??%:#/'#%\.%%:%:#IEh#/H
4A%# 45@%,# <=# Z%=@)'S# )# 0'/0/'45/=# /H# 4A%# @%:5)=# /H# 4A%# )==()?# @5=5@)# A)7# &%%=
'%./@@%=:%:#)7#)#@5=5@(@#H?/G#WF5?3/%74*'%?7%=[#"IJI#5=#We/G%44#"IIJXX,

$'/@#)#G)4%'#]()?54*#0%'70%.456%[#4A%#jJk"+l#@%4A/:#W7%6%=#:)*#)6%');%#H?/G#/6%'#)#"+#*%)'
0%'5/:X# 57#./@@/=#H/'# 5=./'0/')45=;#H?/G#5=4/#)#G)4%'#]()?54*#0?)=# 5=#7%6%')?# 74)4%7#/H# 4A%
^-M,#TA57#@%4A/:#57#(7%:#)7#0)'4#/H#)#T/4)?#F)\5@(@#Z)5?*#V/):#WTFZVX#)77%77@%=4# 4/
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:%4%'@5=%# )# G)4%'&/:*`7# )775@5?)456%# .)0).54*,# <4# 57# &)7%:# /=# H?/G# @%)7('%@%=47
WM=/=*@/(7#!++"X,
TA%#9)=;%#/H#f)'5)&5?54*#M00'/).A# W9fMX# W95.A4%'# !"#$%&#"IIJX#A)7# '%.%=4?*#%@%';%:#)7#)
@/'%# 7/0A5745.)4%:# H/'@# /H# A*:'/?/;5.)?# 5=:%\# @%4A/:/?/;*,# <4# )5@7# )4# 0'/65:5=;# )
./@0'%A%=756%# 74)45745.)?# .A)').4%'57)45/=# /H# %./?/;5.)??*# '%?%6)=4# H%)4('%7# /H# 4A%# H?/G
'%;5@%[# H/.(775=;#/=# 4A%# '/?%#/H#A*:'/?/;5.)?#6)'5)&5?54*# 5=# 7(74)5=5=;# '56%'5=%#%./7*74%@7,
M../':5=;#4/#547#:%6%?/0%'7#4A%#@%4A/:#57#5=4%=:%:#H/'#)00?5.)45/=#4/#'56%'7#GA%'%#0'/4%.45/=
/H# =)4(')?# %./7*74%@# H(=.45/=5=;# )=:# ./=7%'6)45/=# /H# =)4(')?# &5/:56%'754*# )'%# 4A%# 0'5@)'*
@)=);%@%=4# /&3%.456%7,# TA%# @%4A/:/?/;*# ./@0'57%7# 75\# &)75.# 74%07[# 74)'45=;# G54A# 4A%
.A)').4%'57)45/=#/H#4A%#=)4(')?#')=;%#/H#A*:'/?/;5.)?#6)'5)45/=#(75=;#8!#A*:'/?/;5.)?#5=:5.%7
4%'@%:#<=:5.)4/'7#/H#>*:'/?/;5.)?#M?4%')45/=7#W<>MX#;'/(0%:#5=4/#H56%#'%;5@%#.A)').4%'5745.7
WT)&?%#"X,#9)=;%7#/H#6)'5)45/=#)'%#7%4#H/'#%).A#/H#4A%#8!#<>M#0)')@%4%'7[#H/'#%\)@0?%#@%)=##
"#-4)=:)':#Z%65)45/=[#)7#H?/G#@)=);%@%=4#4)';%47,#$/'#%).A#0)')@%4%'#)#@)=);%@%=4#4)';%4
57#7%4#W)#')=;%#/H#)..%04)&?%#6)?(%7#&)7%:#/=#4A%#')=;%#/H#=)4(')?#/..(''5=;#6)'5)45/=#H/'#4A)4
6)?(%X[#)H4%'#GA5.A#4)';%47#)'%#./@&5=%:#5=4/#)#@)=);%@%=4#7*74%@#GA5.A# 4'5%7# 4/#).A5%6%
4A%# 4)';%4%:# H?/G# ./=:545/=7# %6%'*# *%)'# /H# @/74# /H# 4A%# *%)'7# W)# .%'4)5=# 0%'.%=4);%X,
F/=54/'5=;# )=:# ./@0)'57/=# /H# 4A%# @/=54/'5=;# '%7(?47# G54A# 4A%# 4)';%47# 57# H/??/G5=;# 4A%7%
74%07#)H4%'#GA5.A#4A%#4)';%4#6)?(%7#)'%#%6)?()4%:,

T)&?%#" <=:5.)4/'7#/H#>*:'/?/;5.)?#M?4%')45/=7#W-/('.%#95.A4%'#!"#$%[#"IIJX

<>M#-4)45745.7#N'/(0 9%;5@%
.A)').4%'5745.7

>*:'/?/;5.)?#0)')@%4%'7

N'/(0#"R#@);=54(:%#/H#@/=4A?*
G)4%'#./=:545/=7

F);=54(:%#45@5=; F%)=#6)?(%#H/'#%).A#.)?%=:)'#@/=4A

N'/(0#!#F);=54(:%#)=:
:(')45/=#/H#)==()?#%\4'%@%
G)4%'#./=:545/=7

F);=54(:%#Z(')45/= M==()?#@5=5@)#"1:)*#@%)=7
M==()?#@)\5@)#"1:)*#@%)=7
M==()?#@5=5@)#81:)*#@%)=7
M==()?#@)\5@)#81:)*#@%)=7
M==()?#@5=5@)#J1:)*#@%)=7
M==()?#@)\5@)#J1:)*#@%)=7
M==()?#@5=5@)#8+1:)*#@%)=7
M==()?#@)\5@)#8+1:)*#@%)=7
M==()?#@5=5@)#I+1:)*#@%)=7
M==()?#@)\5@)#I+1:)*#@%)=7

N'/(0#8R#45@5=;#/H#)==()?
%\4'%@%#G)4%'#./=:545/=7

T5@5=; e(?5)=#:)4%#/H#%).A#)==()?#"1:)*
@)\5@(@
e(?5)=#:)4%#/H#%).A#)==()?#"1:)*#@5=5@(@

N'/(0#CR#H'%](%=.*#)=:
:(')45/=#/H#A5;A_?/G#0(?7%7

$'%](%=.*#:(')45/= U/,#/H#A5;A#0(?7%7#%).A#*%)'
U/,#/H#?/G#0(?7%7#%).A#*%)'
F%)=#:(')45/=#/H#A5;A#0(?7%7#G54A5=#%).A
*%)'#W:)*7X
F%)=#:(')45/=#/H#?/G#0(?7%7#G54A5=#%).A
*%)'#W:)*7X

N'/(0#BR#9)4%_$'%](%=.*#/H
G)4%'#./=:545/=#.A)=;%7

9)4%7#/H#.A)=;%
H'%](%=.*

F%)=7#/H#)??#0/75456%#:5HH%'%=.%7#&%4G%%=
./=7%.(456%#:)5?*#6)?(%7
F%)=7#/H#)??#=%;)456%#:5HH%'%=.%7#&%4G%%=
./=7%.(456%#:)5?*#6)?(%7
U/,#/H#'57%7
U/,#/H#H)??7
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2.3 Hydraulic rating methodologies

>*:')(?5.# ')45=;# @%4A/:/?/;5%7# '%?)4%# 6)'5/(7# 0)')@%4%'7# /H# 4A%# A*:')(?5.# ;%/@%4'*# /H
74'%)@# .A)==%?7# 4/# :57.A)';%# )=:# )'%# &)7%:# /=# 7('6%*%:# .'/7717%.45/=7[# H'/@# GA5.A
0)')@%4%'7# 7(.A# )7# G5:4A[# :%04A[# 6%?/.54*# )=:# G%44%'# 0%'5@%4%'# )'%# :%4%'@5=%:,# TA%
):6)=4);%#/H#A*:')(?5.#')45=;#@%4A/:7#)&/6%#A*:'/?/;5.)?#@%4A/:7#57# 4A)4# 4A%*#5=./'0/')4%
%./?/;5.)??*1&)7%:# 5=H/'@)45/=# /=# 4A%# 5=74'%)@# 0A*75.)?# A)&54)4# '%](5'%@%=47# /H# &5/4),
>/G%6%'[#4A%*#'%?*#/=#4A%#75@0?5745.#)77(@045/=#4A)4#)#75=;?%#A*:')(?5.#6)'5)&?%#/'#;'/(0#/H
6)'5)&?%7#.)=#):%]()4%?*#'%0'%7%=4# 4A%# 5=74'%)@#H?/G#'%](5'%@%=47#/H#)# 4)';%4#70%.5%7#H/'#)
0)'45.(?)'# ).45654*,# TA%# H/.(7# /=# 5=74'%)@# 0)')@%4%'7# )?7/# 5@0?5%7# 4A)4# c/(4# /H# .A)==%?
./@0/=%=47`#/H#)#'56%'#./''5:/'#)'%#/H4%=#/6%'?//S%:#/'#=%;?%.4%:,

2=%# /H# 4A%# @/74# ./@@/=?*# (7%:# A*:')(?5.# @%4A/:7# ./=75:%'7# 4A%# 6)'5)45/=# 5=# G%44%:
0%'5@%4%'# G54A# :57.A)';%# W9%57%'# )=:#Q%7.A%# "IDIX,# TA57# @%4A/:# )77(@%7# 4A)4# '56%'# /'
A)&54)4#5=4%;'54*#.)=#&%#:5'%.4?*#'%?)4%:#4/#G%44%:#A)&54)4#)'%)[#4*05.)??*#4A)4#/H#'5HH?%#&5/4/0%7[
75=.%#4A/7%#)'%#6%'*#7%=75456%#4/#.A)=;%7#5=#:57.A)';%,#TA%#)00'/).A#'%?5%7#/=#0?/44%:#G%44%:
0%'5@%4%'1:57.A)';%#.('6%7#7A/G5=;#)#')05:#5=.'%)7%#5=#G%44%'#0%'5@%4%'#G54A#5=.'%)7%:#H?/G
(0#4/#)#0/5=4[#)H4%'#GA5.A#4A%#G%44%'#0%'5@%4%'#5=.'%)7%7#;'):()??*#)7#:57.A)';%#)00'/).A%7
&)=SH(??,#F5=5@(@#/'#0'%7%'6)45/=#H?/G7[#(7()??*#H/'#H57A#'%)'5=;#/'#@)\5@(@#0'/:(.45/=
&*#&%=4A5.#5=6%'4%&')4%7[#)'%#;%=%')??*#5:%=45H5%:#H'/@#)#:57.A)';%#=%)'#4A%#&'%)S0/5=4[#GA5.A
57# 0'%7(@%:# 4/# '%0'%7%=4# 4A%# /045@)?# H?/G# WN500%?# )=:# -4%G)':7/=# "IIEX,# >*:')(?5.
@%4A/:7#)'%#=/4#(7()??*#(7%:#4/#)77%77#7%)7/=)?#H?/G#'%](5'%@%=47#We/G%44#"IIJX,

2.4 Habitat simulation methodologies

>)&54)4# 75@(?)45/=# @%4A/:/?/;5%7# %6/?6%:# /(4# /H# 4A%# 0'%65/(7# 4*0%7# /H# L$M7# 4/# .'%)4%# )
&%44%'# (=:%'74)=:5=;# /H# A)&54)4# '%](5'%@%=47,# TA%7%# @%4A/:7# )'%# )77%775=;# 4A%# 5=74'%)@
A)&54)4#5=#4%'@7#/H#A*:')(?5.#6)'5)&?%7[#7(.A#)7#:%04A[#)6%');%#./?(@=#6%?/.54*#)=:#&%=4A5.
7A%)'# 74'%77,# >*:')(?5.# 6)'5)&?%7# )'%# ./@&5=%:# G54A# 5=H/'@)45/=# /=# 4A%# 7(54)&5?54*# /H
@5.'/A)&54)4#./=:545/=7#H/'#0)'45.(?)'#70%.5%7[#?5H%#74);%7#/'#)77%@&?);%7#4/#0'%:5.4#/045@(@
:57.A)';%7,#QA%=# 4A57# 57# :/=%# H/'# )# ')=;%# /H# H?/G7# 54# 57# 0/775&?%# 4/# 7%%# A/G# )=# )'%)# /H
7(54)&?%# A)&54)4# .A)=;%7# G54A# H?/G,# e/G%44# W"IIJX# 74)4%7# 4A)4# 75=.%# A)&54)4# @%4A/:7# )'%
]()=454)456%#)=:#&)7%:#/=#&5/?/;5.)?#0'5=.50?%7[#A)&54)4#@%4A/:7#)'%#./=75:%'%:#W5=#4A%#^-M
)4#?%)74X#4/#&%#@/'%#'%?5)&?%#)=:#:%H%=75&?%#4A)=#)77%77@%=47#@):%#&*#/4A%'#@%4A/:7,

>)&54)4#@%4A/:7#)'%#@/'%#H?%\5&?%#4A)=#%54A%'#A*:'/?/;5.)?#/'#A*:')(?5.#@%4A/:7#75=.%#54# 57
0/775&?%# 4/# %\)@5=%# 4A%# 6)'5)45/=# /H# 4A%# A)&54)4# /H# @)=*# 70%.5%7# )=:# 4A%# ?5H%# 74);%7
4A'/(;A/(4#4A%#*%)'#)=:#4/#7%?%.4#H?/G7#4A)4#0'/65:%#4A57#A)&54)4,#>/G%6%'[#4A57#@%)=7#4A)4#54
57#=%.%77)'*#4/#A)6%#)#;//:#S=/G?%:;%#/H#4A%#74'%)@#%./7*74%@#)=:#7/@%#.?%)'#@)=);%@%=4
/&3%.456%7#5=#/':%'#4/#'%7/?6%#0/4%=45)?#./=H?5.45=;#A)&54)4#'%](5'%@%=47#/H#:5HH%'%=4#70%.5%7
/'#?5H%#74);%7#We/G%44#"IIJX,#2H4%=#4A%#./@0(4%'1&)7%:#A)&54)4#75@(?)45/=#@%4A/:7#A)6%#4A%
:57):6)=4);%# /H# H/.(775=;# /=# )# 7%4# /H# 70%.5H5.# 4)';%4# 70%.5%7[# G54A# 4A%# '57S# /H# H)5?5=;# 4/
./=75:%'#/4A%'#%77%=45)?#./@0/=%=47#/H#)#74'%)@#%./7*74%@#We/G%44#"IIJY#d5=;#!"#$%&#"IIIX,
M?7/[# A)&54)4# 75@(?)45/=#@%4A/:/?/;5%7# '%](5'%# %\4%=756%# %\0%'4# S=/G?%:;%# /H# 4A%# 74'%)@
%./7*74%@[#)=:#0'/0%'#4')5=5=;#)=:#?/.)45/=#70%.5H5.#S=/G?%:;%,
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2=%# /H# 4A%# @/74# H)@/(7# A)&54)4# @%4A/:/?/;5%7# 57# 4A%# <=74'%)@# $?/G# <=.'%@%=4)?
F%4A/:/?/;*# W<$<FX# WM=/=*@/(7# !++"Y# 9(7A4/=# !+++X# /'5;5=)??*# :%6%?/0%:# &*# 4A%
<=74'%)@#$?/G#N'/(0#/H#4A%#^-#$57A#)=:#Q5?:?5H%#-%'65.%[#K/?/'):/#5=# 4A%# ?)4%#"IJ+7#)=:
):)04%:#&*#@)=*#/4A%'7#Wd5=;#!"#$%&#"IIIX,#<$<F#./@0'57%7#)#./??%.45/=#/H#./@0(4%'1&)7%:
@/:%??5=;#4%.A=5](%7#4A)4#?//S#)4#A)&54)4#)6)5?)&5?54*#)7#54#6)'5%7#G54A#74'%)@#H?/G7[#74'%)@
:%04A#)=:#7(&74')4%[#,&%,[#GA)4#57#/=#4A%#74'%)@#&%:,#<=#547#%=45'%4*#<$<F#57#7)5:#4/#%6)?()4%#H/'
7%?%.4%:#'56%'5=%#&5/4)# 4A%#%HH%.47#/H# 5=.'%@%=4)?#.A)=;%7# 5=#'56%'#H?/G#/=#4A%#@5.'/A)&54)4
H%)4('%7#/H#.A)==%?#74'(.4('%[#G)4%'#]()?54*#)=:#4%@0%')4('%[#)7#G%??#)7#/=#4A%#)6)5?)&5?54*#/H
0A*75.)?#@5.'/A)&54)4#G54A5=# )# 74(:*# '%).A,# $5;('%# 8# ;56%7# )=# /6%'65%G# /H# 4A%# 4A%/'%45.)?
H%%:&).S#7*74%@#/H#<$<F#WO/6%%#"ID!X,#TA%#:5HH%'%=4#A)&54)4#@/:%?7#G54A5=#<$<F#)'%#@/'%
:%4)5?%:#'%0'%7%=4%:#&*#$5;('%#C,

