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Abstract

Taliks, unfrozen ground within permafrost, sustain year-round biogeochemical processes, mobilizing carbon,
nutrients, and contaminants through lateral and open taliks, while closed and isolated taliks confine reactions
10 locally. Yet, while talik physical and thermal dynamics have been increasingly documented, their biogeochemical
processes remain understudied, particularly in winter. In this manuscript, we argue that taliks represent a critical
and overlooked driver of Arctic and sub-Arctic biogeochemical processes. We put forward three testable
hypotheses to advance the study of talik biogeochemical functioning and we propose a related road map: year-

round sampling, standardized protocols, pan-Arctic talik mapping, and community-building.
15 1. Introduction

Permafrost, ground that remains frozen for at least two consecutive years, underlies a seasonally frozen surface
layer (Schoolmeester et al., 2023). Taliks are defined as 'a part of the ground at a site with permafrost that remains
unfrozen throughout the year’(Lewkowicz et al., 2024). Taliks may have a temperature above 0°C (non-cryotic)
or below 0°C (cryotic; e.g., in saline environments; Millero et al., 2008). Taliks can be described based on a number
20 of characteristics (Fig. 1; Lewkowicz et al., 2025) : (1) relationship to permafrost (e.g., supra-permafrost, intra-
permafrost, and through); (2) hydrological connectivity or geometry (e.g., lateral, open, closed, and isolated); (3)
processes leading to their formation (e.g., hydrothermal taliks are maintained above 0°C by heat from flowing
groundwater, and hydrochemical taliks are maintained below 0°C by mineralized groundwater flow that limits
freezing; O’Neill et al., 2020); (4) associated landscape features (e.g., sub-aerial, sub-aqueous, and sub-glacial);
25 and (5) temporal dynamics (e.g., transient talik that temporally refreezes). Talik formation has accelerated in recent
decades as permafrost thaws from above and below, with sub-aerial taliks increasingly reported across Arctic and
sub-Arctic landscapes, alongside the more widely recognized sub-aqueous taliks (Connon et al., 2018; Farquharson
etal., 2022; O’Neill et al., 2020; Parazoo et al., 2018; Wang & Niu, 2024). Sub-aerial taliks are estimated to grow
vertically at ~0.13—-0.25 m yr'!, comparable to the 0.1-0.5 m yr! rates reported for sub-lake taliks over centuries
30 (Wellman et al., 2013), though these estimates remain limited to vertical thaw, with volumetric extent still

unconstrained (Luo et al., 2025).

There is emerging evidence that different talik types create distinct hydrological (water transfer), thermal (heat
transfer) and biogeochemical (dissolved ions and gas transfer) connectivity pathways, but this interplay remains
poorly constrained. To date, talik research has focused almost exclusively on their physical detection, formation,
35 and thermal evolution (Farquharson et al., 2022; O’Neill et al., 2020; Wang & Niu, 2024); their role in sustaining
biogeochemical processes, such as carbon, nutrient, and contaminant cycling year-round, has not yet been

investigated. In this manuscript, we raise the question of whether the year-round presence of liquid water within
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taliks creates hotspots of disproportionately high reaction rates for biogeochemical processes particularly in winter.
We also explore the consequences of increasing talik prevalence on biogeochemical processes and connectivity,
and more specifically the mobilization of carbon, nutrients and contaminants under a warming climate. Finally,
we argue that talik expansion, already committed and irreversible on human timescales, demands a timely and
coordinated interdisciplinary effort (spanning geophysics, hydrology, biogeochemistry, microbiology, and
industry) essential to characterize these processes and anticipate their consequences for Arctic and global

biogeochemical cycling.
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Figure 1 : Talik configurations (supra-permafrost, intra-permafrost, through) and hydrological connectivity
(lateral, open, closed, and isolated; adapted from O’Neill et al., 2020). Based on their position relative to
permafrost, taliks are classified as supra-permafrost (above the permafrost layer), intra-permafrost (within the
permafrost layer), or through taliks (extending through the entire permafrost layer). Based on their hydrological
connectivity, they range from isolated and closed taliks, surrounded by frozen ground where biogeochemical
reactions are confined (in red), to lateral and open taliks, where water transfer enables solute export across the
landscape (in green). Sub-aqueous taliks form beneath aquatic bodies, while sub-aerial taliks form directly within
upland soils. The sub-permafrost aquifer (T > 0°C) at depth can connect to surface waters where open taliks are

present.

