SE1: Preventing the brownification of lake water

Lund University, Sydvatten, Ge ological Survey of 5

Mitigate the brownification of lake water

Problem:

The brownification of lake water poses major challenges for drinking water producers and
lake bicdiversity, leading to higher treatment costs and declining biodiversity.

Causes and drivers for brownification:

The causes of brownification are complex and not yet fully understood. However, several factors are believed to

contribute:

* Unsustainable forest management practices, such as unsuitable species composition and monoculture stands, can
increase the flux of dissolved organic matter (DOM) into surface waters,

* Drainage systems, including ditches, promote faster and more direct transport of organic matter to receiving waters.
* Climate change and extreme weather events can increase water discharge and mobilization of organic material,
* Leakage of dissolved organic matter from peat bogs further contributes to brownification.

Our strategy to foster a Blue Transition

Potential salutions to mitigate brewnification Include creating wider and more
MHmﬂumnmmimmnmmln
forested landscapes, and intreasing  understanding of the complex
| hydrogealagical system. In addition, rewetting drained wetlands and peatlands
can help reduce the leakage of dissolved organie matter inta surface waters.

Continuous stakeholder dialogue and knowledge sharing are essential for bullding
trust, securing support, and ensuring successful implementation of measures to
reduce brownification. Investigating how and why measures work helps close
knowledge gaps and improve management strateghes. A monitoring system is alsa
erucial ko assess bath intended and unintended effacts of rewitting over time.

Achievement

During the Blue Transition project, several results were achieved across multiple levels, including extensive geophysical and hydrogealogical
investigations, stakeholder collaboration through warkshops, presentations, and policy days, and the development of a strategic framework. In
addition, outreach activities such as a summer school and several master’s theses were carried out, and a rewetting testbed was established.
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Challenges

Limited understanding of the drivers and ecological eMfects of brownification, together with a fack of  «
long-term datasets, highlights the need for further research. Although land-use change is important
fer mitigating brownification, implementation is challenging due to the many private landowners
involved around Lake Bolmen (> 10001) and the time required to build trust and stakeholder
collaboration. In Sweden's non-profit drinking water sector, ecomomic incentves for water °
protection are Nmited, while the implementation of effective mitigation measures is further »

cormplicated by long-lasting drainage ditch permits.,

Satup of @ monitoring system to track intended
and unintended consequences of rewetting
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SE2: Vomb Trough Water Resources BlueTransition  interre
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P 9 Hydrogeological Understanding and Sustainable Water Management in the Vomp Areq

Challenges

In the face of fu:ure climate change, southern Sweden (Figure 13) is expected to
experience MOrE Irequent drayghys, heavy rainfall, and temperature e:lrep::es The
Vomb Trough (Figures 1b gng €) contains one of the largest combined aquﬁém in
southern Sweden 3""; includes impartant wetlands and lakes, such as the Klingavilsin
\-':_ﬂlw and l.akel\fc?m - Increased surface and groundwater extraction, combined with
climate change, is likely to affect the region's water supply, biosphere, and biodiversity.
In aur pilor, we aimed to achieve the faliowing goats:
*  Enhance hydrogealogical understanding bt i

Improve artificial infiltration at the “ﬂn:pmmﬁ!;::ff:ﬁ;‘:ﬁ"“- wetlands, and lakes.

.
*  Develop a conceptual hydrogeological meage). e
*  Support sustainable water management | the Vomb area. bl

Figare 11 Location detady of the Study ares (nat s 1ab]: [4) bwrden W Highighind Seani; (] borten of Sianiy munkigolies
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Our strategy to foster a Blue Transition

Sustainable water mar intht'u'umbm .

B requires a solid understanding of
groundwater and ts interaction with surface waper under increasing -:Iumll'“m
demographic pressures, This project establishes a technical ang manitoring baseline for long:
term, adaptive management. Monitoring the MAR infiltration pond provides key insights into
E:airﬂﬁ elﬁl‘clenw, subsurface flow, and storage in a complex geological setting. Together

tial madelling, it lays the foundation for optimizi Bnarti

resilient Blue Transition. % e ceervton wnd Mipgontig 3

Achievements

Vomb Trough
* Background hydrogeolagical data were collected and processed to develop a model of

the Vomb Trough
* Groundwater levels from 16 high-accuracy ohservation wells were used for baseline

and rmodel calibration (Figure 4).
* A conceptual model was developed using SkyTEM data and groundwater

measurements
Wetland Dynamics
* Wetland dynamics were monitored using integrated hydrological and geophysical

methods.
* DCIP surveys were conducted at multiple time steps to assess changes in

subsurface moisture and resistivity (Figure 5).
* GPR profiles characterized the shallow stratigraphy, showing an 80 cm organic

soil layer over sandy soil (Figure 5).
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Vomb Water Works
A comprehensive monitoring system was installed in the MAR infiltration pond at

