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WORKING WITH NATURE 
TO REDUCE CLIMATE RISK



EXECUTIVE SUMMARY
C

lim
ate ch

an
ge is th

e greatest th
reat to th

e fu
tu

re of ou
r societies 

an
d econ

om
ies. A

ll th
e scien

ce points to w
orsen

in
g risks from

 
extrem

e floods, drou
ghts, m

eltin
g glaciers an

d risin
g sea levels. 

B
u

t th
e clim

ate crisis is n
ot ju

st a fu
tu

re th
reat. C

lim
ate ch

an
ge is 

already aff
ectin

g w
ater resou

rces an
d exacerbatin

g w
ater-related 

risks across th
e globe, w

ith
 im

pacts bein
g felt by com

m
u

n
ities, 

corporation
s an

d cou
ntries.

In
 E

u
rope, th

ese risin
g risks are occu

rrin
g on

 a lan
dscape th

at h
as 

already been
 dram

atically altered by people – in
clu

din
g in

 w
ays 

th
at exacerbate th

ese ch
allen

ges, su
ch

 as th
e loss of floodplain

s, 
ch

an
n

elin
g of rivers, con

stru
ction

 of dam
s an

d ram
pant coastal 

developm
ent. A

ll of th
ese ch

an
ges are part of a w

idespread loss 
of ecosystem

s an
d biodiversity on

 th
e contin

ent, in
clu

din
g th

e 
destru

ction
 of 56 per cent of its n

atu
ral w

etlan
ds.

In
creasin

gly, it seem
s as if th

e forces of n
atu

re are arrayed again
st 

ou
r h

om
es, bu

sin
esses an

d econ
om

ies – an
d th

at tradition
al 

respon
ses can

 n
o lon

ger h
old back th

e tide or th
e floods or th

e 
drou

ghts. Th
e an

sw
er involves a greater focu

s on
 h

arn
essin

g th
e 

pow
er of n

atu
re to h

elp in
crease ou

r resilien
ce an

d redu
ce th

ese 
risks – by investin

g in
 N

atu
re-based S

olu
tion

s (N
bS).

W
h

ile w
e can

 on
ly tackle E

u
rope’s w

orsen
in

g w
ater-related 

ch
allen

ges by em
ployin

g a diverse ran
ge of solu

tion
s w

ith
 a basin

 
perspective an

d in
 an

 integrated w
ay, it is essential to prioritise N

bS
 

– solu
tion

s th
at u

se n
atu

ral system
s or processes to h

elp ach
ieve a 

societal goal, su
ch

 as m
an

agin
g w

ater su
pplies or redu

cin
g disaster 

risk for people. A
 h

allm
ark of N

bS
 is th

at th
ey can

 provide a ran
ge of 

oth
er ben

efits to people an
d n

atu
re an

d th
u

s can
 h

elp tackle today’s 
oth

er great global crisis – th
e loss of th

e biodiversity, in
clu

din
g an

 
8

3 per cent collapse in
 fresh

w
ater species popu

lation
s on

 average 
sin

ce 1970
. N

bS
 can

 also contribu
te to th

e ach
ievem

ent of oth
er 

intern
ation

al objectives, su
ch

 as th
e S

u
stain

able D
evelopm

ent G
oals 

an
d P

aris C
lim

ate A
greem

ent.

A
lth

ou
gh

 m
ost of E

u
rope featu

res exten
sive infrastru

ctu
re an

d 
w

ater-m
an

agem
ent system

s, th
e contin

ent still confronts a n
u

m
ber 

of w
ater-related ch

allen
ges th

at are projected to inten
sify w

ith
 

clim
ate ch

an
ge. U

sin
g N

bS
 to address th

ese ch
allen

ges can
 also 

h
elp restore n

atu
re across E

u
rope – boostin

g eff
orts to ach

ieve oth
er 

critical policy objectives, in
clu

din
g th

e attain
m

ent of good ecological 
statu

s for all rivers an
d oth

er w
aters u

n
der th

e W
ater Fram

ew
ork 

D
irective (cu

rrently 60
 per cent are in

 bad h
ealth) an

d h
elpin

g E
u

rope 
lead th

e tran
sition

 to a h
ealthy plan

et, as ou
tlin

ed in
 th

e E
u

ropean
 

C
om

m
ission’s n

ew
 G

reen
 D

eal.
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W
W

F’s m
ission

 is to stop th
e degradation

 of th
e plan

et’s n
atu

ral environ
m

ent an
d to 

bu
ild a fu

tu
re in

 w
h

ich
 h

u
m

an
s live in

 h
arm

ony w
ith

 n
atu

re, by: con
servin

g th
e w

orld’s 
biological diversity, en

su
rin

g th
at th

e u
se of ren

ew
able n

atu
ral resou

rces is su
stain

able, 
an

d prom
otin

g th
e redu

ction
 of pollu

tion
 an

d w
astefu

l con
su

m
ption

.



CALL TO ACTION 
A

s th
ese exam

ples sh
ow

, N
atu

re-based S
olu

tion
s h

ave con
siderable 

potential to im
prove lan

d an
d w

ater m
an

agem
ent an

d to redu
ce 

w
ater-related risks. B

u
t despite th

e m
u

ltiple ben
efits th

at N
bS

 can
 

provide, cu
rrently less th

an
 1 per cent of total investm

ents in
 w

ater-
m

an
agem

ent infrastru
ctu

re is allocated tow
ard N

bS
. E

u
ropean

 
cou

ntries an
d com

pan
ies m

u
st u

rgently in
crease investm

ent in
 N

bS
 

to bu
ild m

ore resilient societies, econ
om

ies an
d ecosystem

s.

• Th
e E

u
rop

ean
 C

om
m

ission
 m

u
st en

su
re th

at th
e E

U
 

B
iodiversity S

trategy for 20
30

 in
clu

des legally bin
din

g targets 
for restorin

g w
etlan

ds, peatlan
ds an

d floodplain
s, stren

gth
en

 
th

e im
plem

entation
 of th

e W
ater Fram

ew
ork D

irective so th
at all 

su
rface an

d grou
n

d w
aters w

ill be in
 good statu

s by 20
27, an

d 
lau

n
ch

 a large-scale deploym
ent of N

atu
re-based S

olu
tion

s for 
w

ater m
an

agem
ent in

 order to en
h

an
ce th

e n
atu

ral treatm
ent of 

pollu
tion

, su
stain

 biodiversity, an
d in

crease resilien
ce to clim

ate 
ch

an
ge. 

• E
u

rop
ean

 cou
n

tries m
u

st integrate N
bS

 into river basin
 

m
an

agem
ent plan

s an
d protect rem

ain
in

g free-flow
in

g stretch
es 

of rivers for th
eir biodiversity, ecological an

d societal valu
es. In

 
addition

, E
U

 M
em

ber S
tates m

u
st integrate N

bS
 into Flood R

isk 
M

an
agem

ent P
lan

s an
d as part of th

e fu
ll im

plem
entation

 of th
e 

W
FD

. 

• P
rivate sector com

p
an

ies m
u

st adopt w
ater stew

ardsh
ip, 

begin
n

in
g by assessin

g th
eir w

ater risks an
d th

en
 developin

g a 
strategy th

at m
itigates th

em
, in

clu
din

g prom
otin

g th
e in

dividu
al 

an
d collective application

 of N
bS

 w
h

ere possible. 

• Th
e fi

n
an

cial sector m
u

st better u
n

derstan
d w

ater risk an
d h

ow
 

to accou
nt for it w

h
en

 valu
in

g investm
ents, en

gage w
ith

 existin
g 

eff
orts an

d start to create off
erin

gs th
at fin

an
ce N

bS
, an

d su
pport 

policy th
at lays th

e fou
n

dation
 for credible green

 investm
ents. 

E
u

rope’s past featu
res a dram

atic loss of n
atu

re. A
lon

g w
ith

 
dim

in
ish

in
g th

e contin
ent’s w

ildlife, th
e loss of forests, w

etlan
ds an

d 
floodplain

s h
as in

creased th
e risks from

 floodin
g, drou

ght, an
d poor 

w
ater qu

ality. C
lim

ate ch
an

ge w
ill exacerbate th

ese risks – even
 if 

w
e su

cceed in
 h

oldin
g th

e rise in
 global tem

peratu
re to u

n
der 1.5 

degrees. 

W
e do n

ot su
ggest th

at N
bS

 are th
e sole solu

tion
 to w

ater-related 
ch

allen
ges, bu

t th
ey sh

ou
ld be prioritized becau

se th
ey h

ave th
e 

potential to restore som
e of th

e losses of th
e past, w

h
ile redu

cin
g 

th
e risks of th

e fu
tu

re. N
bS

 provide diverse ben
efits th

at w
ill h

elp 
com

m
u

n
ities, corporation

s an
d cou

ntries to in
crease resilien

ce an
d 

adapt to clim
ate ch

an
ge, especially w

h
en

 N
bS

 are plan
n

ed an
d 

im
plem

ented at a river basin
 scale an

d in
 an

 integrated w
ay across 

sectors.

S
im

ilar to advice on
 h

ow
 to be a savvy investor,  th

ose m
an

agin
g 

risin
g clim

ate risks sh
ou

ld strive for a “diversified portfolio approach” 
th

at integrates N
bS

 w
ith

 m
ore convention

al solu
tion

s. In
 a w

arm
in

g 
w

orld, w
e risk seein

g n
atu

re’s pow
er as on

ly a th
reat. B

y investin
g in

 
N

atu
re-based S

olu
tion

s, w
e also get n

atu
re’s pow

er on
 ou

r side.

N
atu

re-b
ased

 S
olu

tion
s are key to p

lan
n

in
g

 for th
e follow

in
g

 five 
ob

jectives across E
u

rop
e:

• R
ed

u
cin

g
 risk fro

m
 extrem

e river fl
o

o
d

in
g

D
u

e to a com
b

in
ation

 of clim
ate ch

an
g

e an
d

 d
evelop

m
en

t in
 

flood
p

lain
s, th

e n
u

m
b

er of p
eop

le aff
ected

 by flood
s in

 E
u

rop
e 

h
as b

een
 risin

g
 an

d
 flood

 d
am

ag
es are p

red
icted

 to in
crease 

con
sid

erab
ly in

 th
e fu

tu
re. A

 con
sen

su
s is em

erg
in

g
 th

at a m
u

ch
 

b
road

er ap
p

roach
 –

 a ‘d
iversified

 p
ortfolio’ –

 is n
eed

ed
 to m

an
ag

e 
cu

rren
t an

d
 fu

tu
re flood

 risks.

A
lon

g
 w

ith
 n

on
-stru

ctu
ral m

easu
res, su

ch
 as im

p
roved

 zon
in

g
 an

d
 

b
u

ild
in

g
 cod

es, th
ere n

eed
s to b

e m
u

ch
 g

reater in
vestm

en
t in

 N
b

S
, 

w
h

ich
 can

 red
u

ce th
e im

p
act of extrem

e flood
s by slow

in
g

 ru
n

off
 

(i.e. by p
rotectin

g
 n

atu
ral forests an

d
 ad

optin
g

 b
est ag

ricu
ltu

ral 
p

ractice) an
d

 low
erin

g
 flood

 levels (i.e. by p
reservin

g
 an

d
 restorin

g
 

flood
p

lain
s), w

h
ile also h

elp
in

g
 to restore flood

p
lain

 ecosystem
s, 

w
h

ich
 are am

on
g

 th
e m

ost d
iverse h

ab
itats on

 th
e p

lan
et.

• R
ed

u
cin

g
 risk fro

m
 co

a
sta

l fl
o

o
d

in
g

 o
r ero

sio
n

S
ea level h

as b
een

 risin
g

 an
d

 w
ill con

tin
u

e to rise th
is cen

tu
ry. W

h
ile 

h
ard

 en
g

in
eerin

g
 solu

tion
s w

ill still b
e n

eed
ed

 in
 som

e situ
ation

s 
to red

u
ce coastal flood

 risk, th
e b

est option
 w

ill in
clu

d
e a m

ix of 
ap

p
roach

es th
at d

raw
 on

 N
b

S
 as m

u
ch

 as p
ossib

le, su
ch

 as th
e 

p
rotection

 or restoration
 of salt m

arsh
es an

d
 oyster reefs. Th

ese w
ill 

h
elp

 to red
u

ce w
ave en

erg
y, m

in
im

ize th
e im

p
act of storm

 su
rg

es, 
an

d
 stab

ilize sh
orelin

es, w
h

ile also p
rovid

in
g

 oth
er d

iverse b
en

efits, 
su

ch
 as carb

on
 seq

u
estration

 an
d

 h
ab

itats for w
ild

life.  

• R
ed

u
cin

g
 th

e risk of fl
o

o
d

in
g

 in
 cities

C
ou

p
led

 w
ith

 all th
eir im

p
erviou

s su
rfaces, m

an
y cities h

ave 
p

aved
 over th

eir w
etlan

d
s an

d
 ch

an
n

elized
 th

eir rivers, so th
at 

h
eavy rain

fall can
 rap

id
ly overw

h
elm

 storm
 d

rain
ag

e system
s an

d
 

cau
se severe flood

in
g

. In
vestin

g
 in

 a ran
g

e of N
b

S
, su

ch
 as p

orou
s 

p
avem

en
ts an

d
 th

e restoration
 of w

etlan
d

s, can
 slow

 d
ow

n
 an

d
 

store ru
n

off
, an

d
 red

u
ce flood

 p
eaks. Fortu

itou
sly, m

ost of th
ese 

N
b

S
 con

trib
u

te to g
reen

er an
d

 m
ore vib

ran
t u

rb
an

 en
viron

m
en

ts.

• M
a

n
a

g
in

g
 w

a
ter sca

rcity a
n

d
 red

u
cin

g
 risk fro

m
 d

ro
u

g
h

ts 

Th
e d

rou
g

h
ts of 20

0
3

 an
d

 20
15 w

ere am
on

g
 E

u
rop

e's m
ost severe 

in
 th

e p
ast 250

 years. M
an

ag
in

g
 for w

ater scarcity an
d

 d
rou

g
h

t risk 
sh

ou
ld

 strive for a d
iverse, in

teg
rated

 an
d

 com
p

reh
en

sive ap
p

roach
 

–
 w

ith
 an

 em
p

h
asis on

 N
b

S
, in

clu
d

in
g

 u
sin

g
 n

atu
ral featu

res to 
in

crease w
ater availab

ility, su
ch

 as rech
arg

in
g

 g
rou

n
d

w
ater an

d
 

retain
in

g
 w

ater in
 soils. Th

is can
 h

elp
 cou

n
tries m

ove from
 sim

p
ly 

reactin
g

 to d
rou

g
h

ts to b
u

ild
in

g
 a ‘d

rou
g

h
t resilien

t society’.

• Im
p

rovin
g

 w
a

ter q
u

a
lity

A
rou

n
d 60

 per cent of E
u

ropean
 w

ater bodies are still pollu
ted w

ith
 

ch
em

icals, prim
arily from

 agricu
ltu

re. A
 n

u
m

ber of N
bS

 can
 h

elp 
im

prove w
ater qu

ality, ran
gin

g from
 biodiversity-based approach

es 
to restorin

g w
etlan

ds th
at filter sedim

ent an
d pollu

tion
 from

 ru
n

off
.

4
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INTRODUCTION
Th

e n
ew

s is filled w
ith

 stories of extrem
e floods an

d drou
ghts an

d 
scientists are in

creasin
gly able to lin

k th
e ch

an
gin

g clim
ate to th

e 
w

orsen
in

g im
pacts of th

ese events. C
om

m
u

n
ities su

ff
er losses, 

com
pan

ies see th
eir su

pply ch
ain

s an
d produ

ction
 interru

pted, 
in

su
ran

ce rates rise. M
eanw

h
ile, a steady stream

 of scientific papers 
an

d intern
ation

al reports m
akes a stron

g case th
at, w

ith
ou

t rapid 
action

 on
 redu

cin
g em

ission
s, th

ese ch
allen

ges w
ill on

ly get w
orse.

C
ollectively, th

ese stories an
d reports m

ake it seem
 as if th

e forces 
of n

atu
re are in

creasin
gly arrayed again

st ou
r h

om
es, ou

r bu
sin

esses 
an

d ou
r econ

om
ies. B

u
t w

e can
 also h

arn
ess th

e pow
er of n

atu
re to 

h
elp bu

ild resilien
ce an

d defen
d u

s again
st th

ese risks by investin
g in

 
N

atu
re-based S

olu
tion

s (N
bS), w

h
ich

 w
ill also contribu

te to tacklin
g 

th
e oth

er great global crisis: biodiversity loss.

A
s th

e lan
dm

ark G
lobal C

om
m

ission
 on

 A
daptation

 report ‘A
dapt 

N
ow

’ m
ade clear, th

e im
pacts of “clim

ate ch
an

ge w
ill m

ost 
im

m
ediately an

d m
ost acu

tely be felt th
rou

gh
 w

ater.” W
arm

er air can
 

h
old m

ore m
oistu

re, resu
ltin

g in
 larger an

d m
ore frequ

ent floods. 
R

isin
g seas w

ill raise flood risks alon
g th

e coasts. M
eanw

h
ile, som

e 
region

s of th
e w

orld, in
clu

din
g parts of E

u
rope, are projected to 

becom
e drier an

d to experien
ce lon

ger an
d m

ore frequ
ent drou

ghts. 
Th

e m
eltin

g of glaciers an
d redu

ction
 in

 sn
ow

 cover in
 h

igh
 m

ou
ntain

 
areas w

ill drastically alter ru
n

 off
 an

d river flow
s. Fu

rth
erm

ore, 
w

arm
er tem

peratu
res n

ot on
ly in

crease evaporation
 from

 soils an
d 

w
ater dem

an
d from

 irrigation
, th

ey can
 also exacerbate ch

allen
ges 

th
at arise from

 poor w
ater qu

ality. M
ore inten

se rainfall is predicted 
to in

crease th
e am

ou
nt of h

azardou
s su

bstan
ces th

at are flu
sh

ed 
into river system

s from
 u

rban
 an

d agricu
ltu

ral lan
d. 1

Th
ese risks w

ill be felt by com
m

u
n

ities, com
pan

ies an
d cou

ntries. 
C

om
m

u
n

ities w
ill face in

creasin
g risks from

 extrem
e floods, 

in
clu

din
g loss of life an

d property, an
d disru

ption
s to w

ater 
su

pplies. C
om

pan
ies w

ill confront th
ese sam

e local risks, alon
g 

w
ith

 disru
ption

s to th
eir su

pply ch
ain

s, as w
ell as repu

tation
al an

d 
regu

latory risks as com
m

u
n

ities an
d cou

ntries respon
d to ch

an
gin

g 
con

dition
s. A

ll of th
ese tran

slate into risks for fin
an

cial in
stitu

tion
s 

an
d in

su
ran

ce com
pan

ies (B
ox 1). Fin

ally, n
ation

al govern
m

ents w
ill 

n
eed to address th

ese diverse risks to th
eir people, infrastru

ctu
re, 

an
d econ

om
ic system

s to en
su

re th
at th

eir cou
ntries rem

ain
 stron

g 
an

d resilient in
 th

e face of clim
ate ch

an
ge.