$5;('%#8 <$<F#H%%:&).S#7*74%@
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$5;('%#C 26%'65%G#/H#4A%/'%45.)?#&).S;'/(=:#/H#4A%#A)&54)4#@/:%?7#G54A5=#<$<F#W)?7/#S=/G=#)7#P>MO-<FX

TA%#0'5@)'*#./@0/=%=4#/H#<$<F#57#S=/G=#)7#4A%#IA*75.)?#JAO54)4#K"L(?)45/=#WP>MO-<F[
$5;('%#CX# W-@)SA45=#!++"X#)=:# 57#(7%:# 4/# '%?)4%# 4/4)?#A)&54)4# )'%)# H/'# 0)'45.(?)'# 70%.5%7# 4/
'56%'#:57.A)';%7,#TA57# 57# 4A%=#./@&5=%:#G54A#)#$?//:#Z(')45/=#K('6%# W$ZKX#)=:#)#A)&54)4
:(')45/=# .('6%# 57# 0'/:(.%:# W$5;('%# BX,# <$<F# .)=# )?7/# &%# (7%:# 4/# :%7.'5&%# /4A%'# 0A*75.)?
A)&54)4#./=:545/=7#4A)4#6)'*#G54A#74'%)@#H?/G[#0)'45.(?)'?*#]()?54*#)=:#/4A%'#0)')@%4%'7,#TA%
0'/:(.4#/H#<$<F#57#S=/G=#)7#Q%5;A4%:#^7%)&?%#M'%)#WQ^MX#H/'#4A%#')=;%#/H#:57.A)';%7#4A)4
)'%#&%5=;#%\)@5=%:#)=:#4A%5'#'%?)45/=7A50#4/#4A%#4)';%4#70%.5%7#)=:#4A%5'#?5H%74);%#/H#5=4%'%74,
<4#=%%:7#4/#&%#@%=45/=%:#4A)4#<$<F#;56%7#)#')=;%#/H#6)?(%7#')4A%'#4A%=#)#70%.5H5.#=(@&%'#H/'
)#74'%)@#H?/G,#N%=%')??*[# <$<F#H/??/G7#4A%#=)4(')?#A*:'/;')0A#H/'#)#0)'45.(?)'#74'%)@,#<4# 57
&%74#):)04%:#H/'#(7%#5=#4'):%1/HH#)=)?*7%7#&(4#57#)?7/#6%'*#./@0?%\#)=:#'%](5'%7#./=75:%')&?%
45@%[#@/=%*#)=:#4%.A=5.)?#%\0%'457%,
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$5;('%#B >/G#P>MO-<F#.)?.(?)4%7#A)&54)4#6)?(%7,!K/=.%04()?57)45/=#/H#A/G#P>MO-<F#.)?.(?)4%7#A)&54)4
6)?(%7#)7#)#H(=.45/=#/H#:57.A)';%,#WMX#$5'74[#:%04A#W!,X[#6%?/.54*#W"5X[#./6%'#./=:545/=7#W#5X[#)=:#)'%)
W$5X#)'%#@%)7('%:#/'#75@(?)4%:#H/'#)#;56%=#:57.A)';%,#WOX#-(54)&5?54*#5=:%\#W%&X#.'54%'5)#)'%#(7%:#4/
G%5;A4#4A%#)'%)#/H#%).A#.%??#H/'#4A%#:57.A)';%,#TA%#A)&54)4#6)?(%7#H/'#)??#.%??7#5=#4A%#74(:*#'%).A#)'%
7(@@%:#4/#/&4)5=#)#75=;?%#A)&54)4#6)?(%#H/'#4A%#:57.A)';%,#TA%#0'/.%:('%#57#'%0%)4%:#4A'/(;A#)#')=;%#/H
:57.A)';%7#4/#/&4)5=#4A%#;')0A#WKX

<=# N%'@)=*# )=/4A%'# 75@5?)'# 4*0%# /H# A)&54)4# 75@(?)45/=# @/:%?# G)7# :%6%?/0%:# .)??%:
KM-<F<9#WK/@0(4%'#M5:%:#-5@(?)45/=#F/:%?#H/'#<=74'%)@#$?/G#9%](5'%@%=47X,#KM-<F<9
A)7#&%%=#)00?5%:#H/'#&%=4A5.#5=6%'4%&')4%7#)7#)#&%=4A5.#7A%)'#74'%77#@/:%?[#)=:#=%G#@/:%?7
)'%#(=:%'#:%6%?/0@%=4#H/'#H57A#A)&54)4#)=:#'50)'5)=#g/=%#0?)=4#./@@(=545%7,#TA%#F%)=#/H
F5=5@(@#Z)5?*#$?/G7# H/'# %).A#*%)'# W/'# )# H').45/=# 4A%'%/HX# )=:# %\0%'4# /05=5/=#A)6%# &%%=
(7%:#4/#)77%77#"++#H?/G7#We/':%#"IIEX,#M?7/[#4A%#@%4A/:#:%6%?/0%:#5=#U%G#i%)?)=:#.)??%:
9>m>MO-<F#W956%'#>*:')(?5.7#)=:#>)&54)4#-5@(?)45/=#P'/;')@[#e/G%4#"IIB#5=#Wd5=;#!"
$%&# "IIIXX# A)7# 4A%# &)75.# @%4A/:/?/;5%7# ?5S%# KM-<F<9# )=:# 57# 4A(7# &)7%:# /=# <$<F# ?5S%
)00'/).A%7,

2.5 Holistic methodologies

>/?5745.#@%4A/:/?/;5%7# )'%# )??# &)7%:# /=# 4A%# ./=.%04# 4A)4# 4A%# ./@0?%4%# '56%'5=%# %./7*74%@
W5=.?(:5=;# H?//:0?)5=7[# %74()'5=%#)=:#/HH7A/'%#./)74)?# 7*74%@7X# 57#)HH%.4%:#&*# 4A%#./@0?%4%
H?/G# '%;5@%[# 7/# )=# ):%]()4%# :%7.'5045/=# /H# 4A%7%# H?/G7# 5=# 4%'@7# /H# @);=54(:%[# :(')45/=[
45@5=;#)=:#H'%](%=.*#)=:#4A%5'#5=./'0/')45/=#5=#4A%#'%;(?)4%:#H?/G#'%;5@%#7A/(?:#)??/G#4A%
&5/45.#.A)').4%'5745.7#)=:#H(=.45/=)?#5=4%;'54*#/H#4A%#'56%'#4/#0%'7574#WM'4A5=;4/=#!"#$%&#"II!X,
<4# 57# H('4A%'#)77(@%:#4A)4#7/@%#&)7%H?/G7#)=:# H?//:7#G54A5=# 4A%#./@0?%4%# H?/G#'%;5@%#)'%
@/'%#%77%=45)?#4A)=#/4A%'7#H/'#@)5=4%=)=.%#/H#4A%#'56%'5=%#%./7*74%@,
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M7#)#'%7(?4#/H#4A%#@(?45:57.50?5=)'*#=)4('%#/H#A/?5745.#@%4A/:/?/;5%7[#@)=*#:)4)#'%](5'%@%=47
)=:# 4*0%7# /H# %\0%'457%# )'%# '%](5'%:,# K/@0'%A%=756%# A*:')(?5.# )=:# A*:'/?/;5.)?# :)4)# )'%
%77%=45)?[# 4/;%4A%'#G54A# :)4)# /=#&5/45.# H%)4('%7# )=:#:)4)# /=# 4A%# =%%:7# /H# 4A%# ?/.)?# 0%/0?%[
GA5.A#:%0%=:#/=#4A%#'56%'#H/'#4A%5'#?56%?5A//:#W4A%#PM9X#)'%#)?7/#%77%=45)?,

M# H%G#@%4A/:7# A)6%#&%./@%#G5:%?*# S=/G=,#TA%7%# )'%# 4A%#-/(4A#MH'5.)=#O(5?:5=;#O?/.S
F%4A/:/?/;*# WOOFX# Wd5=;# )=:# TA)'@%# "IICX# )=:# 4A%# M(74')?5)=# >/?5745.# M00'/).A
WM'4A5=;4/=#!"#$%&#"II!X,#Z9<$T#WZ/G=74'%)@#9%70/=7%#4/#<@0/7%:#$?/G#T')=7H/'@)45/=7X
?)4%'#%6/?6%:#H'/@#4A%#OOF,#OOF#)=:#4A%#M(74')?5)=#>/?5745.#M00'/).A#'%?*#/=#)#&/44/@1(0
)00'/).A# 4/# ./=74'(.4# )#@/:5H5%:# H?/G# '%;5@%# &)7%:# /=#@/=4A1&*1@/=4A# )=:# %?%@%=41&*1
%?%@%=4# &)757[# GA%'%# %).A# %?%@%=4# '%0'%7%=47# )# G%??1:%H5=%:# H%)4('%# /H# 4A%# H?/G# '%;5@%
5=4%=:%:#4/#).A5%6%#0)'45.(?)'[#G%??#@/456)4%:#%./?/;5.)?[#;%/@/'0A/?/;5.)?[#G)4%'#]()?54*#/'
7/.5)?# /&3%.456%7# 5=# 4A%#@/:5H5%:# '56%'5=%# %./7*74%@,# TA%*# '%](5'%# 5=4%=756%# &)7%?5=%# :)4)
./??%.45/=[#H/??/G%:#&*#@(?45:57.50?5=)'*#5=0(4#5=#)#G/'S7A/0#754()45/=,

V5S%#4A%#OOF[#Z9<$T#57#)#A/?5745.#)00'/).A[#)::'%775=;#)??#&5/0A*75.)?#)70%.47#/H#4A%#'56%'
/H#./=.%'=[#&(4#4A57#57#)#4/01:/G=#)00'/).A#GA5.A#H/.(7%7#0'5@)'5?*#/=#4A%#5:%=45H5.)45/=#/H
G)4%'# ?%6%?7# )77/.5)4%:# G54A# )# 0)'45.(?)'# 7%4# /H# &5/0A*75.)?# H(=.45/=7# )=:# /H# 70%.5H5.
A*:'/?/;5.)?#)=:#A*:')(?5.#.A)').4%',#Z9<$T#4)S%7#4A%#0'%7%=41:)*#H?/G#'%;5@%#)7#)#74)'45=;
0/5=4[#)=:#:%7.'5&%7#4A%#./=7%](%=.%7#H/'#)??#)70%.47#/H#4A%#'56%'#/H#H('4A%'#'%:(.5=;#W/'[# 5H
'%?%6)=4[#/H#5=.'%)75=;X#4A%#H?/G#'%;5@%#5=#:5HH%'%=4#G)*7,#M?7/[#54"57#:%75;=%:#4/#:%4)5?#)=:
]()=45H*#4A%#?5=S7#&%4G%%=#.A)=;5=;#'56%'#./=:545/=#)=:#4A%#7/.5)?#)=:#%./=/@5.#5@0).47#H/'
4A%#'50)'5)=#0%/0?%#GA/#'%?*#/=#4A%#'56%'#H/'#7(&7574%=.%#WP/0(?)45/=#)4#957S#/'#PM9X,#TA%
/(40(4#/H#Z9<$T#57#)#7%4#/H#L$9#7.%=)'5/7[#(7()??*#H/('[#4A)4#.)=#)77%77#)#')=;%#/H#/045/=7#H/'
/0%')45/=#/H#)#0)'45.(?)'#G)4%'#'%7/('.%#:%6%?/0@%=4,#L).A#7.%=)'5/#]()=454)456%?*#:%7.'5&%7R

!" )#@/:5H5%:#H?/G#'%;5@%Y
!" 4A%#'%7(?45=;#./=:545/=#/H#4A%#'56%'[#/'#70%.5%7[#GA5.A%6%'#57#&%5=;#)::'%77%:Y
!" 4A%#?5S%?*#7/.5)?#5@0).47#/H#4A%#'%7(?45=;#./=:545/=#/H#4A%#'56%'Y
!" 4A%#@/=%4)'*#./747#/H#@545;)45/=#/H[#/'#./@0%=7)45/=#H/'[#4A%#=%;)456%#7/.5)?#)70%.4Y
!" 4A%#%HH%.4#/=#*5%?:#H/'#/HH74'%)@#(7%'7,

2.6 Methodologies geared towards specific ecosystem
components

-%6%')?#L$M7#)'%#H/.(77%:#/=#)#70%.5H5.#0)'4#/H# 4A%# '56%'5=%#%./7*74%@#)=:#)'%#@/74#/H4%=
)?7/# ?5=S%:# 4/# )# 70%.5H5.# '56%',# $/'# %\)@0?%[# 4A%#@)5=4%=)=.%# /H# .A)==%?# H/'@# )=:# H?(65)?
;%/@/'0A/?/;5.)?# )=:# 7%:5@%=4/?/;5.)?# 0'/.%77%7# 57# H/.(77%:# /=# &*# H?(7A5=;# H?/G
@%4A/:/?/;5%7,# TA%7%# )'%# @%4A/:/?/;5%7# GA5.A# %@0A)757%# 4A%# =%%:# H/'# )=# /..)75/=)?
%\4'%@%# G)4%'# :57.A)';%# GA5.A# 0'/65:%7# 4')=70/'4# /H# 7%:5@%=4# )=:# @)5=4)5=5=;# .A)==%?
@/'0A/?/;*# :*=)@5.7,# TA%*# )'%# )?7/# 5=4%=:5=;# 4/# 7(00/'4# '56%'5=%# %./7*74%@7# )=:# &5/4)
W%70,#H57A#A)&54)47X#W9%57%'[#9)@%*[#)=:#Q%7.A%#"IDIX,#M??#5=.?(:%#)#:%7.'5045/=#/H#.A)==%?
;%/@%4'*[# .'/7717%.45/=# A*:')(?5.7[# H?//:# H'%](%=.5%7[# 7%:5@%=4# 0)'45.?%# 75g%# :574'5&(45/=7
)=:#4')=70/'4#6%?/.545%7#)7#G%??#)7#7%:5@%=4#5=0(4#4*0%7,
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d5=;#!"#$%#W"IIIX#=/4%#4A)4#4A%'%#)'%#=/#'%./;=57%:#74)=:)':#/'#74)4%1/H14A%1)'4#/HH5.%#/'#H5%?:
@%4A/:7#H/'#4A57#4*0%#/H#@%4A/:/?/;*,#M?4A/(;A#@/'%#4A)=#!B#)'%#(7%:#4A'/(;A/(4#4A%#G/'?:
W@)5=?*#5=#4A%#^-MX#@)=*#)'%#745??#0'/=%#4/#(=.%'4)5=45%7#)=:#7(&3%.456545%7,

