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Vad orsakar bruntfieringen forbruningen av svenska vatten —
detta vet vi idag

UPPSALA
UNIVERSITET




Vad ar orsakerna till forbruningen?
Vad ar forbruningen orsak till?
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Varfor blir vattnen brunare?
Vad gor forbruningen med vattnen?
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De flesta sjoar ar sma och starkt paverkade av orgaq;iskt

m;éterial,,ﬁ.frén land, huvudsakligen i 10st form

St




DOC (4-31 mg/l)
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Okande nettoutflode av koldioxid
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Okande andel av produktionen i sjon grundas

pa energi fran landvaxter

Sjons metabolism drivs av

véxtplankton Sjons metabolism drivs av

humus fran omlandet
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Flockulering av 16st organiskt material utgor den
storsta delen av det kol som begravs I sedimenten

C02 Light C02

von Wachenfeldt and Tranvik Ecosystems 2008, L&O 2008, 2009



Limnol Oceanogr., 546, part 2), 2009, 22952314
© 2009, by the American Society of Limnology and Oceanography, Inc.

Lakes and reservoirs as regulators of carbon cycling and climate

Lars J. Tranvik,2* John A. Downing,b James B. Cotner,c Steven A. Loiselle,d Robert G. Striegl,e
Thomas J. Ballatore,’ Peter Dillon,2 Kerri Finlay,h Kenneth Fortino,i Lesley B. Knoll,

Pirkko L. Kortelainen,k Tiit Kutser.! Soren Larsen,m [sabelle Laurion,» Dina M. Leech.°

S. Leigh McCallister,p Diane M. McKnight,a John M. Melack,r Erin Overholt,J Jason A. Porter.s
Yves Prairie,t Willhlam H. Renwick.,® Fabio Roland,v Bradford S. Sherman,w David W. Schindler,*
Sebastian Sobek,¥ Alain Tremblay,z Michael J. Vanni,j Antonie M. Verschoor,2a

Eddie von Wachenfeldt,2 and Gesa A. Weyhenmeyer2

Gigatons oer year Tranvik et al. Limnol. Oceanogr. 2009



The Global Carbon Cycle, IPCC 2013
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IPCC 5th Assessment Report, 2013, WG 1, “The Physical Science Basis”
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Okande DOC i hela Norden
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Some suggested causes for increasing DOC related to
environmental change caused by humans

Drier climate (e.g. Freeman et al. Nature 2001a)

Warmer climate (e.g. Freeman et al. Nature 2001b)

«Wetter climate (many authors, e.g. Tranvik and Jansson Nature 2002)
*Elevated CO2 (Freeman et al. Nature 2004)

*Decreased acidification/SO4 deposition (Monteith et al. Nature 2007)

sAtmospheric N deposition (e.g. Bragazza et al. PNAS 2006)

sIncreasing proportion of spruce in watersheds (Kritzberg)
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Dissolved organic carbon trends resulting from
changes in atmospheric deposition chemistry
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Storre minskning i sulfathalt 1 vattnen => st6rre okning 1 DOC
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Sj6ar med hogre halt av DOC => snabbare 6kning
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Absolute values

OC trend mg L™ yr’

Relative increase
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OC trend % yr™
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Okningen i DOC avtar med 6kande nederbord:
Utspadningseffekt, eller urlakningseffekt

14
& MAP=TOODmMm 0.055; r* 0.80; p<0.0001
12 O T00mme=MAP<800mm  0.082; F 0.37: p<0.005
¥ BOOmm==MaAP<=1100mm 0 0020; P 0.37; p<0.005
A 1100mm<=MAP<1400mm 0.0003; r* 0.02; p=~0.5
— 10 - B MAP>=1400mm -0.0004; ¥ 0.22; p<0.05
|
o
E 8
(4 ]
o
g 97 o
B B
E 4 - J r ¥
e w cﬁ%
2 &
1]

00 00 1000 1200 1400 1800 1800 2000 2200 2400

median annual precipitation (mm)

De Wit et al. 2016. ES&T



Framtida andrad nederbdrd kommer att leda till ytterligare forbruning

- men inte 1 de bl6taste delarna av Norge....
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CHANGE IN PRECIPITATION BY END OF 21st CENTURY
inches of liquid water per year

as projected by NOAA/GFDL CM2.1



Areas which are already subject to “lake
browning’ correspond to areas which are

expected to get increasing precipitation
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...men hur ar det med den kemiska sammanséattningen
av det organiska materialet?



DOC bryts ner under med en halveringstid pa nagra ar
Ju langre uppehallstid pa sjoarna, desto mer nedbrytning

Vattenfargen forsvinner ungefar dubbelt sa fort som det
organiska materialet
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Alltsa ar “humus” mer labilt an DOC som helhet!
Weyhenmeyer et al. 2012



Malaren, forser 1.5 miljoner manniskor med dricksvatten:
mest vatten kommer in i vaster
okande uppehallstid for vattnet Osterut

* 51

water age
[days]

[ Above 800
B 840-900
| 780-840
~ 720-780
| 8680-720
I 600-660
I 540-600
B 480-540
B 420-480
: ' 3 B 360-420
S7 i , . Il 300-360
- : B 240-300
B 180-240
=¥’ lake @ 120-180
" Outflow [ 60-120
B Below 60
. Undefined value

Kohler et al. PloSOne 2013



Malaren:
Vattenfargen okar snabbare 1 vaster
Osterut buffrar nedbrytning under den langre upehallstiden
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Organic carbon decomposition rates controlled by
water retention time across inland waters

Ndria Catalan', Rafael Marcé?, Dolly N. Kothawala® and Lars. J. Tranvik'
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Data in previous slide vs marine sediments

4 — 1d

Open symbols: Marine
sediment OC decay
(Middelburg 1989)

Log OC decay rate (y')

Log Retention Time (y)
The same general pattern of slower decay extends over 10 order of

magnitude
Catalan et al. 2016



Literature review of OC decay in different systems
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Inland waters are hot spots of OC decay,
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Global distribution of change in OC decay rates based on the runoff
changes scenario for a 2 °C increase in temperature
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Med langre omsattningstid pa vattnet leder selektiv nedbrytning
till att DOC blir “mindre humdst”
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Summary

How will the inland water C cycle respond to climate change?

Warmer and wetter climate Warmer and drier climate
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Land Ocean
e More import e Less import
« Shorter retention time » Longer retention time
o Smaller fraction lost in-lake « Larger fraction lost in-lake
* More export e Less export
* More outgassing of CO2 and CH4 e Less outgassing of CO2 and CH4
e More humic e Less humic, clear water

e More sediment storage o Less sediment storage
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