2. Biogeochemical functioning of taliks

2.1. Talik types determine hydrological and biogeochemical connectivity

The prevalence of sub-aerial taliks has been observed to increase dramatically: supra-permafrost taliks rose from
20% to 48% (i.e., proportion of monitored points, based on supra-permafrost layer thickness measurements)
between 2011 and 2015 in lowland tundra landscapes of sub-Arctic Canada (Connon et al., 2018), while sub-aerial
talik presence increased by 43% (i.e., proportion of monitored points, based on soil temperature measurements)
between 2012 and 2019 in the discontinuous permafrost zone of Alaska (Farquharson et al., 2022). The overall

extent of taliks relative to non-talik areas remains poorly constrained, but the areal extent of sub-aerial taliks is
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predicted to increase during the current century (Nicolsky et al., 2017). This increase in talik distribution creates
65 potential for widespread biogeochemical activity year-round. However, the magnitude and nature of these
biogeochemical responses depend strongly on talik type, as different formation pathways give rise to distinct
reaction environments (Parazoo et al., 2018; Walvoord et al., 2019). On one hand, closed and isolated taliks (Fig.
1) store liquid water (and energy) within a depression surrounded by frozen ground on all sides (Devoie et al.,
2024; Lamontagne-Hall¢ et al., 2018). As a result, biogeochemical reactions are confined in these talik types. On
70 the other hand, in laterally connected taliks such as lateral and open taliks (Fig. 1), water transfer increases
hydrological connectivity both vertically and laterally as taliks expand (Lamontagne-Hall¢ et al., 2018). Vertical
connectivity occurs when supra- and sub-permafrost aquifers connect, such as when a talik forms below lakes or
rivers (e.g., open talik; Heslop et al., 2015; Meisel et al., 2021; Rangel et al., 2021), whereas lateral connectivity
arises from subsurface water flow through unfrozen ground that links adjacent thawed zones across the landscape
75 and ultimately connects to aquatic bodies, a pathway associated with lateral and open taliks (Kurylyk & Walvoord,
2021; Walvoord et al., 2012). This connectivity can also operate in the reverse direction: as permafrost thaw
promotes talik formation below streams, previously gaining stream sections can shift to losing stream sections,
where stream water and dissolved material infiltrate into the underlying talik and surrounding soils (Liljedahl et
al., 2020). Consequently, the products of biogeochemical reactions in these talik types can affect wider areas
80 depending on the magnitude and timing of the hydrological connectivity, which allows solutes (dissolved ions and
gases) to be transferred and creates biogeochemical connectivity. As permafrost thaw progresses, this connectivity
is expected to evolve from isolated patches toward increasingly continuous networks, and ultimately, landscapes
underlain by extensive supra-permafrost taliks (Devoie et al., 2019). Direct field evidence remains scarce, though
an emerging example comes from an Interior Alaska headwater stream, where winter baseflow radiocarbon and
85 strontium isotope signatures have been interpreted as evidence of a winter talik source (Roux et al., 2026).
Determining talik type and distribution is therefore essential for assessing subsurface hydrological connectivity

and the potential for groundwater—surface water exchange.
2.2. Taliks enhance biogeochemical reactions

Within taliks, the presence of liquid water generates the conditions for biogeochemical reactions (Fig. 2). Taliks
90 surrounded by frozen ground on all sides (mainly closed and isolated taliks) increase water-ground contact time
relative to open or laterally connected taliks, thereby promoting biogeochemical reactions (Ma et al., 2019). In
addition, shifts in redox conditions may occur in taliks, driven by seasonal changes in soil saturation, oxygen
availability, and water flow associated with freeze—thaw dynamics, resulting in different dynamic environments
over seasons, including winter (Herndon et al., 2020). These physico-chemical conditions within taliks can modify
95 the mobility of elements, including redox-sensitive metals, dissolved organic carbon (DOC), and contaminants

such as trace metal elements and black carbon.