1 E
E

A
. (20

12). E
u

ropean
 W

aters - assessm
ent of statu

s an
d pressu

res. C
open

h
agen

: E
u

ropean
 

E
nviron

m
ent A

gen
cy

6
7

Box 1. Climate change will increase stress 
on disaster-risk finance
A

 recent stu
dy led by D

u
tch

 scientists 
(J

on
gm

an
 et al. 20

14) fou
n

d th
at large 

flood events in
 E

u
rope ten

d to occu
r in

 
several rivers at th

e sam
e tim

e. Th
u

s, 
events w

ith
 h

igh
 fin

an
cial losses w

ill ten
d 

to aff
ect m

u
ltiple cou

ntries at on
ce. Th

is 
pu

ts h
igh

 stress on
 in

su
ran

ce com
pan

ies 
an

d oth
er m

ech
an

ism
s for tran

sferrin
g 

risk. Fu
rth

erm
ore, th

e au
th

ors project 
th

at “extrem
e flood losses cou

ld m
ore 

th
an

 dou
ble in

 frequ
en

cy by 20
50

 
u

n
der fu

tu
re clim

ate ch
an

ge an
d socio-

econ
om

ic developm
ent.” Th

ey posit th
at 

m
an

agin
g grow

in
g risk is feasible bu

t w
ill 

requ
ire collaboration

 from
 com

m
u

n
ities, 

corporation
s an

d cou
ntries, in

clu
din

g a 
com

m
itm

ent to investin
g in

 m
easu

res to 
redu

ce flood losses.



8
9

In
 E

u
rope, th

ese risin
g risks an

d ch
allen

ges from
 clim

ate ch
an

ge are 
occu

rrin
g on

 a lan
dscape th

at h
as already been

 dram
atically altered by 

people – in
clu

din
g in

 w
ays th

at exacerbate th
ese ch

allen
ges, su

ch
 as th

e 
loss of floodplain

s, ch
an

n
elin

g of rivers, con
stru

ction
 of dam

s an
d ram

pant 
coastal developm

ent. For exam
ple, th

e w
idespread loss of w

etlan
ds an

d 
floodplain

s, an
d expan

sion
 of h

ard su
rfaces h

ave contribu
ted to h

igh
er 

flood levels. B
y con

strictin
g ch

an
n

els an
d con

centratin
g floodw

aters, 
dikes inten

ded to prevent floodin
g can

 actu
ally in

crease flood risk u
p an

d 
dow

n
stream

. Floodplain
s an

d coastlin
es h

ave been
 exten

sively developed, 
dram

atically in
creasin

g th
e n

u
m

ber of people an
d th

e property valu
e at risk 

from
 floods an

d storm
s. 

A
ll of th

ese ch
an

ges are part of a w
idespread loss of n

atu
ral ecosystem

s an
d 

biodiversity on
 th

e contin
ent, an

d th
u

s a loss of fu
n

ction
ality of ou

r rivers. 
E

u
rope h

as lost m
ore th

an
 56 per cent of its n

atu
ral w

etlan
ds, m

ost of th
em

 
in

 th
e last centu

ry. 2 D
u

e to th
e h

igh
 n

u
m

ber of dam
s, alon

g w
ith

 dikes an
d 

oth
er infrastru

ctu
re, n

on
e of E

u
rope’s lon

g rivers can
 be classified as free-

flow
in

g, 3 w
h

ich
 n

ot on
ly h

as an
 im

pact on
 th

e rivers th
em

selves, bu
t also 

on
 th

e coasts. B
arely 4

0
 per cent of w

ater bodies (Figu
re 1) an

d less th
an

 15 
per cent of floodplain

s can
 be con

sidered to be in
 good ecological statu

s. 4 
A

s a resu
lt of th

ese w
idespread h

abitat ch
an

ges, alon
g w

ith
 pollu

tion
 an

d 
oth

er th
reats, E

u
rope’s fresh

w
ater species are in

 crisis w
ith

 59 per cent of 
m

ollu
scs, 4

0
 per cent of fish

 an
d 23 per cent of am

ph
ibian

s th
reaten

ed w
ith

 
extin

ction
. 5

2 D
avidson

, N
ick. (20

14). H
ow

 m
u

ch
 w

etlan
d h

as th
e w

orld lost? Lon
g-term

 an
d recent tren

ds in
 

global w
etlan

d area. M
arin

e an
d Fresh

w
ater R

esearch
. 65. 936-941. 10

.10
71/M

F14173. https://w
w

w
.

research
gate.n

et/pu
blication

/26638
8

4
96_

H
ow

_
m

u
ch

_
w

etlan
d_

h
as_

th
e_

w
orld_

lost_
Lon

g-
term

_
an

d_
recent_

tren
ds_

in
_

global_
w

etlan
d_

area
3 S

en
su

 G
rill et al. 20

19 M
appin

g th
e w

orld’s free-flow
in

g rivers. N
atu

re, 569(7755), p.215.
4 E

u
ropean

 E
nviron

m
ent A

gen
cy. 20

18
.  W

hy sh
ou

ld w
e care abou

t floodplain
s; https://w

w
w

.eea.
eu

ropa.eu
/th

em
es/w

ater/eu
ropean

-w
aters/w

hy-sh
ou

ld-w
e-care-abou

t-floodplain
s

5 P
B

E
S

 (20
19): G

lobal assessm
ent report on

 biodiversity an
d ecosystem

 services of th
e Intergov-

ern
m

ental S
cien

ce-P
olicy P

latform
 on

 B
iodiversity an

d E
cosystem

 S
ervices. E

. S
. B

ron
dizio, J

. 
S

ettele, S
. D

íaz, an
d H

. T. N
go (editors). IP

B
E

S
 secretariat, B

on
n

, G
erm

any.(2.2.7.14)

0
%

10
0

%
R

B
D

 areas w
ith

ou
t d

ata
N

o d
ata

O
u

tsid
e coverag

e

P
ercentage of n

u
m

ber of w
ater bodies n

ot in
 

good ecological statu
s or potential per river 

basin
 district (R

B
D

) in
 secon

d R
iver B

asin
 

M
an

agem
ent P

lan
s.

E
u

ropean
 w

aters - A
ssessm

ent of statu
s 

an
d pressu

res 20
18

. E
E

A

PERCENTAGE OF WATER BODIES NOT IN 
GOOD ECOLOGICAL CONDITION

F
IG

U
R

E
 1



W
h

ile w
e can

 on
ly tackle E

u
rope’s w

orsen
in

g w
ater-related ch

allen
ges by 

em
ployin

g a diverse ran
ge of solu

tion
s, it is essential th

at w
e prioritise 

N
atu

re-based S
olu

tion
s – defin

ed in
 th

e W
orld W

ater D
evelopm

ent R
eport as 

th
ose th

at u
se n

atu
ral system

s or processes to h
elp ach

ieve a societal goal, 
su

ch
 as m

an
agin

g w
ater su

pplies or redu
cin

g disaster risk for people. 6 N
bS

 
can

 su
bstitu

te for, or com
plem

ent, th
e services provided by convention

al 
en

gin
eerin

g approach
es an

d at th
e sam

e tim
e provide a ran

ge of oth
er 

ben
efits to people an

d n
atu

re – su
ch

 as n
atu

ral treatm
ent of w

ater pollu
tion

, 
h

abitat for w
ildlife an

d clim
ate m

itigation
 – an

d can
 th

u
s boost progress 

tow
ards th

e S
u

stain
able D

evelopm
ent G

oals an
d contribu

te to cou
ntries’ 

com
m

itm
ents u

n
der th

e P
aris C

lim
ate A

greem
ent. W

ith
 th

e E
u

ropean
 

C
om

m
ission

 pu
rsu

in
g a n

ew
 G

reen
 D

eal to lead th
e tran

sition
 to a h

ealthy 
plan

et, th
ere is a u

n
iqu

e opportu
n

ity to m
obilize an

d prioritize investm
ents in

 
N

atu
re-based S

olu
tion

s to accelerate clim
ate action

.

S
im

ilar to advice on
 h

ow
 to be a savvy investor, th

ose m
an

agin
g risin

g 
clim

ate risks sh
ou

ld strive for a “diversified portfolio approach” th
at 

integrates N
bS

 w
ith

 m
ore convention

al solu
tion

s. N
bS

 h
ave th

e potential 
to n

ot on
ly redu

ce risks from
 fu

tu
re clim

ate ch
an

ge, bu
t to begin

 reversin
g 

th
e losses of th

e past, especially by h
elpin

g to restore h
ealthy rivers an

d 
fresh

w
ater h

abitats, w
h

ich
 are central to eff

orts to adapt to clim
ate ch

an
ge 

an
d stren

gth
en

 m
itigation

.

In
 th

is report, w
e explore th

e potential for N
bS

 to h
elp E

u
rope m

an
age 

fresh
w

ater resou
rces an

d redu
ce w

ater-related risks, especially th
ose 

aff
ected by clim

ate ch
an

ge. W
e start by an

alyzin
g risks for com

m
u

n
ities, 

com
pan

ies an
d govern

m
ents an

d h
ow

 th
ey are sh

iftin
g w

ith
 clim

ate ch
an

ge. 
W

e th
en

 explore a set of N
bS

 th
at can

 contribu
te to redu

cin
g th

ese risks 
an

d illu
strate som

e of th
em

 w
ith

 case stu
dies draw

n
 prim

arily from
 E

u
rope. 

Fin
ally, w

e con
clu

de w
ith

 a set of recom
m

en
dation

s for policies, fu
n

din
g 

m
ech

an
ism

s, an
d corporate practices th

at can
 accelerate adoption

 of N
bS

 
as cou

ntries strive to im
prove th

eir m
an

agem
ent of w

ater resou
rces an

d 
ach

ieve a ran
ge of oth

er societal objectives.

6 U
N

-W
ater. 20

18
. Th

e U
n

ited N
ation

s W
orld W

ater D
evelopm

ent R
eport 20

18
: N

atu
re-based 

S
olu

tion
s for W

ater. P
aris, U

N
E

S
C

O
.

10
11



THE NEED AND OPPORTUNITY
FOR NBS IN EUROPE
C

lim
ate ch

an
ge is already aff

ectin
g w

ater resou
rces an

d w
ater-related 

risks in
 E

u
rope. D

u
e to sh

iftin
g precipitation

 pattern
s, parts of E

u
rope h

ave 
already seen

 extrem
e floods becom

e m
ore frequ

ent. M
eanw

h
ile, som

e parts 
of th

e contin
ent are projected to becom

e drier an
d to experien

ce lon
ger 

an
d m

ore frequ
ent drou

ghts. O
verall, pattern

s of rainfall are projected 
to becom

e m
ore ‘flashy’ so th

at som
e places w

ill experien
ce in

creased 
risk of b

oth
 floods an

d drou
ghts. Fu

rth
erm

ore, w
arm

er tem
peratu

res can
 

exacerbate ch
allen

ges th
at arise from

 poor w
ater qu

ality; excess n
u

trients 
in

 ru
n

off
 can

 trigger h
arm

fu
l algal bloom

s in
 lakes an

d coastal w
aters, an

d 
w

arm
er tem

peratu
res can

 in
crease th

e scale an
d frequ

en
cy of th

ese bloom
s. 

E
con

om
ic losses cau

sed by clim
ate an

d w
eath

er-related extrem
e events in

 
E

u
rope h

ave soared sin
ce th

e 198
0

s, from
 €

7.5 billion
 per year to over €

13 
billion

 per year betw
een

 20
10

 an
d 20

17 (all figu
res in

 20
17 valu

es). 7

For m
any of th

ese ch
allen

ges, N
bS

 – defin
ed as solu

tion
s “in

spired an
d 

su
pported by n

atu
re [th

at] u
se, or m

im
ic, n

atu
ral processes to contribu

te to” 
ach

ievin
g societal goals

8  – can
 h

elp cou
ntries expan

d beyon
d tradition

al 
w

ater-m
an

agem
ent respon

ses an
d potentially produ

ce m
ore du

rable an
d 

su
stain

able ou
tcom

es (Table 1).

7 E
u

ropean
 E

nviron
m

ent A
gen

cy https://w
w

w
.eea.eu

ropa.eu
/data-an

d-m
aps/in

dicators/direct-
losses-from

-w
eath

er-disasters-3/assessm
ent-2

8 U
N

-W
ater. 20

18
; see n

ote 6.
12

13

Tab
le 1. E

xam
ples of G

reen
 Infrastru

ctu
re solu

tion
s - a key com

pon
ent of 

N
atu

re-based S
olu

tion
s - organ

ized by th
e w

ater-m
an

agem
ent objective 

th
ey are inten

ded to ach
ieve. 9 

9 U
n

ited N
ation

s E
nviron

m
ent P

rogram
m

e. 20
14. G

reen
 Infrastru

ctu
re G

u
ide for W

ater 
M

an
agem

ent: E
cosystem

-based m
an

agem
ent approach

es for w
ater-related infrastru

ctu
re 

projects IS
B

N
: 978

-92-8
0

7-34
0

4
-1
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Fu
rth

erm
ore, sin

ce co-ben
efits of N

bS
 in

clu
de en

h
an

cin
g ecosystem

 h
ealth

 
an

d biodiversity, u
sin

g N
bS

 to address w
ater-m

an
agem

ent ch
allen

ges 
can

 su
pport eff

orts to ach
ieve E

u
ropean

 environ
m

ental policy objectives 
th

at h
ave n

ot yet been
 m

et, su
ch

 as th
e w

idespread attain
m

ent of good 
ecological statu

s for rivers. In
 addition

, th
ey w

ill h
ave a key role to play in

 th
e 

E
u

ropean
 G

reen
 D

eal, w
h

ich
 aim

s to lead th
e tran

sition
 to a h

ealthy plan
et, 

m
ake E

u
rope th

e first clim
ate-n

eu
tral contin

ent by 20
50

 an
d preserve 

E
u

rope’s n
atu

ral environ
m

ent.

N
bS

 can
 h

elp E
u

rope address th
ese key w

ater-m
an

agem
ent ch

allen
ges:  

• E
xtrem

e fl
ood

in
g

 from
 rivers. A

lth
ou

gh
 floodin

g is a n
atu

ral 
ph

en
om

en
on

 th
at contribu

ted to th
e fertilization

 of agricu
ltu

ral lan
d in

 th
e 

past, th
e in

crease in
 settlem

ents an
d th

e inten
sification

 of lan
d u

ses, an
d, 

in
 m

any cases, in
adequ

ate w
ater m

an
agem

ent h
ave led to th

e disasters 
w

e see in
 th

e n
ew

s. Floods h
ave cau

sed m
ore dam

age th
an

 any oth
er 

n
atu

ral extrem
e event in

 E
u

rope th
is centu

ry
10 an

d econ
om

ic losses from
 

floods are predicted to in
crease con

siderably in
 th

e fu
tu

re (Figu
re 2), risin

g 
to €

23.5 billion
 by 20

50
 – n

early five tim
es greater th

an
 th

e an
n

u
al losses 

betw
een

 20
0

0
 an

d 20
12 (€

4.2 billion). Tw
o-th

irds of th
is in

crease are 
attribu

ted to contin
u

ed developm
ent in

 floodplain
s w

h
ile on

e-th
ird is du

e 
to clim

ate ch
an

ge. 11 

R
eview

in
g variou

s path
w

ays for E
u

rope to respon
d to risin

g flood risk, a 
team

 of scientists n
ote th

at relyin
g strictly on

 tradition
al m

easu
res (e.g., 

in
creasin

g dike h
eights) is “n

ot su
stain

able in
 th

e lon
g term

". In
stead, 

Loren
zo A

lfieri an
d h

is colleagu
es recom

m
en

d a diversified approach
 

th
at com

bin
es a ran

ge of m
easu

res “w
orkin

g in
 syn

ergy an
d optim

ized 
at th

e level of river basin
s." 12 A

lon
g w

ith
 n

on
-stru

ctu
ral m

easu
res, su

ch
 

as im
proved zon

in
g an

d bu
ildin

g codes, a diversified approach
 sh

ou
ld 

prioritize m
u

ch
 greater investm

ent in
 N

bS
, w

h
ich

 can
 redu

ce th
e im

pact 
of extrem

e floods by slow
in

g ru
n

off
 (i.e. by protectin

g n
atu

ral forests, 
restorin

g w
etlan

ds an
d adoptin

g best agricu
ltu

ral practice) an
d low

erin
g 

flood levels (i.e. by preservin
g an

d restorin
g floodplain

s, dike setbacks an
d 

floodw
ays). A

s a co-ben
efit, N

bS
 approach

es in
 floodplain

s cou
ld h

elp 
restore th

ese im
portant an

d fertile ecosystem
s, w

h
ich

 play a key role as 
n

atu
ral w

ater retention
 areas an

d h
otspots for biodiversity. 

