
  Ancient permafrost carbon is labile to photo-oxidation, and iron controls the rate of conversion from DOC to CO2[image: ]
Figure 1: Net primary production (NPP) and relative production of vascular plants in moist acidic tundra under control (CT) and long-term (35-yr) nitrogen and phosphorus fertilization (NP) in 2000 and 2015.
Results of 2000 and 2015 harvests indicates that, when roots and belowground stems are included, long term fertilization of moist acidic tundra has no significant effect on total plant biomass, and only a small effect on total primary production.  Changes in species composition have little or no impact on overall vegetation stoichiometry (described in my abstract above), but changes in species composition are more important drivers of change in production efficiencies (primary production per unit leaf area, leaf mass, or whole plant biomass) than changes within species in response to fertilizer addition.

[image: ]
Figure 2: Radiocarbon dating of permafrost DOC and CO2 derived from DOC.

Since our LTER-supported finding that CO2 produced from the photochemical oxidation of dissolved organic carbon (DOC) in sunlit waters is an important component of the arctic carbon budget (Cory et al. 2014, Science 345), there has been a debate about the importance of this photochemical process as the warming Arctic thaws permafrost and releases DOC into sunlit waters.  Some evidence in the literature suggests that ancient (permafrost) organic carbon can be oxidized to CO2 by sunlight, whereas other studies suggest it is not photo-oxidized.  We resolved this debate by determining the radiocarbon age of the CO2 produced when ancient permafrost DOC is exposed to sunlight, and by showing that old C is photo-labile and its photochemical oxidation is controlled by the amount of iron present (Fig. 2).
[image: ]
Figure 3: Oxidation of permafrost DOC

We more than doubled the number of permafrost DOC samples characterized to date for photochemical lability, showing that old DOC (4000 to 6300 y BP) is oxidized to CO2 by UV and visible sunlight (Fig. 3).  Note that the radiocarbon age of the photo-produced CO2 is very similar to the age of the initial DOC (1:1 line in Fig. 2).  In addition, by combining stable and radiocarbon isotopes with high-resolution analyses of DOC chemical composition, we showed that organic acids (carboxyl carbon) from ancient lignin and tannin are the compounds within permafrost DOC that are most easily oxidized to CO2 by sunlight.  We also showed experimentally that iron is a catalyst of this process, and the more iron that is present the more DOC is photo-oxidized to CO2.  Together, our results demonstrate that old permafrost organic carbon is labile to photochemical oxidation to CO2, and that lability increases as the amount of iron increases. [image: ]
Figure 4: Photo-oxidation of DOC from three watersheds


Our analyses of the CO2 produced from the photochemical oxidation of permafrost DOC were also made as a function of sunlight wavelength.  That is, we made the first direct measurements of the apparent quantum yield spectra for the amount, age, and source of CO2 production from permafrost DOC using a custom-built reactor using LED technology.  Our results differed from previous estimates and allowed for the first predictions of how CO2 from photochemical oxidation of DOC may change with increased inputs of permafrost DOC to arctic surface waters in a future, warmer climate.  We conclude that as more permafrost DOC is flushed to arctic surface waters, rates of photochemical conversion of DOC to CO2 will increase linearly in proportion to the fraction of permafrost DOC in the surface water DOC pool (Fig. 4).  This information is critical to predict CO2 emissions in the Arctic and, in turn, the impact of thawing permafrost soils on arctic amplification of climate change.   



