—
- 3

—

b
i Syster
. A, "

e e . —— Un:vers:tat Hamburg - ;

f‘ 2) Helmholtz-Zentrum Potsdﬁfﬁ'“‘ Béutsches Gebf'b-rschungszentrum

- e

S) Alfred Wegener Inst/tute’ for PolaruandMaHne Research, Potsdam

Photo: M. Helbig



UH
iti
La¥ Universitat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Today
cO2 CHy Noo
. 1||| || ||I || i II| J] |I | |
[L(I)“] i Jl'rll Jq‘"l l"H[II‘ Illi ‘ " Il 4 "l'i||| l(" lu
Active Layer
~ C=191Pg' /N=6P¢
30_\' i)
Permafrost
100
M \
C -833pg/N=-28pg
300

—>

Kutzbach et al. (2014) In Lozan et al. (eds.) Warnsignale Klima: Die Polarregionen

short-wave
radiation

gas release from
thawed soils

Contribution of arctic CH, emissions
to global climate-carbon cycle feedback?

CLUSTER OF EXCELLENCE
CLIMATE, CLIMATIC CHANGE,
AND SOCIETY (CLICCS)

Future Scenario

CO» CHs p,)

o
0o
o &eed
5
[em] |§ I hj i |n .'ln l'“ '|I"|| Hn il 5 . ?
0 dﬂ ”Il U\ ui[ml | lp,‘ A“‘ I yr' Ili‘”“"" o N
30 QEJ Withoyt ' N
Active Layer - arCt'C CH4 feedback
C-296prg/N=17p¢ r
Q
100 2
B Z Z [G]
Permafrost
C=528Pg/N=18 Pg
300 >

long-wave Tl me
radiation

lateral export of

dissolved C and N Figure adapted from V. Brovkin

© 2020 Authors. All rights reserved.



S
L

SCAPE.
o) £1]

l

sl
(

Jrz)
il -I':

=

PIFLUIR

/

Ve o ®A
J:’TJ

0

J

1
T

1

)
c

-
e

vana

al

]

ol

Vi C

Sp

c

9
D)

Ezjr

=4

dmplesier;

v

4

F
F
—

:_

(T | '
,._.
fy ek

| ?__:— _ :_-

! J
.:r_:._gi.

o Y
o
F

ALY

ATy

1! | —

_“ -: 1
i
VY . .ﬂ.

Q
N
d)
Fis)
(%]
S
()
A4
@)
=
S
()]
A o
T

,ﬂ__“_‘ I
Nk

NI

LR "

Photo: G. Stoof



CLUSTER OF EXCELLENCE
CLIMATE, CLIMATIC CHANGE,

Research questions
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orthorectified aerial picture of
Samoylov 2007

 How do CH, emission dynamics differ between
the main tundra landscape types of the Lena River
Delta - river terraces and active floodplains?

* How important is small-scale variability of CH,
emissions within the two landscape types?

* Which environmental drivers control CH,
emissions on seasonal and interannual scales?

Aerial picture of Samoylov Island (Boike et al, 2012) © 2020 Authors. All rights reserved.
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Eddy covariance flux measurements
La¥ Universitat Hamburg

River terrace Floodplain

Anemometer

| / (Campbell Sci. C-SAT3)
=5 t‘“i Open-path CH, analyser

(LICOR LI-7700)

Closed-path CH, analyser
(FMA, Los Gatos Research)

© 2020

Authors.
All rights
reserved.
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River Terrace: 16 campaigns of eddy covariance
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: iemd + Observed :
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Month

Time series of daily means of CH, fluxes F,,,. Gap-filled by regression tree model. (RéRger et al., in prep.)

CLUSTER OF EXCELLENCE
CLIMATE, CLIMATIC CHANGE,

© 2020

Authors.
All rights
reserved.