A
 ran

ge of econ
om

ic activities – from
 agricu

ltu
re to u

rban
 expan

sion
 – 

h
ave contribu

ted to th
e conversion

 or degradation
 of E

u
rope’s floodplain

s, 
so th

at less th
an

 15%
 can

 be classified as h
avin

g good ecological statu
s. 

D
iverse E

U
 policies n

ow
 prom

ote th
e protection

 an
d restoration

 of 
floodplain

s, in
clu

din
g th

e W
ater Fram

ew
ork D

irective, th
e Floods D

irective, 
th

e E
U

 20
20

 B
iodiversity S

trategy, an
d th

e H
abitats an

d B
irds D

irective. 13

10 E
u

ropean
 E

nviron
m

ent A
gen

cy. 20
11. D

isasters in
 E

u
rope: m

ore frequ
ent an

d cau
sin

g m
ore 

dam
age. E

E
A

. D
en

m
ark

11 J
on

gm
an

, B
., H

och
rain

er-S
tigler, S

., Feyen
, L., A

erts, J
.C

., M
ech

ler, R
., B

otzen
, W

.W
., B

ou
w

er, L.M
., 

P
flu

g, G
., R

ojas, R
. an

d W
ard, P.J

., 20
14. In

creasin
g stress on

 disaster-risk fin
an

ce du
e to large 

floods. N
atu

re C
lim

ate C
h

an
ge, 4

(4), p.264.
12 A

lfieri, L., Feyen
, L. an

d D
i B

aldassarre, G
., 20

16. In
creasin

g flood risk u
n

der clim
ate ch

an
ge: a 

pan
-E

u
ropean

 assessm
ent of th

e ben
efits of fou

r adaptation
 strategies. C

lim
atic C

h
an

ge, 136(3-4), 
pp.50

7-521.
13 E

u
ropean

 E
nviron

m
ent A

gen
cy. 20

18
; see n

ote 4.

 

• D
rou

g
h

t. Th
e drou

ghts th
at E

u
rope experien

ced in
 20

0
3 an

d 20
15 w

ere 
am

on
g th

e m
ost severe in

 th
e past 250

 years. 14 Th
e 20

0
3 drou

ght resu
lted 

in
 approxim

ately €
10

 billion
 in

 econ
om

ic losses, prim
arily to agricu

ltu
re, 15 

an
d w

idespread declin
es in

 river levels redu
ced hydropow

er gen
eration

, 
n

egatively aff
ected pow

er plants th
at u

se rivers for coolin
g w

ater, an
d 

interru
pted n

avigation
 on

 th
e D

an
u

be, E
lbe an

d R
h

in
e R

ivers. 16  
 A

lth
ou

gh
 drou

ghts h
ave gen

erally been
 associated w

ith
 sou

th
ern

 E
u

rope, 
cou

ntries in
 n

orth
er E

u
rope are also n

ow
 experien

cin
g drou

ght. In
 20

18
, 

G
erm

any su
ff

ered its fou
rth

 driest year sin
ce 18

8
1 an

d €
2.5 billion

 in
 

crop losses. 17 In
 20

19, th
e Fren

ch
 pow

er com
pany, E

D
F, w

as forced to 
tem

porarily h
alt operation

s at som
e of its n

u
clear pow

er plants becau
se 

th
e w

ater in
 th

e R
h

on
e river w

as too low
 an

d too w
arm

. 
 D

u
e to risin

g tem
peratu

res – w
h

ich
 in

crease evapotran
spiration

 an
d 

redu
ce soil m

oistu
re – an

d sh
iftin

g precipitation
, m

u
ch

 of E
u

rope is 
projected to face in

creased drou
ght risk an

d w
ater scarcity in

 th
e com

in
g 

decades. S
ou

th
ern

 E
u

rope is particu
larly vu

ln
erable (see Figu

re 3), 
especially sin

ce excessive w
ater con

su
m

ption
, m

ain
ly for agricu

ltu
re, 

resu
lts in

 th
ese cou

ntries experien
cin

g contin
u

ou
s w

ater stress, 
u

n
derm

in
in

g th
eir capacity to w

ith
stan

d extrem
e drou

ght events. 

14 H
an

el, M
., R

akovec, O
., M

arkon
is, Y., M

áca, P., S
am

an
iego, L., Kyselý, J

. an
d Ku

m
ar, R

., 20
18

. R
evis-

itin
g th

e recent E
u

ropean
 drou

ghts from
 a lon

g-term
 perspective. S

cientific reports, 8
(1), p.94

99.
15 E

u
ropean

 C
om

m
ission

. 20
0

7. D
rou

ght M
an

agem
ent P

lan
 R

eport, in
clu

din
g A

gricu
ltu

ral, D
rou

ght 
In

dicators an
d C

lim
ate C

h
an

ge A
spects. W

ater S
carcity an

d D
rou

ghts E
xpert N

etw
ork. N

ovem
ber 

20
0

7.
16 S

ayers, P.B
., Li Yu

anyu
an

, M
on

crieff
, C

, Li J
ian

qian
g, Tickn

er, D
., X

u
 X

ian
gyu

, S
peed, R

., Li A
ih

u
a, 

Lei G
an

g, Q
iu

 B
in

g, W
ei Yu

 an
d P

egram
 G

. 20
16. D

rou
ght risk m

an
agem

ent: A
 strategic approach

. 
P

u
blish

ed by U
N

E
S

C
O

, P
aris on

 beh
alf of W

W
F.

17 W
W

F G
erm

any. D
rou

ght R
isk: Th

e G
lobal Th

irst for W
ater in

 th
e E

ra of C
lim

ate C
risis. 20

19 https://
m

obil.w
w

f.de/fileadm
in

/fm
-w

w
f/P

u
blikation

en
-P

D
F/W

W
F_

D
rou

ghtR
isk_

E
N

_
W

E
B

.pdf

Fig
u

re 2
. C

u
rrent an

d fu
tu

re flood risk, h
igh

lightin
g areas projected to 

experien
ce th

e greatest in
crease in

 floodin
g (W

W
F W

ater R
isk Filter)
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W
ater scarcity issu

es h
ave u

su
ally been

 tackled by in
creasin

g th
e n

u
m

ber of 
dam

s to store w
ater an

d th
rou

gh
 w

ater tran
sfers, bu

t paradoxically w
e see 

th
at despite th

e inten
se level of regu

lation
 of ou

r rivers, w
ater risk rem

ain
s 

h
igh

 in
 th

e M
editerran

ean
 region

, an
d w

ill in
crease fu

rth
er. M

an
agin

g for 
w

ater scarcity an
d drou

ght risk sh
ou

ld strive for a diverse, integrated an
d 

com
preh

en
sive approach

 – w
ith

 an
 em

ph
asis on

 dem
an

d m
an

agem
ent as 

w
ell as on

 N
bS

, in
clu

din
g u

sin
g n

atu
ral featu

res to in
crease w

ater availability, 
su

ch
 as rech

argin
g grou

n
dw

ater an
d retain

in
g w

ater in
 soils. Th

is can
 h

elp 
cou

ntries m
ove from

 sim
ply reactin

g to drou
ghts to bu

ildin
g a ‘drou

ght 
resilient society’.

• C
oa

sta
l fl

ood
in

g
 a

n
d

 erosion
. S

ea levels h
ave been

 risin
g an

d w
ill 

contin
u

e to rise th
is centu

ry. Th
e risks of coastal floodin

g an
d erosion

 are 
predicted to in

crease du
e to a com

bin
ation

 of clim
ate ch

an
ge, developm

ent 
in

 coastal zon
es, sin

kin
g of coastal areas – as sedim

ents th
at n

atu
rally 

reach
ed th

e coast are n
ow

 trapped by dam
s u

pstream
 – an

d h
abitat 

destru
ction

. A
 recent stu

dy projected th
at – w

ith
ou

t in
creased investm

ent 
in

 coastal defen
ses – an

n
u

al losses in
 E

u
rope w

ou
ld in

crease by orders 
of m

agn
itu

de by th
e en

d of th
e centu

ry, from
 ju

st over €
1 billion

 per year 
to betw

een
 €

90
 an

d €
90

0
 billion

 per year. Th
e n

u
m

ber of people aff
ected 

w
ou

ld sim
ilarly soar, from

 approxim
ately 10

0
,0

0
0

 per year to 1.5 to 3.6 m
illion

 
per year. 18

W
h

ile h
ard en

gin
eerin

g solu
tion

s w
ill still be n

eeded in
 som

e situ
ation

s to 
redu

ce coastal flood risk, th
e best option

 w
ill in

clu
de a m

ix of approach
es 

th
at draw

 on
 N

bS
 as m

u
ch

 as possible, su
ch

 as th
e protection

 or restoration
 

of salt m
arsh

es, coastal lagoon
s, coastal peatlan

ds, san
d du

n
es an

d oyster 
reefs. Th

ese w
ill h

elp to redu
ce w

ave en
ergy, m

in
im

ize th
e im

pact of storm
 

su
rges, an

d stabilize sh
orelin

es, w
h

ile also providin
g oth

er diverse ben
efits, 

su
ch

 as carbon
 sequ

estration
 to boost clim

ate m
itigation

, an
d h

abitats for 
w

ildlife.

18
 V

ou
sdou

kas, M
.I., M

entasch
i, L., V

ou
kou

valas, E
., V

erlaan
, M

., J
evrejeva, S

., J
ackson

, L.P. an
d Fey-

en
, L., 20

18
. G

lobal probabilistic projection
s of extrem

e sea levels sh
ow

 inten
sification

 of coastal 
flood h

azard. N
atu

re com
m

u
n

ication
s, 9(1), p.2360

.

• W
a

ter q
u

a
lity. W

h
ile som

e aspects of w
ater qu

ality in
 E

u
ropean

 w
ater 

bodies h
ave im

proved over th
e past few

 decades, excess n
u

trients rem
ain

 
a problem

, w
ith

 th
e m

ajority of n
u

trient pollu
tion

 com
in

g from
 agricu

ltu
ral 

ru
n

off
. E

xcess n
u

trients, su
ch

 as n
itrogen

 an
d ph

osph
orou

s, w
ash

ed 
into lakes an

d coastal areas can
 lead to eu

troph
ication

 an
d h

arm
fu

l algal 
bloom

s an
d dead zon

es, w
h

ich
 in

 tu
rn

 w
ill in

crease green
h

ou
se gas 

em
ission

s. 19 W
arm

er w
ater can

 in
crease th

e du
ration

 an
d severity of th

ese 
bloom

s – an
d inten

se rainfall events can
 w

ash
 m

ore fertilizer ru
n

off
 into 

rivers – so clim
ate ch

an
ge cou

ld exacerbate th
is ch

allen
ge. In

deed, parts 
of E

u
rope, in

clu
din

g th
e B

altic S
ea are projected to see an

 in
crease in

 
h

arm
fu

l algal bloom
s as th

e w
orld w

arm
s. 20

A
gricu

ltu
ral practices can

 in
crease soil erosion

 an
d sedim

entation
 in

 
rivers, w

h
ich

 can
 n

egatively aff
ect aqu

atic species an
d requ

ire greater 
treatm

ent costs in
 w

ater su
pply system

s an
d greater m

ainten
an

ce 
an

d replacem
ent costs. R

u
n

off
 from

 convention
al farm

s can
 also carry 

h
erbicides an

d pesticides into stream
s an

d rivers, aff
ectin

g aqu
atic 

species an
d drin

kin
g w

ater. B
y 20

15, 41%
 of w

aterbodies in
 E

u
rope h

ad 
ach

ieved “good ch
em

ical statu
s” u

n
der th

e W
ater Fram

ew
ork D

irective, 
bu

t 50
%

 still rem
ain

ed pollu
ted to varyin

g degrees. In
 10

%
 of cases th

e 
pollu

tion
 levels h

ad n
ot even

 been
 an

alyzed. 
 A

 n
u

m
ber of N

bS
 can

 h
elp im

prove w
ater qu

ality, ran
gin

g from
 

biodiversity-based approach
es for m

an
agin

g agricu
ltu

ral pests th
at 

requ
ire less u

se of pesticides to better soil m
an

agem
ent, to bu

ildin
g or 

restorin
g w

etlan
ds an

d riverin
e vegetation

 th
at filter sedim

ent, n
u

trients 
an

d oth
er pollu

tion
 from

 ru
n

off
.

19 B
eau

lieu
, J

.J
., D

elS
ontro, T. an

d D
ow

n
in

g, J
.A

., 20
19. E

u
troph

ication
 w

ill in
crease m

eth
an

e em
is-

sion
s from

 lakes an
d im

pou
n

dm
ents du

rin
g th

e 21st centu
ry. N

atu
re C

om
m

u
n

ication
s, 10

(1), p.1375.
20 G

libert, P.M
., Icaru

s A
llen

, J
., A

rtioli, Y., B
eu

sen
, A

., B
ou

w
m

an
, L., H

arle, J
., H

olm
es, R

. an
d H

olt, 
J

., 20
14. V

u
ln

erability of coastal ecosystem
s to ch

an
ges in

 h
arm

fu
l algal bloom

 distribu
tion

 in
 

respon
se to clim

ate ch
an

ge: projection
s based on

 m
odel an

alysis. G
lobal ch

an
ge biology, 20

(12), 
pp.38

4
5-38

58
.

Fig
u

re 3
. C

u
rrent an

d fu
tu

re w
ater stress, h

igh
lightin

g areas projected to 
experien

ce th
e greatest in

crease in
 w

ater stress (W
W

F W
ater R

isk Filter) 
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Box 2. Water Framework Directive: 
a key tool to handle climate change

Th
e W

ater Fram
ew

ork D
irective (W

FD
) is a key tool 

for w
ater m

an
agem

ent in
 th

e cou
ntries of th

e 
E

u
ropean

 U
n

ion
, as w

ell as som
e oth

ers ou
tside. 

A
pproved in

 20
0

0
, it in

clu
des am

on
g its pu

rposes 
“to estab

lish
 a fram

ew
ork for th

e protection
 

of in
lan

d su
rface w

aters, tran
sition

al w
aters, 

coastal w
aters an

d grou
n

dw
ater w

h
ich

 […]
preven

ts fu
rth

er deterioration
 an

d protects an
d 

en
h

an
ces th

e statu
s of aq

u
atic ecosystem

s […] 
aim

s at en
h

an
ced protection

 an
d im

provem
en

t 
of th

e aqu
atic environ

m
en

t […] an
d con

trib
u

tes 
to m

itigatin
g th

e eff
ects of floods an

d drou
gh

ts 
an

d th
ereby con

trib
u

tes to th
e provision

 of th
e 

su
ffi

cien
t su

pply of good q
u

ality su
rface w

ater 
an

d grou
n

dw
ater as n

eeded for su
stain

ab
le, 

b
alan

ced an
d equ

itab
le w

ater u
se”.

To ach
ieve th

ose goals th
e W

FD
 dem

an
ds a 

basin
 perspective, in

corporates deep an
alysis 

of th
e cu

rrent statu
s of w

aters, in
clu

din
g 

th
eir hydrom

orph
ology, an

d requ
ests th

e 
establish

m
ent of a P

rogram
m

e of M
easu

res to 
recover th

e good statu
s of all w

aters by 20
27 at 

th
e latest. 

O
n

e of th
e so-called dau

gh
ter directives 

of th
e W

FD
 is th

e Floods D
irective, w

h
ich

 
establish

es th
e n

eed for flood risk m
an

agem
ent 

plan
s focu

sed on
 prevention

, protection
 an

d 
preparedn

ess, both
 for river an

d coastal floods. 
Th

e E
u

ropean
 C

om
m

ission
 h

as already stressed 
th

e n
eed to prioritise N

atu
re-based S

olu
tion

s in
 

dealin
g w

ith
 floods. 21   

21 D
G

 E
nviron

m
ent. E

U
 C

om
m

ission
. "Tow

ards B
etter 

E
nviron

m
ental O

ption
s in

  Flood R
isk M

an
agem

ent". M
arch

 
20

11d R
isk M

an
agem

ent". M
arch

 20
11
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TYPES OF NBS INTERVENTIONS 
AND CASE STUDIES
In

 th
is section

 w
e review

 N
b

S
 in

terven
tion

s in
ten

d
ed

 
to ad

d
ress five sp

ecific ob
jectives an

d
 p

rovid
e on

e or 
m

ore sh
ort case stu

d
ies of each

 (Fig
u

re 4
), d

raw
in

g
 

p
rim

arily on
 exam

p
les from

 E
u

rop
e. A

lth
ou

g
h

 w
e 

featu
re in

d
ivid

u
al section

s on
 each

 of th
ese ob

jectives, 
w

e w
an

t to em
p

h
asize th

at a h
allm

ark of N
b

S
 p

rojects 
is th

at th
ey p

rovid
e m

u
ltip

le b
en

efits. For exam
p

le, u
sin

g
 

fl
ood

p
lain

s to red
u

ce fl
ood

 risk can
 also often

 con
trib

u
te to 

g
rou

n
d

w
ater rech

arg
e (red

u
cin

g
 d

rou
g

h
t risk) an

d
, by p

rom
otin

g
 

d
ep

osition
 of sed

im
en

t an
d

 n
u

trien
ts, im

p
rove w

ater q
u

ality. 
Th

u
s, im

p
lem

en
tation

 of on
e typ

e of N
b

S
 can

 often
 con

trib
u

te to 
im

p
rovem

en
ts in

 several w
ater-m

an
ag

em
en

t ch
allen

g
es. B

eyon
d

 
d

iverse w
ater-m

an
ag

em
en

t b
en

efits, fl
ood

p
lain

 recon
n

ection
 

also su
p

p
orts carb

on
 seq

u
estration

, b
iod

iversity, w
ild

life an
d

 
recreation

. 

Th
e p

oten
tial to ach

ieve th
ese d

iverse b
en

efits w
ill b

e m
axim

ized
 

w
h

en
 N

b
S

 —
 an

d
 h

ow
 th

ey in
teg

rate w
ith

 oth
er in

frastru
ctu

re 
an

d
 m

an
ag

em
en

t activities —
 are p

lan
n

ed
 an

d
 im

p
lem

en
ted

 at a 
system

-scale, su
ch

 as th
at of a river b

asin
. 