Stream findings: After 34 years, the long-term fertilization of phosphoric acid in the Kuparak River ended in late August, 2016. Throughout the course of the experiment certain reaches had been included in the fertilization and then allowed to return to reference conditions (i.e. recovery from fertilization) by moving the nutrient addition point further downstream, the last recovery reach was established in 1996. Previous studies of ecological recovery in these reaches focused on the community level, however due to recent advancements in whole stream metabolism technologies and methodologies, we are now able to monitor the net and gross ecosystem primary production (NEP and GEP) and ecosystem respiration (ER) across all sampling sites. Whole stream metabolism monitoring of the Kuparuk River began in 2012 and continues through the present. During the fertilization experiment, GEP and ER in the fertilized reach were typically ~ 4 fold and ~2 fold higher, respectively, than that of the reference reach (see Fig. 5). Following the conclusion of the fertilization experiment in 2016, GEP and ER held at values similar to those witnessed during active fertilization. Only in 2018 did we begin to see values for GEP, ER, and NEP start resemble those of the Reference reach. This finding is likely due to the senescence of Hygrohypnum alpestre and H. ochraceum, which had become the main primary producers in the Fertilized reach. Hygrohypnum has been shown to be P-limited and is rarely found in the Kuparuk outside of the Fertilized reach. This result further exemplifies the biogeochemical and community openness of the Kuparuk River. We will continue to monitor through whole stream metabolism, moss transects, and other techniques, the changes in the community structure and river biogeochemistry as the recovery period continues to progress.[image: ]Figure 5.  Whole stream metabolism for the Kuparak river for the years 2012 through 2018. The gross ecosystem production (GEP) (a), the ecosystem respiration (ER) (b), and the net ecosystem production (NEP) (c) averages (mg/ m2/ h) (±SE) for each reach are based on daily calculations for each year. The Reference reach was never fertilized, the Re-Fert reach was fertilized from 1985 – 1996 and again in 2011 to 2016, and the Fertilized Reach was fertilized from 1983-2016. 






COLLABORATING PROJECTS:

The Arctic LTER Streams initiative collaborates with and helps to support (with data and field assistance) the following stream-related projects: 
[bookmark: _Hlk503798225]
FISHSCAPE II: Adaptability of a key Arctic freshwater species to climate change
Urban, Deegan (NSF-OPP) 

The main goal of this project is to predict the adaptability and persistence of a key Arctic species, the Arctic Grayling (Thymallus arcticus) to changing climate and hydrology. The NSF-OPP grant for this project ended in 2017; however, the LTER contributed field support during the 2018 season to continue the project’s dataset, as it is integral to the LTER’s fish population monitoring efforts. This included:
· Maintaining RFID reader antennae on the Kuparuk River (3 sites) and Oksrukuyik Creek (4 sites) to track movement of tagged Arctic Grayling throughout the summer.
· Deploying and retrieving temperature loggers in the Kuparuk, Oksrukuyik, and I-minus watersheds to help predict timing of Arctic Grayling migration and to detect flow intermittency.
· A brief sampling campaign at Greek Cabin Lake to collect samples for genomic analysis from individuals with prolific movement records in the antenna data.
The LTER intends to continue this limited support of the project until further funding is secured.

Interactions of the Microbial Iron and Methane Cycles in the Tundra Ecosystem
Emerson, Record, Michaud