Vomb Water Works, including continuous geoelectrical tomography, temperature,

groundwater levels, and soil moisture measurements (Figures 2 and 3).

Groundwater mounding effects were successfully measured and visualized, leading to

better management of the infiltration pond.

Long-term manitoring is successfully ongoing, enabling detalled observation of ;
s A

seasonal variations and system development — o fors welh ke e v anc bime steps of DOIP resofts

with GPR

P
T

Stakeholders
Municipalities & Planners: Sustainable supply planning; prepare for increased

extraction .
Environmental Agencies: Protect ecosystems; assess biodiversity irmpacts
Researchers & Consultants: Use data for modelling and MAR research

Vomnb Water Works: Optimize infiltration; improve recharge and water quality

Future Projects A _
3D Groundwater Model: Predictive model with climate scenarios

Wetland-Aquifer Study: Long-term monitoring; expand geophysics
Climate & Blue Transition: Demand management + nature-based solutians
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Achievement
N/ |moroved understanding of saltwater distribution and dynamic ofcontal aiten
under climate change through

= Geophytical measurements with the LAG institute (Hanoves] to mag the dynamics |
of salt-freshwater interface which serve as a basis for

= 3D-geological model and numerical groundwater flow model fo simulate various
groundwater management scenarios under the conditians of chmate change
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Our strategy to foster a Blue Transition

The pilot combined field strip experiments [INGUS G i
: mbH) with SVAT modelling by BGR using the
! BRrOCCosySiem madel
at.lscrvallcm SI.h!s. We sowed catch and cover crops to stimulate soil flora and fauna in the desper hl:lr-:mp';imulﬂmn: :E:f:::r:il::;aw m'r: i
wlthou_t one-time vl?ll!'ﬂp Fluughung [+5 em) and included sensitivity analyses of soil properties and mineralization on parameters (BGR). '-r':r:::duéﬁ
numerical (SVAT) simulations and tested the sensitivity of carbon stock sequestration to tillage-induced changes in soil characteristics .and Layer ific
S0M turnover rates for two exemplary sites. b

Achievements Main modelling results:

— Subsoil management can increase carbon storage - s
potential, but results strongly depend on organic matter :
turnover processes in the addeitional soil layer. ::" =2 ..‘__;_"l_' Sl :;:
= The simulations showed a high sensitivity to the _—
mineralization turnover factor. Li = g W e
= el

* Other investigated soil properties and hydraukc e S
parameters had only minor effects.

+ |n the “worst-case™ scenario (turnover rates
comparable to topsoil across the full 35 cm), soil organic
carbon decreased by about 4% within five years

compared to the control

s T

rELRiniin

¥ There is an wigent need for long-term
menitcring data to validate model
predictions

+ In the “best-case” scenario, humus contents increased by up to 9%.

i i i after firve years
« Assuming a realistic turnover factor of 1, simulations indicated an increase in humus content of arcund 2% is

Challenges
The model analyses evaluate the potential and effe

The simulations also show potential threats to grou

jons to increase C stocks.

i
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ndwater resources through nitrate bea
Uptake by stakeholders and future projects:

» Results can support evidence-based
recommendations for climate-resilient sl

fon sirategies.
management and water protect .
« Findings are relevant for farmers, advisory services,
water authorities and agricultural slaﬂlm
interested in carbon farming approac
I-nt;rﬂe modeling framework can be :ra_mlh:red to
ather regions and Ranagement SCEnarkas.
» Qutcomes may feed into future research and policy
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GE4: WaterFarmers

BluaTransition

Securing the groundwater supply for field irrigation
mwm-hnm-uﬂmﬁhmwhmmmmmmm heghart Levngeratur
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Report on the wirter rights
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Act of the Federal Republic of Germany, the scope of the investigation was P Sy s ——
specified in order to maet the vanious requirements made by EU law, but e gt
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with the prohibition of deterioration, but also to comply with the ropsmandt el mdntolag e et s
requirement for improvement. As part of the modelling, different states, it el e R S —
spatial and temporal, must be compared in order to draw condlusions abeut mystilistodrpder iy
the effects of increased groundwater abstraction in the future, fior example.
The folicasing conditions must be observed:

Achievements

New model variants and corresponding terms.

