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Mission: Assessing the dynamic interface between land and ocean 5o

Our major research question:
How will changing freshwater export and terrestrial
permafrost thaw influence the near shore?

Sediment in the Lena Delta nearshore zone

Mann et al., Ambio



Loss of permafrost in Northern hemisphere (3 m depth)

CACOON

change relative to 1986-2005

() Near-surface permafrost area

RCP 8.5 pink (current trajectory)
RCP 2.5 blue (low GHG emissions, high mitigation)
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IPCC, 2019: Technical Summary [H.-O. Portner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, E. Poloczanska, K. Mintenbeck, M. Tignor, A. Alegria, M.

Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer (eds.)]. In: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate [H.- O. Portner,
D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegria, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer

(eds.)]. In press.



Approach: Field + lab work

4 successful field campaigns across Lena
and Kolyma nearshore

 Kolyma: Transects throughout the year
* Lena: CACOON Ice & CACOON Sea
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Approach: modelling

CACOON

Microzoopl.

Suspeﬁéion
Feeders
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Bacteria

Schematic description of the main processes
describing the interactions between bacteria and
organic carbon, which are represented within the
ERSEM (European Regional Seas Ecosystem) model.
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Fuchs et al. (2020)

Scientific outcomes hvert?

Rapid FIUVio-ThermaI ErOSion Of a YEdoma 128°15'E 128°18'E 128°21'E 128°15'E 128°18'E 128°21'E
Permafrost Cliff in the Lena River Delta -

Erosion rates and C release at a ice-rich Yedoma
cliff (27.7 m height) covering 53 years (1965-2018)

* Total erosion: 322 — 679 m (1965-2018)

* Current erosion rate: 15.7 m per year (2015-2018)
> 5.2 x10° kg OC per year (2015-2018)
> 0.4x10° kg N per year (2015-2018) X Cliff position #

Yedoma-Alas
boundary

| Annual erosion rates [m]




Haugk et al., in review

Scientific outcomes hvert?

Organic Matter Characteristics of a rapid eroding permafrost cliff
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Yedoma deposition during the relatively warm MIS 1 and MIS 3 associated with more microbial activity
than during the colder MIS 2

High degradation potential of OM that rapidly enters the fluvial & offshore aquatic ecosystem



Scientific outcomes hrvaireld

Identifying Drivers of Seasonality in Lena River Biogeochemistry and Dissolved Organic
Matter Fluxes

* Precipitation and melt waters Control seasonal variability in Arctic runoff

 Melt water and rain water accounted for 84% of the discharge flux and 86% of the DOC flux
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POC: From Yakutsk to the Lena mouth: b verert
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v" TSM and POC decrease during the transit from Yakutsk to the Lena Delta

v’ Deltaic POC is depleted in 13C relative to the riverine POC due to the dominance of phytoplankton as
its source. Riverine POC mostly occurs from the soils of the Lena watershed area

v POC 14C signature for riverine and deltaic samples does not differ from each other, which suggests
an additional input of old permafrost OM in the Lena delta.

olga.ogneva@awi.de



CACOON

Isotopic perspective
“ v’ Thawing permafrost increase the transport of organic matter

from the River and Delta to the Arctic Ocean

Nitrogen and their stable isotopes in the Lena Delta @@

Sediment

33.5% v’ Lena Delta region source of reactive nitrogen
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R 0,
1.5 - 2.25%0 Laptevisurtace Laptev Sea

0.5 -1.5%o0 0.25 - 2.5 %o

Samoylov Samoylov Transect

v’ Higher reactive nitrogen in the aquatic and marine environment
enhance the primary productivity in the Artic Ocean and
potential N20O emissions
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Seasonal CH, and CO, concentrations, Kolyma river

CACOON

Supersaturated CH, concentrations with up to
24 000% throughout the open water season
acts as a source to the coastal sea.

Conservative annual river input of 0.6 Gg CH,
yrtand 170 Gg CO, yr! from the Kolyma to the
coastal sea, with an additional atmospheric flux
of 0.5 Gg CH, yr! and 40 Gg CO, yr to the
atmosphere.

Spring runoff responsible for 50% of the annual
cumulative transport of CH, and CO,,.
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Palmtag et al., in prep.



Scientific outcomes

https://doi.org/10.5194/essd-2021-256
Preprint. Discussion started: 10 September 2021
(©) Author(s) 2021. CC BY 4.0 License.
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1d Modelling: Sensitivity of bacteria DOC uptake to

CACOON
Increasing terrigenous DOC concentration and lability
GOTM-ERSEM (1D) implementation in the Laptev Sea
1.0
- - - " labile Hl 0.3 years
* The fraction of terrestrial dissolved kv Bacterial uptake of terrigenous BN 0.7 years
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TDOC has a life time <1 year o
- 0.6 1
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)
T =~ 0.4
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DOC remains the main source of carbon S
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considered o
I,_
0.0-

TDOC +25% +50% +75%  +100%
Submitted to BGL increasing TDOC



Coupled 3d hydrodynamic model (FVCOM) with biogeochem. ‘o2&~
model adapted specifically for studying TDOC input (Arctic-ERSEM)

Experiments focus on how the impact of terrestrial
dissolved organic carbon (TDOC) when the river flow and
character of the TDOC is altered to match future

Left: A snapshot of the

most labile TDOC class scenarios.
- a few weeks after the
freshet, when a huge ] .
influx has been brought Hydrodynamic model includes

_ inby the river e tides

* surface forcing (wind, precipitation, heating)
* ice cover

* river inflow

* lateral boundary conditions (temp + salinity)

Biogeochemical model includes:

* lower trophic levels (zooplankton, phytoplankton,
bacteria, benthic species)

e carbonate system

* classes explicitly modelling TDOC, with aging, photo
degradation, etc.

Bedington et al., in prep.




Mann et al., accepted for Ambio

Degrading permafrost river catchments and their impact on

h CACOON
Arctic Ocean nearshore processes
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We demonstrate that the unique composition of terrestrial permafrost-derived OC can cause significant

increases to aquatic carbon degradation rates (20 to 60% faster rates with 1% permafrost OC)

Terrestrial OC degradation rates increased almost linearly with increasing permafrost OC contributions
to the total DOC pool, up to approximately a 25% subsidy



Summary of key scientific findings
CACOON

I. Increased terrigenous dissolved organic carbon (DOC) supply and lability may turn Arctic
shelves into a net CO, source (Polimene — in review).

Il. Future permafrost thaw and increasing runoff will cause a substantial shift in biolability to
nearshore DOC pool (Mann et al - accepted).

lll. Fast response and rapid erosion fuels landscape degradation and near shore sediment and
organic carbon supply (Fuchs et al., 2020; Haugk, in review).

IV. Coastal nearshore regions emit CH, throughout the open water period and are susceptible
to increase under future change (Palmtag - pending submission).

V. Precipitation and melt waters control seasonal variability in Arctic runoff (Juhls et al 2020)
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