M=/4A%'# 4*0%# /H# L$M# H/.(7%7# /=# G)4%'# ]()?54*# 0('0/7%7,# TA)'@%# W"IIEX# @%=45/=7# )# H%G
L$97#H/.(77%:#@)5=?*#/=#G)4%'#]()?54*#&(4#)?7/#=/4%7#4A)4#<$<F#)=:#A/?5745.#@%4A/:/?/;5%7
)'%#.)0)&?%#/H# 4)S5=;#G)4%'# ]()?54*# 5=4/# )../(=4,#M?4A/(;A# 4A%#G)4%'# ]()?54*#@/:%??5=;#/H
'56%'7# 57# H)5'?*# G%??# :%6%?/0%:# 4A%# %\4'%@%# ./@0?%\54*# /H# G)4%'# ]()?54*1:57.A)';%
5=4%''%?)45/=7A507#)=:#/H#&5/45.#'%70/=7%7#4/#.A)=;%7#5=#]()?54*[#@)S%7#54#:5HH5.(?4#4/#'%?5)&?*
0'%:5.4# %=65'/=@%=4)?# H?/G7# H/'# G)4%'# ]()?54*[# %6%=# G54A# @/:%?7# /H# A5;A# '%7/?(45/=,
$('4A%'@/'%[# G54A# @/74# G)4%'# ]()?54*# @/:%?7# H/'# '%;(?)4%:# '56%'7[# ;(5:%?5=%7# )'%# 7%?:/@
0'/65:%:# /=# A/G# 4A%# /(40(47# .)=# &%# (7%:# 4/# ;%=%')4%# L$97# H/'# 4A%# @)5=4%=)=.%# /H
:/G=74'%)@#G)4%'#]()?54*#Wd5=;#!"#$%[#"IIIX,

>)&54)41H/.(77%:# @%4A/:/?/;5%7# )?7/# 0?)*# )=# 5@0/'4)=4# 0)'4,# $/'# %\)@0?%# '50)'5)=
6%;%4)45/=[#G5?:?5H%[# 4*0%7# /H#G%4?)=:7[# H?//:0?)5=7# )=:# %74()'5%7# )=:# ;'/(=:G)4%'# )=:# 547
?5=S7# G54A# 7('H).%# H?/G# 5=# '56%'7# .)=# &%# /H# 5@0/'4)=.%# 5=# 7(.A# L$97,# <4# =%%:7# 4/# &%
@%=45/=%:# 4A)4# 4A%7%# @%4A/:/?/;5%7# )'%# /H4%=# 6%'*# 70%.5H5.)??*# :%75;=%:# H/'# )# (=5](%
754()45/=#)=:#@)=*#:5HH%'%=4#@%4A/:7#A)6%#&%%=#:%75;=%:,#L6%=#4A/(;A#4A57#6)74#)@/(=4#/H
70%.5H5.#@/:%?7#%\574# 4A%*#@/74#/H4%=#A)6%#4A%#7%445=;#/H#L$97#=/4#)7# 4A%5'#@)5=#;/)?[#&(4
A)6%#&%%=#.'%)4%:#H'/@#/&3%.456%7#GA5.A#H/.(7#0'5@)'5?*#/=#4A%#=%%:7#H/'#)#70%.5H5.#0)'4#/H
&5/4),

2.7 Concluding on EFAs

TA%'%# )'%#@)=*#:5HH%'%=4# 4*0%7# /H#L$9#@%4A/:/?/;5%7#GA5.A# ')=;%# H'/@# 6%'*# 75@0?%# )=:
5=%\0%=756%#4/#6%'*#./@0?%\#)=:#%\0%=756%,#N%=%')??*[#4A%#'%7(?47#/&4)5=%:#H'/@#)=#L$M#)'%
./=75:%'%:#@/'%#6)?()&?%#GA%=#@/'%#%HH/'4# 57#70%=4#)=:#@/'%#S=/G?%:;%#/H# 4A%# 7*74%@# 57
)6)5?)&?%,#>/G%6%'[#4A%#(=:%'?*5=;#](%745/=#H/'#)77%775=;#)#'56%'#7*74%@#74'/=;?*#5=H?(%=.%7
4A%# .A/5.%# /H# )# .%'4)5=#@%4A/:,#M00%=:5\#O#;56%7# )=# /6%'65%G# /H# :5HH%'%=4# L$M#@%4A/:7
W7/('.%#Z(=&)'#!"#$%&#"IIDX,

Q54A5=#4A%#7./0%#/H#4A%#LU$9M<F#0'/3%.4#54#7A/(?:#&%#@%=45/=%:#4A)4#)??#:57.(77%:#@%4A/:7
A)6%#4A%5'#/G=#):6)=4);%7#)=:#:57):6)=4);%7,#TA%#7%)'.A#H/'#)#75@0?%#)=:#7(HH5.5%=4#@%4A/:
GA5.A#./@0'57%7#%6%'*4A5=;#@5;A4#=%%:#4/#(7%#5:%)7#H'/@#)#')=;%#/H#@%4A/:7#@%=45/=%:#5=
4A57#.A)04%',#<4#57#'%@)'S)&?%#4A)4#G54A5=#)??#4A%7%#@%4A/:7#4A%#H(=.45/=)?#0'/0%'45%7#/H#)#'56%'
W7/.5/1%./=/@5.# &)7%X# 57# /=?*# 5=.?(:%:# 5=# 4A%# Z9<$T#@%4A/:,# M?7/[# 4A%# @%4A/:7# :/# =/4
@%=45/=#)=*#).45/=7#GA5.A#H/.(7#/=#:%4%'@5=5=;# 4A%#.)(7%#/H# 4A%#0'/&?%@7# 4A)4#%\574# 5=#)
'56%'# 7*74%@,# $/'# %\)@0?%[# ](%745/=7# ?5S%# cGA*# 57# 4A%'%# )# 7A/'4);%# /H# G)4%'# 5=# 4A%
:/G=74'%)@#0)'4b`#57#=/4#%\0?5.54?*#74)4%:,#2H4%=#@%4A/:7#:5'%.4?*#H/.(7#/=#4A%#4%.A=5.)?#:)4)
;)4A%'5=;#G54A# %@0A)757# /=# 4A%# A*:'/;')0A7# /H# )# '56%'# )=:#GA)4# 4A%7%# 7A/(?:# &%# ?//S5=;
?5S%,#U%54A%'#:/#4A%*#@)S%#:5745=.4#'%@)'S7#/=#4A%#:5HH%'%=.%#&%4G%%=#(01#)=:#:/G=74'%)@
74'%)@#?/.)45/=7,
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3 River Classification systems

3.1 General

F/74#/H4%=#'56%'#)?4%')45/=7#A)6%#&%%=#@):%# 5=#)# 70%.5H5.#0)'4#/H# 4A%# '56%'#&(4#)HH%.4#/4A%'
0)'47#/H# 4A%# '56%'# W%,;,#(074'%)@#67,#:/G=74'%)@#/'# 5=74'%)@#67,# /(41/H# 74'%)@# 7*74%@7X# 5=
:5HH%'%=4#.?)77%7# /H# 5=4%=754*,# $/'# %\)@0?%[# 4A%# 5@0).47# /H# )# ?)';%# :)@#)'%# 5=H?(%=.5=;# 4A%
)'%)#:/G=74'%)@#/H#4A57#:)@#5=#)#:5HH%'%=4#G)*#4A)=#4A%#)'%)#(074'%)@#/H#4A57#:)@#WZ'536%'
)=:#F)'.A)=:#"IDBX,#TA%'%H/'%[# 5=#/':%'# 4/#@)S%#)#0'/0%'#:%7.'5045/=#/H# 4A%# 5@0).47#)=:
'%7(?47#/H#'56%'#)?4%')45/=7#)=:#@)=);%@%=4[#54#57#):657)&?%#4/#A)6%#)#0'/0%'#(=:%'74)=:5=;#/H
A/G#L$97#.)=#&%#(7%:#4/#5@0'/6%#4A%7%#:5HH%'%=4#0)'47#G54A5=#)#'56%'#7*74%@,#P%447#W"IIEX
@):%# )# 7.A%:(?%# 5=# GA5.A# 4A%# :%;'%%# /H# H?/G# '%;(?)45/=[# A)&54)4# @)=);%@%=4# )=:# 74/.S
@)=);%@%=4# )'%# ./@&5=%:# 4/# ;56%# )# .?)775H5.)45/=# /H# '56%'7# )../':5=;# 4/# 4A%# :%;'%%# /H
)'45H5.5)?#5=H?(%=.%#W$5;('%#EX,

$5;('%#E K?)775H5.)45/=#/H#'56%'7#)../':5=;#4/#4A%#:%;'%%#/H#)'45H5.5)?# 5=H?(%=.%7,#M?4%'=)456%#7*74%@7#'%4)5=# 7/@%
=)4(')?# .A)').4%'5745.7,# M=# %\)@0?%# /H# )=# )'45H5.5)?# 7*74%@# 57# )# .A)==%?5g%:# '56%'# G54A# )=# 5=4%=756%?*
'%;(?)4%:#H?/G#'%;5@%#)=:#)#H57A#0/0(?)45/=#7(74)5=%:#&*#74/.S5=;,#<=#@)=*#.)7%7#4A%#)5@#/H#'%74/')45/=
57# 4/# %74)&?57A# 7(00/'4%:# 7*74%@7# 5=# 4A%# 7)@%# &5/;%/;')0A5.)?# '%;5/=,# >/G%6%'[# 4A%# @);=54(:%# /H
7(00/'4#57#(=.%'4)5=#%70%.5)??*#GA%=#?/=;#45@%17.)?%7#)'%#./=75:%'%:,#W-/('.%#P%447#"IIEX

TA(7[#)# 0'/0%'# S=/G?%:;%#/H# 4A%# ./@0?%4%# '56%'# ./''5:/'# )=:# 4A%# :5HH%'%=4# :5745=;(57A)&?%
0)'47#4A%'%5=#57#H(=:)@%=4)?#4/#;56%#)#7/(=:#):657%#/=#A/G#4/#5@0?%@%=4#)=#L$9,#M#G)*#4/
;)5=#&%44%'#S=/G?%:;%#/H# 4A%# '56%'#./''5:/'# 7*74%@# 57# &*# .?)775H*5=;# 4A%# '56%'# ./''5:/'# 5=4/
7(&7*74%@7,# <=# 4A57# G)*# 4A%# 7%6%')?# 7(&7*74%@7# .)=# &%# (7%:# =/4# /=?*# 4/# :%7.'5&%# 4A%
5=H?(%=.%#/H#7*74%@#)?4%')45/=7#&(4#)?7/#4/#:%7.'5&%#4A%#%HH%.47#/H#)#L$9#/=#)#70%.5H5.#0)'4#/H
4A%#'56%'#./''5:/',
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26%'#45@%[#)#&'/):#')=;%#/H#'56%'#.?)775H5.)45/=#7*74%@7#A)7#%@%';%:,#K?)775H5.)45/=#7*74%@7
.)=#&%# :565:%:# 5=# 7%6%')?# :5HH%'%=4#G)*7,#M# ?/;5.# :56575/=# 57# 4/# ;'/(0# 4A%7%# .?)775H5.)45/=
7*74%@7# 5=4/# H/('# @)5=# ;'/(07[# &)7%:# /=# 4A%# %\0%'457%# H5%?:# H'/@# GA5.A# 4A%*# %6/?6%:R
N%/@/'0A/?/;5.)?# W<X[# A*:'/?/;5.)?# W<<X# )=:# %./?/;5.)?# W<<<X# .?)775H5.)45/=7,# M?7/# 7%6%')?
.?)775H5.)45/=# 7*74%@7# %\574# 4A)4# W<fX# ./@&5=%# 7%6%')?# /H# 4A%7%# ;'/(07# )=:# ?5=S# 4A%@# 4/# )
@/'%# 5=4%;')4%:# ./=.%04,# K/=.%047# .)=# &%# &)7%:# /=# %\5745=;# H%)4('%7# /'# /=# :*=)@5.
0'/.%77%7# 5=# '56%'7,#Q54A5=# )??# 4A%7%# :5HH%'%=4# 4*0%7# /H# .?)775H5.)45/=7# 54# 57# ;//:# 4/#@)S%# )
'%@)'S#/=#4A%#7.)?%#H/'#GA5.A#57#G)7#:%75;=%:[#75=.%#:5HH%'%=4#70)45)?#7.)?%7#A)6%#)#:5HH%'%=4
7%=7545654*# )=:# '%./6%'*# 45@%# W$5;('%# JX,#M=# /6%'65%G# /H# %\5745=;#@%4A/:7#G5??# &%# ;56%=[
&)7%:# /=# 4A%# :56575/=# 5=4/# 4A%# H/('# ;'/(07# )7# @%=45/=%:# )&/6%[# )H4%'# 4)S5=;# :5HH%'%=4
4%@0/')?#)=:#70)45)?#7.)?%7#5=4/#)../(=4,

$5;('%#J 9%?)45/=#&%4G%%=#'%./6%'*#45@%#)=:#7%=7545654*#4/#:574('&)=.%#H/'#:5HH%'%=4#70)45)?#7.)?%7#)77/.5)4%:#G54A
74'%)@#7*74%@7#W-/('.%#$'577%?#!"#$%#"IDEX

3.2 Classifications on different temporal and spatial scales

<4# 57# 5@0/'4)=4# 4/#&%#)G)'%#/H# 4A%#A*:'/?/;5.)?[#;%/?/;5.)?[#@/'0A/?/;5.)?#)=:#6%;%4)45/=)?
7%445=;#/H#)#74'%)@,#K?5@)4%#57#)#@)3/'#H).4/'#./=4'/??5=;#74'%)@H?/G#0)44%'=7#)=:#4A%#7A)05=;
/H# ?)=:H/'@7# )=:# 6%;%4)45/=# ./@@(=545%7,# <4# 0'/65:%7# 4A%# %=%';*# )=:# G)4%'# =%.%77)'*# 4/
:'56%# .)4.A@%=4# %./7*74%@7,# N%/?/;*# 5=H?(%=.%7# 4A%# 7A)0%# /H# :')5=);%# 0)44%'=7[# &%:
@)4%'5)?7# )=:# G)4%'# .A%@574'*,# K)4.A@%=4# 7/5?7# )'%# 4A%# G%)4A%'5=;# 0'/:(.47# /H# '/.S
@)4%'5)?7[#GA5.A#5=H?(%=.%#(0?)=:#%'/75/=#0/4%=45)?7[#G)4%'15=H5?4')45/=#')4%7#)=:#6%;%4)45/=
4*0%7,# f%;%4)45/=# 57# )# 7/('.%# /H# &5/?/;5.)?# 0'/:(.45/=Y# 5=# 4('=[# 54# )HH%.47# .A)==%?# &)=S
74)&5?54*#)=:#(07?/0%#'%7574)=.%#4/#%'/75/=[#G)4%'#?/77#4A'/(;A#%6)0/4')=705')45/=#)=:#')4%#/H
'(=/HH#WN/':/=#!"#$%&#"II!X,