UH
unversitat Hamburg RIVET Terrace: Average annual course of CH, emissions

DER FORSCHUNG | DER LEHRE | DER BILDUNG

CLUSTER OF EXCELLENCE
CLIMATE, CLIMATIC CHANGE,
AND SOCIETY (CLICCS)

2
Foyg (pmol m™~ s77)

0 .. 100 % percentiles
0.03 25 .. 75 % percentiles —
—— Median
0.02 - - ¢
0.01 - d
-
0 [ -
[ J
-0.01
[ J
O
H

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Median annual CH, flux course:

lowest (near zero) in April;

continuous increase from May to
August;

steep decrease in September;

gradual further decrease from
October to April.

Pooled half-hourly data for CH, fluxes F.,,, and air temperature T, from all studied years:

2002-2006, 2009-2019 (RoRger et al., in prep.)

© 2020 Authors. All rights reserved.
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December January
73444 71449 February
. p |4 =4
November mmol m~2  mmol m™? 58+ J'Q) March
109 + 5.5 (4%) (4%) mmol m™ 50+ 4.9
mmol m>2 (4%) mmol m~
(7%) (3%) April

October 54+ 5.5

14.2 + 8.7 mmol m>
(3%) May
9.4+ 11.2

-2
mmol m™~

(6%)

2
mmol m™~

(8%)

September
23.0 £ 11.3 June
mmol m™ 18.4 £ 12.1
(14%) mmol m™

(11%)

July
26.5 £ 12.7

9
mmol m™~

(16%)

August

325 £ 13.6

-2
mimao l m

(19%)

Contribution of monthly CH, fluxes (mean * stdev) to the mean annual CH, budget

(RoRger et al., in prep.)

140

135

130

125

20

15

10

Data representativity (%)

River Terrace: Mean annual CH, budget

(ratio of actually available data to maximum possible available data)

CLUSTER OF EXCELLENCE
CLIMATE, CLIMATIC CHANGE,
AND SOCIETY (CLICCS)

Total: 165 + 31 mmol m™

Thaw season (June-September):
100 = 25 mmol m2 (61 %)

Freezing season (October-May):
65 + 19 mmol m2 (39 %)

Contribution of freezing season
similar to Alaskan tundra sites
(Zona et al., 2016)

© 2020 Authors. All rights reserved.
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e Elevated, moist-dry polygon rims:
Glacic Turbic Cryosols

 Depressed, water-saturated
polygon centers: Histic Cryosols

* Vegetation dominated by
different moss and sedge species

Small-scale CH, flux measurements by
transparent closed chambers and an
Ultraportable Greenhouse Gas Analyzer

Thermal contraction low-center polygons at Samoylov Island (Photo L. Kutzbach) (UGGA 30-p, Los Gatos Research)
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River Terrace: Small-scale variability of CH, fluxes CLuSTER OF EXCELLENCE
o o | e | o due to polygonal microrelief P e
2015
0.03 - T

e Strong contrast of CH, emissions
between microforms within polygons

B Center

o M

e Mean fluxes mid-July to end of
September 2015:

=002 « Center: 0.019 * 0.005 pmol m2 s
w
= & e Rim:0.001 £ 0.0003 umol m2s?
© 3
£
2

0.01}
* Center: beginning of September

* Rim: end of September

F * e Distinct seasonality with flux maxima in:

000,,55-65& ulvo o ibﬁodt

10/7 24/7 21/8 18/9
Date
Mean CH, fluxes (n = 4) at rim and center of polygon in summer 2015, measured
by closed-chamber method (Eckhardt, 2017)

© 2020 Authors. All rights reserved.
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Floodplain: Heterogeneous eddy covariance footprint:
romcune | oot 1o mone. OPPOFtUNity to estimate CH, fluxes for 3 vegetation classes oo cics

.
0025 1 P 1'% * Elevated emissions scaled well with
0.02 e N . 1% contributions from vegetation classes
0.015 - yar 0 s 2 (low Salix and Carex) and 3 (Carex),
U \ 2 whereas very little emissions were
S 0.005 ¢ / 120 & -
g r I < sampled when vegetation class 1
e 0+ W ) + . .
g 0 A R (large Salix) largely contributed to the
i__ 0.005 * \ / 120 % flux
= 001 ;’j 140 :E
. A\ / B
0.015 N Methane flux (60 <
0.02 ¢ AN _ E:: 1) 180
0.025 - Class 3 1100
b)

Left panel: Vegetation map of the floodplain on Samoylov Island. The flux tower was situated in the centre of the
footprint climatology isolines, which indicate the averaged area from which 10 to 90 % of the flux originated
(increments of 10 %).

