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Quantifying climate forcing trace gas emissions from subarctic lakes

Northern lakes are an important source of radiatively active trace gases methane
(CH,) and carbon dioxide (CO,) to the atmosphere. Significant emissions can occur in
spring, but limited data has led to poor representation in regional budgets. Here we
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Field site: the Stordalen Mire complex

® Bubble taps |
@® Floating chambers
® Water samples

present a detailed study of winter and spring C dynamics for two subarctic lakes.
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A significant part of annual lake C emissions takes place in spring:

Substantial accumulation of COZ and CH, at the lake deepest points:
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Our long-term measurement program (2009-2018) is focused
on two small (0.01 km?) shallow (<7 m) subarctic lakes situat-
ed in peatland underlain by discontinuous permafrost:

e« Manual sampling: 8 surface flux chamber pairs, 30 bubble
traps (CH, fluxes), water sampling (agueous CH,, CO,)

o Submerged sensors for temperature (HOBO U22), conduc-
tivity (HOBO U24) and dissolved O, (MiniDOT)

e Lab: pCH, (GC), pCO, (IRGA); 8°C-CH,4 (GC-IRMS)

Predictors differ for CH; emission (ice-free) and storage (ice-cover):
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Dissolved solids and snowmelt events control winter stratification:

Inre Harrsjon

0
£ 0.5 Tice-cover snowmelt | J 7 20 . 1000
S 04 | ey e 110 O 200 _
£ 04 L ] | | | W I T 400 999.8 &
8 , Ll 'h‘m. \ l'| Nl || | . \ " ‘/” 0 |1 | 0 ‘ﬂ\ ;'"": |"ﬁ"'”\|‘ § L Mellersta Harrsjon 19996 S ?n
g 0,2 r | H!uHr lﬁh“ " ice-free \r HV"" “ | r|\|'l| 1 -10 c 0 | |
l]|| l|| |2 - o
o) 0 1 \._" || r ||. l|~| I l'.ll‘lfl I, \,\Ak 1 20 ‘S O 100904 =
c Y — A — o 200 n
CD O,O J" hﬁ#~ N o Ww““\m»;.-.-‘,“._.g N _30 D 999 2 QC_)
O Inre Harrsjon 15 400 -0
WWN“L THL TR e 'ﬂf I R L L
,,,,,,,, - 999
2 l 10 600 %
— 2015 2016 2017 2018
é 4 - _ l 1 1 E 8 t \
Mellersta HarrS|on e - .
'%_ O o= "Ny R N RS . 4 || {0 s 0,08 =__ Temperature + conductivity
O oL . g 0,06 | = Temperature only
N 5 =
i 0,04
: 19 0,02
6 - | I | -15 = LS |
2015 | 2016 2017 2018 — T e £ = 0,00
' Inre Harrsjon - Littoral zone 200 E N T e S ; -0,02
Mellersta Harrsjon — Pelagic zone 1 130 % Mellersta HarrSJon stream May 7th 2016 Sep-17 Nov-17 Jan-18 Mar-18 May-18
4 100 ©
©
P 0 E o ¢ 1S\ B B B |\ e 190 S
N It T Ny AN WAL ety N\ ee®T Wl a4 T e +=
E o —— 0 ‘a
2 O
S 4 f ©
©
% 2 ) Initial density currents ) Stratification ¢) Intermediate density currents
= 0 — 1 = Densrty currents driven by heating (a) and drssolved solids (c): illustration from Maclntyre et al., 2018
O % === Epilimnion . A, . ©
UK R, . . 4 . . . . . . .
K h— Hypollmnlon{: ?Emrfr 5 0.5 g e« Upward motion of isopycnals suggests density currents drive under-ice circulation
| R ! :l' ’ y 9__,
} o o o At ice-off, stratification is almost entirely due to accumulated dissolved solids
. T » Abitat 1 .
8 JdekEn %z - e Snowmelt events can oxygenate part of the water column before ice-off
=20 | 1 05 &
d- ) ° . ° ° ° . . °
5 a0 L Os @ What fraction of accumulated CH, is microbially oxidized in spring?
- 4tV {0 * . . .
S -60 I PO, o How will shorter ice-cover seasons affect C gas emissions from northern lakes?
o m®
-80 G -
2015 ‘ 2016 ‘ 2017 ‘ 2018

No evidence for water column methanogenesis under ice:
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e In situ incubations under ice (dotted lines) show 1-30% decrease of CH, over time
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