-0)45)?#)=:#4%@0/')?#7.)?%7#/H#0)44%'=7#)=:#0'/.%77%7#/H#H?(65)?#7*74%@7#.)=#&%#:%7.'5&%:#5=
4%'@7#/H#)#A5%')'.A*#/H#7.)?%7#W$'577%??#!"#$%&#"IDEX,#P'/.%77%7#)=:#0A%=/@%=)#)'%#./(0?%:
)../':5=;#4/#4A%5'#7.)?%,#d5'S&*#W"II+X#0'%7%=47#)=#%\)@0?%#H/'#4A%#G5:%#6)'5%4*#5=#7.)?%7#H/'
'56%'#7*74%@7[#7%%#$5;('%#D,
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$5;('%#D T%@0/')?#)=:#70)45)?#7.)?%7#H/'#'56%'#7*74%@7[#W7/('.%#d5'S&*[#"II+X

M#A5%')'.A5.)?#.?)775H5.)45/=#H/'#?5=S%:#0'/.%77%7#)4#@(?450?%#7.)?%7#57#)#./@@/=#@%4A/:#4/
./0%# G54A# 7.)?%# ?5=S);%# 0'/&?%@7# /H# ?)=:7.)0%7# Wd?53=# "IICX,# $/'# '56%'# &)75=7# 4A%7%
A5%')'.A5.)?#.?)775H5.)45/=7#A)6%#)?7/#&%%=#@):%,#U)5@)=#!"#$%,#W"II!X#;56%#)=#/6%'65%G#/H
6)'5/(7#A5%')'.A5.)?#)00'/).A%7#H/'#74'%)@#)=:#.)4.A@%=4#.?)775H5.)45/=,#^7%H(?#)00'/).A%7
)'%#4A%#.?)775H5.)45/=#/H#$'577%??#!"#$%,#W"IDEX#)=:#K(00#W"IDIX,#$'577%??#0'%7%=47#)#H')@%G/'S
H/'# A5%')'.A5.)?# .?)775H5.)45/=# 5=# GA5.A# 74'%)@7# )=:# 4A%5'# G)4%'7A%:# %=65'/=@%=47# )'%
.?)775H5%:# G54A5=# 4A%# ./=4%\4# /H# ;%/@/'0A5.# H%)4('%7# )=:# %6%=47[# )=:# 70)45/14%@0/')?
&/(=:)'5%7# )'%# 5:%=45H5%:,# $'577%??# !"# $%,# :5745=;(57A# &%4G%%=# 4A%# ("-!$.# (4("!.[# (!5.!*"
(4("!.[#-!$67#(4("!.[#8''%9-,::%!#(4("!.#)=:#4A%#.,6-'7$;,"$"#(4("!.#W$5;('%#IX,

$5;('%#I >5%')'.A5.)?#/';)=57)45/=#/H#)#74'%)@#7*74%@[#H'/@#$'577%??#!"#$%,#W"IDEX
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M../':5=;#4/#U)5@)=#!"#$%,#W"II!X#):6)=4);%7#/H#4A%#.?)775H5.)45/=#&*#$'577%??#!"#$%,#)'%#4A%
(7%H(?=%77#)4#7%6%')?#7.)?%7[# 54# 57#A5;A?*#):)04)&?%#)=:#.)=#:%7.'5&%#&/4A# 4%@0/')??*# 74)&?%
W%,;,#6)??%*#7%;@%=4X#)=:#4%@0/')??*#(=74)&?%#(=547#W%,;,#:*=)@5.#74'%)@#4*0%7X,

'()*+,-./(0,/1.2*
2=#4A%#7.)?%#/H# 4A%#%=45'%#'56%'#&)75=[# H/'#)=# 5:%)?57%:# '56%'[#-.A(@@#W"IJJX#:5745=;(57A%7
4A'%%# g/=%7# 5=# 4%'@7# /H# 4A%# /6%')??# G)4%'# )=:# 7%:5@%=4# &)?)=.%,# TA%7%# g/=%7# )'%# 4A%
8-'<36",'*# ='*![# 4A%# "-$*(:!-# ='*!# )=:# 4A%# <!8'(,",'*# ='*!,# TA%# 0'/:(.45/=# g/=%# 57# 4A%
(00%'@/74#g/=%#H'/@#GA5.A#G)4%'#)=:#7%:5@%=4#)'%#:%'56%:,#TA57#g/=%#57#0'5@)'5?*#%'/:5=;,
Z/G=74'%)@# H'/@# 4A%# :')5=);%# &)75=# ?5%7# 4A%# 4')=7H%'# g/=%# 5=# GA5.A# 4A%# 7%:5@%=4# 5=0(4
%]()?7# 4A%# 7%:5@%=4# /(40(4,# L6%=4()??*# 4A%# 7%:5@%=4# 57# :%0/754%:# 5=# 4A%# :%0/7545/=# g/=%
W$5;('%#"+X#W-.A(@@#"IJJX,

$5;('%#"+ <:%)?57%:#H?(65)?#7*74%@[#H'/@#-.A(@@#W"IJJX,#L).A#g/=%#57#:%H5=%:#&*#./=4'/?#H).4/'7
7(.A#)7#.?5@)4%[#:5)74'/0A57@#W4%.4/=5.#0'/.%77%7X[#?)=:1(7%#%4.,X

M4#4A57#A5;A%74#A5%')'.A5.)?#?%6%?[#4A%#70)45)?#)=:#45@%#7.)?%7#/H#4A%#:%6%?/0@%=4)?#0'/.%77%7
)=:# 0)44%'=7# )'%# 6%'*# ?)';%[# ')=;5=;# H'/@# A(=:'%:7# 4/# 4%=# 4A/(7)=:7# /H# S5?/@%4'%7# )=:
4A/(7)=:7#4/#A(=:'%:7#/H#4A/(7)=:7#/H#*%)'7,#Z/@5=)=4#0'/.%77%7#H/'#4A%#:%6%?/0@%=4#)=:
0A*75.)?# .A)').4%'5745.7# )'%# 4%.4/=5.# @/6%@%=47[# .?5@)45.# .A)=;%# )=:# 7%)# ?%6%?# .A)=;%7,
T*05.)?#5=:5.)4/'7#H/'#.?)775H5.)45/=#)'%#4A%#&5/;%/.?5@)45.#'%;5/=[#4A%#7?/0%#)=:#7A)0%#/H#4A%
?/=;54(:5=)?#0'/H5?%#)=:#4A%#:')5=);%#=%4G/'S#74'(.4('%#W$'577%??#!"#$%,[#"IDEX,

%*34*05,/1.2*
M# '56%'# 7%;@%=4# 57# )# 0/'45/=# /H# 4A%# '56%'# &)75=# :%?5=%)4%:# &*# @)3/'# 4/0/;')0A5.
:57./=45=(545%7#5=#4A%#74'(.4('%#/H#4A%#&%:[#7?/0%[#'56%'#:57.A)';%#)=:#7%:5@%=4#]()=4545%7,#M4
4A57# A5%')'.A5.)?# ?%6%?[# 4A%# 70)45)?# )=:# 4%@0/')?# 7.)?%7# /H# 4A%# %6/?(45/=)'*# 0'/.%77%7# )=:
0)44%'=7#)'%# ?)';%,#KA)').4%'5745.#:5@%=75/=7# H/'# '56%'# 7%;@%=47#)'%# ?%=;4A7#/H#A(=:'%:7# 4/
/=%# 4A/(7)=:# S5?/@%4'%7,# Q54A5=# 7%;@%=47[# .A)==%?# 0?)=H/'@7# .)=# &%# :%H5=%:,# TA%7%
0?)=H/'@7#'%@)5=# 5=#)#:*=)@5.#%](5?5&'5(@#H/'#A(=:'%:7# 4/# 4A/(7)=:7#/H#*%)'7# W$'577%??#!"
$%,[#"IDEY#9):%@)S%'7#)=:#Q/?H%'4#"IICY#N'%;/'*#!"#$%&#"II"X,
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TA%#:%6%?/0@%=4# /H# )# 70%.5H5.# 4*0%#/H# '56%'# 0?)=H/'@# 57# :%0%=:%=4# /=# )&5/45.# 0)')@%4%'7[
7(.A#)7#:57.A)';%[#7?/0%[#@%:5)=#;')5=#75g%[#74'%)@#0/G%'[#)=:#G5:4A_:%04A#')45/[#&(4#)?7/#/=
4A%#&5/45.#H).4/'#/H#6%;%4)45/=#./6%',#TA%#.A)==%?#0?)=H/'@#/H#)??(65)?#'56%'#7%;@%=47#.)=#&%
.?)775H5%:#5=4/#H/('#@)5=#4*0%7[#65g,#4A/7%#G54A#74')5;A4[#@%)=:%'5=;[#&')5:%:#/'#)=)&')=.A5=;
0?)=H/'@7[#&(4#G54A5=#%).A#4*0%#4A%'%#57#)#')=;%#/H#@/'0A/?/;5.#.A)').4%'5745.7#W$5;('%#""X,
TA/'=%#!"#$%,#W"IIJX#0'/65:%#@)=*#.?)775H5.)45/=#7.A%@%7#)=:#H5;('%7#H'/@#?54%')4('%,

$5;('%#"" K?)775H5.)45/=#/H#.A)==%?#0)44%'=[#H'/@#TA/'=%#!"#$%,#W"IIJX

Z%6%?/0@%=47#5=#6%;%4)45/=#./6%'[#H/'#%\)@0?%#:(%#4/#.?5@)4%#.A)=;%[#.)=#)?4%'#'56%'#'(=/HH
)=:#4A%#'%?)45/=#&%4G%%=#'%75745=;#0/G%'#)=:#74'%)@#0/G%'#)=:#4A%'%H/'%#.A)=;%#4A%#.A)==%?
0)44%'=#W-4)'S%?#"II+X,#-4)'S%?#:%75;=%:#)#H5;('%#GA5.A#'%0'%7%=47#4A%7%#.A)=;%7#/=#)#;?/&)?
7.)?%#?%6%?#)=:#:5745=;(57A%7#'56%'#4*0%7#&)7%:#/=#4A%5'#?)454(:%#W$5;('%#"!X,
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$5;('%#"! KA)=;%7#/H#%?%@%=47#/H#H?(65)?#7*74%@7#5=#U1-#4')=7).4#L('/0%1MH'5.)[#7/('.%#-4)'S%?
W"II+X

'*.16,/1.2*
TA%# '56%'# '%).A# 57#:%H5=%:#)7#)# ?%=;4A#/H#)# '56%'# 7%;@%=4# ?*5=;#&%4G%%=#&'%)S7# 5=#.A)==%?
7?/0%[#?/.)?#75:%#7?/0%7[#6)??%*#H?//'#G5:4A[#6%;%4)45/=#)=:#_#/'#&)=S#@)4%'5)?#W$'577%??#!"#$%,[
"IDEX,#TA%# '56%'# '%).A# 57# 0'5@)'5?*# :%H5=%:# /=# 4A%# &)757# /H# %'*5,"3<,*$%# .A)').4%'5745.7# /'
;'):5%=47,# M4# 4A%# A5%')'.A5.)?# ?%6%?# /H# '56%'# '%).A%7[# 70)45)?# )=:# 45@%# 7.)?%7# /H# 4A%
:%6%?/0@%=4)?# 0'/.%77%7# )=:# 0)44%'=7# )'%# 7@)??%'# 4A)=# H/'# '56%'# 7%;@%=47,# M=# 5@0/'4)=4
%./?/;5.)?#./=.%04#/=#4A%#H(=.45/=5=;#/H#74'%)@7#4A)4#.)=#&%#)00?5%:#4/#4A%#'%).A#7.)?%#57#4A%
956%'#K/=45=((@#K/=.%04#W9KKX#Wf)==/4%#!"#$%,#"ID+X#W7%%#)?7/#8,B,"X,#TA%#9KK#./(0?%7
4A%# @).'/H)(=)# ./@@(=545%7# H/(=:# 5=# :5HH%'%=4# '%).A# 7%.45/=7# 4/# 4A%# :*=)@5.# 0A*75.)?
./=:545/=7#5=#4A%#.A)==%?,

LHH%.47#/=#'56%'#.A)==%?#0'/.%77#&*#5=H?(%=.5=;#4A%#.A)==%?#'/(;A=%77#.)=#&%#:(%#%54A%'#4/
/6%'1.A)==%?# 6%;%4)45/=[# 65g,# 4A%# 6%;%4)45/=# 4A)4# /..('7# )?/=;75:%# 4A%# .A)==%?# 5=.?(:5=;
'50)'5)=#;'/G4A[#)=:#4A%#G54A5=1.A)==%?#6%;%4)45/=#WN'%;/'*#)=:#N('=%??#"IDDX,#TA%#'50)'5)=
g/=%# 57# :%H5=%:# )7# 4A)4# 0)'4# /H# 4A%# &5/70A%'%# 7(00/'4%:# &*# )=:# 5=.?(:5=;# '%.%=4# H?(65)?
?)=:H/'@7# )=:# 57# 5=(=:)4%:# /'# 7)4(')4%:# &*# 4A%# &)=SH(??# :57.A)';%# W>(00# )=:#274%'S)@0
"IIEX,#T/;%4A%'#G54A# 4A%#G54A5=1.A)==%?# 6%;%4)45/=# 4A%*# A)6%# ./=75:%')&?%# 5@0).4# /=# 4A%
A*:')(?5.#'/(;A=%77#)=:#4A%#4')=70/'4#/H#7%:5@%=4,
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718589*,/1.2*
M#'56%'#%./4/0%#57#)#7(&7*74%@#/H#)#'%).A#:%4%'@5=%:#&*#&%:# 4/0/;')0A*[#G)4%'#:%04A#)=:
.(''%=4# 6%?/.54*# )=:# 0/7545/=# '%?)456%# 4/# 4A%# @)5=# .A)==%?# W$'577%??# !"# $%,[# "IDEX,# TA%
:%H5=545/=#/H#)#'56%'#%./4/0%#57#@)5=?*#&)7%:#/=#%$"!-$%#;'):5%=47#G54A5=#)#'56%'#'%).A,#M4#4A%
A5%')'.A5.)?# ?%6%?# /H# '56%'# %./4/0%7[# 70)45)?# )=:# 4%@0/')?# 7.)?%7# /H# 0'/.%77%7# )=:# 0)44%'=
:%6%?/0@%=4#)'%#7@)??,#KA)').4%'5745.#%./4/0%7#')=;%#H'/@#4%=7#/H#@%4'%7# 4/#/=%#S5?/@%4'%
)=:# 4*05.)?# 45@%# 7.)?%7# /H# :%6%?/0@%=4# ')=;%# H'/@# /=%# 4/# 4%=7# /H# *%)'7# WO)04574[# !++"Y
Q/?H%'4[#"IIEX,

3.3 Geomorphological classification

N%/@/'0A/?/;5.)?# 0'/.%77%7# /..('# /=# 45@%# 7.)?%7# ')=;5=;# H'/@#@5.'/7%./=:7[# GA5.A# )'%
'%?%6)=4#H/'#4('&(?%=.%#6%?/.545%7[#(0#4/#A(=:'%:#@5??5/=7#/H#*%)'7#H/'#;%/?/;5.)?#0'/.%77%7,
TA%#70)45)?#7.)?%7#)'%#75@5?)'?*#G5:%[#H'/@#@5??5@%4'%7#H/'#.)05??)'*#H?/G7#5=#7%:5@%=47#(0#4/
4A%# ./=45=%=4)?# )=:# ;?/&)?# 7.)?%7,# N//:G5=# W"IIIX# ;56%7# )# '%65%G# /=# '%).A# 7.)?%
;%/@/'0A/?/;5.)?# .?)775H5.)45/=# 7*74%@7,# >%# 74)4%7# 4A)4# @/'0A/?/;5.)?# .?)775H5.)45/=7
5@0?%@%=45=;#)#.?)775.)?#65%G#A)6%#&%%=#0/0(?)'#75=.%#@)=*#/H#4A%7%#A)6%#(7%:#4A%#;?/&)?
0'/0%'4*#/H# '56%'# 7A)0%# 5=# 0?)=# H/'@#)7# 4A%# 0'5@)'*#:%?5@54%',#TA%'%H/'%# 4A%*# .)=#&%# (7%:
H)5'?*# ;%=%')?# )=:# ./@0)'57/=7# &%4G%%=# :5HH%'%=4# '56%'5=%# 7*74%@7# )'%# %)75?*# @):%,# TA%
H/??/G5=;# %5;A4# %\)@0?%7# ;56%# )=# 5=:5.)45/=# /H# 4A%# 6)'5%4*# G54A5=# 4A%# ;%/@/'0A/?/;5.)?
.?)775H5.)45/=7R