Linieial state: erucial for the water balsace of the landicape or that aeed to be relocated or adapted for future-groof
Awerage weather and abstraction situstion [reference period 2013 - 2027) abrtracton

2. Progroi Condition: Iy a general meeting, the grak and effects of the
fertrage weather situstion, withdrraals acconding to the requested quantity, \Waterf armers project were expliined to the Earmens and
reduced from arcund 70 milion m* to 65 million m" 3 commenmun on the destribution of the costs could be

3. Pre-Stress Condition Bgreed with the farmens.

Aererage wrather |, withadrawats. deng to the referende perod 2003 — I} seteiticon E0 the geviersl meeting wrth well ower 300
w7 participants, more than 10 meetings of the so-called

& Dy Weather Initial State Sering grouD were held, 2 of them together with the
Dy meeather sitit daum withdramals (reference period 2013 - 2022) responsible water authonty.

5Dy Weather F Condits ; Challenges
Dy weeather situation, overall sverage withdraess according to the application SR [ SPNATOS 10 b EXmened were teCRnCaly very
T extenisve and there wad an ntensne need for
{1,000 % in 10 pears, see Table 5-8) coordination with the respornible state and local water

1.25 times [Sth year and Tth year) of the mean withdrawal sccording to the authoeities, the coordnation provess hus already thm
mices than two years and has not yet been fully
completed. Against this barkground, no local working
o have yet been held, 30 that the final fountain
scenery has not yet been determaned.




DK1: Climate-hydrological models for flood and
contamination protection: Aabenraa city and town of

Bylderup-Bov in Region of Southern Denmark

Modelling tool for a better climate adaptation in urban area

Climate change, including increased precipitation, flooding, and rising groundwater levels, affects the
entire water cycle and poses significant challenges for urban areas. Within the DK1 pilot, two areas
have been selected to illustrate different, but related, climate risks and management needs.

Why the Underground Matters

'The pilot area Bylderup-Bov is

| particularly vulnerable due ta its
|originally very high groundwater levels

|(approximately 30-40 cm below

|surface). Episodes of flooded basements

and overloaded local sewage systems
occur frequently, demonstrating how
|extreme groundwater conditions can
put pressure on existing infrastructure.

BlueTransition

In the Aabenraa. r.utv prlot area, ﬂcad!ns
oceurs from all directions: the sea, surface
water, and groundwater, An additional risk is
that changes in groundwater flow may affect
contaminated sites. These complex
interactions between different components of
the water cycle highlight the need for a
holistic approach to climate adaptation, which
is the main focus of the DK1 pilot.

To support such an approach, an integrated water management tool has been developed, based
on groundwater modelling that includes all elements of the water cycle for the entire

| catchment area. The aim is to identify and evaluate the most aptimal solutions for climate

adaptation, taking into account both local vulnerabilities and the broader hydrological system.
Our strategy to foster a Blue Transition

Linking underground knowledge to better climate adaptation decisions..

1

Interreg
Harth S

|Our Holistic Approach in DK-1

What happens under- |
ground has a major
impact on groundwater, -
flooding and climate |
<isks in our cities. | .

“ollaboration for Better Decisions

by combining data and expertise, we create a stronger hasis !hrrang-t!nh silrrme adaptal:tan

ind a sustainable Blue Transition.

