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Abstract. Arctic permafrost landscapes have functioned as a global carbon sink for millennia. These landscapes are very het-
erogeneous, and the omnipresent water bodies are-within them act as a carbon sourcewithin-them. Yet, onty-afew studiesfoeus
few studies have focused on the impact of these water bodies on the landscape carbon budget. We deepen our understanding of
carbon emissions from thermokarst ponds and constrain their impact by comparing carbon dioxide and methane fluxes from
these ponds to fluxes from the surrounding tundra. We use eddy covariance measurements from a tower located at the border

between a large pond and semi-terrestrial tundra.

When taking-we take the open-water areas of thermokarst ponds into account, the-carbon—dioxidesink-strength-of-the
landseape-is-reduced-by-our results show that the estimated summer carbon uptake of the polygonal tundra is 11%-Open-water
% lower. Further, the data show that open-water methane emissions are of similar magnitude as polygonal tundra emissions.
However, some parts of the pond’s shoreline exhibit much higher emissions. This finding underlines the high spatial variability
of methane emissions. We conclude that gas fluxes from thermokarst ponds can contribute significantly to the carbon budget
of arctic tundra landscapes. Consequently, changes in arctic-hydrology—and-the-concomitant-changes—in-the-the water body
distribution of tundra landscapes due to permafrost degradation may substantially impact the overall carbon budget of the

Arctic.

1 Introduction

Water bodies make up a significant part of the arctic lowlands with an areal coverage of about 17 % (Muster et al., 2017), and
act as an important carbon source in a landscape that is etherwise-a-an overall carbon sink (Kuhn et al., 2018). Permafrost-thaw
catsed-by-1 WMMM the warming Arctic will change the distribution of waterbedies-(Andresen-and-ougheed; 2015; B+
water bodies, and thereby change their




ponds on the landscape carbon ux, we compare carbon dioxide)(@@ methane (ClJ uxes from theepen-wateareaof
thermokarst ponds to uxes from the semi-terrestrial tupdfaich-we-de-ne-as. The semi-terrestriatundraconsistsof wet

is introduced laterally into the aquatic system through rain and meltwater (Neff and Asner, 2001), dominates aguatic CO
production. When supersaturated with dissolved Jfonds emit C@te-into the atmosphere through diffusion. While photo-
synthetic CQ uptake has been observed in some clear arctic water bodies (Squires and Lesack, 2003), most arctic water bodies

m?d * by Treat et al. (2018k+and 0.059 g rhd * by Jammet et al. (2017)) to substantizb,-C-emissieny1.4-2:2-2.2
gm? d ! by Abnizova et al. (2012)).




structuresarewerestill clearly visible along the shore and underwater, #reponeis-mestlymostof the pondwasshallow
(Rehder et al., 2021). Due to the tower's position, uxes from the merged polygonal g@yederethe dominant source of

2 Methods
2.1 Study site

Samoylov Island (722'N, 126 28'E) lies-is locatedin the southern part of the Lena River Delta (Fig. 1, bhdbasizeef

abeutis approximatelyve km? largeand consists of two geomorphologically differemttscomponents. The western paft




2.2 Instruments

We measuraneasuredyas uxes using an eddy covariance (EC) tower between July 11 and September 10, 2019. The EC

tower is-was located on the eastern part of Samoylov Island, directly at the western shore of the merged polygonal pond
(Fig. 1, d). The EC instrumentsre-were mounted on a tripod ate-a height of 2.25 meters (Fig. Al). The towarwas
equipped with an enclosed-path 8,0 sensor (LI-7200, LI-COR Biosciences, USA), an open-path €¢hsor (LI-7700,
LI-COR Biosciences, USA), and a 3D-ultrasonic anemometer (R3-50, Gill Instruments Limited, UK). All instrulhaents

hada sampling rate of 20 Hz. We alsestattinstalledradiation-shielded temperature and humidity sensors at the EC tower

(HMP 155, Vaisala, Finland) angseused data from a photosynthetically active radiation (PAR) sensor moate tower

Samoylov Islands-was provided by Boike et al. (2019).

2.3 Data processing

Weperform

density uctuations due to thermal expansi@mdcontraction and varying water-vapor concentratjdaowing Webb et al.
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© OpenStreetMap contrlbutors 2020, dlstrlbuted under the Opeg Data Commons Open Database Llcense (ODbL) v1.0 (a & b) and modi ed
afterbasecbn Boike et al. (2012) (c & d).