We spent six-weeks (13 June 2019 – 24 July 2019) sampling different types of landscape features in two different watersheds near the Toolik Lake Field Station on the North Slope of Alaska. Within the Toolik Lake Watershed (TFS), we sampled six small ponds, where two had no visible evidence of Fe-oxidizing bacteria, while four did have evidence of Fe-oxidizing bacteria. We also sampled two wet-sedge meadow sites that contained Fe-oxidizing bacteria. An ancillary wet-sedge site was found part way through the field season and was sampled three times before it dried up due to a prolonged drought. The Oksrukuyik River watershed (OKS) contained four ponds, one without visual evidence of Fe-oxidizing bacteria and three with conspicuous Fe-oxidizing bacteria. There was also one wet-sedge meadow and Fe-seep, both with Fe-oxidizing bacteria. All sites from both watersheds were sampled eight times for dissolved Fe, solid phase Fe extractions methane, dissolved organic carbon, soluble reactive phosphorus, and DNA.
The first few days were spent searching for suitable sites. We explored along the Toolik River, Kuparuk River, Oksrukuyik Creek, and southern and eastern shore of Toolik Lake. Fe-oxidizing bacteria mats were abundant in most all locations, especially in small ponds and wet sedge meadows. The thaw this summer came very early compared to past years. Once we were at Toolik Field Station, the FeOX mats were already apparent. Weather throughout the summer was hot. There was occasional rain for most of the summer, but from ~2 July through ~14 July there was a drought. The water levels in the small ponds and wet sedge meadows went down considerably. Many large thunderstorms came through in the last three weeks of our stay producing strong downpours, thunder, and lightning.  
	Dissolved Fe2+ (dFe) in the overlying water at all TFS sites was low (<4 µM). The sediment contained variable concentrations of dFe. TFS-Pond10 had no visible Fe-oxidizing bacteria, but still had high concentrations of dFe (>20 µM) for half of the summer, while the other TFS pond without Fe-oxidizing bacteria present maintained low dFe concentrations in the sediment porewater (< 2 µM). The wet-sedge meadow sites had variable concentrations of dFe over the course of the summer (0.1 – 58 µM), except for the wet-sedge sites without Fe-oxidizing bacteria which always maintained dFe concentrations <3 µM. The three TFS ponds with Fe-oxidizing bacteria present typically had high concentrations (10 – 55 µM) of dFe, except for Pond 2 which was always lower than 10 µM, despite having abundant Fe-oxidizing bacteria mats. A ten-site transect across the wet-sedge meadow at TFS, which contained wet-sedge 10, showed consistently low dFe in the overlying water, except for site 4 which had the maximum dFe in the overlying water of 11 µM. The surficial rhizosphere of the transect sites were typically higher (12 – 67 µM), with three sites containing 1 – 3 µM. TFS transect site 10 had dFe below detection in the overlying water and surficial rhizosphere. TFS transect site 10 was on the hillside and outside of the low-lying wet-sedge meadow, and has much lower potential for inundation by water. Potential Fe reduction rate measurements from sediment collected at two sites with Fe-oxidizing bacteria (wet-sedge 10, pond 3) had significantly higher rates of Fe reduction compared to a site with no Fe-oxidizing bacteria (pond 10). These potential rate measurements are an indication that the microbial potential and favorable Fe(III) are available and potentially fuel the high sediment porewater dFe seen at these sites with Fe-oxidizing bacteria. Whereas, at pond 10, without Fe-oxidizing bacteria, the potential for Fe reduction is low, implying the microbial potential and/or favorable Fe(III) are not present.
	The overlying water dFe from OKS sites was typically <3 µM. The one exception is OKS bank seep 2 which contains abundant Fe-oxidizing bacteria mats. A few samplings at bank seep 2 show the dFe got to <1 µM; however, it was >25 µM for most of the summer. The ponds at OKS were deep and difficult to sample the sediment. From the one core collected at pond 6, we measured 105 µM at 0.5 cm, then a large increase to 160 µM at 3 cm, where the concentration remained high until 13 cm. The OKS transect showed much higher dFe concentrations in both the overlying water (2 – 53 µM) and surficial rhizosphere (12 – 55 µM). Potential Fe reduction rate measurements from sediment collected at two sites with Fe-oxidizing bacteria (wet-sedge 1, pond 6) had significantly higher potential rates of Fe reduction compared to pond 9, which did not contain Fe-oxidizing bacteria. These potential Fe reduction rate experiments show that wet sedge 1 and pond 6 have the microbial potential and favorable Fe(III) to produce a supply of dFe to the oxic-anoxic interface and fuel the growth of Fe-oxidizing bacteria. This potential is reflected in the relatively higher concentrations of dFe in sediment and surficial rhizosphere of pond 6 and wet sedge 1, respectively, compared to the continuously low dFe in pond 9 sediment porewater.
	 


Arctic Stream Networks as Nutrient Sensors in Permafrost Ecosystems
Zarnestke, Abbott, Shogren

Synoptic campaigns (2016, 2017, 2018):

We have begun to synthesize the annual synoptic campaigns that we performed across our three study watersheds for water chemistry in early (June) and late (August) season from 2016-2018. In past years, we measured anions and cations (for geologic tracing and testing sensitivity of distributed mass balance method); nutrients including DOC, NO3, NH4, SRP (for carbon and nutrient source and transport dynamics); and DOC optical properties (absorbance spectra, EEMs). The repeated sampling will allow us to interpret seasonal trends in spatial variance collapse, ecosystem leverage, and spatial stability of dissolved constituents across seasons and sampling years (as in Abbott et al. 2018 and Shogren et al. 2019).

· Preliminary data analysis suggests that the direction of net nutrient behavior (i.e., production or removal) as estimated by subcatchment leverage is both seasonally and interannually variable across sampling watersheds (Fig. 6). 
· Despite high variability in the net nutrient behavior, the collapse in concentration variance, indicating the scale at which major biogeochemical processes occur, was fairly stable, generally varying by ~10 km2. 
[image: ]
Figure 6: Carpet plot of mean subcatchment leverage (as in Abbott et al. 2018 and Shogren et al. 2019) calculated for total dissolved phosphorus (TDP), total dissolved nitrogen (TDN), soluble reactive phosphorus (SRP), nitrate, ammonium, and dissolved organic carbon (DOC). Mean ecosystem leverage was estimated for all sampling dates and is scaled on a gradient from -1 (purple, high production) to 1 (green, high removal), where a value of 0 (white) indicates net conservation at the watershed scale. 