Within taliks, liquid water activates microorganisms and also unlocks considerable amounts of carbon and
nutrients that can be used for their accelerated growth (Jansson & Tas, 2014). Beyond the presence of liquid water
itself, temperature within taliks can also rise above 0°C, further stimulating microbial activity (Heslop et al., 2019;
100 Voggenreiter et al., 2025). As a result, microbial decomposition of DOC (A'*C-DOC from -180 to -573%o; Kelley
et al., 2026) and soil organic carbon (SOC) releases CO, and CH4 and contributes to total permafrost carbon

emissions (Schuur et al., 2022; Strauss et al., 2025; Walter Anthony et al., 2024), including CH4 from upland
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Yedoma taliks (Heslop et al., 2019; Walter Anthony et al., 2024). However, a portion of this OC (organic carbon)
can be bound to minerals, by adsorption onto iron oxides or complexation with metals such as iron (Hirst et al.,
105 2022; Opfergelt, 2020), and this can modulate the availability of OC for microbial decomposition (Patzner et al.,
2022). These talik carbon emissions, which persist through winter, occur alongside a broader pattern of winter
carbon emissions, modeled at around 1,662 TgC per year independent of talik presence (Grogan & Chapin, 1999;
Natali et al., 2019). As talik formation is a small-scale process, it remains poorly captured by process-based models
and is more reliably detected through in situ measurements (Natali et al., 2019). Widespread talik formation is
110  projected across 14 million km? of the permafrost region by 2300, of which 6.2 million km? is projected to become
a long-term C source, emitting 10 PgC by 2100, 50 PgC by 2200, and 120 PgC by 2300 as greenhouse gases, with
few signs of slowing down (Parazoo et al., 2018). As OC decomposition occurs in taliks all year, there is a need to

quantify carbon that could be emitted as greenhouse gases across all seasons.
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Figure 2 : Contrasting biogeochemical roles of closed and lateral supra-permafrost taliks during winter
(illustration adapted from CPIG.be). In closed taliks, the absence of hydrological connectivity confines
biogeochemical reactions within the talik. In lateral taliks, hydrological connectivity enables biogeochemical
connectivity, with the lateral transfer of dissolved organic carbon (DOC), nutrients, and contaminants toward

120  aquatic systems.

3. Lateral and open taliks enhance biogeochemical connectivity

In lateral and open taliks, hydrological connectivity with water transfer and permeability induces biogeochemical
connectivity with the transfer of nutrients and other solutes (Liu et al., 2021). The extent of this connectivity is,
125 however, strongly controlled by the hydraulic conductivity of the ground material, which remains low in fine-

grained sediments such as silt and especially clay, even in their unfrozen state (Ebel et al., 2019). Where
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permeability is sufficient, these taliks sustain subsurface flow and promote biogeochemical exports across

permafrost landscapes (Fig. 2; Quinton et al., 2019; Walvoord et al., 2019).
3.1. Lateral and open taliks increase carbon mobilization, mineralization, and nutrient release

130 Organic-rich material concentrated in the active layer can be mobilized by subsurface water flow (Walvoord et al.,
2019), and subsequently transferred to streams (Plaza et al., 2019; Walvoord & Striegl, 2007), with lateral and
open taliks enabling this delivery of DOC year-round. Talik formation can then lead to the export to rivers (Kelley
etal., 2026) of aged DOC and weathering products previously preserved in frozen organic-rich soil horizons (Roux
et al., 2026; Schwab et al., 2020). Increased release of mineral elements can destabilize mineral-bound DOC by

135 promoting non-photo and photo-mediated oxidation of permafrost-derived DOC (Bowen et al., 2020), increasing
DOC bioavailability and susceptibility to further degradation. This destabilization, combined with the broader
biogeochemical connectivity induced by lateral taliks, drives DOC mineralization (Lawrence & Slater, 2008). In
addition to carbon, large nitrogen (N) stocks are stored in permafrost soils (estimated at 22-106 Gt N) and may be
affected by talik formation through the mobilization of dissolved nitrogen into aquatic systems, with potential N,O

140 emissions (Bergman et al., 2025; Strauss et al., 2025). However, despite the magnitude of these solid-phase
nitrogen reservoirs, the role of taliks in regulating nitrogen release and transformation in dissolved form remains

largely unconstrained.
3.2. Lateral and open taliks enhance contaminant mobilization