Th
is rep

ort looks at th
e follow

in
g

 five ob
jectives th

at can
 b

e 
ach

ieved
 w

ith
 N

b
S

 in
terven

tion
s:

• R
ed

u
cin

g
 risk from

 river fl
ood

in
g

• R
ed

u
cin

g
 risk from

 coastal fl
ood

in
g

 or erosion
• R

ed
u

cin
g

 th
e risk of fl

ood
in

g
 in

 cities
• R

ed
u

cin
g

 risk from
 d

rou
g

h
ts

• Im
p

rovin
g

 w
ater q

u
ality

Fig
u

re 4
. C

on
ceptu

al fig
u

re of d
iff

eren
t typ

es of N
b

S
 in

terven
tion

s in
 a 

river b
asin

 an
d

 th
e b

en
efits th

ey p
rovid

e. (R
iver b

asin
 b

ackg
rou

n
d

 im
ag

e 
u

sed
 w

ith
 p

erm
ission

 from
 th

e N
atu

ral H
eritag

e In
stitu

te)

21

A
. Levee setb

ack/fl
ood

p
lain

 recon
n

ection
• red

u
ction

 of river fl
ood

 risk
• w

ater q
u

ality im
p

rovem
en

ts 
• d

rou
g

h
t risk m

an
ag

em
en

t (g
rou

n
d

w
ater rech

arg
e) 

B
. Flood

 byp
ass (sam

e b
en

efi
ts as A

) 

C
. M

an
ag

in
g

 catch
m

en
t soils an

d
 veg

etation
• d

rou
g

h
t risk m

an
ag

em
en

t
• w

ater q
u

ality im
p

rovem
en

ts
 D

. W
etlan

d
s in

teg
rated

 in
to ag

ricu
ltu

ral lan
d

scap
e

• w
ater q

u
ality im

p
rovem

en
ts

• d
rou

g
h

t risk m
an

ag
em

en
t 

E
. R

ip
arian

 b
u

ff
ers/fi

lter strip
s

• w
ater q

u
ality im

p
rovem

en
ts 

F. C
oastal w

etlan
d

 restoration
• red

u
ced

 coastal fl
ood

in
g

 an
d

 erosion
 

G
. V

ariou
s u

rb
an

 g
reen

 in
frastru

ctu
re in

terven
tion

s

R
ed

u
ction

 of river fl
ood

 risk

W
ater q

u
ality im

p
rovem

en
ts

D
rou

g
h

t risk m
an

ag
em

en
t

R
ed

u
ction

 of coastal fl
ood

in
g

 
an

d
 erosion

U
rb

an
 N

b
S
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NATURE-BASED SOLUTIONS TO REDUCE RISK 
FROM RIVER FLOODING 
 Floodin

g already cau
ses average an

n
u

al losses of n
early €

4
0

 billion
 arou

n
d 

th
e w

orld. 22 Forecasts su
ggest th

at even
 relatively sm

all in
creases in

 th
e 

global average tem
peratu

re w
ill resu

lt in
 an

 in
crease in

 th
e frequ

en
cy of 

inten
se an

d dam
agin

g storm
s an

d floods, an
d th

e m
odeled prediction

s 
are already bein

g confirm
ed w

ith
 extrem

e flood events across th
e w

orld. 23 
B

eyon
d clim

ate ch
an

ge, flood risk is risin
g for oth

er reason
s. In

 region
s w

ith
 

m
atu

re flood defen
se system

s, th
e en

gin
eered stru

ctu
res, su

ch
 as dam

s 
an

d dikes, are often
 deterioratin

g w
ith

 in
su

ffi
cient bu

dgets for repairs an
d 

m
ainten

an
ce. Fu

rth
erm

ore, on
goin

g ch
an

ges in
 river basin

s – in
clu

din
g 

conversion
 of forests an

d w
etlan

ds into agricu
ltu

re lan
d an

d th
e expan

sion
 

of u
rban

 areas dom
in

ated by im
perviou

s su
rfaces – are in

creasin
g th

e size 
an

d frequ
en

cy of floods.

Too often
, debates abou

t investin
g in

 flood-risk m
an

agem
ent focu

s strictly 
on

 en
gin

eered stru
ctu

res, su
ch

 as dam
s, dikes an

d floodw
alls. H

ow
ever, 

a con
sen

su
s is em

ergin
g th

at a m
u

ch
 broader approach

 – a ‘diversified 
portfolio’ – is n

eeded to m
an

age cu
rrent an

d fu
tu

re flood risks. 24 Th
is 

portfolio sh
ou

ld em
ph

asize n
on

-stru
ctu

ral m
easu

res su
ch

 as im
proved 

zon
in

g, bu
ildin

g codes an
d in

su
ran

ce, as w
ell as in

clu
de investm

ent in
 

an
 u

n
der-appreciated lin

e of defen
se: N

atu
re-based S

olu
tion

s, su
ch

 as 
w

etlan
ds an

d floodplain
s m

an
aged to redu

ce flood risk. 25

In
 addition

 to providin
g th

e ben
efit of flood-risk redu

ction
, N

bS
 projects 

can
 also h

elp restore floodplain
 ecosystem

s, w
h

ich
 are am

on
g th

e m
ost 

produ
ctive an

d diverse h
abitats on

 th
e plan

et.

22 C
ooley, H

., 20
0

6. Floods an
d drou

ghts. In
 Th

e W
orld's W

ater 20
0

6–20
0

7: Th
e B

ien
n

ial R
eport on

 
Fresh

w
ater R

esou
rces (p. 392). Islan

d P
ress.

23 M
allakpou

r, I. an
d V

illarin
i, G

., (20
15). Th

e ch
an

gin
g n

atu
re of floodin

g across th
e central U

n
ited 

S
tates. N

atu
re C

lim
ate C

h
an

ge, 5(3), p.250
.

24 S
ayers, P.B

. et al; see n
ote 16.

25 W
orld W

ildlife Fu
n

d. 20
16. N

atu
ral an

d n
atu

re-based flood m
an

agem
ent: A

 G
reen

 G
u

ide. W
ash

-
in

gton
, D

C
.

Th
ere are th

ree m
ain

 categories of N
bS

 for redu
cin

g risk from
 river floodin

g:

• M
a

n
a

g
in

g
 la

n
d

 to reta
in

 a
n

d
 slow

 ru
n

off
. P

recipitation
 across a 

w
atersh

ed or river basin
 leads to ru

n
off

 into stream
s an

d rivers; above 
a given

 rate th
is ru

n
off

 can
 lead to floodin

g. Lan
d —

 in
clu

din
g soils, 

vegetation
 an

d w
etlan

ds - can
 be m

an
aged to slow

 dow
n

 an
d retain

 ru
n

off 
as m

u
ch

 as possible, potentially redu
cin

g floodin
g dow

n
stream

 (w
ith

 
im

pact varyin
g by size of ru

n
off

 event an
d area of w

atersh
ed). S

pecific 
intervention

s can
 in

clu
de protection

 of n
atu

ral forests, reforestation
, 

restorin
g h

ealthy w
etlan

ds, an
d best practices in

 agricu
ltu

re an
d grazin

g 
th

at en
cou

rage infiltration
 into soils or th

e addition
 of featu

res —
 su

ch
 as 

sm
all w

etlan
ds, in

clu
din

g th
ose created by dam

s bu
ilt by reintrodu

ced 
beavers —

 th
at can

 retain
 ru

n
off

. N
ote th

at th
ese intervention

s also redu
ce 

erosion
 an

d risk of lan
dslides. Th

ey gen
erally also overlap w

ith
 th

ose 
inten

ded to im
prove w

ater qu
ality or in

crease resilien
ce to drou

ght. 

• La
rg

e-sca
le p

reserva
tion

 of fl
ood

p
la

in
s a

lon
g

 rivers can
 redu

ce flood 
levels an

d risk in
 som

e situ
ation

s, both
 th

rou
gh

 storage of floodw
aters 

th
at redu

ces flood levels dow
n

stream
 an

d –becau
se lan

d th
at rem

ain
s 

in
 forest, w

etlan
d, or oth

er flood-tolerant lan
d u

ses is gen
erally n

ot 
vu

ln
erable to dam

age du
rin

g floods – by m
in

im
izin

g econ
om

ic dam
age 

from
 floods. 

• H
yb

rid
 g

ra
y-g

reen
 a

p
p

roa
ch

es in
clu

d
in

g
 d

ike setb
a

cks a
n

d
 

fl
ood

w
a

ys. D
ikes can

 be reposition
ed fu

rth
er from

 th
e river to in

crease 
th

e area of floodplain
 available to convey floodw

aters, potentially redu
cin

g 
flood levels elsew

h
ere in

 th
e system

 (see Figu
re 5). Floodw

ays are large 
areas th

at are design
ated to be in

u
n

dated du
rin

g floods, greatly expan
din

g 
th

e area available to store an
d convey floodw

aters (see B
ox 3). D

epen
din

g 
on

 th
e frequ

en
cy w

ith
 w

h
ich

 a floodw
ay is in

u
n

dated, th
e lan

d w
ith

in
 it 

can
 be u

sed for low
 inten

sity activities, su
ch

 as certain
 types of agricu

ltu
re 

or forestry an
d/or recreation

, in
clu

din
g ecotou

rism
. B

oth
 floodw

ays an
d 

th
e addition

al floodplain
 area con

n
ected to th

e river after a dike setback 
can

 provide im
portant h

abitat for fish
, birds an

d oth
er w

ildlife. From
 a 

flood-m
an

agem
ent perspective, th

ese intervention
s are often

 focu
sed on

 
large, potentially dam

agin
g floods. H

ow
ever, sm

all an
d frequ

ent floods can
 

h
ave great valu

e to ecosystem
s. To prom

ote th
ese ecological ben

efits, N
bS

 
intervention

s can
 be plan

n
ed to in

corporate featu
res th

at m
axim

ize th
e 

ben
efits of th

ese sm
all floods. 26

26  O
pperm

an
, J

.J
., M

oyle, P.B
., Larsen

, E
.W

., Florsh
eim

, J
.L. an

d M
anfree, A

.D
., 20

17. Floodplain
s: 

P
rocesses an

d m
an

agem
ent for ecosystem

 services. U
n

iv of C
aliforn

ia P
ress.



Box 3. A gray-green hybrid approach reduces 
flood risk in California’s Sacramento Valley and 
demonstrates the multiple benefits of NbS.
 Th

e 60
,0

0
0

 acre Yolo B
ypass in

 C
aliforn

ia’s 
S

acram
ento Valley – a vast area of floodplain

 th
at 

w
as recon

n
ected to th

e S
acram

ento R
iver n

early a 
centu

ry ago – provides an
 eff

ective dem
on

stration
 

of th
e potential for large-scale recon

n
ection

 of 
floodplain

s to h
elp m

an
age flood risk for cities 

an
d farm

s. Th
e B

ypass conveys n
early 8

0
 percent 

of th
e S

acram
ento R

iver’s flood volu
m

e du
rin

g 
m

ajor storm
s, redu

cin
g flood risk as it flow

s past 
its n

am
esake city, w

h
ich

 it h
as a lon

g h
istory of 

floodin
g. A

lth
ou

gh
 en

gin
eers design

ed it strictly 
for flood m

an
agem

ent, th
e B

ypass provides th
e 

best rem
ain

in
g low

lan
d floodplain

 h
abitat in

 th
e 

C
entral Valley, su

pportin
g vast flocks of n

ative 
birds an

d providin
g rearin

g h
abitat for en

dan
gered 

fish
 species, su

ch
 as salm

on
. B

ecau
se it is 

in
u

n
dated frequ

ently an
d for lon

g periods, 
floodw

aters can
 rech

arge th
e grou

n
dw

ater an
d 

th
e B

ypass served as an
 im

portant contribu
tor to 

a grou
n

dw
ater ban

k du
rin

g a drou
ght. 

A
 m

ajor h
ig

h
w

ay crosses th
e Yolo B

yp
ass w

h
ile 

it con
veys a larg

e volu
m

e of fl
ood

w
aters to 

p
rotect th

e city of S
acram

en
to.

24
25

Fig
u

re 5
. C

on
cep

tu
al d

iag
ram

 of a d
ike setb

ack p
roject. (A

) Th
e dikes are located 

close to th
e ch

an
n

el an
d, du

rin
g floods, are exposed to h

igh
 velocity flow

s, in
creasin

g 
th

e risk of erosion
 an

d n
eed for m

ainten
an

ce. Th
ere is lim

ited room
 for river-floodplain

 
con

n
ectivity an

d ecosystem
 processes betw

een
 th

e dikes. (B
) D

ikes th
at are set back 

from
 th

e river; for th
e sam

e flood as in
 A

, th
e setback dikes are exposed to low

er 
w

ater stages an
d flow

 velocities, redu
cin

g erosion
 an

d m
ainten

an
ce costs. Th

e area 
available to su

pport floodplain
 ecosystem

s is greatly expan
ded. From

 O
pperm

an
 et al. 

(20
17) an

d u
sed w

ith
 perm

ission
 from

 th
e U

n
iversity of C

aliforn
ia P

ress.  
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CASE STUDIES: Lödderitzer Forest
Th

e E
lbe R

iver begin
s in

 th
e Krkon

oše M
ou

ntain
s of th

e C
zech

 
R

epu
blic before flow

in
g into G

erm
any an

d u
ltim

ately reach
in

g 
th

e N
orth

 S
ea ju

st dow
n

stream
 of H

am
bu

rg. Flow
in

g for 1,329 
km

, it is slightly lon
ger th

an
 th

e R
h

in
e an

d its basin
, at n

early 
150

,0
0

0
 squ

are kilom
eters, is on

e of th
e largest in

 E
u

rope. 
Th

e rich
 floodplain

s alon
g th

e E
lbe h

ave been
 farm

ed for 
centu

ries, w
ith

 an
 estim

ated 8
0

 per cent of its floodplain
 

area discon
n

ected from
 th

e river by dikes.

A
lth

ou
gh

 dikes an
d floodw

alls h
ave been

 bu
ilt to h

old back th
e 

E
lbe’s floodw

aters, th
e river an

d its basin
 h

ave experien
ced m

ajor 
floods several tim

es th
is centu

ry. D
u

rin
g th

e record E
u

ropean
 floodin

g 
of 20

0
2 – w

h
ich

 cau
sed m

ore th
an

 10
0

 death
s across th

e central part 
of E

u
rope – th

e E
lbe reach

ed all-tim
e h

igh
 flood stages an

d th
e city of 

D
resden

 su
ff

ered sign
ificant dam

age. J
u

st fou
r years later, portion

s of 
th

e low
er E

lbe saw
 flood stages even

 h
igh

er th
an

 th
ose of 20

0
2, an

d yet 
an

oth
er record flood occu

rred in
 th

e E
lbe basin

 again
 in

 20
13.

W
W

F-G
erm

any h
as focu

sed on
 restorin

g th
e biodiversity-rich

 floodplain
 

forests an
d m

eadow
s alon

g th
e E

lbe sin
ce th

e 1990
s. 27 Th

e Lödderitzer 
Forest, w

ith
 its centu

ries-old stan
ds of oaks, h

as been
 a priority an

d W
W

F 
an

d partn
ers began

 a project to rem
ove an

 existin
g dike, located close to 

th
e ch

an
n

el, alon
g seven

 kilom
eters of river ban

k an
d con

stru
ct a n

ew
 dike 

fu
rth

er from
 th

e river. C
om

pleted in
 20

18
, th

e project recon
n

ected 60
0

 
h

ectares of floodplain
 forest to th

e river.

27 W
W

F-G
erm

any https://w
w

w
.w

w
f.de/th

em
en

-projekte/projektregion
en

/elbe/projekt-m
it-

tlere-elbe/

In
 addition

 to restorin
g som

e of th
e m

ost im
portant floodplain

 
h

abitat in
 C

entral E
u

rope, th
e project is a m

odel of “ecological flood 
protection” in

 G
erm

any. B
ecau

se floodw
aters can

 n
ow

 spread across 
th

e recon
n

ected floodplain
, m

odelin
g resu

lts in
dicate th

at th
ere w

ill 
be sign

ificant redu
ction

 of flood stages – u
p to n

early 30
 centim

eters 
for a flood w

ith
 a 10

0
-year recu

rren
ce interval – for 8

 km
 u

pstream
 

of th
e project site, providin

g a con
siderable redu

ction
 in

 flood risk for 
th

e city of A
ken

.  

Th
ese tw

o m
ain

 project ben
efits – flood-risk redu

ction
 an

d 
biodiversity con

servation
 —

 are reflected in
 W

W
F’s tw

o partn
ers 

on
 th

e project: th
e S

tate A
gen

cy for Flood P
rotection

 an
d W

ater 
M

an
agem

ent of S
axony-A

n
h

alt an
d B

iosph
ere R

eserve of th
e M

iddle 
E

lbe. Th
e €

35 m
illion

 project w
as fu

n
ded largely th

e Federal M
in

istry 
of th

e E
nviron

m
ent (75%

) alon
g w

ith
 th

e state of S
axony A

n
h

alt (15%
) 

an
d W

W
F-G

erm
any (10

%
).

Th
e Lödderitzer Forest is on

e of several recent projects th
at h

ave 
relocated dikes an

d recon
n

ected floodplain
s  to th

e E
lbe R

iver. 
O

n
e of th

ose projects, at Len
zen

, w
as com

pleted in
 20

0
9 an

d so 
w

as tested by th
e 20

13 flood. D
u

rin
g th

at event, th
e expan

ded 
area for floodw

aters redu
ced th

e flood stage u
pstream

 by n
early 

0
.5m

, providin
g sign

ificant flood-risk redu
ction

 for th
e tow

n
 of 

S
ch

n
acken

bu
rg; even

 20
 km

 u
pstream

 at th
e city of W

itten
berge, 

th
e flood stage w

as low
ered by approxim

ately 10
cm

 (Figu
re 6). 

Th
ese dike relocation

 projects on
 th

e E
lbe dem

on
strate th

e flood-
risk redu

ction
 ben

efits of creatin
g m

ore “room
 for th

e river” (B
ox 4) 

an
d th

e potential for floodplain
 recon

n
ection

 to im
prove h

abitat for 
w

ildlife.