\chievement

cyclein the pilot area

enntarnlnamd sltes

+ Improving knowledge of
geology and groundwater
* Looking at the whole water

& Pndl.dlnginﬁ'aslmcture and

The fu'ture appllmlun

nproving knowledge about underground nondmons in1he pII _ Dialog on the application
P pnssnhuhtu&s in the future ]
‘2. Geological modelling: The groundwater model Inoorparates three |cllmaha adaptation projects in 1
| Focusing on the uppermost 50 m of climate models that project increased urban areas within
the surface. Revealing a complex -~ W' precipitation over the next 75 years. Addimnauv,municlpallw Sharing the
. Field work: geology in both P"C"‘ Areds.iigy Groundwater madals: fourteen different scenarios were simulated, ~ fesults with other ﬂ"-'thﬂﬂt'ﬁ-
pismic measurements The transport paths for the | providing a robust understanding of the effects of '
[EM measurements groundwater based on the new potential solutions applied in the area.
hallow borehales with loT sensors geological condition together witha
roundwater analysis groundwater level from the loT sensors
and the existing data.

hallenges

1 Denmark, | Iegislalinn is still divided, with d
1 the water cycle it occurs.” {




DK2: Meadow Aastrup Kar

BlueTransition

Multifunctional land use and carbon sinks in peat sojls

The DK2 Meadow Aastrup Ker pilot examined how rewetting of drained peat soils may reduce
:reenhwseg_as emissions. Pr:.'_jtlands in Denmark are typically low-lying agricultural areas that have been
rained, making them susceptible to grecnhouse gas emissions, Rewetting these areas has the potential to
lower emissions, create buffer zones for increasing precipitation, and to Increase the natural value, but
current knowledge about the actual impact on emissions remains limited. Aastrup Keer was selected becaysa

it forms part of the national Fewetting initiative, allowing project results to be directly shared with the
Maticnal Nature Agency.

Our goals were to;
1) Assess legislative and Eovernance challenges that influence rewetting efforts,
2} Improve mapping of peat sils with geophysical methods, and

3] Provide a baseline of €O, and water table depth measurements related to
emvironmental parameters prior to rewetting,

Our strategy to foster a Blue Transition

e
[ L= R

* Reducing barriers to the biye transition requires action on several fronts: streamlining dispensatio
the documentation burden on local authorities; aligning the parallel national rewetting schemes so landowners and munici
single, coherent pathway: and strengthening the resources and expertise available at the municipal level, particularly in smaller rural
municipalities where maost rewetting takes place.

* A further strategic lever lies in the design of participation incentives. The Green Tripartite Agreement combines volun

Achievement

* A governance screening of the legal and institutional framewerks showed that EU and Danish legistation
designed to protect nature, and biodiversity can pose significant barriers to rewetting efforts,
Dispensations are possible but constrained, and local authorities often struggle with the high
documentation demands in nature-protected areas due to limited resources and specialived expertise at
the municipal level,

= We mapped the geological layers of Aastrup Kar using several geophysical methods, By integrating the
geophysical models with borehole data, we determined the thickness and spatial distribution of the peat.

= We compiled a technical note with recommendations on the mast suitable geaphysical methods far
mapping peat thickness and distribution.

* We analyzed data series of CO, and water table depth in Aastrup Kaer using machine learning. We found

that water table depths and CO, concentrations at 1 m aboye ground are predictable up to 1 and 6 days
into the future, respectively, based on environmental variables, However, discrepancies remain significant,

[T ————

1allenges

The governance screening identified three interlocking governance challenges. First, regulatory complexity: legal frameworks such as the EU Habitats
Directive, Natura 2000, and the Danish Nature Protection Act (natably §3 and §29a) restrict land-use changes to safeguard biodiversity, and although
dispensations can be sought, the documentation requirements are substantial, and case processing is lengthy. Second, Ih:umlnnal fragmentation: the
Green Tripartite Agreement and the twe parallel rewetting schemes (Kiima-Lavbundserdningen and Vand- og Klimaprojekter) involve awerla,t_:ping
mandates and differing project-ownership rules, making it difficult for landowners and municipalities to identify clear decision pathways. T_hlrd. I:Iplﬂhj
asymmietries: administrative responsibility is decentralized to municipalities while expertise and resources remain concentrated at the national level,
placing dispropartionate pressure on smaller rural municipalities and risking uneven implementation across the country.

* Prolonged periods of heavy precipitation caused extensive flooding across parts of
the meadow, preventing geophysical surveys from being conducted in these areds.
Consequently, the investigation was focused on the southwestern section of the
meadow,

# The low-cost CO, and water table depth measurements performed im this study
were inadequate to constrain €O, fluxes from the meadow and relate it to Ay
table depth. Future instrumentation upgrades are necessary to achieve solid
measurements of CO, (and CH,) fluxes and assess the impact of rewetting.