Continuous Monitoring:

We continued high-frequency monitoring of water flow, DOC, nitrate, turbidity, conductivity, and dissolved oxygen at three catchment outlets (Kuparuk, Oksrukuyik, Trevor Creek) to quantify a) nutrient budgets across the sampling season and b) how concentration-discharge response to storm pulses changes as thaw depth increases. Additionally, we added high-frequency monitoring stations at the Inlet and Outlet of the lake I-8 to assess how an Arctic lake modulates biogeochemical signaling, measuring DOC, turbidity, conductivity, and dissolved oxygen at both monitoring stations. 

Nutrient Budgets
· Using concurrent nutrient and discharge measurements, we have estimated nitrogen and carbon budgets from June 15-September 1 for each catchment. Across all study catchments, the majority of carbon mass was exported during the period between July 15 and August 15, corresponding with higher precipitation (Fig. 7).

[image: ]
Figure 7: Monthly mean DOC concentrations (mg/L), total monthly export (kg), and cumulative export (kg) for the A. 2017, B. 2018, and C. 2019 monitoring seasons for the Kuparuk River.

C-Q Responses
· For every high-flow event, we estimated three metrics to characterize concentration-discharge (C-Q) response: Slope (β), Hysteresis Index (HI), and Flushing Index (FI). These metrics describe the shape, direction, and amplitude of the C-Q response for each high-flow event. 
· The mean C-Q metrics derived from the high-frequency data for 2017-2019 are compiled in Fig. 8, which suggest different controls between tundra & alpine watersheds. Across years, mean values of C-Q responses were similar in the Tundra & Lake, but reversed and distinct for the high-gradient Alpine watershed. 
· Seasonal changes in C-Q relationships (slope, B) demonstrate that there are progressive seasonal changes in concentration-discharge relationships as the thaw season progresses. Across monitoring years, precipitation-driven DOM flux from upland tundra (with and without lakes) shift from source-limited (dilutes with flow) to transport-limited (increases with flow) patterns. In these same watersheds, nitrate (NO3-) is consistently source-limited. Alpine watersheds have the opposite effect, with DOM fluxes progressively more source-limited and NO3- transport-limited; however, these pulse events are predominantly snowmelt-driven. (Fig. 9).

[image: ]
Figure 8: Box plots showing the range and mean of C-Q Slope (β), Hysteresis Index (HI), and Flushing Index (FI) for DOC and NO3- for the Kuparuk (Tundra, blue fill), Oksrukuyik (Lake, orange fill), and Trevor (Alpine, green fill) in each monitoring year (2017-2019, colors light to dark). 

[image: ]
Figure 9: Bar plot showing the range and mean of C-Q Slope (β) for NO3-  (top panel) and DOC (bottom panel) for the Kuparuk (Tundra, blue dots), Oksrukuyik (Lake, orange dots), and Trevor (Alpine, green dots) in each monitoring year (2017-2019, colors light to dark). Lines represent a significant temporal relationship (linear model, p < 0.05).

Watershed sampling for the Anuktuvuk River Fire
To investigate the long-term effects of tundra wildfire on lateral nutrient export, we analyzed water chemistry in and around the 10-year-old Anaktuvuk River fire scar in northern Alaska (Fig. 10). Using an aerial sampling method, we collected water samples from the outlets of 24 burned and 20 unburned watersheds during snowmelt, at peak growing season, and after plant senescence in 2017 and 2018. After a decade of ecosystem recovery, active-layer depth and aboveground biomass had recovered in burned watersheds, but litter and belowground biomass remained ~25% lower. Despite lower organic matter stocks, dissolved organic nutrients were substantially elevated in burned watersheds, with higher flow-weighted concentrations of organic carbon (15% higher), organic nitrogen (50% higher), organic phosphorus (72% higher), and organic sulfur (120% higher). Chemical proxies of water flowpath indicated greater interaction with mineral soils in burned watersheds, but optical analysis suggested that recent plant growth, not mineral soils, were the main source of elevated nutrients in burned watersheds. Burned and unburned watersheds had similar δ15N-NO3-, indicating that exported nitrogen was of pre-burn origin (i.e. not recently fixed). Lateral nitrogen flux from burned watersheds was 2- to 3-fold higher than observed rates of nitrogen fixation in this area. These findings indicate that tundra wildfire initially increases nutrient availability, but on longer timescales destabilizes nitrogen and other nutrients previously stored in permafrost via plant uptake and leaching. This lateral nutrient loss could exacerbate terrestrial nutrient limitation after disturbance or serve as an important nutrient release mechanism during succession.
A
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Figure 10. Organic (A) and inorganic (B) nutrient concentrations in streams draining the burned (n=24) and unburned (n=20) watersheds. Box plots represent median, quartiles, 1.5 times the interquartile range, and points beyond 1.5 times the IQR. The diamonds and error bars represent the mean and standard error, determined by the linear, mixed-effects analysis. When error bars do not overlap, this suggests significant difference at the α = 0.05 level.