Right panel: Wind direction dependencies of both CH, flux and relative vegetation class contributions sorted by 2° wind
direction bins utilising data from both measurement periods 2014 and 2015.

(RoRger et al., 2019) © 2018 Roldger et al., Creative Commons CC-BY-NC-ND
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2014
0.04 - : I 0.04
a) . | [ ——observed
Fege ! N O b 1 | = modelled || ey ;
w008 e froidl 4 T 0.03
E o0z Bl A Rl g1 &
o ,' 3 . I ¥ O
£ LS LIS E
2 001 MEFEEY 3
= 07 "
-0.01 ; : y -0.01
o 01.07. 16.07. 01.0&. 16.08. 01.09. 16.09. 01.10. .
0.2 . — 0.2
} ) | —Class 1
o r —Class 2| .
w  0.15 {=Class 3 w  0.15
o )
E | | £
e e b
g 0l AR LA g O
= [l x
5 0.05 I & 0.05
0 01.07. 16.07. 01.08. 16.08. 01.09. 16.09. 01.10.
Date

2015

" observed

=" model tl:"l'J 1

16.06. 01.07. 16.07. 01.08. iﬁ.ﬁS. 01.09. 16.09.

}}J l-—(_'.la.sﬁ 1

—Class 2

—Class 3 H

16.06. 01.07. 16.07. 01.08. 16.08. 01.09. 16.09.
Date
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Floodplain: Eddy covariance footprint CH, emissions can be
decomposed into contributions of 3 vegetation classes

CLUSTER OF EXCELLENCE
CLIMATE, CLIMATIC CHANGE,
AND SOCIETY (CLICCS)

Estimation of contributions by 3 vegetation
classes (2, Q,, Q;) to the observed eddy
covariance CH, flux by combining an
analytical footprint model (Kormann and
Meixner, 2001) with a high-resolution
vegetation map.

Estimating parameters (a,, a,, a;, b,, b;, c) of
a mechanistical flux decomposition model by
nonlinear regression (inputs: soil
temperature T, friction velocity u*, Q)):

Fen, = Q1 a4 *
-+ ‘Q‘Z az ebz TSOil,2+Cu
+ Q3 a3 ebZ TSOi1,3+C u’

Upper panel: Time series of eddy covariance CH, fluxes during mid-June to end of September, 2014 and 2015.

Blue: Observed fluxes. Red: Modelled by mechanistic flux decomposition model.
Lower panel: CH, fluxes for the 3 vegetation classes with 95 % confidence bounds calculated by the respective sub-

models of the flux decomposition model (RoRger et al., 2019).

© 2018 Roldger et al., Creative Commons CC-BY-NC-ND
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200  feeeee Flood plain 2014
= =Flood plain 2015
««=« River terrace 2014
— =River terrace 2015

Uncertainties

150 — Uncertainties where 2014 and 2015 data overlap

- River terrace 2002-2019 average

100

1

-2
Cum FCH (mmol m™)

-2
.
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Floodplain has 70% higher CH, emissions
during thaw season than river terrace CLIMATE, CLIMATIC CHANGE,

CLUSTER OF EXCELLENCE

AND SOCIETY (CLICCS)

Floodplain

2014:162.7 £ 31.7 mmol m?
2015: 168.6 £ 31.9 mmol m=

River Terrace:

2014: 95.6 + 0.5 mmol m=
2015: 98.7 + 0.4 mmol m=

Long-term estimate 100.1 * 24.9 mmol m2

Cumulative CH, fluxes ‘CumF.,,” over the thaw period for the floodplain (2014, 2015) and the river terrace (2014, 2015
and long-term estimate (16 campaigns 2002-2019)). River terrace: Gap-filled eddy covariance measurements. Floodplain:
Calculated by vegetation class sub-models of the flux decomposition model weighed by their respective spatial coverage.