8 g i e iy At B, S s




DK3: Endelave BlueTransition  Interreg
iy M

Future scarcity of fresh and clean groundwater under a changing climate

The island of Endelave is transitioning from farming to eco-towrism, straining its limited groundwater
resources. Climate change, with rising sea levels, storm floods, and seasonal droughts further
threatens these resources by increasing the risk of saltwater intrusion. This pilot project examines the
socio-economic impacts on groundwater, including effects on the island’s economy, population, and
water consumption. It leverages comprehensive geophysical and hydrogealogical data to develop a
groundwater model, simulating future climate scenarios and informing local authorities and utilities,
The model aids decision-making for land use transition and ecosystem service management.

Goal: Comprehensive evaluation & socio-economic assessment of the future groundwater resources
Challenges: 1. Climate changes (rising sea level, storm floods, and seasonal droughts)

2, (Legacy) Pollution from agriculture.

3. Water consumption patterns and tourism.

Our strategy to foster a Blue Transition

The mast immediate risk of groundwater contamination from agricultural production on Endelave is reduced
through recent land-use change around the waterwork infiltration area. For the future, the infiltration 1one
should be re-evaluated to see if the protection zone is large enough, and the groundwater quality monitored
to see if legacy pollution reaches the abstraction wells.

To mitigate the risk of saltwater intrusion, reducing summertime groundwater abstraction should be
considered, potentially capping the number of summertime tourists and/for implementing water sxving
MEeasures.

Despite mitigation measures, it may be necessary in the future to abandon the current groundwater wells.
One patential option for an alternative groundwater source is by investigating deeper aquifers within the
buried valleys on the island. The geophysical data collected in this pilot provide an excellent basis for
selecting drill sites for further investigation of this option,

Achievement

# Geophysical mapping: rigorous geophysical mapping of the island and shallew subsea regions. The
investigation revealed two up to 100-meter-deep potential aquifers. The current abstraction is in a 20 m

deep aguifer.
Groundwater monitoring: establishment of 14 monitoring bereholes with 3 years of water pressure data.

* Geological- and hydrogeclogical modelling: development of new geological and hydrogeclogical medels

for Endelave based on geophysical and groundwater monitoring data.

Socio-economic screening: assessing how changes in land use and tourism can influence groundwater

resources and the long-term avallability of groundwater on the island through different scenarios.

* Governance barrier analysis: identifying and examining legislative, administrative, and organizational
factors that could potentially constrain the implementation of climate change adaptation initiatives on
Endelave. [P e pr——

> Integrated assessment of societal, environmental, and climatic drivers: focusing on how these b o
interrelated factors may affect future groundwater supply. This assessment is informed by findings from the
Blue Transition project and supplemented by empirical studies.

» Augmented Reality (AR) application developed as a visual support tool.

Challenges

* Securing a framework for continued monitoring of groundwater pressure and salinisation S—
* Further investigation of alternative water supply from deeper aquifers on the island oA skl iivten drfoe S
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Decisions for People an

System understanding and science-based dialogue between sectors and interests

# Anticipation through prospective modelling: a wide range of land-use and water-management
strategies have been explored, helping identify the most robust options before erives occur.

& Scientific results and prospective scenarios directly informed a cross-sector Water Resilience Plan

{regulatory document] co-developed with Lotient Agglomération

Short term technical measures

* Identify critical zones where monitoring efforts should be prioritised to inform dedsions . :

& Define 3 minimum ecological groundwater discharge feeding protected ecosystems Rafaten ~ rarseate S ey
Ty M werliatet 4 TR Of puepey

Long-term transition

= Opportunity of adaptive pumping strategies, adjusted to seasonal and dimatic conditions, can i Y Ay
substantially limit negative impacts and offer concrete options for balancing human and ecosystem

needs.

W ——
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= Support local knowledge sharing with citizens using a smartphone-based nitrate measurement tool
to show that (all) humans and ecosystems are connected. Measuring together on the field allows to
foster dialogue across diverse perspectives and making imasible water tangible.

» Curiosity and a sense of wonder prevails, a nature experience provide a beneficial effects.

1;
!
Sharing habitability issues & raising concern i
!

» Political and institutional instability, and economical constrains slow the implementation of long-term
adaptive strategies, despite strong local engagement.

& Water governance remains fragmented, with limited transversal coOrdination across sectors (water
supply, land use planning, agriculture, environment), making It difficult toaddress systemic water
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