",##M?'%):*# 5=#"IBJ#V%/0/?:#)=:#Q/?@)=#:5745=;(57A%:#&%4G%%=#&')5:%:[#@%)=:%'5=;# )=:
74')5;A4#'56%'7#'%H?%.4#0)44%'=7#)77/.5)4%:#G54A#)#./@&5=)45/=#/H#7%6%')?#A*:')(?5.#H).4/'7
W7%%#)?7/#$5;('%#""X#WV%/0/?:#)=:#Q/?@)=#"IBJX,

!,##d%??%'A)?7#!"#$%#W"IJEX#:%75;=%:#)=#)5:#4/#7(@@)'57%#:%7.'50456%#H5%?:#:)4)#W6)??%*[#6)??%*
H?)4[# 74'%)@# .A)').4%'5745.7# .A)==%?# 0)44%'=[# 57?)=:7[# .A)==%?# &)'7# )=:# @)3/'# &%:H/'@7,
Wd%??%'A)?7[#KA('.A[#)=:#O')*#"IJEX,

8,##9/7;%=# W"IICX# :%6%?/0%:# )# .?)775H5.)45/=# /H# =)4(')?# '56%'7# G54A# A%)6*# %@0A)757# /=
:5@%=75/=)?#0'/0%'45%7#4/#:%H5=%#%5;A4#0'5@)'*#74'%)@#4*0%7#(75=;#)#A5%')'.A5.)?#:%.575/=
4'%%# )=:# H%)4('%7# ?5S%# .A)==%?# 4A'%):7[# :5@%=75/=)?# 0'/0%'45%7# /H# %=4'%=.A@%=4# ')45/[
G5:4A1:%04A#')45/[#75=(/754*,#-%:5@%=4#75g%#)=:#.A)==%?#7?/0%7#)'%#(7%:#4/#.?)775H*#4A%7%
4*0%7#5=4/#7(&.)4%;/'5%7#W$5;('%#"8X,
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#
#$5;('%#"8 K?)775H5.)45/=#7*74%@#/H#=)4(')?#'56%'7#W9/7;%=#"IICX

C,# M#.?)775H5.)45/=#GA5.A#:%H5=%7#)=:#0'%:5.47#4A%#7%:5@%=4)45/=#)=:#%'/75/=#'%;5@%7#).'/77
4A%# %=45'%# 70%.4'(@# /H# .A)==%?# 74*?%7# :%H5=5=;# %5;A4# .)4%;/'5%7# 4A)4# '%?)4%# 4A%# ')4%7# /H
.A)==%?# 4/#H?//:0?)5=#);;')6)45/=#)=:#:%;'):)45/=# W')4%#/H#.A)=;%#/H#.A)==%?#%?%6)45/=
)=:#')4%#/H#.A)=;%#/H#H?//:0?)5=#%?%6)45/=X#G)7#7(;;%74%:#&*#Q//?H%#)=:#O)?g)'*#W"IIEX,

B,# QA54A5=;#)=:#O'):?%*#W"II8X#@):%#)#.?)775H5.)45/=#7*74%@#H/'#A%):G)4%'#74'%)@7#G54A#C!
.?)77%7#:%H5=%:#/=# 4A%#&)757#/H#:/@)5=7# 5=# 4A'%%# 4G/1:5@%=75/=)?# 0A)7%# 70).%# `0)=%?7`
GA%'%# 4A%#:/@)5=7#'%0'%7%=4#:5HH%'%=4#)=:#:5745=.4#0A*75.)?#0'/.%77%7#)=:# 4A%5'# '%?)456%
')4%7#W:5@%=75/=)?#0'/0%'45%7[#@/'0A/?/;5.)?#H%)4('%7#5=.?(:5=;#.A)==%?#;'):5%=4[#.A)==%?
G5:4A[#6)??%*#G5:4A#)=:#@%:5)=#7%:5@%=4#75g%X#WQA545=;#)=:#O'):?*#"II8X,

E,# F/=4;/@%'*# )=:#O(HH5=;4/=# W"IIJX# :5745=;(57A%:# J# .A)==%?# 4*0%7# &)7%:# (0/=# /6%')??
]()?54)456%# @/'0A/?/;5.)?# .A)').4%',# <4# (7%7# ):3%.456%# H%)4('%# :%7.'5045/=7# 5:%=45H*5=;
4*05.)?#)=:#:/@5=)=4#6)'5)45/=#WF/=4;/@%'*#)=:#O(HH5=;4/=#"IIJX,

J,# F5)??#W"IIEX#:%7.'5&%7#)#7%:5@%=4/?/;*#&)7%:#7*74%@#5=#GA5.A#"E#74*?%7#)'%#;'/(0%:#5=4/
4A'%%#@)3/'#.?)77%7#W"X#;')6%?#:/@5=)4%:[#W!X#7)=:#:/@5=)4%:#A5;A175=(/754*#)=:#W8X#7)=:1
:/@5=)4%:# ?/G# 75=(/754*,# TA%7%# 4A'%%# 4*0%7# '%0'%7%=4# 5:%=45H5)&?%# :%0/7545/=)?
%=65'/=@%=4)?#)=:#@)*#&%#5:%=45H5%:#&*#75=(/754*[#&')5:5=;#0)')@%4%'[#7%:5@%=4#4*0%#)=:
.A)').4%'5745.# )'.A54%.4(')?# %?%@%=47,# -4*?%7# )'%# =)@%:# &)7%:# (0/=# 0'%:/@5=)=4
.A)').4%'5745.# W%,;,# H?)7A*[# %0A%@%')?[# 7A%%4H?//:[# 7)=:1&%:# '56%'7X,# TA57# 57# )# 6%'*
:%7.'50456%#@%4A/:#)=:#.)=#/=?*#&%#(7%:#H/'#;')6%?#)=:#7)=:#:/@5=)4%:#7*74%@7#WF5)??
"IIEX,
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D,# U)=7/=# )=:# K'/S%# W"II!X# @):%# )# ;%=%45.# .?)775H5.)45/=# /H# H?//:0?)5=7# /H# )??(65)?
.A)==%?7,# TA%*# '%./;=57%# 4A'%%#@)5=# .?)77%7# /H# H?//:0?)5=7R# A5;A1%=%';*# =/=1./A%756%[
@%:5(@1%=%';*# =/=1./A%756%# )=:# ?/G1%=%';*# ./A%756%,# TA%7%# 4A'%%# .?)77%7# )'%# H('4A%'
7(&:565:%:# 5=4/# 4A5'4%%=# 7(&/':%'7# &)7%:# /=# =5=%# H).4/'7,# TA%7%# =5=%# H).4/'7# )'%# )??
;%/@/'0A5.#/'#H?(65)?# H).4/'7,#TA57#.?)775H5.)45/=#7*74%@# 57#/H4%=# '%H%''%:# 4/#)=:#$5;('%
"C[#"B#)=:#"E#;56%#)=# 5=:5.)45/=#/H# 4A%#(=:%'?*5=;#@%4A/:,#U)=7/=#n#K'/S%`7#;%=%45.
.?)775H5.)45/=# (7%7# 4A%# 6)'5)&?%7# f)??%*#G5:4A[# N'/77# 74'%)@# 0/G%'[# <=:565:()?# .A)==%?
G5:4A[#-0%.5H5.#74'%)@#0/G%'[#k()=454*#/H# 7%:5@%=4# ?/):[#K)?5&'%#/H# 7%:5@%=4# ?/):#)=:
Z57.A)';%,

$5;('%#"C >5;A#%=%';*#=/=1./A%756%#H?//:0?)5=7#W-/('.%#U)=7/=#n#K'/S%[#"II!X
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$5;('%#"B F%:5(@#%=%';*#=/=1./A%756%#H?//:0?)5=7#W7/('.%#U)=7/=#n#K'/S%[#"II!X

$5;('%#"E V/G#%=%';*#./A%756%#H?//:0?)5=7#W7/('.%#U)=7/=#n#K'/S%[#"II!X

N'%;/'*#)=:#Q)??5=;#W"IJ8X#G'/4%#)=#%\4%=756%#G/'S#/=#:')5=);%#&)757#H/'@7#)=:#0'/.%77%7
5=#GA5.A#4A%*#74'%77#4A%#5@0/'4)=.%#/H#70)45)?#:5HH%'%=.%7#&%4G%%=#'56%'7,#TA%#70)45)?#./=4')74
5=# ?/G# H?/G7# )'%# ./=4'/??%:# 0'5@)'5?*# &*# 4A%# ')5=H)??# 5=0(4# )=:# 74/');%# .A)').4%'5745.7# /H
5=:565:()?#:')5=);%#&)75=7#W$5;('%#"JX,#TA%# ?)44%'# 5=H?(%=.%7# 4A%#%\4%=4# 4/#GA5.A# 4A%#&)75=
.)=#74/'%#G)4%'#H/'#'%?%)7%#:('5=;#:'/(;A4#0%'5/:7#)=:#4A%#H/'@%'#:%4%'@5=%7#4A%#6/?(@%#/H
G)4%'#)6)5?)&?%#4/#'%.A)';%#4A57#74/');%#)=:#4A%#@);=54(:%#)=:#H'%](%=.*#/H#:'/(;A4#%6%=4,
-4/');%#0'/0%'45%7#)'%#;/6%'=%:#&*#'/.S#4*0%#)=:#4/#)#?%77%'#%\4%=4#&*#7/5?#4*0%#)=:#.)=#6)'*
@)'S%:?*#G54A5=#)#7@)??#'%;5/=#WN'%;/'*#)=:#Q)??5=;#"IJ8X,
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$5;('%#"J#LHH%.4#/H#6)'5/(7#H).4/'7#/=#A*:'/;')0A#7A)0%R#W)X#74'%)@#7?/0%#)=:#W&X#.)4.A@%=4#7A)0%,#W7/('.%
N'%;/'*#)=:#Q)??5=;#"IJ8#5=#N/':/=#!"#$%[#"II!X

N'%;/'*# )=:#Q)??5=;# W"IJ8X# 74)4%# 4A)4# :')5=);%# :%=754*# 57# 0%'A)07# 4A%#@/74# (7%H(?# 75=;?%
5=:%\,# TA%# :%=754*# /H# )# 74'%)@# =%4G/'S# '%H?%.47# 4A%# .?5@)4%# 0)44%'=7[# ;%/?/;*[# 7/5?7# )=:
6%;%4)45/=#./6%'#/H#)#.)4.A@%=4,#Z')5=);%#:%=754*#57#A5;A%74#5=#7%@51)'5:#)'%)7#GA%'%#7('H).%
'(=/HH# H'/@# 5=4%=7%# 4A(=:%'74/'@7# %'/:%7# 70)'7%?*# 6%;%4)4%:# 7?/0%7,#>5;A# 7%:5@%=4# *5%?:7
'%H?%.4#)#@/'%#A5;A?*#:%6%?/0%:#.A)==%?#7*74%@#We(=S[#O)*?%*[#)=:#-0)'S7#"IDIY#d=5;A4/=
"IDCX# 4A(7# 4A%# '%?)45/=7A50# &%4G%%=# :')5=);%# :%=754*# )=:# 0'%.5054)45/=# 57# 75@5?)'# 4/# 4A)4
0'/0/7%:#H/'#7%:5@%=4#*5%?:,

3.4 Hydrological classification

M==()?[# 7%)7/=)?# )=:# :)5?*# 0)44%'=7# /H# 74'%)@H?/G# :%4%'@5=%# @)=*# /H# 4A%# 0A*75.)?# )=:
&5/?/;5.)?# 0'/0%'45%7# /H# )# 74'%)@# WN/':/=# !"# $%&# "II!X,# -4)45745.)?# @%)7('%7# .)=# '%6%)?
:5HH%'%=.%7#&%4G%%=#.)4.A@%=47#/'#&%4G%%=#?/.)45/=7#/=#4A%#7)@%#74'%)@[#)=:#.A)=;%7#:(%
4/#=)4(')?#4'%=:7#/'#?)=:1(7%#@/:5H5.)45/=7,#TA%#'%;5@%#/H#)#'56%'#A)7#)=#5@0/'4)=4#5=H?(%=.%
/=#5=74'%)@#&5/4)[#)?/=;#G54A#)6%');%#)=:#%\4'%@%#G)4%'#4%@0%')4('%7,#>)5=%7#!"#$%#W"IDDX
@):%#)#;?/&)?#.?)775H5.)45/=#/H#'56%'7#&)7%:#/=#:5HH%'%=.%7#5=#'56%'#'%;5@%7#)=:#:5745=;(57A%7
"B# ;'/(07# &)7%:# /=# )6%');%# H?/G7# %\0'%77%:# )7# 0%'.%=4);%7# /H# 4A%# @%)=7# )==()?# H?/G
W$5;('%#"DX,
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$5;('%#"D#956%'#'%;5@%#0)44%'=7#H/'#4A%#;?/&)?#.?)775H5.)45/=#/H#>)5=%7#!"#$%#W"IDDX,#M6%');%#H?/G7#)'%#%\0'%77%:
)7#0%'.%=4);%7#/H#4A%#@%)=#)==()?#H?/G[#)=:#)'%#7A/G=#G54A#&)=:7#/H#0?(7#)=:#@5=(7#/=%#74)=:)':#:%65)45/=,
F/=4A#"#5=#4A%#.?)775H5.)45/=#57#4A%#H5'74#@/=4A#/H#7(@@%',