M
osaic of floodplain

 
h

abitat in
 th

e recon
n

ected 
floodplain

 alon
g th

e E
lbe 

R
iver at Lentzen

Fig
u

re 6
. D

ecrease in
 

flood stage u
pstream

 
of th

e Lentzen
 P

roject 
du

rin
g th

e flood of 20
13. 

Th
e Lödderitzer Forest 

su
pports th

e last n
ative 

popu
lation

 of th
e E

lbe 
beaver (C

astor fib
er 

alb
icu

s)
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 Box 4. Room for the River in the Netherlands
Th

e N
eth

erlan
ds’ “R

oom
 for th

e R
iver” program

m
e 

is an
 influ

ential an
d often

-cited eff
ort to diversify 

th
e tools u

sed for flood m
an

agem
ent. I n

 fact, 
th

e ph
rase “room

 for th
e river” is n

ow
 often

 
u

sed to den
ote flood m

an
agem

ent th
at m

ore 
fu

lly in
corporates floodplain

 featu
res into flood 

m
an

agem
ent. P

eople in
 th

e N
eth

erlan
ds began

 
bu

ildin
g dikes approxim

ately 10
0

0
 years ago 

alon
g th

e R
h

in
e, M

eu
se an

d oth
er rivers. Th

is 
con

striction
 of ch

an
n

els betw
een

 dikes, com
bin

ed 
w

ith
 sedim

ent deposition
 betw

een
 th

e dikes, 
resu

lted in
 flood stages th

at rose h
igh

er over 
tim

e, requ
irin

g m
u

ltiple in
creases in

 dike h
eight to 

keep u
p. S

ign
ificant floods in

 th
e 1990

s – w
h

ich
 

requ
ired th

e evacu
ation

 of h
u

n
dreds of th

ou
san

ds 
of people – h

igh
lighted th

e potential dan
gers of 

contin
u

ally raisin
g dikes. Th

ose con
cern

s – alon
g 

w
ith

 th
e realization

 th
at, du

e to clim
ate ch

an
ge, 

flood levels an
d sea level w

ou
ld contin

u
e to rise, 

an
d fu

rth
er in

crease flood risks – prom
pted th

e 
N

eth
erlan

ds to explore n
ew

 approach
es.

E
n

gin
eers an

d plan
n

ers decided to em
ph

asize 
m

easu
res th

at w
ou

ld be m
ore resilient to a fu

tu
re 

of h
igh

er flood stages. Th
e plan

s th
at em

erged 
focu

sed on
 in

creasin
g th

e cross-section
al area 

available to convey floodw
aters, in

clu
din

g allow
in

g 
th

e river to spread into form
er floodplain

s in
 

som
e places. C

ollectively, th
ese m

easu
res w

ere 
inten

ded to low
er th

e h
eight of th

e flood stages 
rath

er th
an

 raisin
g th

e h
eight of dikes. In

 20
0

7, 
con

stru
ction

 began
 on

 34
 of th

e projects inten
ded 

to in
crease th

e area available for floodw
aters. 

S
pecific action

s in
clu

de: relocatin
g dikes fu

rth
er 

aw
ay from

 th
e river; con

stru
ctin

g side ch
an

n
els 

to carry h
igh

 flow
s; rem

ovin
g or raisin

g obstacles 
(e.g., bridges); in

creasin
g th

e capacity of ch
an

n
els 

an
d/or floodplain

s th
rou

gh
 excavation

; an
d (5) 

“de-polderin
g” w

h
ich

 w
ill allow

 floodw
aters to 

access areas form
erly protected from

 floodin
g. 

W
h

ile th
ese intervention

s w
ere driven

 prim
arily for 

pu
rposes of redu

cin
g flood risk, th

e program
m

e 
in

clu
ded a legal m

an
date to m

axim
ize valu

es for 
n

atu
re an

d people in
 th

e design
 of projects.  Th

u
s, 

m
any projects in

clu
ded recon

n
ectin

g rivers an
d 

floodplain
s, or creatin

g n
ew

 side ch
an

n
els, an

d 
w

ill h
ave ben

efits for fish
 an

d w
ildlife, alon

g w
ith

 
recreation

 an
d aesth

etics (see H
arin

gvliet case 
stu

dy in
 coastal floodin

g section
 below

). 

28
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NATURE-BASED SOLUTIONS TO REDUCE RISK FROM 
COASTAL EROSION AND FLOODING 

C
oastal storm

s, floods an
d erosion

 are already a m
ajor cau

se of dam
age to 

cou
ntries, w

ith
 U

S
$

30
0

 billion
 in

 in
su

red losses globally in
 th

e past decade 
an

d potentially th
ree tim

es m
ore in

 u
n

in
su

red losses. 28 R
isin

g sea levels w
ill 

in
crease th

ese losses. W
ith

ou
t sign

ificant investm
ents to redu

ce risk, global 
flood dam

age to coastal cities w
ill in

crease by an
 order of m

agn
itu

de or m
ore 

by 20
50

, accordin
g to a 20

13 stu
dy led by a W

orld B
an

k econ
om

ist. 29

S
im

ilar to m
an

agem
ent of river floodin

g, investm
ents to redu

ce coastal flood 
risk h

ave tradition
ally focu

sed on
 h

ard en
gin

eerin
g solu

tion
s su

ch
 as flood 

w
alls an

d dikes. Th
ese w

ill contin
u

e to be n
eeded in

 som
e situ

ation
s, bu

t 
th

ey requ
ire contin

u
ed m

ainten
an

ce an
d reh

abilitation
 an

d contribu
te to 

th
e loss of coastal w

etlan
ds an

d oth
er ecosystem

s. E
u

rope h
as w

itn
essed 

con
siderable declin

es in
 th

e extent of coastal w
etlan

ds: approxim
ately tw

o 
th

irds of th
e coastal w

etlan
ds existin

g a centu
ry ago h

ave been
 lost. 30 

A
 ran

ge of N
bS

 intervention
s can

 redu
ce risks of coastal erosion

 an
d 

floodin
g, w

h
ile also h

elpin
g to redu

ce th
e loss of coastal h

abitat an
d 

providin
g oth

er diverse ben
efits, in

clu
din

g h
abitat for fish

, birds an
d w

ildlife 
an

d carbon
 sequ

estration
. C

oastal N
bS

 intervention
s relevant to E

u
rope 

in
clu

de protection
 or restoration

 of salt m
arsh

es, coastal peatlan
ds an

d 
lagoon

s, seagrass m
eadow

s
31, san

d du
n

es an
d oyster reefs. 

Th
ese n

atu
ral featu

res provide protection
 in

 th
ree w

ays: 32

• R
edu

cin
g w

ave en
ergy. P

lants an
d oth

er n
atu

ral featu
res dissipate th

e 
en

ergy of w
aves breakin

g on
 th

e sh
ore, w

h
ile roots h

elp bin
d soil to redu

ce 
erosion

 from
 w

aves (Figu
re 7); 

• A
tten

u
ate storm

 su
rges. M

ajor storm
s sen

d a large volu
m

e of w
ater in

lan
d, 

raisin
g w

ater levels. N
atu

ral featu
res break u

p th
e en

ergy of th
e su

rge an
d, 

if th
e featu

res are su
ffi

ciently broad, th
ey can

 redu
ce th

e h
eight of th

e 
su

rge experien
ced fu

rth
er in

lan
d; an

d

• M
ain

tain
 sh

orelin
e elevation

. V
egetation

 an
d oth

er com
plex physical 

stru
ctu

res fou
n

d w
ith

in
 n

atu
ral ecosystem

s trap sedim
ent, w

h
ich

 h
elps 

to bu
ild n

ew
 lan

d an
d stabilize sh

orelin
es – a ben

efit th
at is particu

larly 
im

portant to cou
nteract sea level rise. 

. 28 S
paldin

g et al. 20
16. A

tlas of O
cean

 W
ealth

. TN
C

29 H
allegatte, S

., G
reen

, C
., N

ich
olls, R

.J
. an

d C
orfee-M

orlot, J
., 20

13. Fu
tu

re flood losses in
 m

ajor 
coastal cities. N

atu
re clim

ate ch
an

ge, 3(9), p.8
0

2.
30 A

iroldi, L. an
d B

eck, M
.W

., 20
0

7. Loss, statu
s an

d tren
ds for coastal m

arin
e h

abitats of E
u

rope. In
 

O
cean

ography an
d m

arin
e biology (pp. 357-417). C

R
C

 P
ress.

31 Infantes et al (20
12). Eff

ect of a seagrass (P
osidon

ia ocean
ica) m

eadow
 on

 w
ave propagation

. 
M

arin
e E

cology P
rogress S

eries, V
ol. 4

56: 63–72, 20
12

32 S
paldin

g et al. 20
16; see n

ote 28
.

R
estored w

etlan
ds an

d san
d du

n
es in

 th
e C

ape M
ay region

 of N
ew

 J
ersey, 

U
S

A
, provide h

abitat for m
igratory birds, fish

 an
d oth

er w
ildlife. W

h
en

 
S

u
perstorm

 S
an

dy stru
ck th

e region
 in

 20
12, th

ose sam
e ecosystem

 
featu

res h
elped redu

ce dam
ages. 33 A

 stu
dy of th

e overall region
 fou

n
d th

at 
coastal w

etlan
ds redu

ced dam
ages by a total of over U

S
$

60
0

 m
illion

 du
rin

g 
th

at storm
. 34

B
ecau

se coastal ecosystem
s are am

on
g th

e m
ost im

portant for 
sequ

esterin
g carbon

, 35 protection
 or restoration

 of coastal w
etlan

ds cou
ld 

serve as N
bS

 for both
 clim

ate ch
an

ge m
itigation

 (sequ
esterin

g carbon) an
d 

adaptation
 (redu

cin
g losses from

 risin
g risk). 36 For exam

ple, a stu
dy by th

e 
U

K’s R
oyal S

ociety for th
e P

rotection
 of B

irds exam
in

ed th
e spatial overlap 

of areas th
at su

pport h
igh

 h
abitat valu

es an
d also h

ave h
igh

 potential 
for carbon

 sequ
estration

 in
 G

reat B
ritain

. 37 Th
ey fou

n
d th

at, am
on

g th
ese 

h
abitats w

ith
 m

u
ltiple valu

es, coastal h
abitats provided am

on
g th

e h
igh

est 
carbon

 sequ
estration

 potential – an
d also cou

ld h
elp protect coastal 

property from
 erosion

 an
d storm

 su
rges.

Fig
u

re 7
38 C

on
ceptu

al diagram
 of a tidal m

arsh
 atten

u
atin

g w
aves an

d 
redu

cin
g risk of coastal floodin

g.

33 https://blog.n
atu

re.org/scien
ce/20

17/10
/29/san

dy-resilien
ce-n

atu
re-cape-m

ay/
34 N

arayan
, S

., B
eck, M

.W
., W

ilson
, P., Th

om
as, C

.J
., G

u
errero, A

., S
h

epard, C
.C

., R
egu

ero, B
.G

., 
Fran

co, G
., In

gram
, J

.C
. an

d Trespalacios, D
., 20

17. Th
e valu

e of coastal w
etlan

ds for flood dam
age 

redu
ction

 in
 th

e n
orth

eastern
 U

S
A

. S
cientific reports, 7(1), p.94

63.
35 M

cleod, E
. , C

h
m

u
ra, G

. L., B
ou

illon
, S

. , S
alm

, R
. , B

jörk, M
. , D

u
arte, C

. M
., Lovelock, C

. E
., 

S
ch

lesin
ger, W

. H
. an

d S
illim

an
, B

. R
. (20

11), A
 blu

eprint for blu
e carbon

: tow
ard an

 im
proved 

u
n

derstan
din

g of th
e role of vegetated coastal h

abitats in
 sequ

esterin
g C

O
2. Frontiers in

 E
cology 

an
d th

e E
nviron

m
ent, 9: 552-560

. doi:10
.18

90
/110

0
0

4
36 https://w

w
w

.klim
aatbu

ff
ers.n

l/u
ploads/n

ew
s/0

8
1120

18
-blu

e-carbon
-in

-n
ederlan

d-
9968

b7.1a1d71.pdf
37 https://rspb.m

aps.arcgis.com
/apps/C

ascade/in
dex.

htm
l?appid=2b38

3eee4
59f4

de18
0

260
0

2ae64
8

f7b7
38 https://storm

recovery.ny.gov/focu
s-area-coastal-m

arsh
lan

d-restoration
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CASE STUDIES: Coastal NbS in the Netherlands
M

u
ch

 of th
e N

eth
erlan

ds is at risk of floodin
g from

 th
e ocean

, rivers or both
; 

in
 fact, approxim

ately 70
 per cent of th

e G
ross D

om
estic P

rodu
ct of th

e 
N

eth
erlan

ds is derived from
 lan

d th
at is below

 sea level. N
in

e m
illion

 people 
– approxim

ately h
alf th

e cou
ntry’s popu

lation
 – are protected by dikes or 

oth
er en

gin
eered stru

ctu
res. 39 Th

u
s, m

an
agin

g coastal flood risk an
d erosion

 
is a m

ajor priority for th
e cou

ntry.  

A
s described in

 B
ox 4, to deal w

ith
 risin

g flood risk, th
e D

u
tch

 h
ave recently 

sou
ght to diversify th

eir m
eth

ods beyon
d strict relian

ce on
 en

gin
eered 

infrastru
ctu

re. For exam
ple, in

 addition
 to sea level rise, th

e D
u

tch
 

m
u

st conten
d w

ith
 su

bsiden
ce – a low

erin
g of th

e lan
d su

rface du
e to 

com
paction

 – th
at can

 reach
 n

early 1 cm
/year in

 parts of th
e N

eth
erlan

ds. 4
0 

Th
u

s, th
e D

u
tch

 are explorin
g w

ays to u
se n

atu
ral processes 

to redu
ce erosion

 or to trap or distribu
te sedim

ent to 
cou

nteract sea level rise an
d su

bsiden
ce. Fu

rth
erm

ore, 
follow

in
g centu

ries of loss an
d degradation

, th
ere is 

in
creasin

g interest in
 projects th

at can
 h

elp restore 
coastal ecosystem

s an
d biodiversity.

W
W

F is contribu
tin

g to th
ese eff

orts by prom
otin

g 
research

 an
d pilot projects on

 h
ow

 N
bS

 can
 contribu

te 
to both

 coastal protection
 an

d n
atu

re restoration
. 

 B
elow

 w
e su

m
m

arize th
ree N

bS
 projects in

 th
e N

eth
erlan

ds 
inten

ded to redu
ce coastal flood risk an

d/or erosion
 an

d th
at 

are also inten
ded to restore coastal ecosystem

s. 

• O
ysters can

 be con
sidered “ecosystem

 en
gin

eers” in
 th

at popu
lation

s 
of oysters can

 bu
ild stru

ctu
res, create h

abitats an
d aff

ect physical 
processes. O

ysters form
 reefs th

at act like breakw
aters th

at dissipate 
w

ave en
ergy. 41 In

 E
u

rope, n
ative oyster reefs w

ere largely elim
in

ated 
before th

e 1950
s, prim

arily du
e to overexploitation

. 4
2 A

 pilot project in
 

th
e O

ostersch
elde B

ay of th
e N

eth
erlan

ds explored th
e potential for 

con
stru

cted oyster reef stru
ctu

res to prom
ote n

atu
ral recru

itm
ent of 

oysters – an
d reef expan

sion
 – an

d th
e effi

cacy of restored oyster reefs 
to protect tidal flats an

d a dike from
 w

ave erosion
. R

esu
lts sh

ow
ed th

at 
con

stru
cted fou

n
dation

s cou
ld attract recru

itm
ent of oysters an

d lead 
to vertical grow

th
 of th

e reef an
d provided in

sights into th
e design

s 
associated w

ith
 greater recru

itm
ent an

d persisten
ce. C

ritically, th
e 

oyster reefs redu
ced erosion

 rates beh
in

d th
em

. 4
3  S

in
ce 20

15, W
W

F h
as 

been
 investigatin

g th
e site con

dition
s an

d project design
s th

at h
ave th

e 
greatest ch

an
ce for su

ccess. 4
4 

39 https://w
w

w
.clim

atech
an

gepost.com
/n

eth
erlan

ds/coastal-floods/
4

0 https://w
w

w
.clim

atech
an

gepost.com
/n

eth
erlan

ds/coastal-floods/
41  Ysebaert, T., W

alles, B
., H

an
er, J

. an
d H

an
cock, B

., 20
19. H

abitat m
odification

 an
d coastal protec-

tion
 by ecosystem

-en
gin

eerin
g reef-bu

ildin
g bivalves. In

 G
oods an

d S
ervices of M

arin
e B

ivalves 
(pp. 253-273). S

prin
ger, C

h
am

.
4

2 A
iroldi, L. an

d B
eck, M

.W
., 20

0
7; see n

ote 30
.

4
3 Ysebaert, T., et al.20

19; see n
ote 41.

4
4

 https://w
w

w
.w

w
f.n

l/w
at-w

e-doen
/resu

ltaten
/projecten

/n
oordzee-h

erstellen
/sch

elpdierban
ken

• In
 th

e W
adden

 S
ea, a restoration

 project 
h

as em
ployed a “m

u
d m

otor” to rebu
ild 

salt m
arsh

.  Th
e “m

u
d m

otor” is a 
com

bin
ation

 of n
atu

ral ocean
 cu

rrents 
an

d flow
s an

d dredged sedim
ent.  