© 2020 Authors. All rights reserved.
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o River Terrace: CH, emissions well explained by soil
. CLUSTER OF EXCELLENCE
Fod Universitst Hamburg temperature and atmospheric turbulence strength CLIMATE, CLIMATIC CHANGE,
DER FORSCHUNG | DER LEHRE | DER BILDUNG AND SOCIETY (CLICCS)
Daily Monthly 0.018 . . 12
means: means: :
0.08 0.016 - o =
10
0.014 -
T 002 - 1°
a  0.012F
o ] 18
= )
= =]
5 0.01. = ow01; 7
£ g g
2 £ 0.008 16 =
m 0. - {5
3] T 0.006 -
= l':..o 4
-0.01 . 0.004 - .
0.8 3
0.6 x K 10 0.002 2
0.4 \ 0 0 : : ‘e ‘ ‘ 1
02 120 -10 25  -20 -15  -10 -5 0 5
u* (m s'l) 0\.‘)(\))-30 TSO“’ polygon centre, Tsoil, polygon centre, 20 cm depth (*C)
20 cm depth ("C)
FCH4 = bl + b2 e(b3 Tsoil) + b4 e(b5u ) FCH4 — bl + b2 e(bS Tsoil)

Left panel: Dependency of daily mean CH, fluxes on soil temperature T, (polygon centre, 20 cm depth) and friction

velocity u*. Explanatory power by additive exponential functions model R? = 0.68.

Right panel: Dependency of monthly mean CH, fluxes on soil temperature T, (polygon centre, 20 cm depth).

Explanatory power by exponential function model R? = 0.86. (RéRger et al., in prep.). © 2020 Authors. Al rights reserved.
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River Terrace inter-annual variability: Linear increase of
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thaw season CH, emissions with growing degree days CLIMATE, CLIMATIC CHANGE,

DER FORSCHUNG | DER LEHRE | DER BILDUNG AND SOCIETY (CLICCS)

Cumulative growing degree days

0.015 | (R*=0.9, 1?:8'56'08) | 2018 * Thaw season (June-September) mean CH,
fluxes show positive correlation with
2016 cumulative growing degree days (base
temperature of 5 °C).
42014
12012 * Higher soil temperatures appear to
: enhance CH, production more than CH,
2010 8 oxidation leading to higher net CH,
| o008 emissions.
2000 * However, no increasing temporal trend in
2004 CH, emissions observed since thaw season
) soil temperatures did neither show a
0.005 | | | 2002 warming trend over the study period (see
0 100 200 300 400 Boike et al. 2019).

Cum GDD with T, =5 (°C)
ase

Figure: RoRRger et al., in prep. © 2020 Authors. All rights reserved.
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e CH, emissions show high spatial variability between the main tundra landscape types: Active floodplains emit about
70 % more CH, during the thaw season than river terraces, probably due to higher nutrient inputs fom regular flooding.

e Both tundra landscape types are characterized by pronounced small-scale variability of CH, fluxes:
e On the river terrace, depressed polygon centers are much stronger CH, emitters than elevated polygon rims.

e On the floodplain, low-lying, wet and sedge-moss-dominated areas (backswamps) are much stronger CH, emitters
than elevated natural levees covered mainly by shrubs.

e Warmer thaw seasons lead to higher CH, emissions.

e Our findings suggest that a warmer climate stimulates the production of CH,, which is directly reflected in increased
CH, emissions. On the other hand, warming effects on CH, oxidation appear limited because transport processes that
bypass the soil oxidation zone, i.e. plant-mediated transport and ebullition, dominate CH, emission from wet tundra
landscapes (see, e.g., Kutzbach et al., 2004; Knoblauch et al., 2015).

* Since CH, emissions strongly vary with (micro-)topographical situation within tundra landscapes, the changes of
geomorphology and hydrology due to permafrost degradation will probably be the dominating drivers of future CH,
emissions from arctic tundra landscapes.

e Furthermore, changes in tundra vegetation composition will have important effects on future CH, emissions.
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