O'5=7/=# W"II8X# :%6%?/0%:# )# A*:'/;%/@/'0A5.# .?)775H5.)45/=# H/'# G%4?)=:7,# L6%=# 4A/(;A
:%75;=%:#4/#&%#(7%:#H/'#G%4?)=:7#4A57#57#)#;//:#%\)@0?%#/H#4A%#./@&5=)45/=#/H#A*:'/?/;*#)=:
;%/@/'0A/?/;*#5=4/#/=%#.?)775H5.)45/=#7*74%@,#TA57#.?)775H5.)45/=#7*74%@# 57#:%75;=%:# 4/#&%
(7%:# H/'# %6)?()45/=# /H# G%4?)=:# H(=.45/=7,# <4# 57# &%5=;# (7%:# 5=.'%)75=;?*# )7# )# @%)=7# /H
)77%775=;#4A%#0A*75.)?[#.A%@5.)?#)=:#&5/?/;5.)?#H(=.45/=7#/H#G%4?)=:7#)=:#57#%\4'%@%?*#(7%H(?
H/'#./@0)'5=;#4A%#?%6%?#/H#H(=.45/=)?# 5=4%;'54*#/H#G%4?)=:7#G54A5=#)#H(=.45/=)?#.?)77[#/'#H/'
%6)?()45=;#4A%#5@0).4#/H#0'/0/7%:#A(@)=#).456545%7#/=#G%4?)=:7#)=:#@545;)45/=#)?4%'=)456%7,
<4#57#0'5@)'5?*#&)7%:#/=#A*:'/:*=)@5.#:5HH%'%=.%7#)7#4A%*#H(=.45/=#G54A5=#H/('#;%/@/'0A5.
7%445=;7,# TA(7[# 4A%# 4A'%%# ./'%# ./@0/=%=47# /H# 4A%# .?)775H5.)45/=# )'%# ;%/@/'0A/?/;*[# G)4%'
7/('.%# )=:# A*:'/:*=)@5.7# WO'5=7/=# "II8X,# O'5=7/=# )?7/# @%=45/=7# 4A%# 0'/;%=54/'# /H# 4A%
.(''%=4# .?)775H5.)45/=# :%6%?/0%:# &*# 2:(@[# K/0%?)=:[# )=:# F.F)A)=# W"IJCX# H/'# ./)74)?
%./7*74%@7,# TA%*# 0'/0/7%:# )# .?)775H5.)45/=# j)../':5=;# 4/# 4A%# @/74# 0'/@5=%=4# 0'/.%77%7
:/@5=)45=;#4A%#H(=.45/=)?#).45654*#/H#4A%#7*74%@,l
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<4# G)7# &)7%:# /=# )# 4A%/'*# /H# .?)775H5.)45/=# j4A)4# 5=.?(:%7# &5/?/;5.)?[# ;%/?/;5.)?[# .A%@5.)?[# )=:
0A*75.)?# .?)775H5.)45/=# H).4/'7[# %=%';*# &%5=;# )# ./@@/=# :%=/@5=)4/',l# Q54A5=# %).A# /H# 4A%# 75\
@)3/'#.)4%;/'5%7[#(0#4/#"D#4*0%7#G%'%#5:%=45H5%:#)?/=;#G54A#4A%5'#.A)').4%'5745.#%=%';*#/'#7/('.%#/H
74'%77,#TA%#@)3/'#.)4%;/'5%7#WG54A#7/@%#%\)@0?%7#/H#'%0'%7%=4)456%#4*0%7X#)'%#)7#H/??/G7R#W)X
=)4(')??*# 74'%77%:#7*74%@7#/H#G5:%# ?)454(:5=)?# ')=;%# WA5;A#%=%';*#&%).A%7# )=:# 7%:5@%=4)'*
:%?4)7X[# W&X# =)4(')?# 4'/05.)?# %./7*74%@7#/H# A5;A#:56%'754*# W./')?# '%%H7# )=:# 4'/05.)?# 7%);')77
&%:7X[#W.X#=)4(')?#4%@0%')4%#%./7*74%@7#G54A#7%)7/=)?#0'/;')@@5=;#W@)'7A%7#)=:#&5':#)=:
@)@@)?# 57?)=:7X[# W:X# =)4(')?# M'.45.# %./7*74%@7# G54A# 5.%# 74'%77# W7%)# 5.%# )=:# 5.%174'%77%:
./)747#)=:#;?).5)?#H3/':7X[#W%X#%@%';5=;#=%G#7*74%@7#)77/.5)4%:#G54A#@)=#W7%G);%#G)74%#)=:
0(?0#@5??#G)74%7X[# )=:# WHX#@5;')45=;#7(&7*74%@7# 4A)4#/';)=57%#)'%)7# W2:(@[#K/0%?)=:# )=:
F.F)A)=#"IJC#5=#WO'5=7/=#"II8XX,

3.5 Biological classifications

TA%# 4A5':# 4*0%# /H# .?)775H5.)45/=# @%4A/:/?/;5%7# )'%# 4A%# &5/?/;5.)?# .?)775H5.)45/=
@%4A/:/?/;5%7,# 2=?*# )# H%G# A)6%# &%%=# G5:%?*# '%./;=57%:# )=:# )'%# /H4%=# ](/4%:,# TA%
.?)775H5.)45/=#7*74%@#&*#$'577%?#!"#$%#W"IDEX#0)'45)??*#:5745=;(57A%7#%./7*74%@#(=547#/=#A)&54)4
?%6%?# W7%%# o8,!X,# TA%# 956%'# K/=45=((@#K/=.%04[# 4A%# $?//:# P(?7%# K/=.%04# )=:# 4A%#Q)4%'
L./4/0%#K?)775H5.)45/=#7*74%@7#G5??#&%#:57.(77%:#A%'%#)7#/4A%'#&5/?/;5.)?#.?)775H5.)45/=7,#TA%
956%'#K/=45=((@#K/=.%04#W9KK[#Wf)==/4%#!"#$%&#"ID+XX#)=:#4A%#$?//:#P(?7%#K/=.%04#W$PK
We(=S# !"#$%&#"IDIXX#0'/65:%#%./?/;5.)?# 4%@0?)4%7#GA5.A#.)=#&%#(7%:# 4/# ?5=S#A*:'/?/;*# )=:
%./?/;*# /=# :')5=);%# &)75=# 7.)?%# WP%447# )=:# F)::/.S# "IICX,# QA%'%# 4A%# 9KK# 57# )# @/'%
?/=;54(:5=)?#;'):5%=4# H/.(7%:#./=.%04[# 4A%#$PK# 57# H/.(77%:#/=# 4A%# %\0)=75/=#/H# 4A%#G)4%'
&/:5%7#:('5=;#H?//:#%6%=47,#P%447#W"IIEX#)?7/#7(;;%747#4/#7(&:565:%#4A%#'56%'#5=4/#H/('#7%.4/'7
WA%):G)4%'#74'%)@[#@5::?%#'56%'[#?/G?)=:#'56%'#)=:#%74()'*X#)=:#%./?/;5.)?#4)';%47#70%.5H5%:
H/'#%).A#)7#)#@5=5@(@#%HH/'4#A)6%#4/#&%#@):%,

-%6%')?# &5/?/;5.)?# .?)775H5.)45/=# @%4A/:7# A)6%# @)5=?*# %6/?6%:# /(4# /H# 4A%# =%%:# 4/# ;'/(0
?)=:7.)0%#H%)4('%7# 5=#)# ?/;5.)?#G)*,#L./7*74%@#(=547# 7(.A#)7#G%4?)=:7#)=:# H/'%74# H/'@# 4A%
&)7%# /H# 4A57# )00'/).A# 4/# .?)775H*5=;# 4A%# '56%'5=%# 7*74%@,# F547.A# )=:# N/77%?5=S# W# !+++X
0'/65:%# )# .?)775H5.)45/=# /H# G%4?)=:7# )=:# )# '%65%G# /=# 7%6%')?# 75@5?)'# )00'/).A%7,# TA%*
:5745=;(57A# 45:)?# 7)?4# @)'7A%7[# 45:)?# H'%7AG)4%'# @)'7A%7[# @)=;'/6%# 7G)@07[# H'%7AG)4%'
@)'7A%7[#0%)4?)=:7[#H'%7AG)4%'#7G)@07#)=:#'50)'5)=#%./7*74%@7,#2H#./('7%#)??#7(&1(=547#5=#)
'56%'5=%# %./7*74%@# )'%# H/'# )# ;'%)4# 0)'4# :%H5=%:# &*# 4A%# (=:%'?*5=;# A*:'/?/;5.)?# )=:
@/'0A/?/;5.)?#H%)4('%7#G54A5=# 4A%#'56%'#&)75=[#&(4# 4A%*#)'%#745??#(7%:# H'%](%=4?*#&%.)(7%#/H
4A%5'#(45?54*#5=#@)005=;#)=:#%)7*#5:%=45H5.)45/=#WF547.A#)=:#N/77%?5=S#!+++X,

F)=*# /H# 4A%# &5/?/;5.)?# .?)775H5.)45/=# @/:%?7# (7%# 75@5?)'# .A)').4%'5745.7# 4/# :%7.'5&%# )=
%./?/;5.)?#(=54#/'#A)&54)4,#U)5@)=#!"#$%#W"II!X#7(@@)'57%:#4A%7%#.A)').4%'5745.7#)=:#T)&?%#!
;56%7# )=# /6%'65%G# /H# 4A%# :5HH%'%=4# .A)').4%'5745.7,# M?7/[# U)5@)=# '%65%G%:# )# =(@&%'# /H
@%4A/:7# )6)5?)&?%# )=:# H/'# %).A# @%4A/:# 4A%# S%*# 6)'5)&?%7# (7%:# )=:# 4A%# 70)45)?# 7.)?%
)::'%77%:#57#;56%=#W$5;('%#"IX,
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T)&?%#! -(@@)'*#/H#.A)').4%'5745.7#(7%:#5=#A)&54)41&)7%:#@/:%?7#W7/('.%#WU)5@)=#!"#$%&#"II!XX

Z')5=);%#&)75= KA)==%?#@/'0A/@%4'*#)=:
H?/G

>)&54)4#74'(.4('%[#&5/?/;5.)?[#0A*75.)?#)=:
.A%@5.)?

Z')5=);%#:%=754*
-4'%)@#/':%'
F%)=#&)75=#%?%6)45/=
T/4)?#74'%)@#?%=;4A
-4'%)@#;'):5%=4

-4'%)@#:57.A)';%
Q5:4A
Z%04A
F%)=#6%?/.54*
Q%44%'#)'%)
P//?#6/?(@%
N'):5%=4
>)&54)4#4*0%7

K/6%'#H/'#H57A
-4'%)@&)=S#74)&5?54*
Z%04A#)=:#6%?/.54*#0'%H%'%=.%
<=6%'4%&')4%#:'5H4#)&(=:)=.%
-(&74')4%
T%@0%')4('%
Q)4%'#.A%@574'*

$5;('%#"I K/=.%04()?#/6%'65%G#/H#4A%#A574/'*#/H#74'%)@#.?)775H5.)45/=[#4A%#S%*#6)'5)&?%7#(7%:[#)=:#4A%#70)45)?
7.)?%#)::'%77%:#W7/('.%#U)5@)=#!"#$%&#"II!X
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3.5.1 River Continuum Concept

TA%#956%'#K/=45=((@#K/=.%04#0'/0/7%7# 4A)4# 4A%# ?/=;54(:5=)?# ;'):5%=4# /H# 0A*75.)?# H).4/'7[
H/'@%:# &*# 4A%# :')5=);%# =%4G/'S[# %\%'47# )# :5'%.4# ./=4'/?# (0/=# 4A%# &5/?/;5.)?# 74')4%;5%7[
&5/?/;5.)?# ./@@(=545%7# )=:# :*=)@5.7# /H# 4A%# '56%'# 7*74%@# Wf)==/4%# !"# $%&# "ID+X,# TA%
:/G=74'%)@#4')=70/'4#/H#/';)=5.#@)44%'#:%'56%:#H'/@#4A%#A%):G)4%'7#)=:#=(4'5%=4#705')??5=;
H/'@#/=%#/H#4A%#@)5=#5:%)7#/H#4A57#./=.%04,#M7#)#'%7(?4#/H#4A57#H).4[#4/;%4A%'#G54A#A*:'/?/;5.)?
)=:#@/'0A/?/;5.)?# .A)=;%7# H'/@# (01# 4/# :/G=74'%)@# 4A%# 4*0%# /H# 70%.5%7# )?4%'7# G54A5=# 4A%
7*74%@# W$5;('%# !+X,# $/'# 0').45.)?# 0('0/7%7# 4A%# ./=45=((@# .)=# &%%=# :565:%:# &*# g/=)45/=
)../':5=;#4/#%,;,#70%.5%7#./@0/7545/=#&)7%:#/=#H(=.45/=)?#H%%:5=;#;'/(07,#M?7/[#4A%#=%%:#4/
7(74)5=# ?/=;54(:5=)?# ./==%.45654*[# ?5=S5=;# .//?[# 7A)??/G[# 74%%01;'):5%=4# A%):G)4%'# 74'%)@7
)=:# 4A%# G)'@[# :%%0[# 7A)??/G1;'):5%=4# ?/G?)=:# '56%'[# 57# )=# 5@0/'4)=4# 0'5=.50?%# H/'# '56%'
@)=);%@%=4,# L70%.5)??*# :('5=;# .%'4)5=# 45@%7# /H# 4A%# *%)'# W%,;,# 70)G=5=;# 7%)7/=X# 4A%
?/=;54(:5=)?#./==%.45654*#@)*#&%#%70%.5)??*#5@0/'4)=4#WP%447#"IIEX,

$5;('%#!+ 26%'65%G#/H#4A%#956%'#K/=45=((@#K/=.%04#5=#GA5.A#4A%#0'%7%=.%#/H#:5HH%'%=4#H(=.45/=)?#H%%:5=;
;'/(07#)'%#5=:5.)4%:#H/'#7%?%.4%:#0)'47#/H#4A%#'56%'#W-/('.%#f)==/4%#!"#$%,#"ID+X

TA%#'%7/('.%#705')??5=;#./=.%04#WU%G&/?:#!"#$%&#"ID!X#%?)&/')4%:#/=#4A%#9KK#:%7.'5045/=#/H
4A%#@/6%@%=4#)=:#0'/.%775=;#/H#/';)=5.#@)44%'#)=:#=(4'5%=47#5=#74'%)@#%./7*74%@7,#O%.)(7%
/H#H?/G[#=(4'5%=47#A)6%#/0%=#.*.?%7[#/'#705')?7,#TA%#?%=;4A#/H#)#705')?#57#)#H(=.45/=#/H#4')=70/'4
')4%# W74'%)@# H?/GX# )=:# '%4%=45/=# W0A*75.)?# '%4%=45/=# )=:# &5/?/;5.)?# (04)S%X,# -05')?# ?%=;4A
5=.'%)7%7#H'/@#A%):G)4%'#4/#@/(4A#:(%#4/#:%.'%)7%:#'%4%=45/=#)=:#:%.'%)7%#5=#0)'45.?%#75g%,



ENFRAIM review Q2957.10 February 2002

WL | Delft Hydraulics 3 - 1 6

3.5.2 Flood Pulse Concept

TA%#$?//:#P(?7%#K/=.%04#0'/0/7%7# 4A)4# 4A%#&5/4)#/H# ?)';%# H?//:0?)5=# '56%'7#)'%#:%4%'@5=%:
0'5=.50)??*# &*# 4A%# A*:'/?/;5.)?# '%;5@%# We(=S# !"# $%&# "IDIX,# TA%# &5/4)# )'%# ):)04%:# 4/# 4A%
0'/=/(=.%:# )]()45.# )=:# 4%''%74'5)?# 0A)7%7R# )]()45.# /';)=57@7# ./?/=57%# 4A%# H?//:0?)5=# )4
'575=;# )=:# A5;A# G)4%'# ?%6%?7[# &%.)(7%# /H# H%%:5=;# )=:# 70)G=5=;# /00/'4(=545%7Y# 4%''%74'5)?
/';)=57@7# /..(0*5=;# =/=1H?//:%:# A)&54)47# )?/=;# 4A%# &/)':%'7# )'%# ):)04%:# 4/# %\0?/54# 4A%
H?//:0?)5=#)4# ?/G#G)4%'# ?%6%?7,# <=#/..(''%=.%7[# ?5H%#.*.?%7#)=:#)&(=:)=.%`7#/H#0'5@)'*#)=:
7%./=:)'*# 0'/:(.%'7# )=:# :%./@0/7%'7# )'%# :%4%'@5=%:# &*# :(')45/=[#@);=54(:%[# H'%](%=.*[
45@5=;#)=:#0'%:5.4)&5?54*#/H#H?//:7,#T5@5=;#)=:#0'%:5.4)&5?54*#@)*#&%#S%*#H).4/'7#%\0?)5=5=;
:5HH%'%=.%7#&%4G%%=#'%;5/=7#5=#4%'@7#/H#H?//:#0(?7%#%HH%.456%=%77#WP%447#)=:#F)::/.S#"IICX,