S
edim

ent is contin
u

ou
sly dredged from

 
th

e h
arbou

r of th
e P

ort of H
arlin

gen
 

an
d, previou

sly, w
as disposed of in

 a 
design

ated area in
 th

e sea. H
ow

ever, 
a su

bstantial portion
 of th

e disposed 
sedim

ent w
as picked u

p by cu
rrents an

d 
w

ash
ed back into th

e port. Th
e n

ew
 approach

 
deposits th

e sedim
ents in

 places w
h

ere am
bient cu

rrents 
are likely to carry th

em
 an

d deposit th
em

 into salt m
arsh

es, h
elpin

g th
e 

m
arsh

es expan
d. Im

plem
entation

 began
 in

 20
16 an

d 20
17 an

d in
itial 

resu
lts in

dicate th
at 8

0
%

 of disposed sedim
ents are reach

in
g th

e m
arsh

. 
Th

is approach
 w

ill likely contribu
te to th

e expan
sion

 of salt m
arsh

 h
abitats 

– produ
ctive for birds an

d fish
 – w

h
ile redu

cin
g repetitive dredgin

g of th
e 

h
arbou

r. Th
e expan

ded m
arsh

 w
ill also provide a N

bS
 by n

atu
rally h

elpin
g 

to protect dikes from
 w

ave erosion
. 

• Th
e R

h
in

e an
d M

aas rivers flow
 into th

e N
orth

 S
ea n

ear R
otterdam

 th
rou

gh
 

th
e H

arin
gvliet an

d N
ieu

w
e W

aterw
eg. W

h
ile th

e N
ieu

w
e W

aterw
eg 

rem
ain

s largely open
 to th

e sea, th
e H

arin
gvliet w

as closed to th
e sea by a 

dam
 an

d floodgate com
plex. Th

is ch
an

ged th
e H

arin
gvliet from

 a tidal an
d 

estu
arin

e system
 to a largely fresh

w
ater system

 w
ith

 lim
ited tidal flu

x an
d 

a con
sequ

ent steady declin
e in

 ecosystem
s su

ch
 as san

dflats an
d salt 

m
arsh

es.  B
egin

n
in

g in
 20

15, W
W

F began
 w

orkin
g w

ith
 a ran

ge of partn
ers 

to open
 th

e H
arin

gvliet floodgates an
d restore th

e estu
arin

e ecosystem
s 

an
d allow

 m
igratory fish

, su
ch

 as salm
on

 an
d eel, to on

ce again
 enter th

e 
M

aas an
d R

h
in

e th
rou

gh
 th

e H
arin

gvliet. Th
e open

in
g w

ill also allow
 m

ore 
n

atu
ral sedim

ent deposition
, h

elpin
g to rebu

ild elevation
s in

 th
e estu

ary, 
so cou

nteractin
g su

bsiden
ce an

d redu
cin

g risks of floodin
g an

d erosion
. 

P
relim

in
ary open

in
g of th

e floodgates began
 in

 20
18

 an
d w

ill contin
u

e 
over th

e n
ext few

 years in
 a process of learn

in
g-by-doin

g.
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A
s part of th

is larger project, W
W

F h
as restored h

abitats w
ith

in
 th

e 
H

arin
gvliet E

stu
ary com

bin
ed w

ith
 intervention

s to en
h

an
ce people’s 

ability to experien
ce th

ese restored h
abitats, in

clu
din

g th
e developm

ent 
of h

ikin
g trails an

d excu
rsion

s, an
d th

e prom
otion

 an
d train

in
g of th

e local 
n

atu
re-based tou

rism
 sector. Th

ese investm
ents are inten

ded to stim
u

late 
pu

blic su
pport for th

e restoration
 of H

arin
gvliet, w

h
ich

 can
 th

en
 bolster 

govern
m

ent backin
g of fu

rth
er restoration

. Th
ese eff

orts h
ave produ

ced a 
m

easu
rable positive im

pact on
 th

e local econ
om

y, even
 before con

siderin
g 

any ben
efits in

 term
s of clim

ate adaptation
. 4

5

A
 pilot project is also explorin

g h
ow

 to m
ake som

e N
bS

 projects ban
kable, 

w
h

ich
 is critical to leveragin

g private fin
an

ce. A
 form

er agricu
ltu

ral polder 
in

 th
e H

arin
gvliet w

ill be allow
ed to revert to n

atu
ral h

abitats, w
h

ich
 w

ill 
create valu

able am
en

ities in
 term

s of recreation
 an

d aesth
etics. In

 addition
, 

a su
stain

able h
ou

sin
g developm

ent w
ill be bu

ilt on
 a sm

all elevated portion
 

of th
e form

er polder. Th
e valu

e of th
e h

ou
ses w

ill rise du
e to th

e proxim
ity to 

th
e restored w

etlan
d an

d th
e in

creased real estate valu
e w

ill h
elp fu

n
d th

e 
restoration

 project. S
im

ilar projects cou
ld gen

erate reven
u

e for investors. 
M

eanw
h

ile, th
e restored areas w

ill be allow
ed to flood du

rin
g tim

es of 
h

igh
 river flow

s an
d sedim

ent w
ill be n

atu
rally deposited —

 contribu
tin

g to 
th

e larger N
bS

 ben
efits in

 th
e H

arin
gvliet provided by th

e open
in

g of th
e 

floodgates.

4
5 van

 B
eu

kerin
g, P., R

ien
stra, G

., Koetse M
., van

 Teeff
elen

, A
., de G

root, D
., van

 W
ierin

gen
, D

. &
 

S
ch

u
lp, N

. (20
19). D

e D
yn

am
isch

e D
elta: S

ocio-econ
om

isch
e eff

ecten
 van

 toekom
st altern

atieven
 

van
 een

 du
u

rzam
e H

arin
gvliet. IV

M
-rapport (R

-19/0
2). In

stitu
u

t voor M
ilieu

vraagstu
kken

, V
rije 

U
n

iversiteit A
m

sterdam
.

NATURE-BASED SOLUTIONS TO MANAGE WATER SCARCITY 
AND REDUCE RISK OF DROUGHT
G

lobally, th
e dem

an
d for w

ater h
as been

 in
creasin

g at 
approxim

ately 1 percent per year an
d dem

an
d w

ill 
contin

u
e to grow

 du
e to sh

iftin
g pattern

s of con
su

m
ption

 
an

d popu
lation

 grow
th

. 4
6 S

tu
dies con

sistently forecast 
a sh

ortfall betw
een

 su
pply an

d dem
an

d an
d, in

 m
u

ch
 

of th
e w

orld, clim
ate ch

an
ge w

ill likely exacerbate th
ese 

ch
allen

ges. B
y 20

50
, over h

alf th
e w

orld’s popu
lation

 
cou

ld live in
 region

s w
ith

 w
ater stress. 47 M

eanw
h

ile, m
any 

parts of th
e w

orld —
 in

clu
din

g m
u

ch
 of sou

th
ern

 E
u

rope —
 

are predicted to face m
ore frequ

ent an
d severe drou

ghts.
 Th

ere is grow
in

g eviden
ce th

at h
ealthy an

d w
ell-m

an
aged 

fresh
w

ater ecosystem
s can

 redu
ce drou

ght risk, from
 h

elpin
g to m

aintain
 

rainfall pattern
s by protectin

g forests to u
sin

g w
etlan

ds to regu
late flow

s 
an

d n
ative plants to m

in
im

ise im
pacts su

ch
 as soil erosion

 an
d w

ildfires. 
E

n
su

rin
g drou

ght m
an

agem
ent plan

n
in

g processes are bu
ilt into ecosystem

 
m

an
agem

ent an
d ecological restoration

 is vital. 4
8

S
u

stain
able w

ater allocation
 – adju

stin
g w

ater dem
an

d to th
e real availability 

of w
ater, takin

g into accou
nt th

e in
creasin

g u
n

certainties derived from
 

clim
ate ch

an
ge – is essential to m

itigate th
e im

pact of drou
ghts. Th

e 
good statu

s of rivers, w
etlan

ds an
d aqu

ifers, as recogn
ized by th

e W
ater 

Fram
ew

ork D
irective, is critical to en

su
rin

g th
e availability of clean

 w
ater. 

H
ealthy floodplain

s can
 prom

ote grou
n

dw
ater rech

arge an
d h

ave th
e 

potential to be m
an

aged in
 con

ju
n

ction
 w

ith
 w

ater su
pply reservoirs. In

 
som

e cases, forested areas w
ith

 deep soils can
 prom

ote infiltration
 an

d, by 
redu

cin
g excess su

rface erosion
, decrease th

e am
ou

nt of sedim
ent an

d 
associated n

u
trients th

at enter w
ater su

pplies.

Th
e 20

18
 W

orld W
ater D

evelopm
ent R

eport
4

9, from
 U

N
 W

ater, em
ph

asizes 
th

at N
bS

 sh
ou

ld play a central role in
 h

ow
 th

e w
orld m

an
ages w

ater su
pplies 

in
 th

e context of grow
in

g dem
an

d an
d clim

ate ch
an

ge, in
clu

din
g in

creased 
risk of drou

ght. Th
e report recom

m
en

ds a ran
ge of N

bS
, in

clu
din

g u
sin

g 
n

atu
ral featu

res to in
crease w

ater availability (e.g., rech
argin

g grou
n

dw
ater 

an
d retain

in
g w

ater in
 soils).

S
pecific agricu

ltu
ral practices can

 also in
crease w

ater availability an
d 

resilien
ce to drou

ght, in
clu

din
g m

aintain
in

g w
etlan

ds w
ith

in
 th

e agricu
ltu

ral 
lan

dscape, recoverin
g h

edges an
d copses to act as w

in
dsh

ields
50, im

provin
g 

soil qu
ality to en

h
an

ce w
ater retention

 an
d oth

er agroecology practices, 
w

h
ich

 aim
 to in

crease th
e resilien

ce of farm
in

g system
s to clim

ate ch
an

ge, 
in

clu
din

g drou
ghts. 51 

4
6 U

N
-W

ater. 20
18

; see n
ote 6.

47 S
ch

losser, C
.A

., S
trzepek, K., G

ao, X
., Fant, C

., B
lan

c, É
., P

altsev, S
., J

acoby, H
., R

eilly, J
. an

d G
u

e-
n

eau
, A

. (20
14). Th

e fu
tu

re of global w
ater stress: A

n
 integrated assessm

ent. E
arth's Fu

tu
re, 2(8

), 
pp.341-36. D

O
I: 10

.10
0

2
4

8 S
ayers, P.B

. et al; see n
ote 16.

4
9 U

N
-W

ater. 20
18

. Th
e U

n
ited N

ation
s W

orld W
ater D

evelopm
ent R

eport 20
18

: N
atu

re-based S
olu

-
tion

s for W
ater. P

aris, U
N

E
S

C
O

.
50 G

lobal N
atu

re, W
W

F. Inform
e técn

ico sobre m
edidas para la restau

ración
 de setos, lin

des y 
sotos de ribera en

 explotacion
es de regadío. M

in
isterio de M

edio A
m

biente y M
edio R

u
ral y M

arin
o. 

U
n

pu
blish

ed. 20
0

8
.

51 http://w
w

w
.fao.org/fam

ily-farm
in

g/th
em

es/agroecology/en
/
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Th
ese N

bS
 intervention

s th
at are aim

ed at im
provin

g th
e regu

lation
 of w

ater 
qu

antity also gen
erally im

prove w
ater qu

ality (see follow
in

g section) alon
g 

w
ith

 providin
g oth

er diverse ben
efits, in

clu
din

g carbon
 sequ

estration
 in

 
plants an

d soils, an
d h

abitat for fish
 an

d w
ildlife. 52

S
im

ilar to m
an

agin
g flood risk, m

an
agin

g for w
ater scarcity an

d drou
ght 

risk sh
ou

ld strive for a “diversified portfolio” approach
 th

at in
clu

des a 
com

preh
en

sive array of m
easu

res ran
gin

g from
 m

an
agem

ent practices, 
policies an

d in
centives to strategic integration

 of en
gin

eered infrastru
ctu

re 
an

d N
bS

. Th
is diverse, integrated an

d com
preh

en
sive approach

 can
 h

elp 
cou

ntries m
ove from

 sim
ply reactin

g to drou
ghts to bu

ildin
g a “drou

ght 
resilient society.” 53

CASE STUDIES: 
Riviersonderend watershed 
C

ape Tow
n

 provides a com
pellin

g exam
ple. Th

e S
ou

th
 

A
frican

 city su
ff

ered a h
istoric drou

ght, receivin
g global 

m
edia coverage in

 20
18

 for h
ow

 close it cam
e to ru

n
n

in
g ou

t 
of w

ater.  

W
h

ile investin
g in

 som
e form

s of en
gin

eered infrastru
ctu

re – from
 

addition
al reservoirs to grou

n
dw

ater pu
m

pin
g an

d desalin
ation

 – are 
n

ecessary, th
e region

 can
 also invest in

 N
bS

 to im
prove its w

ater su
pply. 

For exam
ple, in

 th
e w

atersh
eds th

at su
pply C

ape Tow
n’s w

ater, restoration
 

of n
ative vegetation

 can
 in

crease available w
ater. N

on
-n

ative species, su
ch

 
as eu

calyptu
s, are ‘th

irstier’ th
an

 th
e n

ative plants th
ey h

ave replaced, 
su

ckin
g u

p th
rou

gh
 th

eir roots an
d evaporatin

g an
 addition

al 1.4
 trillion

 litres 
of w

ater across th
e cou

ntry per year. Th
is loss is equ

ivalent to 4
 percent of 

th
e n

ation’s w
ater su

pply (an
d becau

se n
on

-n
atives are spreadin

g, th
e loss 

cou
ld qu

adru
ple to 16 percent). 54 

R
em

ovin
g n

on
-n

ative plants, an
d restorin

g n
ative vegetation

, as W
W

F-
S

ou
th

 A
frica h

as been
 doin

g in
 th

e R
ivierson

deren
d w

atersh
ed, is th

erefore 
part of th

e solu
tion

 for en
su

rin
g adequ

ate w
ater su

pplies –  at a 
cost com

parable, or low
er, th

an
 m

any oth
er altern

atives. 55  Th
e 

broader eff
ort of clearin

g n
on

-n
ative vegetation

 to boost 
w

aters su
pplies h

as also em
ployed ten

s of th
ou

san
ds of 

people, an
 im

portant co-ben
efit in

 a cou
ntry w

ith
 26 percent 

u
n

em
ploym

ent. 56 

52 Th
e N

atu
re C

on
servan

cy 20
17. B

eyon
d th

e S
ou

rce. A
rlin

gton
, V

A
.

53 S
ayers, P.B

. et al; see n
ote 16.

54
 W

W
F-S

A
. (20

16). W
ater: Facts &

 Fu
tu

res. R
etrieved from

 http://aw
sassets.w

w
f.org.za/dow

n
loads/

w
w

f0
0

9_
w

aterfactsan
dfu

tu
res_

report_
w

eb_
_

low
res_

.pdf
55 W

W
F-S

A
. (20

16); see n
ote 54.

56 Isa, M
. (20

16). Th
e alien

 plants su
ckin

g S
ou

th
 A

frica dry – can
 com

pan
ies h

elp? Th
e G

u
ardian

.

NATURE-BASED SOLUTIONS TO REDUCE URBAN FLOOD RISK
C

ities are dom
in

ated by im
perviou

s su
rfaces – in

clu
din

g 
rooftops, parkin

g lots an
d roads – an

d th
u

s on
ly a 

sm
all proportion

 of rainfall infiltrates into th
e soil. 

C
om

pared to an
 u

n
developed w

atersh
ed, an

 
u

rban
 area w

ill produ
ce five tim

es as m
u

ch
 

su
rface ru

n
off

 for th
e sam

e rainfall event. 57  
A

ddition
ally, m

any cities h
ave paved over 

lakes an
d w

etlan
ds an

d ch
an

n
elized th

eir 
stream

s an
d rivers so th

at h
eavy rainfall 

can
 rapidly overw

h
elm

 storm
 drain

age 
system

s an
d cau

se severe floodin
g. A

 ran
ge 

of N
bS

 intervention
s can

 be u
sed to in

crease 
infiltration

, slow
 dow

n
 an

d store ru
n

off
, an

d 
redu

ce flood peaks.

S
om

e N
bS

 for u
rban

 flood risk are m
eth

ods integrated 
directly into bu

ildin
gs or infrastru

ctu
re, su

ch
 as porou

s 
pavem

ents, “green” (vegetated) roofs, rain
 garden

s an
d rain

 barrels – 
slow

in
g an

d retain
in

g ru
n

off
 to replicate th

e hydrological fu
n

ction
s of m

ore 
n

atu
ral system

s. O
th

er N
bS

 featu
res aim

 to atten
u

ate ru
n

off
 for larger areas, 

in
clu

din
g grassy sw

ales an
d detention

 basin
s. 58 Th

ese can
 even

 begin
 to 

overlap w
ith

 th
e recovery of n

atu
ral ecosystem

s an
d in

clu
de th

e restoration
 

- or con
stru

ction
 - of lakes an

d w
etlan

ds.

R
apid u

rban
 ru

n
off

 also contribu
tes to w

ater pollu
tion

. R
u

n
off

 on
 roads 

an
d parkin

g lots picks u
p trash

 an
d oil residu

es an
d oth

er pollu
tants an

d 
carries th

em
 directly into storm

 drain
s th

at th
en

 flow
 into creeks an

d rivers. 
Th

e rapid an
d h

igh
 m

agn
itu

de flow
s disch

arged from
 storm

 sew
ers into 

creeks also contribu
te to w

idespread erosion
 of ch

an
n

el bed an
d ban

ks, 
contribu

tin
g to excessive sedim

entation
 dow

n
stream

. B
y slow

in
g dow

n
 

ru
n

off
, N

bS
 can

 redu
ce th

is erosion
, w

h
ile oth

er N
bS

 featu
res, su

ch
 as 

w
etlan

ds an
d detention

 pon
ds, can

 serve to filter ou
t trash

 an
d pollu

tants 
from

 ru
n

off
 before th

ey enter n
atu

ral drain
age system

s.  

