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So much can be 
done by Nature-
based Solutions

Nature is our 
best teacher

Nature does 
nothing in vain

Nature is a key 
alley



In this lecture:

▪

▪

▪

▪

▪

▪



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



Introduction
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Think about it



What are Nature-based Solutions? IUCN, 2016
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What are Nature-based Solutions?
Griscom et al., 2017





What are Nature-based Solutions?
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What are Nature-based Solutions?



Examples (rivers): Room for the river



Examples (rivers)
Lowering of 
the dike

Enhancing dike strength 
with floodplain vegetation

The polder will be 
flooding multiple times 
each winter, when the 
water overtops the 
lowered river dike. 
Buildings are elevated 
on dwelling mounds 
(‘terpen’)

floodplain

floodplain

floodplain

forest

70 km quays and dikes
50 km new roads
29 dwelling mounds
38 traffic bridges
29 pump stations (wind/electric)
4 mln m3 dirt transport (300,000 
trucks)

Depoldering Noordwaard



Examples (rivers): Source: Rijkswaterstaat



Examples (estuary):



Co-creating NbS

CATCHMENT

RESILIENT 
CATCHMENT

NATURE-
BASED 

SOLUTIONS

WATER 
PRACTITIONERS

OTHER 
STAKEHOLDERS

CO-CREATION

FLOOD DROUGHT EROSION

Ecological System Social System

Catchment Socio Ecological System

Bogatinoska et al., 2022



Co-creating NbS
We will keep you 

in the loop!

We will keep you informed, listen to and 
acknowledge concerns and aspirations and 

provide feedback on how this input will 
influence the decision!

We will work together to ensure your 
concerns and aspirations are directly 

reflected in the developed measures and 
provide feedback on how your input 

influenced the decisions

We will look to you for advice and innovation 
in formulating solutions and incorporate your 

advice in the decisions to the maximum 
extent possible!!!

We will implement what 
you decide

IAPP2, 2018



Co-creating NbS



Multifunctionality of NbS IUCN 



Multifunctionality of NbS

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

Benefits: Flooding and drought
resilience, biodiversity, carbon 
sequestration



Multifunctionality of NbS



Integrated 
modelling 
approach

1. Model selection 

2. Analysis of variables and their overlapping 
populations

3. Sensitivity analysis

4. Integration of model A and B 

5. Model runs 

Bogatinoska et al., 2024



DEM Soil map Current land 
use

Case study area

Bogatinoska et al., 2024



Coupling hydrological 
and Carbon models

Hydrological model
(MIKE-SHE)

➢ Water retention

➢ Infiltration
➢ Soil moisture

➢ Soil organic matter

➢ Texture

Soil organic matter 
model (CARBI)

PTF

Bogatinoska et al., 2024



NbS test scenarios

Bogatinoska et al., 2024



Land use change 
scenarios

Bogatinoska et al., 2024



Model iterations

Schematic representation of the loose coupling 

strategy between model A and B and their model 

runs for the alternative land use scenario

Current land use Alternative land use

SOC [%] Soil Moisture θ 

[()]

SOC [%] Soil Moisture θ 

[()]

Run 1 2.00 (0.86) 0.31 (0.05) 2.00 (0.86) 0.29 (0.05)

Run 2 3.36 (1.13) 0.33 (0.05) 3.46 (1.10) 0.33 (0.05)

Run 3 3.48 (1.40) 0.34 (0.06) 3.51 (1.40) 0.38 (0.03)

Run 4 3.48 (1.50) 3.89 (1.40)

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

Bogatinoska et al., 2024



Effect of iterations on 
moisture and Carbon

Iteration 1 Iteration 2

Iteration 1 Iteration 2

Bogatinoska et al., 2024



Effects of NbS 
through land use 
change on soil 
moisture

𝑆𝑀𝐼 = 1 −
1

1 + (
𝜃

𝜃50
)6

Δ𝑆𝑀I = 𝑆𝑀𝐼𝑁𝐵𝑆 − 𝑆𝑀𝐼𝐵𝑀

Extreme
reforestation

Heathland 
restoration

Tree planting Wetland
restoration

Bogatinoska et al., 2024

Heathland 

restoration

Tree 

Planting

Wetland 
Restoration

No change 1.2% 4.5% 4.3%
Positive Change (>0) 71.5% 22.2% 60.0%
Negative Change (<0) 27.4% 73.3% 35.7%



ΔSOC =  𝑆𝑂𝐶𝑁𝐵𝑆 − 𝑆𝑂𝐶𝐵𝑀

Effects of NbS 
through land use 
change on soil Carbon

Extreme
reforestation

Heathland 
restoration

Tree planting Wetland
restoration

Heathland 

restoration

Tree 

Planting

Wetland 

Restoration
No change 1.2% 4.5% 4.3%
Positive Change (>0) 69.1% 22.4% 60.1%
Negative Change (<0) 29.8% 73.1% 35.6%



Using modelling results 
for stakeholder 
discussions



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



Thank you!

borjana.bogatinoska@utwente.nl

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

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