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So much can be

done by Nature-
based Solutions Nature does

nothing in vain

Nature is our
best teacher

Nature is a key
alley




In this lecture:

» What are Nature-based Solutions(NbS)?

» Examples of NbS

= |n rivers

= [n estuaries

= Co-creating NbS

= NbS Multifunctionality



Introduction

Climate becomes more extreme and
\ unpredictable

1/3 of the dike trajectories in the Netherlands does
not comply to the safety standards (> 1000 km)

Increasing dike height is not a sustainable
solution anymore

We need innovative solutions

Not only flood protection . | y
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Think about it

Ever wondered how do we
transition from the
‘conquering’ nature to

‘collaborating’ with nature

mindset?



What are Nature-based Solutions? .

res!

Protected Area == Increased Pressure

*
Flooded Area & Restored mangroves

Floodwall ’ Restored forest



JUCN, 2016

-
Flooded Area A Restored mangroves

| Floodwall 7 Restored forest
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Stream Discharge (m3/s)
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What are Nature-based Solutions?

Global carbon emissions (pgCO, yr')

Griscom et al., 2017 '

2000 2010 2020 2030 2040
2050
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What are Nature-based Solutions?

Global carbon emissions (pgCO, yr')

Griscom et al., 2017 '

2000 2010 2020 2030 2040
2050




What are Nature-based Solutions?

=

wetlands creation and ¢ | &7 orage areas  heathland restoration

restoration

riparian buffer
corridor area

>

woody dams in 20

streams and riparian .//"/‘ re-naturalization of
zone S

& polderareas

lowering N
tree planting

tloodplains




Examples (

rivers): Room for the river
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Examples (rivers)

Depoldering Noordwaard

Lowering of
the dike

The polder will be

flooding multiple time;

each winter, when the|

water overtops the
lowered river dike. -
Buildings are elevated
on dwelling mounds
(‘terpen’)
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Enhancing dike strength

with floodplain vegetation _
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470 km guays and dikes

50 km pew roads

29 dwelling mounds

38 tpaffic bridges

29/pump stations (wind/electric)
# min m3 dirt transport (300,000
trucks)




xamples (riverSJ: . Rijkswaterstaat
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olumns Opinic Carcoons Cultuur & Media

Examples (estuary):

Tegen de dijken van de
toekomst golft de
bloemenzee: Nijmeegse
wetenschappers boeken
veelbelovende resultaten

Fgaal gras zie je op de meeste dijken. In en rond
Nijmegen wordt gewerkt aan de dijken van de roekomst,
met bloemenmengsels. Dat oogt mooier en helpt
insecten, maar het gaat vooral om wat er ondergronds
gebeurt.

Jean-Pierre Geelen 4 augustus 2023, 10:30

Nieuwsen (o |

17000 kilometer
bloemrijke dijken

een reusachtige kans voor
biodiversiteit

versiag: Onno Beukers




CO'Creatlng NbS Bogatinoska et al., 2022

Catchment Socio Ecological System
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co-creating Nbs We will work together to ensure your IAPPZ, 2018

concerns and aspirations are directly

reflected in the developed measures and

provide feedback on how your input

We will keep you
PY influenced the decisions

in the loop!

—

Consult Involve Collaborate Empower Community
Driven / Led

Low level of Mid level of High level of
community community community
engagement engagement engagement

We will look to you for advice and innovation

We will keep you informed, listen to and in formulating solutions and incorporate your

acknowledge concerns and aspirations and

advice in the decisions to the maximum

provide feedback on how this input will extent possible!!!

influence the decision!