Trace metal elements, black carbon, and other by-products of fossil fuel combustion have been continuously
145 introduced into Arctic permafrost environments since the beginning of the industrial age (Miner et al., 2021). These
contaminants may come from local sources across permafrost Arctic regions where approximately 4,500 industrial
sites actively handle or store potentially hazardous substances, with an estimated 13,000-20,000 additional
contaminated sites associated with this infrastructure (Langer et al., 2023), highlighting the importance of
collaboration with industry. Human infrastructure can further promote talik formation by disturbing the surface
150 energy budget (e.g., vegetation removal and replacement by gravel or tarmac) and generating localized heat, for
example through oxidation of coal waste or decomposition within municipal solid waste sites (Schoolmeester et
al., 2023). As permafrost thaws beneath such installations, taliks develop under the waste, creating permeable,
year-round unfrozen zones that facilitate contaminant leakage into surrounding soils and waters (Langer et al.,
2023). Lateral and open taliks therefore act as efficient hydrological conduits, enhancing the transfer of

155 contaminants and linking terrestrial sources to lakes, rivers, and ultimately the coastal ocean.

In coastal ecosystems, the presence of open taliks or cryopegs (i.e., perennially cryotic solute-rich groundwater;
Lewkowicz et al., 2025) may lead to the release of Na™ into the soil system producing locally salinized or sodic
soil (Bogatova et al., 2021; Kokelj et al., 2002). As a result, high levels of Na* can be toxic to plants or lead to the

development of adapted plant communities.
160 4. Ongoing challenges in talik research: testable hypotheses

Investigating the biogeochemical implications of talik presence presents several ongoing challenges that motivate
testable hypotheses, including the transient nature of taliks in time (H1), the need to combine multiple

complementary detection approaches (H2), and the need for year-round monitoring (H3).
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HI1 : Talik formation can be intermittent over annual to decadal timescales

165 Talik development typically proceeds through an initial intermittent phase, during which the ground periodically
refreezes depending on the year-to-year thaw—freeze balance (Farquharson et al., 2022), interrupting or resetting
the biogeochemical reactions sustained during their unfrozen phase. As a result, a single point-in-time sampling
campaign may fail to capture whether a given talik is actively forming, refreezing, or already stabilized, making

its biogeochemical processes difficult to study without repeated or long-term observation.
170 H2 : Hydrology controls biogeochemical processes in taliks

The presence of unfrozen ground alone does not necessarily imply biogeochemical connectivity. To induce lateral
transfer of nutrients, unfrozen conditions within taliks must be coupled with water movement, which depends on
the hydraulic connectivity (Ebel et al., 2019). Characterizing taliks therefore requires studies on their physical and
hydrological properties, and their biogeochemical functioning. Talik investigations rely on thermal (e.g., borehole
175 temperature measurements), mechanical (e.g., probing and coring) and geophysical (e.g., ground penetrating radar
and electrical resistivity tomography) measurements, as well as numerical modeling (O’Neill et al., 2020). These
methods have been developed and refined specifically to detect and characterize taliks physically; none was
designed to capture the biogeochemical reactions that taliks may sustain, leaving this dimension entirely
unaddressed by current detection frameworks. Each method provides different information on the nature of taliks,
180 so the use of multiple techniques enables more comprehensive investigations. For instance, long-term point
measurements, such as thermistor strings in boreholes, provide crucial continuous temporal data on thermal state,
whereas geophysical surveys offer valuable spatially-distributed snapshots of subsurface structure, though often
limited in their temporal frequency. Talik field identification and numerical simulation methods are rapidly
developing, with their own advantages and shortcomings (Wang & Niu, 2024): geophysical methods, for example,
185 are non-destructive and suited to repeated monitoring (O’Neill et al., 2020), but do not provide direct information
on pore-water chemistry or biogeochemical reactions without direct soil solution sampling. Critically,
biogeochemical investigations must therefore be explicitly coupled with these approaches, as taliks fundamentally
alter reaction pathways and subsurface connectivity that govern the mobilization and transport of nutrients and

contaminants.
190 H3 : Supra-permafrost taliks cannot be detected in summer but play a key role in winter