	Table 1. Flow-weighted flux (±SE) of lateral organic nutrient export

	Year
	Q
(L m-2 yr-1)
	State
	DOC
(mg m-2 yr-1)
	DON
(mg m-2 yr-1)
	DOP
(mg m-2 yr-1)
	DOS
(mg m-2 yr-1)

	2017
	319
	Unburned
	3466
	±228
	148.8
	±5.5
	1.28
	± 0.18
	27.3
	±2.8

	
	
	Burned
	4231
	±212
	191.3
	±7.8
	2.29
	±0.25
	45.4
	±7.2

	2018
	702
	Unburned
	7631
	±316
	206.3
	±11.7
	4.73
	±0.47
	31.3
	±3.4

	
	
	Burned
	8494
	±371
	330.0
	±15.3
	8.03
	±0.57
	76.9
	±17.8





Inlet and Outlet Monitoring
Dissolved Organic Carbon (DOC), Specific Ultraviolet Absorbance (SUVA), Electrical Conductivity (EC) and discharge (Q) was collected using s::can spectro::lyser UV probes and HOBO EC probes during the summer of 2019 at the inlet and outlet of lake I8 located in the North Slope of Arctic Alaska.

· Preliminary analysis of DOC flux at the inlet and outlet monitoring sites shows that the I8 lake switches between net removal or production, with higher production during early and late summer and greatest removal during mid-summer. Further analysis of this dataset will contribute to Emma Haines’ master’s thesis. 




Comparison of I lakes 

One of inlet lakes we were studying, Lake I2, developed a thermokarst toward the end of 2018.  The thawing continued throughout 2019.  This resulted in large decreases in the transparency of the lake, which began in 2018 and became more pronounced in 2019 (Fig 11).  


Figure 11.  Secchi disk depths for Lakes I1, I2, I3 and I4 for 2017-2019.  Each point is a seasonal average of 3-10 measurements per year.  


We also saw an increase in dissolved inorganic phosphate in 2019 (Fig 12a).   Chlorophyll concentrations in I2 appeared to decrease in the 2018 but surprisingly, in spite of the low transparency, recovered in 2019 (Fig X2b).   


[image: ][image: ]
Figure 12 a (left) Seasonal average of surface (0-3m) phosphate values in 4 of the inlet lakes from 2017-2019.   Each point represents the average of 3-10 measurement.  b (right) The same as a except for chlorophyll a.   


The data suggests that Lake I3, which is downstream of I2, was also impacted as transparency was somewhat lower in 2019 than in 2018, and chlorophyll showed a similar pattern to I2 with a large decrease in 2018 and at least a partial recovery in 2019 and somewhat elevated phosphate concentrations in 2019. 

 Benthic chlorophyll was only measured in 2019 in lakes I1, I2 and I4.  Benthic chlorophyll was lower in I2 than I1 but the difference was not significant.  Benthic Chlorophyll was significantly higher in I4 than in the other two lakes (Fig 13) .   


Fig 13   Benthic chlorophyll concentrations in three lakes in the inlet series (X+-S.E. of 3 cores)



Characterizing fish communities and resource use in a set of open and closed arctic lakes

Introduction

Fishes of open lake systems, a series of lakes open to immigration and emigration, in the Arctic could be negatively affected by increasing temperatures and fragmentation due to climate change. Arctic grayling (Thymallus arcticus; hereafter grayling) use rivers and streams for migration amongst complimentary habitats and for foraging throughout the summer (beginning of June to end of August), and as such, changes to streams (e.g., drying) could be harmful to this important arctic species. Information about grayling use of streams and movement in open lake systems is scarce. To determine potential impacts of changing streams on grayling, we need to know how they use the streams and move throughout the system.