Co-creating NbS
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Multifunctionality of NbS

I[UCN

Conserving & protecting water sources

{le. protected arcas)
d 4 4
4 4 4
"WYY Establishing flood bypasses to
0‘ 0‘ 0‘ reduce downstream flooding
49
Forest landscape restoration Growing arops across slopes
to reduce flood impacts, to reduce erosion &
- stabilise slopes & provide clean water \‘ increase infiltration
-. £ -.' \‘
g s Connecting rivers to floodpiains & aguifers
with green roofs "~
'Immlvﬂummwv;“'- N \ ’
urban run-off ‘
{ie. permeable pavements) - ":: . A . .
. .;”: —— - l" —l“.* . .‘iq ; . .
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* Providing infiltration & | = b
bio-retention v, ~
tort spaces) alm— i mT <
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ey »
nu’
Purdfying wastewater & A-I
Providing npanan buffers
alleviating floodng to maintan water quality &
(healthy wetlands) reduce erosion
Protecting & restoring mangroves,
2 E coastal wetlands & dunes
Conserving and restoring wetlands
Protecting & restoring reefs
for coxstal protection and habetat

*Hybnd solton that contam built elements that

interact with natural foatures and seek 10 enhance
thedr water related ecosystem servicet



Multifunctionality of NbS
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NbS: Beaver reintroduction, ditch
blocking, river meandering, wetland
restoration

Benefits: Flooding and drought
resilience, biodiversity, carbon
sequestration



Multifunctionality of NbS

Carbon\

y
«® & Sl and \. Climate Mitigation
%

sequestration N

\ *
\ Flood control A
Nature- - Integrated
based i ] modelling
Solutions 7 approach
(NbS) oo
Fertile soils r'

Climate Adaptation

-ﬂd"mught //



Define variables,
spatial and
temporal scales

STEPl

-
modelling = T
approach g {VAenngB ]‘ELSE *{\’Aendnvaendiw} ELSE‘[AendﬂVBex;t@}
. ° < Venﬂv Vennvex;tw
Making models communicate e S
THEN THEN
with each other in 5 steps 1 e I
. THEN . .
E § Al Vp eng 1S SENSItive to vy g Al Vp eng IS seNsitive to vg o q
LsE B: Vg eng IS SENSItive 1O V) ¢ g B: Vg eng IS S€NSItive to vy g :
Model selection £ B I R — —— o i
. Analysis of variables and their overlapping @  ( Nomtegration \ ( Modelintegration ) Model Integration ) |
; éqﬂ g)hﬂoddscanrun b) Full integration c) Loose coupling  d) Tight coupling | !
pop u,atlons | & independent from strategy strategy strategy |
o each other :
Sensitivity analysis \ nj N y \ 1)

[ e T T T |

Integration of model A and B

4 ([ MODELRUN(S) |
Model runs &

Bogatinoska et al., 2024



case StUdy area The Aa of Weerijs Catchments

(The Netherlands)

Current land
use

Netherlands

Belgium

- Broad-leaved forest l: Mied forest

[ ] complex cuttivation pattems I 1oors and heattiand
River Network I coniferous forest I 1on-imrigated arable land
E Baidiies ol [ | sandy-clay Loam SOC=2% [ | Loam SOC=1% I sandy Loam SC I:I Discontinuous urban fabric - st
[ sandy-clay Loam S0C=3% [ | Loam SOC=2% I sandy Loam sC B Green urban areas I Road and rail networks and associated land
DEM [m] I sandy-clay Loam SOC=4% [[1] Loam SOC=3% I sandy Loam SCC=3% I ndustrial or commercial units
p High : 37.8517 . I seort and leisure facilties
| [ | clay Loam soc=1% [ Loam SOC=4% I sandy Loam SQC=4% I 'rianc marshes
B | 0w -0.780015 I clay Loam SOC=2% B Loam sOC=5% Il sandy Loam SOC=5% [ Transitional woodiand-shrub
:-0. incipall i iculture,
B clay Loam SOC=3% I Loamy sand soc=2% [l Sandy Loam SCC=6% B and princially occupied by agiculture

[:‘ Mineral extraction stes

Bogatinoska et al., 2024



Coupling hydrological
and Carbon models

Linking the hydrological model and soil organic carbon model of the Aa
of Weerijs catchment