Fortu
itou

sly, m
ost N

bS
 m

eth
ods th

at slow
 ru

n
off

 also m
ake u

rban
 spaces 

h
ealth

ier, green
er an

d cooler in
 su

m
m

er, im
provin

g recreation
al valu

es 
an

d aesth
etics for cities. P

arks, u
rban

 garden
s an

d w
etlan

ds all in
crease 

infiltration
 an

d slow
 storm

w
ater bu

t also contribu
te to m

ore vibrant u
rban

 
environ

m
ents contribu

tin
g to th

e physical an
d m

ental w
ell-bein

g of city 
dw

ellers (B
ox 5). 59

57 Freitag, B
., B

olton
, S

., W
esterlu

n
d, F. an

d C
lark, J

., 20
12. Floodplain

 m
an

agem
ent: a n

ew
 approach

 
for a n

ew
 era. Islan

d P
ress.

58
 Freitag, B

. et al 20
12; see n

ote 57.
59 M

acKerron
, G

. an
d M

ou
rato, S

., 20
13. H

appin
ess is greater in

 n
atu

ral environ
m

ents. G
lobal envi-

ron
m

ental ch
an

ge, 23(5), pp.992-10
0

0
.; U

N
E

P
-D

H
I 20

14. 
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CASE STUDIES: Sponge Cities in China
In

 C
h

in
a, a n

ew
 in

itiative is su
pportin

g cities to integrate N
bS

 into 
th

eir program
m

es to redu
ce u

rban
 flood risk. Th

e in
itiative’s n

am
e, 

“spon
ge cities,” evokes its goal for cities to bu

ild a ran
ge of featu

res 
design

ed to soak u
p rainfall: th

e spon
ge parts get w

et so th
e city 

part can
 stay dry. Th

e spon
ge city in

itiative n
ow

 en
com

passes th
irty 

C
h

in
ese cities w

ith
 an

 u
ltim

ate goal th
at, by 20

30
, 8

0
 per cent of 

each
 city w

ill featu
re su

ffi
cient w

etlan
ds an

d oth
er spon

ge-y featu
res to 

captu
re an

d absorb 70
 per cent of storm

 w
ater ru

n
off

.

W
ith

in
 spon

ge cities, intervention
s ran

ge from
 vegetated green

 roofs to 
restoration

 of n
atu

ral aqu
atic ecosystem

s an
d addition

 of n
ew

, con
stru

cted 
w

etlan
ds

60 to replace som
e of th

e fu
n

ction
s previou

sly provided by n
atu

ral 
w

etlan
ds lost du

rin
g developm

ent.

For exam
ple, 120

 lakes on
ce dotted th

e city of W
u

h
an

.  N
ow

 w
ith

 a 
popu

lation
 of 11 m

illion
, on

ly 30
 lakes rem

ain
. Th

e city is vu
ln

erable to 
localized floodin

g du
rin

g h
eavy su

m
m

er rain
storm

s. A
 20

16 flood led to 14
 

death
s an

d €
30

0
 m

illion
 in

 dam
ages. A

s on
e of th

e spon
ge cities, W

u
h

an
 

n
ow

 h
as n

early 230
 projects u

n
der w

ay in
 tw

o districts th
at can

 serve as 
pilots for th

e rest of th
e city – an

d th
e oth

er spon
ge cities. Th

ese pilot eff
orts 

h
ave featu

red investm
ents in

 flood-risk redu
ction

 th
at rely h

eavily on
 N

bS
, 

in
clu

din
g rain

 garden
s, grassy sw

ales, an
d con

stru
cted pon

ds an
d w

etlan
ds 

—
 in

 areas th
at dou

ble as pu
blic parks, sim

u
ltan

eou
sly redu

cin
g risk for 

residents w
h

ile in
creasin

g th
eir access to n

atu
re. W

u
h

an’s com
m

itm
ent to 

w
orkin

g w
ith

 w
etlan

ds for a m
ore resilient fu

tu
re h

as led th
e city to apply for 

th
e prestigiou

s W
etlan

d C
ity accreditation

 u
n

der th
e R

am
sar C

onvention
 on

 
W

etlan
ds.

60
  https://w

w
w

.th
egu

ardian
.com

/w
orld/20

17/dec/28
/ch

in
as-spon

ge-cities-are-tu
rn

in
g-streets-

green
-to-com

bat-floodin
g

Q
u

zh
ou

 Lu
m

in
g P

ark by 
Tu

ren
scape, in

 Q
u

zh
ou

, 
Zh

ejian
g, C

h
in

a

W
u

h
an

 city h
as applied to be a W

etlan
d C

ity
u

n
der R

am
sar C

onvention
 

Box 5. NbS in cities in Italy
Th

e city of M
ilan

 is a m
em

ber of an
 E

U
 

P
rogram

m
e, C

lever C
ities, w

h
ich

 prom
otes N

bS
 

an
d is su

pported by W
W

F-Italy an
d a ran

ge of 
partn

ers. Th
rou

gh
 C

lever C
ities, M

ilan
 is design

in
g 

w
etlan

ds an
d u

rban
 garden

s to m
an

age ru
n

off
 

an
d con

n
ect people to n

atu
re, an

d a “vertical 
forest” to sh

ow
case su

stain
able bu

ildin
gs. W

W
F-

Italy is also prom
otin

g an
 u

rban
 N

bS
 program

m
e 

th
at in

clu
des con

stru
ctin

g green
 roofs an

d 
pon

ds – projects focu
sed prim

arily on
 su

pportin
g 

u
rban

 biodiversity an
d con

n
ectin

g city dw
ellers 

to n
atu

re bu
t th

at also dem
on

strate m
eth

ods for 
slow

in
g an

d retain
in

g u
rban

 ru
n

off
.
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41

H
ow

ever, m
u

ch
 of th

e ru
n

off
 from

 fields does n
ot m

ove as overlan
d flow

 th
at 

can
 be intercepted by a filter strip bu

t in
stead flow

s off
 fields in

 ditch
es or 

drain
s. S

trategically placed w
etlan

ds or sm
all pon

ds can
 h

elp m
an

age th
is 

m
ore con

centrated flow
 to redu

ce th
e volu

m
e an

d rate of ru
n

off
 th

at flow
s 

into stream
s an

d to filter n
u

trients an
d oth

er pollu
tion

. B
y creatin

g areas of 
w

ater w
ith

 low
 or n

o velocity, pon
ds an

d w
etlan

ds allow
 sedim

ent to drop 
ou

t from
 th

e w
aters flow

in
g off

 of fields – alon
g w

ith
 th

e ph
osph

orou
s bou

n
d 

to th
e sedim

ent
63. N

itrogen
 can

 be rem
oved th

rou
gh

 biological processin
g 

w
ith

in
 w

etlan
ds as plants an

d bacteria convert n
itrates to less h

arm
fu

l 
form

s. W
orkin

g in
 Illin

ois (U
S

A
), research

ers fou
n

d th
at convertin

g 6 per cent 
of a farm

’s area into w
etlan

ds th
at intercepted th

e farm
’s drain

age system
 

cou
ld redu

ce ru
n

off
 of n

itrates by 36 to 4
4

 per cent. 64

R
econ

n
ectin

g rivers to th
eir floodplain

s can
 also redu

ce n
u

trient pollu
tion

 
th

rou
gh

 deposition
 of sedim

ent an
d ph

osph
orou

s an
d biological processin

g 
of n

itrates. 65 Th
u

s floodplain
 restoration

 an
d recon

n
ection

 h
ave been

 
recom

m
en

ded, or im
plem

ented, as strategies to redu
ce n

u
trient pollu

tion
 

to dow
n

stream
 w

ater bodies su
ch

 as th
e G

reat Lakes of N
orth

 A
m

erica
66, 

C
h

esapeake B
ay

67 an
d th

e G
u

lf of M
exico. 68

63 M
itsch

, W
.J

., D
ay, J

.W
., G

illiam
, J

.W
., G

roff
m

an
, P.M

., H
ey, D

.L., R
an

dall, G
.W

. an
d W

an
g, N

., 20
0

1. 
R

edu
cin

g N
itrogen

 Loadin
g to th

e G
u

lf of M
exico from

 th
e M

ississippi R
iver B

asin
: S

trategies to 
C

ou
nter a P

ersistent E
cological P

roblem
 B

ioS
cien

ce, 51(5), pp.373-38
8

.
64

  https://blog.n
atu

re.org/scien
ce/m

agazin
e/can

-a-w
etlan

d-h
elp-a-farm

/
65 O

pperm
an

, J
.J

., et al 20
17; see n

ote 26.
66 https://w

w
w

.epa.gov/sites/produ
ction

/files/20
18

-0
3/docu

m
ents/u

s_
dap_

fin
al_

m
arch

_
1.pdf

67 N
oe, G

.B
. an

d H
u

pp, C
.R

., 20
0

5. C
arbon

, n
itrogen

, an
d ph

osph
oru

s accu
m

u
lation

 in
 floodplain

s of 
A

tlantic C
oastal P

lain
 rivers, U

S
A

. E
cological A

pplication
s, 15(4), pp.1178

-1190
.

68 M
itsch

 et al. 20
0

1; see n
ote 63

NATURE-BASED SOLUTIONS TO IMPROVE WATER QUALITY 
A

 ran
ge of N

bS
 can

 h
elp im

prove w
ater qu

ality, particu
larly w

ith
in

 agricu
ltu

ral 
lan

dscapes or drin
kin

g w
ater system

s. N
bS

 for im
provin

g w
ater qu

ality for 
drin

kin
g w

ater system
s largely overlap w

ith
 th

ose for m
an

agin
g for w

ater 
secu

rity an
d decreasin

g drou
ght risk. Th

ese largely entail im
provin

g th
e 

h
ealth

 of soils an
d vegetation

 w
ith

in
 th

e w
atersh

ed th
at gen

erates w
ater for 

a drin
kin

g w
ater system

. 61 B
elow

 w
e focu

s prim
arily on

 N
bS

 for im
provin

g 
w

ater qu
ality in

 agricu
ltu

ral lan
dscapes.

A
gricu

ltu
re is th

e largest contribu
tor to diff

u
se w

ater pollu
tion

 for m
ost of 

E
u

rope
62 as ru

n
off

 from
 farm

 fields carries sedim
ent, fertilizer an

d pesticides 
into stream

s an
d u

ltim
ately into aqu

ifers, rivers, lakes, estu
aries an

d th
e 

ocean
. S

im
ilar to oth

er topics, a diverse approach
 is n

eeded, in
clu

din
g 

policies an
d best practices th

at in
crease th

e su
stain

ability of h
ow

 farm
ers 

u
se ch

em
icals an

d h
ow

 th
eir practices aff

ect ru
n

off
 an

d erosion
. N

bS
 

can
 m

ake im
portant contribu

tion
s to th

ese best practices, ran
gin

g from
 

biodiversity-based approach
es for m

an
agin

g pests th
at requ

ire less u
se 

of pesticides – resu
ltin

g in
 clean

er w
ater (B

ox 6) – to bu
ildin

g or restorin
g 

n
atu

ral h
abitats th

at filter sedim
ent, n

u
trients an

d oth
er pollu

tion
 from

 
ru

n
off

. 

In
creasin

g n
atu

ral vegetation
 cover in

 perm
an

ent crops or betw
een

 an
n

u
al 

crops can
 redu

ce soil erosion
. Filter strips or riparian

 bu
ff

ers can
 be placed 

alon
g stream

s to intercept ru
n

off
 in

 th
e form

 of overlan
d flow

 from
 farm

 
fields. Th

e rou
gh

n
ess an

d com
plexity of th

e vegetation
 can

 filter ou
t th

e 
sedim

ent from
 th

e flow
. B

ecau
se n

u
trients su

ch
 as ph

osph
orou

s are largely 
absorbed into sedim

ent particles, th
is filterin

g can
 redu

ce th
e am

ou
nt of 

n
u

trients th
at enter stream

s as w
ell as redu

cin
g sedim

entation
.

61  TN
C

. 20
17. B

eyon
d th

e S
ou

rce A
rlin

gton
, V

A
.

62 E
E

A
. E

u
ropean

 w
aters: A

ssessm
ent of statu

s an
d pressu

res. 20
18



CASE STUDIES: Finland
W

W
F-Fin

lan
d, w

ith
 fu

n
din

g from
 th

e E
U

, con
stru

cted 30
 

w
etlan

ds betw
een

 20
0

8
 an

d 20
12 in

 sou
th

ern
 Fin

lan
d. Th

e 
w

etlan
ds w

ere bu
ilt w

ith
in

 h
eavily agricu

ltu
ral river basin

s th
at 

are respon
sible for th

e m
ajority of Fin

lan
d’s contribu

tion
 of 

agricu
ltu

ral n
u

trients th
at are w

ash
ed into th

e G
u

lf of Fin
lan

d an
d 

th
e B

altic S
ea. B

egin
n

in
g in

 20
18

, W
W

F-Fin
lan

d sou
ght to bu

ild 
on

 th
at fou

n
dation

 th
rou

gh
 th

e W
ater P

rotection
 4

K program
m

e by 
con

stru
ctin

g w
etlan

ds th
at w

ill im
prove w

ater qu
ality in

 th
e In

koo 
(4

6km
2), In

garskila (161km
2) an

d S
iu

ntio (4
8

1km
2) rivers (see Figu

re 8
) 

– an
d also im

prove w
ater qu

ality in
 th

e B
altic S

ea. 69 Th
e program

m
e 

relies stron
gly on

 collaboration
 betw

een
 private lan

dow
n

ers an
d 

farm
ers, w

h
o provide th

e lan
d, an

d W
W

F, w
h

ich
 covers th

e cost of 
w

etlan
d con

stru
ction

. Th
e con

stru
cted w

etlan
ds are design

ed to 
in

crease w
ater retention

 on
 th

e lan
d, redu

cin
g th

e ru
n

off
 from

 fields 
an

d erosion
 of stream

ban
ks. Th

ese im
provem

ents w
ill redu

ce th
e 

am
ou

nt of sedim
ent an

d n
u

trients delivered to stream
s, rivers an

d 
th

e B
altic S

ea.  

Tw
o w

etlan
ds h

ave been
 con

stru
cted so far; a th

ird site featu
res 

a com
bin

ation
 of stream

 an
d w

etlan
d restoration

. M
ore th

an
 10

 
addition

al sites are plan
n

ed for th
e n

ext few
 years w

ith
 cu

rrent 
fu

n
din

g. Th
e existin

g program
m

e h
as a bu

dget of €
4

0
0

,0
0

0
 split 

betw
een

 Fin
lan

d’s M
in

istry of th
e E

nviron
m

ent (63%
) an

d W
W

F-
Fin

lan
d (37%

), w
ith

 plan
s to secu

re a sim
ilar level of fu

n
din

g to exten
d 

th
e program

m
e. W

W
F is also developin

g a gu
idan

ce docu
m

ent on
 

u
sin

g w
etlan

ds to im
prove w

ater qu
ality to exten

d th
e reach

 of th
is 

program
m

e an
d to inform

 projects fu
n

ded th
rou

gh
 th

e €
4

5 m
illion

 
th

at Fin
lan

d h
as allocated to im

prove th
e ecological statu

s of w
ater 

bodies to ach
ieve th

e targets of th
e W

FD
.  

69 https://w
w

f.fi/alu
eet/itam

eri/ku
orm

itu
s-ku

riin
/

4
2

Box 5: Ladybirds for clean water: promoting 
biodiversity in citrus farms to reduce use of 
pesticides
In

 th
e S

eville provin
ce of S

pain
, alon

g th
e 

G
u

adalqu
ivir R

iver, W
W

F h
as partn

ered 
w

ith
 th

e su
perm

arket com
pany E

deka to 
pu

rsu
e “farm

in
g w

ith
 n

atu
re.” Th

e partn
ers 

w
orked w

ith
 12 citru

s farm
s in

 th
e region

 to 
im

prove th
eir w

ater m
an

agem
ent, follow

in
g 

th
e gu

idelin
es of th

e A
llian

ce for W
ater 

S
tew

ardsh
ip (A

W
S), resu

ltin
g in

 a redu
ction

 
of w

ater w
ith

draw
al of m

ore th
an

 15%
 – 

im
portant in

 area pron
e to drou

ght. Eff
orts 

also focu
sed on

 prom
otin

g h
ealthy soil 

an
d vegetation

, particu
larly by prom

otin
g 

n
ative vegetation

 in
 th

e row
s betw

een
 th

e 
trees. Th

e n
ative plants provided h

abitat 
for a n

u
m

ber of species, su
ch

 as variou
s 

birds, lizards an
d ladybirds, w

h
ich

 eat 
in

sect pests, allow
in

g a 2/3 redu
ction

 in
 

th
e am

ou
nt of pesticides u

sed in
 th

e citru
s 

fields, im
provin

g w
ater qu

ality. Fu
rth

erm
ore, 

th
e im

proved h
ealth

 of th
e vegetation

 an
d 

soils prom
otes greater infiltration

 du
rin

g 
rain

storm
s, redu

cin
g ru

n
off

 an
d erosion

 an
d 

also im
provin

g w
ater qu

ality.  

4
3

W
etlan

d con
stru

cted 
in

 Vassböle u
n

der th
e 

W
ater P

rotection
 4

K 
program

m
e 

F
ig

u
re 8

. M
ap of 

focu
s area for th

e 
W

ater P
rotection

 4
k 

program
m

e



B
elow

 w
e off

er som
e recom

m
en

dation
s of tech

n
ical approach

es th
at 

cou
ld h

elp overcom
e th

ese con
straints:

• Im
prove qu

an
tification

 of perform
an

ce of N
bS

 in
terven

tion
s. Eff

orts 
are n

ow
 u

n
derw

ay to m
ore rigorou

sly qu
antify th

e perform
an

ce of N
bS

 
projects u

n
der variou

s con
dition

s, w
h

ich
 w

ill provide en
gin

eers an
d 

decision
 m

akers w
ith

 a stron
ger basis for com

parin
g option

s. 71 

• Involve stakeh
olders, especially local com

m
u

n
ities. E

xperien
ce sh

ow
s 

th
at th

e involvem
ent of local stakeh

olders an
d th

e con
sideration

 of th
e 

m
u

ltiple ben
efits of N

bS
 in

creases th
e su

ccess an
d su

stain
ability of th

e 
intervention

s. 

• E
n

su
re rigorou

s evalu
ation

 of N
bS

 effi
cacy for a given

 con
text. Th

e 
likely perform

an
ce an

d cost eff
ectiven

ess of N
bS

 option
s n

eed to be 
rigorou

sly evalu
ated for a given

 context.   

