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Abstract. The rewetting of peatlands is regarded as important nature-based climate solution and intended to reconcile climate

protection with the restoration of self-regulating ecosystems that are resistant to climate impacts. Although the severity and

frequency of droughts is predicted to increase as a consequence of climate change, it is not well understood whether such

extreme events can jeopardize rewetting measures. The goal of this study was to better understand drought effects on vegetation

development and the exchange of the two important greenhouse gases CO2 and CH4 especially in rewetted fens. Based on long-5

term reference records, we investigated anomalies in vegetation dynamics, CH4 emissions, and net CO2 exchange, including

the component fluxes ecosystem respiration (Reco) and gross ecosystem productivity (GEP), in a rewetted fen during the

extreme European summer drought 2018. Drought-induced vegetation dynamics were derived from remotely sensed data.

Since flooding in 2010, the fen was characterized by a patchy mosaic of open water surfaces and vegetated areas. After

years of stagnant vegetation development, drought acted as a trigger event for pioneer species such as Tephroseris palustris10

and Ranunculus sceleratus to rapidly close persistent vegetation gaps. The massive spread of vegetation assimilated substantial

amounts of CO2. In 2018, the annual GEP budget increased by 20 % in comparison to average years (2010–2017). Reco

increased even by 40 %, but enhanced photosynthetic CO2 sequestration could compensate for half of the drought-induced

increase in respiratory CO2 release. Altogether, the restored fen remained a net CO2 sink in the year of drought, though net

CO2 sequestration was lower than in other years. CH4 emissions were 20 % below average on an annual basis, though stronger15

reduction effects occurred from August onwards, when daily fluxes were 60 % lower than in reference years.

Our study reveals an important regulatory mechanism of restored fens to maintain their net CO2 sink function even in

extremely dry years. It appears that, in times of more frequent climate extremes, fen restoration can create ecosystems resilient

to drought. However, in order to comprehensively assess the mitigation prospects of peatland rewetting as nature-based climate

solution, further research needs to focus on the long-term effects of such extreme events beyond the actual drought period.20
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1 Introduction

Peatlands constitute the largest terrestrial C store and exert significant feedback effects on the climate system (Gorham, 1991;

Frolking and Roulet, 2007; Yu et al., 2010). Under the massive human disturbance of recent times, the global peatland biome

has shifted from a net sink to a source of greenhouse gases (GHG) (Leifeld et al., 2019). The shift in peatlands climate

function is mainly a result of extensive drainage: when water levels fall, oxgygen availability initiates a cascade of organic25

matter breakdown that culminates in peat decomposition (Freeman et al., 2004; Fenner and Freeman, 2011). In this way,

drainage turns peatlands from CO2 sinks to CO2 sources. Among minerotrophic peatlands (fens) in mid Europe, 90 % have

been drained, most of them for agricultural purposes (Pfadenhauer and Grootjans, 1999; Moen et al., 2017). Drained peatlands

rank among the largest CO2 sources from agriculture and forestry in many European countries, even when they cover only a

small percentage of the national areas (Tiemeyer et al., 2016; Tubiello et al., 2016). A reduction of these emissions is urgently30

required because drained peatlands consume 10–41 % of the remaining emission budget to maintain global warming below 2°

C (Leifeld et al., 2019).

Rewetting is a common measure, not only to restore the natural habitat function of peatlands, but also to stop CO2 emis-

sions and thereby to mitigate climate change (Leifeld and Menichetti, 2018). Peatland conservation and rewetting is therefore

considered one of the major natural climate solutions (Griscom et al., 2017; Leifeld and Menichetti, 2018) and a key measure35

to turn the terrestrial land system to its natural net CO2 sink function (Humpenöder et al., 2020). As rewetting re-establishes

anaerobic conditions, it diminishes CO2 emissions from peat degradation. However, rewetting may also resume the emissions

of methane (CH4), a strong, yet short-lived greenhouse gas (Wilson et al., 2016). The net cooling effect of peatland rewetting

is essentially accomplished by the savings of CO2 emissions, which is why climate mitigation measures in peatlands focus

primarily on the reduction of the CO2 source (Tiemeyer et al., 2020). However, the warming pulse caused by concurrent CH440

emissions can retard the desired mitigation effect (Günther et al., 2020).

The successful implementation of peatland rewetting can be challenging, as the degradation processes provoked by drainage

are largely irreversible. Under intense compaction and decomposition, the peat surface can subside for several decimeters

(Leifeld et al., 2011) and rewetted fen areas can easily develop to shallow lakes with average water depths of 20—60 cm

(Steffenhagen et al., 2012). Slow or stagnant vegetation development withholds the extensive spread of peatland species as45

prerequisite for CO2 uptake and C accumulation (Timmermann et al., 2009; Koch et al., 2017).