^=0'%:5.4)&?%# H?//:7# 5=.?(:%# 5''%;(?)'# %6%=47# 4/# GA5.A# 4A%# &5/4)# )'%# (=)&?%# 4/# :%6%?/0
0'/H54)&?%# 74')4%;5%7# H/'# /..(0*5=;# 4A%# 5=(=:)4%:# '50)'5)=# )=:# H?//:0?)5=# )'%)7[# )=:
:574('&)=.%7# 1# .)4)74'/0A5.# %6%=47# 4A)4# 0%'5/:5.)??*# c'%7%4`# 4A%# 0A*75.)?# )=:# &5/45.
%=65'/=@%=4,# e(=S# !"# $%# W"IDIX# 74)4%:# 4A)4# 4A%# %HH%.4# /H# )# H?//:# /=# &5/4)# 57# 0'5=.50)??*
A*:'/?/;5.)?,#$'/@#)#./=.%04()?#65%G0/5=4[#H?//:#.A)').4%'5745.7#@)*#&%#4A%#:'565=;#6)'5)&?%
/6%'#7A/'4#45@%17.)?%7#W"1"+#*%)'7X[#&(4#/6%'#?/=;%'#45@%17.)?%7[#;%/@/'0A/?/;5.)?#0'/.%77%7
0?)*#)=#5=.'%)75=;?*#75;=5H5.)=4#'/?%,

3.5.3 Water Ecotopes Classification: classification based on ecosystem
units

TA%#U%4A%'?)=:7#F5=574'*#/H#T')=70/'4[#P(&?5.#Q/'S7#)=:#Q)4%'#F)=);%@%=4#'%](%74%:#4A%
:%6%?/0@%=4# /H# )=# %./4/0%# .?)775H5.)45/=# 7*74%@"# 4/# &%# (7%:# 5=# 4A%# 0'%0)')45/=# /H# G)4%'
@)=);%@%=4# 0/?5.*# )=:# 547# 5@0?%@%=4)45/=,# TA%# Q)4%'# L./4/0%7# K?)775H5.)45/=# 7*74%@
WQLKX# 57# 4A%'%H/'%# :%6%?/0%:[# %70%.5)??*# H/.(775=;# /=# 4A%# G)4%'# &/:5%7# @)=);%:# &*# 4A%
=)45/=)?#)(4A/'545%7,#QLK#57#@)5=?*#5=4%=:%:#4/#&%#(7%:#/=#)#'%?)456%?*#./)'7%#7.)?%#W"RB[+++
@,#1#"R!B[+++#@,X#)=:#:/%7#=/4#)::'%77#:%4)5?%:# ?/.)?# 577(%7# 7(.A#)7# 4A%#@)=);%@%=4#)=:
@/=54/'5=;# /H# 7@)??# W=)4('%# ./=7%'6)45/=X# )'%)7[# )?4A/(;A# 54# .)4%'7# )7# )# 74)'45=;# 0/5=4,
WQ/?H%'4#"IIEX,#$/'#4A%7%#7@)??%'#)'%)7#7%%#f)=#Z5%0%=#)=:#f%':/=7.A/4#W!++"X,

M# .A)').4%'5745.# H%)4('%# /H# 4A%# QLK[# /4A%'# 4A)=# 4A%# 5=4%;')?# =)4('%# /H# 547# (=547[# 57# 4A%
./(0?5=;# /H# .?)775H5.)45/=# .A)').4%'5745.7# G54A# 0/?5.*# )=:# @)=);%@%=4# @%)7('%7# WQ/?H%'4[
"IIEX,# <4# )5:7# 4A%# 0'%:5.45/=# )=:# %6)?()45/=# /H# 4A%# %HH%.47# /H# 5=4%'6%=45/=7# 5=# G%4?)=:
%./7*74%@7#)=:#?)';%#G)4%'#&/:5%7,

2=%#/H#4A%#0'5@)'*#'%](5'%@%=47#GA%=#:%6%?/05=;#4A%#QLK#H/.(7%:#/=#4A%#0').45.)?#(7%#/H
4A%#7*74%@,#L./4/0%7#7A/(?:#&%#%)7*#4/#@)0#)=:#)77%77,#-.)?%7#)'%#.A/7%=#)../':5=;#4/#4A57
'%](5'%@%=4#)=:#4A%'%H/'%#7@)??#70)45)?#%?%@%=47#)'%#=/4#5=.?(:%:,

$5;('%#!"#;56%7#)=#/6%'65%G#/H#4A%#7*74%@#5=#GA5.A#4A%#%./4/0%7#)'%#5:%=45H5%:,

######################################################
"# >*# !6'"'8!(# 6%$((,:,6$",'*# (4("!.# ,(# ,*"!*<!<# :'-# "7!# 6%$((,:,6$",'*# $*<# .$88,*5# ':# !6'"'8!(&
)6'"'8!(# $-!# (8$",$%%4# <!:,*!<# !6'%'5,6$%# 3*,"(?# "7!# 6'.8'(,",'*# $*<# <!+!%'8.!*"# ':# 07,67# $-!
<!"!-.,*!<#;4#"7!#%'6$%#$;,'",6?#;,'",6#$*<#$*"7-'8'5!*,6#6'*<,",'*(&
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TA%#QLK#57#A5%')'.A5.)?#5=#74'(.4('%,#Z5HH%'%=4#.?)775H5.)45/=#.A)').4%'5745.7#)'%#)00?5%:#H/'
%).A#/H#4A%#6)'5/(7#?%6%?7,#M4#4A%#?%6%?#/H#;'/(07#/H#G)4%'#7*74%@7[#4A%#0/7545/=)?#H).4/'7#)'%
4A%#@/74#75;=5H5.)=4R#7?/0%[#45:)?#5=H?(%=.%#)=:#7)?5=54*#?%6%?7,#M4#%./4/0%#?%6%?[#./=:545/=)?
H).4/'7# ./=7454(4%# 4A%# &)757# H/'# 4A%# .?)775H5.)45/=R# @/'0A/:*=)@5.7[# A*:'/:*=)@5.7# )=:
@)=);%@%=4#).456545%7,

TA%#.?)77%7#H/'#%).A#.'54%'5/=#)'%#?5=S%:#4/#'%?%6)=4#%./?/;5.)?#H%)4('%7#/H#4A%#7(&:56575/=#5=
4A%#QLK#)=:#.)4%;/'57%#:5HH%'%=4#%./?/;5.)?#(=547[#%,;,#0/775&?%#0'%7%=.%#/H#)#4A%'@/.?5=%#)4
)# .%'4)5=# G)4%'# :%04A# 5=# ?)S%7# /'# H'%](%=.*# /H# H?//:5=;# '%?)4%:# 4/# 6%;%4)45/=# 5=# '56%'
H?//:0?)5=7,

Large water bodies in the
Netherlands

Lakes Canals Rivers Transi-
tional
waters

Coastal
zone

Dreissena
polymorpha

Characeae

Level:

water-
systems

Discreminating factors:

positional factors

eco-elements

conditional factors
ecotopes

operational factors

shallow,
sand

$5;('%#!" 26%'65%G#/H#4A%#./=74'(.45/=#/H#4A%#QLK#W7/('.%#Q/?H%'4#"IIEX

TA%#0/7545/=)?#H).4/'7#:565:%#4A%#QLK#5=#B#%./4/0%#;'/(07#WH'%7A#G)4%'#:%?4)[#&').S57A#G)4%'
:%?4)[# ?)';%# ?)S%7[#.)=)?7#)=:# 4A%#=/'4A# 7%)X,#TA%# H5'74#QLK#0)'4# 5=4'/:(.%:#G)7# 4A%#956%'
L./4/0%#K?)775H5.)45/=,#-5=.%#4A%#74)'4#/H#4A%#:%6%?/0@%=4#/H#4A%#QLK[#7%6%')?#):3(74@%=47
)=:#.A)=;%7#5=#/05=5/=#A)6%#/..(''%:,#2=%#/H#4A%#@)5=#'%@)'S7#)&/(4#4A%#QLK#57#4A)4#4A%
:5HH%'%=4# .?)775H5.)45/=# 7*74%@7#G%'%# =/4# )?G)*7# 7(HH5.5%=4?*# %./?/;5.)??*# '%?%6)=4,# M?7/[# )
=(@&%'#/H#%./4/0%#4*0%7#)00%)'%:#4/#&%#/6%'?)005=;#G54A#/4A%'#4*0%7[#&(4#(75=;#)#:5HH%'%=4
7%4#/H#.'54%'5)#4/#:%7.'5&%#4A%#7)@%#?)=:#(=54,#<=#'%70/=7%#4/#4A%7%#'%@)'S7#4G/#7(00?%@%=47
A)6%#&%%=#@):%#H/'#4A%#QLKR#4A%#QLK#)]()45.#)=:#4A%#QLK#&)=S7#)=:#7A/'%?5=%7,#TA%7%
4G/#7(00?%@%=47#)'%#./=75:%'%:#4/#&%#&%44%'#%./?/;5.)??*#H/(=:%:#)=:#4/#&%#)00?5.)&?%#4/#4A%
GA/?%#')=;%#/H#7('H).%#G)4%'#&/:5%7#(=:%'# 4A%#@)=);%@%=4#/H#=)45/=)?#)(4A/'545%7# W%\.%04
H/'#4A%#./)74)?#g/=%[#GA5.A#57#=/4#5=.?(:%:#5=#4A%#QLK#)]()45.X#W$5;('%#!!X#Wf)=#:%'#F/?%=
!"#$%&#!+++X



ENFRAIM review Q2957.10 February 2002

WL | Delft Hydraulics 3 - 1 8

?)S%7 .)=)?7 '56%'7 4')=7545/=)?
g/=%

./)74)?
g/=%

QLK#)]()45.#W!+++X

QLK#&)=S7#)=:#7A/'%?5=%7#W!++"X

"IIJ "III "IIC "IID "III

$5;('%#!! V)*/(4#/H#4A%#QLK#W7/('.%#f)=#:%'#F/?%=#!"#$%&#!+++X

3.6 Integrating systems

2H4%=#4A%#:5745=.45/=#&%4G%%=#:5HH%'%=4#.?)775H5.)45/=#7*74%@7#57#')4A%'#6);(%#)=:#/6%'?)0#57
./@@/=,#U/4#/=?*#G54A5=#)#70%.5H5.#H5%?:#/H#.?)775H5.)45/=7#%,;,#&5/?/;5.)?#/'#@/'0A/?/;5.)?[
)?7/# c&/)':%'1.'/775=;`# 7*74%@7# )'%# H/(=:# /H4%=,# TA%7%# 4*0%7# /H# 7*74%@7# ./=7574# /H# &/4A
)&5/45.#)=:#&5/45.#.A)').4%'5745.7#/H#4A%#'56%'#./''5:/'#7*74%@,

N//:G5=#W"IIIX#'%65%G%:#%\5745=;#H?(65)?#.?)775H5.)45/=#@%4A/:7#)=:#./=.?(:%:#4A)4#@)=*
/H# 4A%# %\5745=;# @%4A/:7# )'%# ?5@54%:# 5=# 4A%5'# )00'/).A,# >%# '%./@@%=:7# 4%=# 4*0%7# /H
5@0'/6%@%=47#4/#4A%#%\5745=;#@%4A/:7#%,;,#&*#&)75=;#.?)775H5.)45/=#/=#=)4(')?#S5=:7#/H#'56%'7[
0'/.%77%7# /'# ./=4'/??5=;# H).4/'7[# 4%@0/')?# .A)=;%# )=:# 4A'%7A/?:7[# /=# 4A%/'*# )=:# )
0'/&)&5?5745.# 65%G,# TA%# .)?5&')45/=# )=:# 6%'5H5.)45/=# /H# .?)775H5.)45/=#GA%=# (75=;# 4A%@# H/'
0'%:5.45/=7# 57# %77%=45)?# )=:# 75g%# H).4/'7# )=:# 0'/0%'# =/@%=.?)4('%# 7A/(?:# 5@0'/6%
./@@(=5.)45/=,# >%# 74)4%7# 4A)4# .?)775H5.)45/=7# 7A/(?:# &%# 4'%)4%:# )7# A*0/4A%7%7# =/4# )7
0)'):5;@7#)=:#5=:5.)4%7#4A)4#4A%*#)'%#3(74#)#4//?[#=/4#)#'%7(?4#/=#4A%@7%?6%7,

M??# 4A%# )&/6%# .?)775H5.)45/=# @%4A/:7# )'%# &)7%:# /=# %\5745=;# H%)4('%7# 5=# =)4(')?# '56%'7,
>/G%6%'[# 4A%'%#.)=#)?7/#&%# 4A%#=%%:# 4/#.?)775H*# '56%'7# )../':5=;# 4/# A/G# 7%6%'%?*# ):3(74%:
'56%'7# )'%,# ^=?5S%# %,;,# ;%/@/'0A/?/;5.)?# .?)775H5.)45/=7# /H# '56%'# .A)==%?# 0)44%'=7# 4A)4# )'%
&)7%:#/=#@/'0A/?/;5.)?# H%)4('%7[# .?)775H5.)45/=7# /H# '56%'# .A)==%?# ):3(74@%=4# )'%# %\0?5.54?*
6)?(%# ?):%=Y# ):3(74@%=4# 0'/.%77%7# )'%# 5=H%''%:# :5'%.4?*# H'/@# @/'0A/?/;5.)?# H%)4('%7,
L77%=45)??*[# 4A%'%H/'%[# 4A%# '%7(?45=;# .?)775H5.)45/=7# '%0'%7%=4# )# 75@0?%# 7(@@)'*# /H# )=
%6)?()45/=#0'/.%:('%#WZ/G=7#"IIBX,

<@A/H#!"#$%,# W"IIEX#0'/65:%#)=#%\)@0?%#/H#A/G#)#A5%')'.A5.)?#.?)775H5.)45/=#7*74%@#.)=#&%
(7%:#4/#(=:%'74)=:#4A%#H).4/'7#4A)4#5=H?(%=.%#74'%)@#H57A#A)&54)4#)=:#A/G#4A%7%#'%?)45/=7A507
@)*#&%#)HH%.4%:#&*#:574('&)=.%,#TA%#0)0%'#7(@@)'57%7#A/G#H).4/'7#7(.A#)7#.?5@)4%[#;%/?/;*[
0A*75/;')0A*[#?)=:./6%'#)=:#H?/G#6)'5)&5?54*#5=H?(%=.%#4A%#74'(.4('%#)=:#H(=.45/=#/H#74'%)@
A)&54)4,#TA%#)(4A/'7#4A%=#7(;;%74#A/G#7)?@/=5:#?5H%#74);%7#'%?)4%#4/#4A%#0A*75.)?#%=65'/=@%=4
)=:#:*=)@5.#0'/.%77%7#)=:#7(;;%74#A/G#4A%7%#?5=S);%7#@)*#&%#(7%:#4/#)77%77#4A%#A%)?4A#)=:
5=4%;'54*#/H#74'%)@#A)&54)4,
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TA%# A5%')'.A5.)?# %6)?()45/=# 7*74%@# /H# <@A/H# !"# $%,# W"IIEX# %@0A)757%# 4A%# 5@0/'4)=.%# /H
0A*75.)?#)=:#A*:'/?/;5.)?#6)'5)&?%7#5=#:%4%'@5=5=;#74'%)@#H57A#A)&54)4,#-4'%)@#H57A#A)&54)4#57
4A%'%H/'%#./=75:%'%:#:*=)@5.#)=:#5=H?(%=.%:#&*#4A%#&'/):#7.)?%#0'/.%77%7#4A)4#:5.4)4%#74'%)@
H/'@#)=:#H(=.45/=,#-4'%)@#./@@(=545%7#@(74#&%#):)04)&?%#4/#:*=)@5.#A)&54)4#5=#4A%#74'%)@
)=:# &%# .)0)&?%# /H# '%/';)=575=;# 4A%@7%?6%7# H/??/G5=;# 0%'5/:5.# %6%=47,# U)5@)=# W"II!X
:%7.'5&%:#4A%#'%?)45/=7#&%4G%%=#%77%=45)?# %?%@%=47#/H#)=# 5:%)?# 74'%)@#.?)775H5.)45/=#7*74%@
W$5;('%#!8X,