• Fu
lly evalu

ate projects’ costs an
d ben

efits. D
ecision

 processes often
 

focu
s on

 a n
arrow

 set of ben
efits, om

ittin
g m

any of th
e diverse 

ben
efits provided by N

bS
, w

h
ile also n

ot fu
lly captu

rin
g th

e im
pacts 

on
 social an

d environ
m

ental valu
es from

 m
ore tradition

al approach
es. 

Fu
rth

erm
ore, tradition

al en
gin

eered projects’ lon
g-term

 costs for 
m

ainten
an

ce, reh
abilitation

 an
d replacem

ent are often
 u

n
derestim

ated; 
m

ore realistic accou
ntin

g for th
ese lon

g-term
 costs w

ill h
elp level th

e 
playin

g field for N
bS

, w
h

ich
 m

ay h
ave low

er lon
g-term

 costs.  

• C
om

bin
e m

u
ltiple sou

rces of fu
n

din
g an

d “stack” m
u

ltiple ecosystem
 

services. B
ecau

se N
bS

 can
 provide m

u
ltiple ben

efits, th
ey can

 also 
potentially draw

 on
 m

u
ltiple sou

rces of fu
n

din
g. For exam

ple, a N
bS

 
for flood m

an
agem

ent th
at is som

ew
h

at less cost-eff
ective th

an
 a 

tradition
al approach

 m
ay be able to draw

 on
 fu

n
din

g for river restoration
 

(if it can
 legitim

ately provide th
ose ben

efits) an
d th

u
s h

elp th
e N

bS
 

option
 to be m

ore com
petitive.  

• E
n

su
re coh

eren
ce betw

een
 m

an
agem

en
t an

d con
servation

 of w
ater 

ecosystem
s an

d relevant sectoral policies – m
ost n

otably en
ergy, 

agricu
ltu

re, tran
sport, flood m

an
agem

ent an
d biodiversity – to avoid 

approach
es th

at com
pete w

ith
 each

 oth
er.  

• P
lan

 N
bS

 at th
e system

 scale an
d plan

 for ch
an

ge. V
olu

m
es of w

ater 
at any given

 tim
e —

 an
d th

u
s th

e risk of floods or drou
ghts —

 are 
a fu

n
ction

 of processes operatin
g across th

e overall river basin
. 

U
n

derstan
din

g h
ow

 th
ese processes operate —

 an
d h

ow
 th

ey m
ay be 

aff
ected by clim

ate ch
an

ge —
 is essential for design

in
g su

stain
able 

w
ater-m

an
agem

ent system
s, in

clu
din

g h
ow

 to integrate N
bS

 w
ith

in
 

th
em

. A
 system

-scale en
su

res th
at th

e opportu
n

ities for m
u

ltiple 
ben

efits from
 N

bS
 can

 be m
axim

ized an
d in

corporated into th
e review

 
of option

s, an
d allow

s for better integration
 of m

an
agem

ent betw
een

 
sectors an

d policies.  

71  S
ee th

e E
n

gin
eerin

g w
ith

 N
atu

re program
; https://ew

n
.el.erdc.dren

.m
il/; an

d https://w
w

w
.

n
atu

rebasedsolu
tion

seviden
ce.info/

OVERCOMING THE
OBSTACLES TO SCALING 
UP NATURE-BASED 
SOLUTIONS
D

espite th
e m

u
ltiple ben

efits th
at w

e h
ave seen

 N
bS

 can
 

provide, cu
rrently less th

an
 1 per cent of total investm

ents 
in

 w
ater-m

an
agem

ent infrastru
ctu

re is allocated tow
ard N

bS
. 70 

Th
is is du

e to a n
u

m
ber of con

straints:

• In
ertia an

d lack of fam
iliarity an

d capacity. N
bS

 approach
es are m

u
ch

 less 
kn

ow
n

 am
on

g en
gin

eers, plan
n

ers an
d decision

 m
akers, m

akin
g it less 

likely th
at th

ey w
ill be selected or even

 con
sidered. 

• N
b

S
 m

ay req
u

ire m
ore cooperation

 from
 m

ore en
tities. A

 m
ajor advantage 

of N
bS

 is th
at th

ey can
 provide m

u
ltiple ben

efits – bu
t fu

lly plan
n

in
g for 

th
ese m

u
ltiple ben

efits m
ay requ

ire involvin
g a greater n

u
m

ber of entities 
(e.g., variou

s m
in

istries) relative to stan
dard approach

es, w
h

ich
 can

 
com

plicate selection
 an

d design
 processes.

• C
alcu

lation
s of costs an

d b
en

efits of variou
s option

s m
ay be in

com
plete. 

M
any of th

e diverse ben
efits of N

bS
 can

 be h
ard to qu

antify, particu
larly 

environ
m

ental an
d social ben

efits, an
d so th

ese m
ay n

ot be adequ
ately 

in
corporated into decision

 processes. Fu
rth

erm
ore, even

 if th
ese oth

er 
ben

efits cou
ld be qu

antified, m
ech

an
ism

s, su
ch

 as m
arkets, m

ay n
ot exist 

to lin
k th

e ben
eficiaries of th

e service w
ith

 th
ose th

at provide th
e service. 

A
ddition

ally, som
e N

bS
 approach

es, su
ch

 as dike setbacks an
d w

etlan
d 

restoration
, requ

ire m
ore lan

d th
an

 do tradition
al approach

es, w
h

ich
 can

 
in

crease u
p-front costs. W

h
ile th

ese addition
al costs of N

bS
 are likely to be 

fu
lly accou

nted for, th
e potential advantage th

at N
bS

 m
ay h

ave in
 term

s 
of low

er lon
g-term

 costs for m
ainten

an
ce, reh

abilitation
 an

d replacem
ent, 

m
ay n

ot be w
ell represented in

 ben
efit-costs an

alyses. 

• Tech
n

ical perform
an

ce n
ot docu

m
en

ted or estab
lish

ed am
on

g 
profession

als. W
h

ile en
gin

eerin
g m

eth
ods h

ave gen
erally been

 
tested, docu

m
ented an

d provide th
e basis for regu

latory stan
dards, 

N
bS

 approach
es m

ay lack th
e sam

e qu
antitative rigou

r in
 term

s of 
perform

an
ce. 

• R
egu

latory fram
ew

orks m
ay n

ot b
e su

itab
le becau

se th
ey w

ere 
establish

ed to oversee tradition
al approach

es. 

• W
eak eviden

ce b
ase for N

b
S

 contribu
tin

g to solvin
g problem

s at a large 
scale, in

clu
din

g eviden
ce relatin

g to costs an
d trade-off

s of N
B

S
 as w

ell as 
to ben

efits.

• A
b

sen
ce of policy direction

 an
d political leadersh

ip drivin
g w

idespread 
im

plem
entation

.
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-W
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CONCLUSIONS
N

atu
re-based S

olu
tion

s h
ave con

siderable potential to im
prove 

lan
d an

d w
ater m

an
agem

ent an
d to redu

ce w
ater-related risks, 

particu
larly as th

ese ch
allen

ges an
d risks inten

sify w
ith

 clim
ate 

ch
an

ge.  A
s em

ph
asized an

d illu
strated th

rou
gh

ou
t th

is report, N
bS

 
can

 n
ot on

ly can
 provide ben

efits for w
ater m

an
agem

ent or risk 
redu

ction
, bu

t th
ey also gen

erally su
pport a diverse ran

ge of oth
er 

social, econ
om

ic an
d environ

m
ental ben

efits, in
clu

din
g carbon

 
storage, an

d can
 th

erefore becom
e a strategic w

ay to contribu
te to 

ach
ievin

g th
e S

u
stain

able D
evelopm

ent G
oals an

d th
e aim

s of th
e 

P
aris C

lim
ate agreem

ent, as w
ell as en

h
an

cin
g th

e h
ealth

 of E
u

rope’s 
lan

dscapes, people an
d n

atu
re, as th

e E
u

ropean
 G

reen
 D

eal seeks.

Th
e attem

pt to control – an
d even

 fight – n
atu

ral processes, su
ch

 
as floods, contribu

tes to th
e n

eed for contin
u

ed m
ainten

an
ce an

d 
replacem

ent of en
gin

eered infrastru
ctu

re an
d a ran

ge of n
egative 

im
pacts on

 ecosystem
s. W

orkin
g w

ith
 n

atu
ral processes, su

ch
 as 

th
rou

gh
 N

bS
, allow

s n
atu

re’s regen
erative processes to h

elp deliver 
m

u
ltiple ben

efits. 

N
bS

 are n
ot th

e on
ly solu

tion
s for w

ater secu
rity or flood-risk 

m
an

agem
ent, bu

t th
ey can

 be a key part of an
 overall solu

tion
 th

at 
draw

s u
pon

 diverse approach
es. In

depen
dent of th

e com
bin

ation
 

of approach
es, on

e critical th
in

g to keep in
 m

in
d is scale: both

 
spatial an

d tem
poral. It is n

ecessary to plan
 an

d im
plem

ent w
ater 

m
an

agem
ent at a system

 scale – an
d plan

 for ch
an

ge.

C
lim

ate ch
an

ge im
plies contin

u
ou

s ch
an

ges, an
d so investm

ent 
decision

s, in
clu

din
g N

bS
, sh

ou
ld be plan

n
ed w

ith
 foreseeable 

variation
s an

d u
n

certainties already in
 m

in
d. S

olu
tion

s based in
 

n
atu

ral processes h
ave th

e advantage of bein
g gen

erally m
ore 

flexible an
d able to adapt to ch

an
gin

g con
dition

s.

In
 order to take fu

ll advantage of th
e opportu

n
ities for m

ore 
su

stain
able w

ater m
an

agem
ent off

ered by N
bS

, ch
an

ges are n
eeded. 

Th
e n

ew
 paradigm

 of w
orkin

g w
ith

 n
atu

re an
d n

ot again
st it n

eeds 
in

n
ovative approach

es from
 diff

erent sectors. B
elow

 w
e m

ake a 
stron

g call to variou
s actors in

 E
u

rope, to take action
 to foster th

e 
im

plem
entation

 of N
atu

re-based S
olu

tion
s an

d ch
an

ge th
e cou

rse of 
E

u
rope’s w

aters.
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Private Sector Corporations
• E

n
g

ag
e in

 W
ater S

tew
ard

sh
ip

 an
d begin

 by assessin
g w

ater 
risk across m

aterial parts of th
e valu

e ch
ain

 an
d creatin

g a 
strategy th

at m
itigates risk (W

W
F W

ater R
isk Filter); an

d su
pport 

policy th
at en

su
res good govern

an
ce, su

ch
 as th

e W
ater 

Fram
ew

ork D
irective. Learn

 m
ore abou

t w
ater risk an

d w
ater 

stew
ardsh

ip. 

• Learn
 m

ore ab
ou

t h
ow

 N
b

S
 can

 h
elp

 to solve w
ater 

ch
allen

g
es an

d prom
ote th

eir application
 w

h
ere possible.

• S
cale u

p
 collective action

 on
 N

b
S

 th
rou

gh
 platform

s th
at 

allow
 diff

erent com
pan

ies, even
 from

 diff
erent sectors, to w

ork 
togeth

er at basin
 or lan

dscape level to redu
ce th

eir sh
ared risks. 

S
u

ch
 a scale m

ay allow
 for th

e im
plem

entation
 of B

an
kable 

W
ater S

olu
tion

s (see case stu
dy on

 H
arin

gvliet an
d B

ox 6). 

The Financial Sector
• U

n
d

erstan
d

 w
ater risk an

d
 h

ow
 to b

etter accou
n

t for 
it w

h
en

 valu
in

g
 in

vestm
en

ts. Learn
 m

ore abou
t fin

an
cial 

valu
e an

d w
ater risk an

d  ch
eck ou

t th
e C

eres W
ater Investor 

Toolkit. In
 particu

lar, learn
 m

ore abou
t h

ow
 investm

ents are 
already w

orkin
g for N

bS
 an

d existin
g stru

ctu
res to su

pport 
N

bS
 activities. Learn

 m
ore abou

t th
e story of th

e W
ash

in
gton

 
D

C
 W

ater B
on

d an
d N

atu
re In

su
ran

ce Valu
e: A

ssessm
ent an

d 
D

em
on

stration
 (N

A
IA

D
), an

d explore h
ow

 W
W

F is m
obilizin

g 
fin

an
ce for N

bS
 via its B

an
kable W

ater S
olu

tion
s.

• E
n

g
ag

e w
ith

 existin
g

 eff
orts an

d
 start to create off

erin
g

s 
th

at fi
n

an
ce N

b
S

.

• Im
p

lem
en

t an
d

 su
p

p
ort p

olicy th
at lays th

e fou
n

d
ation

 
for cred

ib
le g

reen
 in

vestm
en

ts, su
ch

 as th
e u

pcom
in

g 
E

U
 taxon

om
y fram

ew
ork, an

d a stron
g E

U
 W

ater Fram
ew

ork 
D

irective.  
  E

u
rope’s past featu

res a dram
atic loss of n

atu
re. Th

is h
as n

ot 
on

ly dim
in

ish
ed th

e contin
ent’s w

ildlife an
d biodiversity, bu

t th
e 

loss of forests, w
etlan

ds an
d floodplain

s h
as also in

creased risks 
from

 floodin
g, drou

ght, an
d poor w

ater qu
ality.  Th

ese risks are 
projected to fu

rth
er in

crease in
 m

u
ch

 of th
e contin

ent – even
 if 

w
e su

cceed in
 h

oldin
g th

e rise in
 global tem

peratu
re to below

 1.5 
degrees C

. N
atu

re-based S
olu

tion
s h

ave th
e potential to restore 

som
e of th

e losses of th
e past w

h
ile redu

cin
g th

e risks of th
e 

fu
tu

re. 

CALL TO ACTION
 The European Commission: 
• E

n
su

re th
at th

e E
U

 B
iod

iversity S
trateg

y for 2
0

3
0

 in
clu

d
es 

leg
ally b

in
d

in
g

 targ
ets of restorin

g
 n

atu
ral w

etlan
d

s, 
p

eatlan
d

s an
d

 fl
ood

p
lain

s as part of a broader n
atu

re 
restoration

 target of 15%
 of E

U
 lan

d area. Th
is w

ou
ld contribu

te 
to sign

ificantly in
creasin

g E
U

 carbon
 sin

ks an
d w

ou
ld also 

im
prove resilien

ce to th
e im

pacts of clim
ate ch

an
ge.

• S
tren

g
th

en
 an

d
 foster th

e im
p

lem
en

tation
 of th

e E
U

 leg
al 

fram
ew

ork for w
ater p

rotection
 in

 order to m
eet th

e 20
27 

deadlin
e, an

d en
su

re n
o w

eaken
in

g takes place. In
 particu

lar, 
th

e E
u

ropean
 C

om
m

ission
 sh

ou
ld declare th

e W
ater Fram

ew
ork 

D
irective fit for pu

rpose an
d m

ake su
re th

e th
ird R

iver B
asin

 
M

an
agem

ent P
lan

s – to be developed by M
em

ber S
tates by 

th
e en

d of 20
21 – contain

 gu
arantees th

at su
rface an

d grou
n

d 
w

aters w
ill be in

 good statu
s by 20

27.  In
 addition

, an
d as part of 

th
e u

pcom
in

g W
ater A

ction
 P

lan
, a large-scale deploym

ent plan
 

of N
bS

 for w
ater m

an
agem

ent sh
ou

ld be lau
n

ch
ed in

 order to 
en

h
an

ce th
e n

atu
ral treatm

ent of pollu
tion

, su
stain

 biodiversity, 
an

d in
crease resilien

ce to clim
ate ch

an
ge. 

European Union Member States:
• S

tren
g

th
en

 th
e im

p
lem

en
tation

 of th
e E

U
 leg

al fram
ew

ork 
for w

ater protection
 in

 order to m
eet th

e 20
27 deadlin

e, redu
cin

g 
th

e am
ou

nt of exem
ption

s an
d u

sin
g th

em
 on

ly w
h

en
 fu

lly 
ju

stified. 

• In
teg

rate N
b

S
 in

to th
ird

-cycle river b
asin

 m
an

ag
em

en
t 

p
lan

s (20
22-20

27), carefu
lly an

alysin
g hydrom

orph
ology 

in
dicators, as w

ell as into both
 associated program

m
es to brin

g 
all E

u
ropean

 w
aters to good statu

s by 20
27 an

d Flood R
isk 

M
an

agem
ent P

lan
s.

• A
p

p
ly th

e n
on

-d
eterioration

 p
rin

cip
le an

d
 p

recau
tion

ary 
ap

p
roach

 to protect rem
ain

in
g free-flow

in
g, u

n
altered an

d 
clean

 stretch
es of rivers for th

eir biodiversity an
d ecological 

valu
es an

d n
ot leave th

em
 open

 to fu
rth

er hydropow
er 

developm
ent an

d m
odification

s for agricu
ltu

re an
d in

lan
d 

n
avigation

.

• Im
p

rove tran
sp

aren
cy an

d
 en

ab
le eff

ective p
u

b
lic 

p
articip

ation
 in

 river basin
 m

an
agem

ent plan
n

in
g an

d 
application

 of exem
ption

s (e.g. A
rticle 4.7 W

FD
). 
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LIVING EUROPEAN RIVERS 
Living European Rivers is a WWF-led initiative to bring 
life back to Europe’s waters for the benefit of people 
and nature. Involving other civil society organizations, 
governments, investors, businesses and communities, 
the initiative aims to protect rivers, lakes and wetlands 
that are still in good health and restore the ones that 
have been degraded - to help build resilience in the face 
of climate change. To achieve this ambitious goal by 
2030, the initiative works to improve water governance, 
redirect financial flows towards nature-based solutions, 
remove dams, fight unsustainable hydropower, and raise 
awareness about the values of freshwater ecosystems.

For more information, please contact:
Eva Hernández
Coordinator of Living European Rivers Initiative, WWF
Email: ehernandez@wwf.es