> Water retention
> Soil moisture
> Infiltration

TPTF
Soil organic matter
model (CARBI)

> Texture

Bogatinoska et al., 2024



NbS test scenarios

extreme
reforestation

Tree
planting Heathland

restoration

18

Bogatinoska et al., 2024



Land use change
see na rios Current land use

wetland
restoration

extreme

3| Inland marshes

Transitional woodland-shrub
Moors and heathiand
Natural grassland

OHS

Mixed forest

rmm——1

I | Coniferous forest

Raeee—a

- Broad-leaved forest

Land principally occupied by agnculture with s

- Complex cultivation pattermns
Pastures

- Non-imgated arable ltand

- Sport and leisure facilties

- Green urban areas
- Road and rail networks and associated land

Industnal or commercial units

heathland
restoration

Discontinious urban fabne

Bogatinoska et al., 2024



Model iterations

Etfects from the model coupling

Spatial mean and standard deviation values for the modelling steps for the
current and the alternative land use

Current land use Alternative land use
SOC [%] Soil Moisture © SOC [%] Soil Moisture ©
[0)] [0)]
Runl 2.00(0.86) 0.31(0.05) 2.00 (0.86) 0.29 (0.05)
Run2 3.36(1.13) 0.33 (0.05) 3.46 (1.10) 0.33 (0.05)
Run3  3.48(1.40) 0.34 (0.06) 3.51(1.40) 0.38 (0.03)
Run4 3.48(1.50) 3.89 (1.40)

Soil Moisture [()] E
0.35
0.25

Schematic representation of the loose coupling

STEP 4

strategy between model A and B and their model

runs for the alternative land use scenario




Iteration 1

Effect of iterations on
moisture and Carbon

[0]
0.05
0.03
0.00

E-o.m

(] Undefined Value

Bogatinoska et al., 2024



Heathland
restoration

Extreme
reforestation

Effects of NbS
through land use
change on solil
moisture

1
v,
14 8
(3.,
ASMI — SMINBS — SMIBM

SMI =1

Wetland
restoration

Heathland  Tree Wetland
restoration Planting Restoration

0.300

No change 1.2% 4.5% 4.3% 0.150
Positive Change (>0) - 22.2% - . 0005
Negative Change (<O) 27.4% - 35.7% [_] Location (Natuurmonumen t)

Bogatinoska et al., 2024



Effects of NbS
through land use

change on soil Carbon

ASOC — SOCNBS — SOCBM

Heathland Tree Wetland

restoration Planting Restoration
No change 1.2% 4.5% 4.3%

Positive Change (>0) - 22.4% -

Negative Change (<0) 29.8% - 35.6%

Heathland
restoration

" Extreme
reforestation

SCSR [%]

Bl Above 5.0

Bl 25

B 15-
Bl os5-

Bl 40

-0.5-
-2.0 -

5.0
2.5
1.5
0.5

-0.5
-2.0

B Below -4.0

[ ] Undefined Value



for stakeholder
discussions

Using modelling results

m

ENVIRONMENTAL MODEL NBS DESIGN
STAKEHOLDERS
Define objectives and >
corresponding KPI
P MC1 Sensitivity Analysis Analyse
< feedback
<€ MC2 Impact Assessment
Update Model >
< MC3 Scenario Evaluation
Catchment Scale
MC4 Scenario Evaluation
LocalScale <€ Monitor and Evaluate
Implement NbS
<€
STAKEHOLDERS
00 ENVIRONMENTALMODEL NBS DESIGN

m




Conclusion

1. With changing climate, we need
innovative and adaptive solutions
2. We need to work with nature and
not try to conquer it

3. The voice of the people most
affected by the impacts of climate
change is important

4. NDbS can tackle more
environmental problems at once,
but we need integrated models




Thank you!

@ borjana.bogatinoska@utwente.nl

(C‘)j https://www.linkedin.com/in/bbogatinoska/

o


https://www.linkedin.com/in/bbogatinoska/
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