Given the importance of hydrological conditions for peat conservation and formation, also meteorological drought can

severely impact peatland functioning (Dise, 2009). In analogy to human-induced drainage, drought implies a lowering of the

ground water level which may enhance ecosystem respiration (Reco) and peat consumption (Alm et al., 1999; Knorr et al.,

2008; Lund et al., 2012). Further, gross ecosystem productivity (GEP) may decrease as plant stress due to drought limits50

photosynthetic CO2 uptake (Shurpali et al., 1995; Schreader et al., 1998; Arneth et al., 2002; Lafleur et al., 2003; Lund

et al., 2012; Olefeldt et al., 2017). At the same time, temporary drought can lower the obligate anaerobic production of CH4

(Morozova and Wagner, 2007; Knorr et al., 2008) and increase the oxic consumption of CH4 in the peat areas fallen dry (Ma

et al., 2013). Altogether, years of drought may reduce CH4 emissions and turn peatlands from net CO2 sinks to sources of
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CO2 (La�eur et al., 2003; Lund et al., 2012), whereby the magnitude of effects can be further modulated by plant community55

composition (Robroek et al., 2017).

Worldwide 43–51 Mha of peatlands are drained (Joosten et al., 2016; Leifeld and Menichetti, 2018; Leifeld et al., 2019).

Rewetting these areas is essential to achieve our climate goals (Humpenöder et al., 2020; Günther et al., 2020). However,

estimates on the mitigation potential of nature based climate solutions often lack any consideration for how future climate

change will impact peatland functioning and greenhouse gas exchange. In view of increasing frequency and severity of climatic60

extreme events (Pachauri et al., 2014), drought has the potential to jeopardize the climate mitigation goals of peatland rewetting

(Lavendel, 2003; Harris et al., 2006). Yet, our understanding of drought effects on rewetted peatlands is largely incomplete,

which adds considerable uncertainty on the mitigation potential achievable through natural climate solutions under a changing

climate. The majority of drought studies are designed as mesocosm and/or treatment experiments and address near-natural

bogs (Shurpali et al., 1995; Alm et al., 1999; Arneth et al., 2002; La�eur et al., 2003; Lund et al., 2012). As hydrological and65

vegetation differ between peatland types, the same drought-related mechanisms may not necessarily occur in fens (Sulman

et al., 2010). Even comparisons with pristine fens may be misleading, because the drainage-rewetting sequence irreversibly

affects ecosystem functioning of restored fens (Koch et al., 2017). Hence, a better understanding of drought-induced processes

in restored fens is needed.

Here, we aim to elucidate the in situ effects of drought on vegetation development, as well as the exchange of CO2 and70

CH4 in rewetted fens. To this end, we investigated the impact of the extreme summer drought 2018 on a rewetted degraded

fen in north eastern Germany. The drought event caused the water level to drop below the ground surface, for the �rst time

since rewetting and therefore provided a good opportunity to investigate our research question. Vegetation development and

the exchange of CO2 and CH4 in our particular fen site have been monitored since the rewetting started in 2010, which offers a

valuable long-term reference record for the assessment of drought-induced effects. Vegetation dynamics were evaluated both,75

on canopy and species level. For the canopy level we used satellite-derived remote sensing products such as the enhanced

vegetation index (EVI) and the fraction of absorbed photosynthetically active radiation (fPAR). Information on species level

were obtained through vegetation mapping derived from multi-sensor data of an unmanned aerial system (UAS). Drought

effects on greenhouse gas exchange, including the CO2 component �uxes Reco, and GEP were investigated based on a multi-

year record of eddy covariance measurements (Montgomery, 1948; Baldocchi, 2003). The CO2 �ux time series was also80

used to infer the start and end of the carbon uptake period (CUP) as proxy to derive drought effects on plant phenology. In

addition, we deployed a simple GEP light-use ef�ciency model (Hunt JR, 1994; Gower et al., 1999) to further elucidate the

biophysical mechanisms that control photosynthetic CO2 uptake during periods of drought. This interdisciplinary long-term

approach, including ecosystem-scale monitoring of vegetation development and greenhouse gas exchange, allowed us to track

the response mechanisms of a rewetted fen to a severe drought event and thereby to infer insights about the resilience of this85

novel ecosystem in times of more frequently upcoming climate extremes.
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