$5;('%#!8 9%?)45/=7#&%4G%%=#%77%=45)?#%?%@%=47#/H#)=#5:%)?#74'%)@#.?)775H5.)45/=#7*74%@,#M??#./@0/=%=47#)'%
'%](5'%:#4/#)77%77#./=7%'6)45/=#0/4%=45)?#&)7%:#/=#74'%)@#.?)775H5.)45/=#W7/('.%#WU)5@)=#!"#$%&#"II!X

3.7 Concluding on river classification systems

F)=*# /H# 4A%# .?)775H5.)45/=# 7*74%@7# )7# :%7.'5&%:# )&/6%# A)6%# )# 70%.5H5.# ;/)?[# 7(.A# )7
:%7.'5&5=;# )# '56%'# /=# )# .%'4)5=# 70)45)?# 7.)?%# W%,;,# &')5:%:[#@%)=:%'5=;[# 74')5;A4# /=# 74'%)@
?%6%?[# /'# A)&54)4# 4*0%7# 4/# &%# H/(=:# 5=# )# 70%.5H5.# 0)'4# /H# 4A%# '56%'X# /'# 4A%# (7%# H/'# 0/?5.*
5@0?%@%=4)45/=#G54A5=#)#70%.5H5.#./(=4'*,#M00%=:5\#K#;56%7#)#H%G#%\)@0?%7#/H#4A%#H%)4('%7
/'#.A)').4%'5745.7#(7%:#H/'#.?)775H5.)45/=#7*74%@7,#TA%#:5745=.45/=#&%4G%%=#H).4/'7#5=H?(%=.5=;
4A%7%# 4*0%7# /H# 7*74%@7# '%@)5=7# ')4A%'# (=70%.5H5%:# 5=# @)=*# /..)75/=7[# /'# 4A%# :%'56%:
5=H/'@)45/=#)00%)'7#=/4#'%?%6)=4#GA%=#7%)'.A5=;#H/'#L$9#./@0)45&?%#7*74%@7,
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TA%#&5/?/;5.)?#@%4A/:7[#7(.A#)7#4A%#$?//:#P(?7%#K/=.%04#)=:#4A%#956%'#K/=45=((@#K/=.%04
:/# 4)S%# ]()?54*# 5=4/# )../(=4[# &(4# 4A%# .?)775H5.)45/=# @%4A/:7# '%@)5=# 6);(%[# 4A%'%# 57# )
:5745=.45/=#&%4G%%=#(074'%)@#)=:#:/G=74'%)@,#>/G%6%'[#GA%=#4'*5=;#4/# 5@0?%@%=4# 4A57# 4/
'56%'7# 5=# :5HH%'%=4# '%;5/=7# /H# 4A%#G/'?:[# 4A%# ./=.%04#@5;A4# A)6%# 4/# &%# )?4%'%:[# 75=.%# '56%'
.A)').4%'5745.7# .)=# :5HH%'# %70%.5)??*# &%4G%%=# )'5:# )=:# =/=1)'5:# '%;5/=7[# G54A# )# '%7(?45=;
:5HH%'%=.%#5=#&5/4)#H/(=:#)=:#7.)?5=;#@)*#;56%#0'/&?%@7#W-4)4g=%'#)=:#>5;?%'[#"IDBX,#TA(7[#)
.?5@)45.#:5HH%'%=.%#&%4G%%=#'56%'#?/.)45/=7#7A/(?:#&%#4)S%=#5=4/#)../(=4[#&(4#@)=*#7*74%@7
?).S#4A57#)&5?54*,#$/'#)#7*74%@#?5S%#4A%#74'%)@#/':%'#.?)775H5.)45/=[#.?5@)4%#57#=/4#)#=%.%77)'*
H).4/'#4/#&%#4)S%=#5=4/#)../(=4[#A/G%6%'#54#)00%)'7#4A)4#4A57#.?)775H5.)45/=#7*74%@#57#/H#?544?%
(7%#4/#L$9#&%.)(7%#/H#547#75@0?5.54*,

M?7/#H(=.45/=7#/H#'56%'7#)'%#=/4#:57.(77%:#)=:#4A%# 5=H?(%=.%#/H#)'45H5.5)?# 74'(.4('%7# 7(.A#)7
:)@7# )=:# .)=)?7# )'%# =/4# 4)S%=# 5=4/# )../(=4,# <=# 4A%# &5/?/;5.)?# .?)775H5.)45/=7# 4A%'%# 57# =/
)77%77@%=4#/H#%,;,#H57A%'5%7[#);'5.(?4('%[#5=:(74'5)?#=%%:7,

M#.?)775H5.)45/=#7*74%@#7A/(?:#4)S%#4A%#H(=.45/=7#/H#)#'56%'#5=4/#)../(=4#)=:#4A%#7*74%@#(7%:
4/#:%7.'5&%#4A%7%#H%)4('%7#7A/(?:#&%#%)7*#4/#(7%,#<=#4A57#0%'70%.456%#4A%#Z(4.A#Q)4%'#L./4/0%
-*74%@#57#:%75;=%:#G54A#)#@)3/'#0('0/7%#/H#@)005=;#%./4/0%7#/H#G)4%'#&/:5%7#@)=);%:#&*
4A%#=)45/=)?#)(4A/'545%7#/H#4A%#U%4A%'?)=:7,#M?4A/(;A#6%'*#:%4)5?%:#5=#:%7.'5045/=#54#@5;A4#&%
/H#(7%#)7#)#74)'45=;#0/5=4#H/'#:%H5=5=;#)#0').45.)?#)=:#7(54)&?%#.?)775H5.)45/=#)=:#:%7.'5045/=
7*74%@#5=#4A%#H')@%G/'S#/H#7%445=;#L$97,#$/'#4A57#'%)7/=#4A%#5:%)#/H#%.4/0%7#@5;A4#&%#)?4%'%:
5=#7(.A#)#G)*#4A)4#7.)?%#?%6%?#57#./)'7%'#)=:#@/'%#H/.(77%:#/=#H(=.45/=)?545%7#/H#)#?)=:7.)0%
(=54,



ENFRAIM review Q2957.10 February 2002

WL | Delft Hydraulics 4 - 1

4 Functions of river systems

M4# 4A%# &)757# /H# %=65'/=@%=4)?# 0'/&?%@7# 5=# 4A%# (7%# /H# G)4%'# '%7/('.%7# ?5%7# )# H(=:)@%=4)?
.'5757#&%4G%%=#4A%#:%@)=:#/=#4A%#'%7/('.%7#/=#/=%#A)=:#)=:#4A%#0%'H/'@)=.%#/H#4A%#G)4%'
'%7/('.%7#7*74%@#/=#4A%#/4A%'#A)=:#W^U#"II!X,#-5=.%#L$97#)'%#7%4#5=#/':%'# 4/#@)5=4)5=#/'
5@0'/6%# 4A%# :5HH%'%=4# H(=.45/=7# /H# )# '56%'# 7*74%@# 54# 57# =%.%77)'*# 4/# :5745=;(57A# GA5.A
H(=.45/=7#)'%#0'%7%=4#5=#)#'56%'#7*74%@,#-%6%')?#H(=.45/=7#)7#:5745=;(57A%:#5=#)#'%0/'4#&*#4A%
^=54%:#U)45/=7#/=#%=65'/=@%=4)??*#7/(=:#)=:#7(74)5=)&?%#:%6%?/0@%=4#/H#G)4%'#'%7/('.%7#5=
M75)#)=:#4A%#P).5H5.#)'%#:570?)*%:#5=#T)&?%#8,

T)&?%#8 $(=.45/=7#/H#4A%#G)4%'#'%7/('.%7#7*74%@#W7/('.%#W^U#"II!XX

H(=.45/=7 :%7.'5045/= %\)@0?%7 :%@)=:7#/=#4A%#7*74%@
-(&7574%=.%
H(=.45/=7

V/.)?#./@@(=545%7#@)S%#(7%#/H#G)4%'
)=:#G)4%'1&)7%:#0'/:(.47#GA5.A#)'%
=/4#@)'S%4%:

V/.)?#:'5=S5=;#G)4%'
T'):545/=)?#H57A5=;
-(&7574%=.%#5''5;)45/=

A5;A#G)4%'#]()?54*[#;'/(=:G)4%'#'%.A)';%
F%:5(@#G)4%'#]()?54*[#H?//:5=;#H'%](%=.*
H?//:5=;#H'%](%=.*#WH?//:0?)5=#);'5.(?4('%X

./@@%'.5)?
H(=.45/=7

P(&?5.#/'#0'56)4%#%=4%'0'57%7#@)S%#(7%
/H#G)4%'#/'#G)4%'1&)7%:#0'/:(.47
GA5.A#)'%#@)'S%4%:#/'#/4A%'G57%#;56%
)#@/=%4)'*#6)?(%

^'&)=#:'5=S5=;#G)4%'
<=:(74'5)?#G)4%'#7(00?*
<''5;)45/=
>*:'/0/G%'#;%=%')45/=
K/@@%'.5)?#H57A5=;

A5;A#G)4%'#]()?54*#)=:#*%)'#'/(=:#7(HH5.5%=.*
A5;A_@%:5(@#G)4%'#]()?54*#)=:#*%)'#'/(=:
7(HH5.5%=.*
7%)7/=)?#G)4%'#H?/G
*%)'#'/(=:#G)4%'#H?/G
@%:5(@#G)4%'#]()?54*#)=:#=)4(')?#G)4%'#'%;5@%

%=65'/=@%=4)?
H(=.45/=7

'%;(?)45/=#H(=.45/=7[#=/=1./=7(@0456%
(7%

P('5H5.)45/=#.)0).54*
9%;(?)45/=#/H#4A%#A*:'/?/;5.)?
.*.?%
P'%6%=45/=#/H#7)?4#5=4'(75/=
9%.'%)45/=#)=:#4/('57@
T')=70/'4)45/=

A5;A#.)0).54*
@5=5@5g%#%\4'%@%#%6%=47#WH?//:5=;[#:'/(;A4X
7(HH5%.5%=4#*%)'#'/(=:#H?/G#)4#'56%'#@/(4A
)#'5.A#)=:#:56%'75H5%:#%./7*74%@[#A5;A#G)4%'
])()?54*
7(HH5.5%=4#*%)'#'/(=:#G)4%'#:%04A7

/045/=#6)?(% H(=.45/=7#/'#6)?(%7#GA5.A#5=#4A%#H(4('%
@)*#&%./@%#5@0/'4)=4

N%=%#0//? )#'5.A#)=:#:56%'75H5%:#%./7*74%@[#A5;A#G)4%'
]()?54*

%\574%=.%#6)?(% 5=4'5=75.#6)?(%#)775;=%:#4/#%=4545%7#/H
4A%#7*74%@#=/4#:%'56%:#H'/@#/4A%'
H(=.45/=7#/'#6)?(%7

U)4('%#./=7%'6)45/=#6)?(% )#'5.A#)=:#:56%'75H5%:#%./7*74%@[#A5;A#G)4%'
]()?54*

TA%7%#H(=.45/=7#)??#A)6%#:5HH%'%=4#'%](5'%@%=47#)=:#:%@)=:#70%.5H5.#./=:545/=7#4/#&%#0'%7%=4
5=#)#G)4%'# 7*74%@,#M?7/[# =/4# %6%'*# H(=.45/=# 57# /..(''5=;# 4A'/(;A/(4# 4A%#G)4%'# 7*74%@[# &(4
/H4%=# 5=# 70%.5H5.)??*# ?5=S%:# 4/# )# .%'4)5=# ?/.)45/=# G54A5=# 4A%# 7*74%@,# $/'# %\)@0?%[
4')=70/'4)45/=#G5??#&%#)=#).45654*#4A)4#@)5=?*#H/.(7%7#/=#4A%#@)5=#74'%)@#)=:#75:%#74'%)@#/H
4A%# '56%'[# GA%'%)7# 5''5;)45/=# 57# 70%.5H5.)??*# ?5=S%:# 4/# 4A%# H?//:0?)5=7# GA%'%# );'5.(?4# 57
0').457%:,# T/;%4A%'# G54A# 4A57# ?)4%')?# :5745=.45/=# 4A%'%# 57# )?7/# )# ?/=;54(:5=)?# 7%0)')45/=# /H
H(=.45/=7,#$/'#%\)@0?%[#A*:'/0/G%'#;%=%')45/=#G5??#=/4#/H4%=#&%#H/(=:#5=#(074'%)@#0)'47#/H
4A%#'56%'#)=:#70)G=5=;#A)&54)4#/H# '56%'5=%# H57A%7# 57#/H4%=# H/(=:# 5=# 4A%# 7@)??%'#0)'47#/H# 4A%
7*74%@# W(074'%)@# /'# 75:%# .A)==%?7X,# T)&?%# C# 5=:5.)4%7# 0%'# '56%'# 7*74%@# (=54# 4A%# @/74
5@0/'4)=4#H(=.45/=7#4/;%4A%'#G54A#4A%#'%](5'%@%=47#=%.%77)'*#4/#@)5=4)5=#4A%7%#H(=.45/=7,
M'%)7#GA%'%#0'/&?%@7#H/'#)#70%.5H5.#'%](5'%@%=4#@)*#.'%)4%#5@0/'4)=4#0'/&?%@7#5=
0)'45.(?)'#A)6%#&%%=#5=:5.)4%:,
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T)&?%#C $(=.45/=7#0%'#'56%'#7*74%@#(=54,#<=:5.)4%:#5=#;'%*#)'%#4A%#(=547#5=#GA5.A#)#H(=.45/=#57#@/74#/H4%=#0'%7%=4,#k()=454*#)=:#]()?54*#?5@54)45/=#)'%#5=:5.)4%:#4/;%4A%'#G54A#4A%#7%)7/=)?
'%](5'%@%=47#5=#GA5.A#k?7R#k()?54*#?5@54%:#7%)7/=)?#:*=)@5.7Y#k?*R#k()?54*#?5@54%:#*%)'#'/(=:#@5=5@(@Y#k=7R#k()=454*#?5@54%:#7%)7/=)?#:*=)@5.7#'%](5'%:[#G54A#)#@5=5@(@#)@/(=4
/H#G)4%'#5=#)4#?%)74#/=%#7%)7/=#'%](5'%:Y#k=*R#k()=454*#?5@54%:#*%)'#'/(=:#@5=5@(@#'%](5'%:

!"#$%&'# ()*"&()+ ",-%()./0)('-&'#01'#) %(.#-,'(%01'#)
-'"($) /.&#0-%()./ -&+)

-%()./-
2)%3.#+ !3''+,3.&# /.&#0-%()./ -&+)0-%()./- 2)%3.#+ !3''+,3.&# -%.4#.#%02.%)(- ()-)(5'&(-
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5 Conclusions
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A Glossary
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B Overview of EFAs
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C Frequently used EFA criteria
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