Our primary goals were to characterize the grayling that use streams in an open system with size distributions, compare their use of streams to other fish species within the streams, track their movement throughout the system, and collect tissue samples to evaluate genetic-similarities between grayling populations within the open system.

Results

We captured slimy sculpin (Cottus cognatus), arctic grayling, and burbot (Lota lota), in the outlet streams (Figure 1).  We captured more grayling in reaches downstream of Reach 1 (closest to lake outlet) in both outlet streams (Figure 14). Compared to slimy sculpin (87 – 89% of catch per stream), we captured low numbers of grayling in Reach 1 (Figure 1).

[image: ]
Figure 14.  Proportions of fish by species captured in each delineated reach of the outlets of Lake I1 and Lake I2 in summer 2019.  AG = arctic grayling, BB = burbot, and SS = slimy sculpin.

[image: ]In 2019, grayling captured in Lake I1 ranged from 106 - 470 mm, and grayling in the Lake I1 outlet stream ranged from 29 - 339 mm.  Grayling from Lake I2 ranged in size from 121 - 410 mm, and Lake I2 outlet stream grayling ranged from 45 - 252 mm (Figure 15).  






Figure 15 (left).  Size- frequency (number) of arctic grayling captured in Lake I1 and Lake I2 (yellow bars) and their outlet streams (blue bars) in summer 2019.


Grayling movement highlights 

· Grayling CAF34 – Captured and tagged in Lake I2 on 15 Aug 2018. Physically recaptured in Lake I2 on 25 June 2019. Physically recaptured in the Lake I2 outlet stream on 28 June 2019.  Passively detected in the Lake I2 outlet stream on 22 July 2019.  Recaptured in Lake I1 on 24 July 2019.
· Grayling CAE32 – Captured and tagged in the outlet of Lake I2 on 5 July 2019.  Physically recaptured in the Lake I2 outlet stream on 20 July 2019.
· Grayling CAE73 – Captured and tagged in the outlet stream of Lake I1 on 28 June 2019.  Physically recaptured in the same reach of the outlet stream on 5 July 2019.


[bookmark: _GoBack]Table 2.  Locations of initial capture and subsequent recapture or detection of PIT-tagged grayling. PIT- tagged grayling that were not detected or recaptured are not included here.

	Locations of capture and subsequent  recapture/detection
	Number of grayling
	Distance (m)

	Lake I1  –  Lake I1
	5
	0

	Lake I2  –  Lake I2
	11
	0

	I1 Outlet  –  I1 Outlet
	3
	0

	I2 Outlet  –  I2 Outlet
	3
	0

	Lake I1  –  I1 Outlet
	6
	≤ 120

	Lake I2  –  I2 Outlet
	8
	≤ 120

	Lake I2  –  Lake I1
	0
	-

	Lake I1  –  Lake I2
	1
	> 1000




Broad findings

· Three fish species use the outlets of both lakes in our study system, and sculpin are the most abundant. 
· Arctic grayling use streams of open lake systems extensively and other fish species utilize these streams as well. One grayling was documented moving from one lake to another via the stream network, suggesting others are also moving throughout the system.
· Genetic analyses currently underway will demonstrate the extent to which grayling move to and from individual lakes throughout the system and how this movement has influenced genetic mixing (or not) over time.



I1 I2 I3 I4 Average Secchi depth 2017-2019


Ifake	2017	2018	2019	0	0	0	I1	2017	2018	2019	4.45	3.6333333333333333	3.9200000000000004	I2	2017	2018	2019	4.2	2.8000000000000003	0.6399999999999999	I3	2017	2018	2019	3.2833333333333332	3.1500000000000004	2.8042857142857147	I4	2017	2018	2019	3.1666666666666665	3.2	3.9	Date
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Avg Sediment Chl α in Upper I Lakes 2019
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Is old permafrost DOC labile to oxidation to CO, by sunlight?

Yes — and iron redox controls the reaction rates
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As more DOC is leached from permafrost soils, its photochemical oxidation
to CO, will strengthen the Arctic amplification of climate warming
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