Brownification of surface waters

— causes, mechanisms and potential countermeasures.

Hjalmar Laudon
Swedish Univeristy of Agriculttural Sciences
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Krycklan water program
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http://berniesgarden.blogspot.com/2012/01/rain-rain-my-favourite-summer-smell.html
http://www.123rf.com/clipart-vector/snow_covered.html

Krycklan —a 7000 ha research area for
studies on atmosphere, forest, soils, water,
ecology — and how they all connect




...but also human influence

Clearcutting

Charcoal
Ditching
Timber floating

Selective timber cutting

Tar production

Agriculture
Hay harvest on mire meadows
:é Reindeer husbandry

B Hunting, fishing
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Stone age 1500 1750 1800 1850 1900 1950 2000

The human history of Krycklan, Nordstedt 2019
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Krycklan stream
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The boreal landscape mosaic

Forest ~75% Wetlands ~25%

Trend: N.3

Discharge {mm Day™
Dissolved Organic Carbon (mg L")
Discharge (mm Day ")

|
=]
E
=
o
=
=
o
(]
2
=
™
=]
=
(o]
=
)
=
o
7]
n
]

2000




The boreal landscape mosaic

Forest ~75% Wetlands ~25%
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But why does It increase so rapid?




A landscape In transition

Climate is getting warmer
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Svartberget/Krycklan temperature [ ]
estimated from Stensele records
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Laudon et al. 2021 Hydrological Processes



A landscape In transition

Acid deposition is decreasing

® Annual S-deposition
4 == Long4term S-trend
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Laudon et al. 2021. Environmental Research Letters



A landscape In transition

Forest biomass Is increasing

@® Relative change in standing volume of
biomass from 1957 (in five year intervals)
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Riksskogstaxeringens data, 2020



Actually we dont know what the
main cause IS

.. But there aresome potenttial
countermeasures!



Potential countermeasures #1

Change from conifers to decidious species in riparian buffer zones
and in groundwater discharge areas

Kritzberg et'al (2020) AMBIO



Potential countermeasures #2

Restore peatlands

Ecologica

Kritzberg et'al (2020) AMBIO



Potential countermeasures #3

Restore streams and rivers to increase water residence time

Channelized stream l

Ecologically restored stream

Kritzberg etal (2020) AMBIO



Potential countermeasures




Take home

* The increase iIn DOC can depend on several
mechanims , but we can only affect a few of
these.

* In conifer dominated forests, focus should
be placed on areas with high hydrological
connectivity.



— and forgotten era
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Drained peatlands at a cross-road
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Laudon et al. 2022



Drained peatlands at a cross-road
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. Channel density
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Laudon et al. 2022



A new infrastructure to test the effect of
wetland restoration (and ditch-cleaning)

. Two wetland outlets e

« Water chemistry sincelate 2018 S

s Rewetting/restoration Nov BadE A Bt
« 2+2 years of data pre/post rewetting

« Groundwater sampling campaigns







Before restoration

After restoration
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Data freely available at
www.slu.se/Krycklan
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Calcium — a downward trend
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Critical level for many aquatic

organisms
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Laudon et al. 2021 Environmental Research Letters



Some other chemical trends




B Alkakl Met
] M etal

HE Tranz. Met.
[ Moble Gas
[ Chalcogens

M Lanthamde
[0 Hon-Metal
I Halogen

W Actinide

O Metaloids

v v

Vi

Vi