Continuous monitoring is essential for capturing year-round talik dynamics. While intra-permafrost taliks can be
easily identified throughout the year due to the presence of permafrost on all sides, supra-permafrost talik presence
can be unambiguously identified only during winter, when the overlying seasonally frozen layer is fully frozen
and unfrozen talik zones below can be clearly distinguished. However, data acquisition remains challenging: while
195 autonomous sensors (e.g., thermistors) provide year-round thermal data, direct biogeochemical sampling requires
manual intervention, which is severely restricted by extreme winter conditions and the common scientific
assumption of minimal winter biological activity (Olsson et al., 2003; Shogren et al., 2020). Consequently, studies
on supra-permafrost talik biogeochemistry often rely on spring freshet observations (Kelley et al., 2025). During
this period, increased ground heat flux prior to snowmelt raises near-surface soil temperatures above 0°C, without
200 requiring full active-layer thaw (Hirst et al., 2023). Meltwater infiltration, depending on hydraulic conductivity

and pore water pressure (Connon et al., 2018; Schwab et al., 2020; Walvoord et al., 2019), can then activate
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hydrologically connected lateral taliks, establishing hydrological pathways and mobilizing DOC and nutrients
already stored within taliks to streams, lakes, and other surface waters. However, these early-season chemical
signals may also reflect near-surface or lateral flow paths unrelated to talik-specific reactions. Moreover,
205 observations from a single year cannot necessarily be extrapolated to other periods, as the rate of sub-aerial talik
thickness growth can vary substantially (Farquharson et al., 2022). The critical unknown is the location of sub-
aerial taliks, which depends on drivers of talik formation that are either currently evolving, such as surface
disturbances (e.g., wildfire, vegetation change and human infrastructures; Holloway et al., 2020; Rey et al., 2020;
Schoolmeester et al., 2023) and climate, or poorly constrained factors, such as ground ice content (Liu et al., 2022).
210  As the lateral connectivity of these sub-aerial taliks may expand more rapidly than thermokarst features, they will

exert a disproportionate influence on the permafrost carbon feedback in the coming century (Nicolsky et al., 2017).

Taken together, the three testable hypotheses have important implications for our ability to represent talik processes
in models. Existing models of winter carbon emissions from high-latitude soils do not explicitly represent talik
formation, as this is a small-scale process (Natali et al., 2019). As a result, the talik-specific contribution to winter
215 carbon emissions has not yet been quantitatively isolated from that of other unfrozen microsites. However, Arctic-
scale models are starting to be developed to simulate talik formation and associated carbon emissions (Parazoo et
al., 2018). The road map outlined below, spanning targeted winter sampling, standardized protocols, pan-Arctic
mapping, and community-building, aims to address the limitations highlighted by the three testable hypotheses

and provide the empirical constraints the models currently lack.
220 5. Aroad map for talik biogeochemistry research

Taliks are emerging as critical yet understudied components of biogeochemical processes in permafrost
landscapes. Understanding their full significance for carbon dynamics, nutrient and contaminant mobilization will
require a coordinated, interdisciplinary effort. The three testable hypotheses outlined above provide a basis for
defining priorities to advance talik biogeochemistry research. We identify four priorities: closing the seasonal gap
225 through targeted winter and year-round sampling campaigns; standardizing protocols that make data comparable
across sites and regions; mapping talik distribution; and building the international, cross-disciplinary community

that can hold all of this together (Fig. 3).
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Figure 3 : A four-point road map for advancing talik biogeochemistry research, addressing the three testable
230 hypotheses (H1, H2, and H3) outlined in Section 4. Priority 1 involves year-round monitoring with target on winter
sampling campaigns, accessing both supra-permafrost and intra-permafrost taliks. Priority 2 involves standardized
protocols across four axes (spatial monitoring, temporal monitoring, laboratory analyses, and modeling effort) to
ensure that data collected across sites and seasons can be meaningfully compared. Priority 3 involves mapping
talik distribution at the pan-Arctic scale by compiling ground temperature records from existing sensor networks
235 across Arctic and sub-Arctic study sites. Priority 4 involves building an international, interdisciplinary talik

research community to coordinate efforts and share findings.
5.1. Year-round monitoring and winter sampling campaigns

In the future, targeted winter field campaigns are critical for directly capturing biogeochemical processes operating
within supra-permafrost taliks (related to H3). This is needed to quantify carbon that is transported during the
240 winter and that could be emitted as greenhouse gases. These winter measurements will also provide critical data
to constrain and validate models estimating talik contributions to carbon emissions, which currently lack
observational input during this season. Current detection methods (including thermal, mechanical, and geophysical
methods) now enable the precise identification of talik locations (O’Neill et al., 2020), allowing sampling efforts
to be strategically focused. Conducting winter sampling in Arctic environments requires careful logistical

245 preparation (Fig. 4). Priority measurements should include dissolved gas (CO,, CH), nutrient, DOC, and trace

8
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element (e.g., contaminants) concentrations, and microbial diversity, together providing a first quantitative picture
of winter biogeochemical processes within taliks. Beyond porewater extraction, several complementary
approaches could advance in sifu and experimental characterization of talik biogeochemistry. For example,
permanently installed gas wells would allow continuous, non-destructive monitoring of gas emissions (CO», CHs),
250 capturing transient taliks that single sampling campaigns cannot resolve (Voigt et al., 2019). Next-generation
incubation facilities, such as the Deep Soil Ecotron (Stokstad, 2021), which enables controlled manipulation of
soil profiles under realistic thermal and hydrological gradients, could simulate different talik configurations
(closed, isolated, lateral) and test how hydrological connectivity governs biogeochemical reaction rates under

controlled conditions.

255

Figure 4: Winter field access to supra-permafrost taliks using motorized drilling systems at Eight Mile Lake,
Alaska (USA). Drilling through the seasonally frozen active layer is required to access unfrozen talik soils, where
pore waters remain liquid year-round beneath the frozen surface. Talik soils are collected and placed into plastic
260  bags, using insulated processing to prevent rapid freezing upon exposure and pore waters are subsequently
extracted using Rhizon samplers. This approach enables direct biogeochemical sampling during the winter months,
the season when taliks are most clearly distinguished from surrounding frozen ground. The authors have obtained

written consent to publish the image.

265 5.2. Standardized protocols for cross-study comparison

As talik research expands, inconsistent sampling and analytical methods risk producing datasets that cannot be
meaningfully compared. Agreeing on standardized laboratory protocols for pore water chemistry, for example, and

field sampling procedures, is essential for building a coherent, cumulative body of knowledge.
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Isotope tracers such as silicon isotopes are known to be sensitive to freeze—thaw cycling in permafrost regions and
270 offer particular promise (Hirst et al., 2023; Villani et al., 2025). But the value of such tools depends entirely on
their consistent application across sites. The SPLASH initiative (Standardized Methods across Permafrost
Landscapes: from Arctic Soils to Hydrosystems) provides an inspiring model (Bouchard et al., 2020): a
community-driven framework to harmonize field strategies across landscape types, seasons, and regions. A talik-
focused extension of this approach, bringing together geophysicists, hydrologists, geochemists, and

275 microbiologists around shared protocols, would be transformative (related to H2).
5.3. Mapping talik distribution at the pan-Arctic scale

A fundamental obstacle to understanding talik biogeochemistry is that the distribution of the different talik types
remains poorly known. Without a reliable, circumpolar picture of talik distribution, upscaling any local
measurement remains speculative. Land surface models such as CLM4.5 offer a starting point for mapping talik
280 distribution as they capture permafrost thermal and hydrological states (Lawrence & Slater, 2008; Parazoo et al.,
2018). These models could be further refined to explicitly simulate talik-driven carbon emissions if informed by

the pan-Arctic inventory and standardized field data proposed here.

Critically, taliks can be intermittent, appearing and disappearing across years, making long-term monitoring
essential alongside modeling efforts (related to H1). One promising approach is to take advantage of the dense
285 network of ground-temperature sensors already deployed at Arctic study sites. By gathering soil temperature data
across hundreds of Arctic study sites, as was already done with ~54 sites to detect talik formation (Farquharson et
al., 2022), the research community could build the first pan-Arctic inventory of talik occurrence. This would
transform our capacity to locate taliks and prioritize biogeochemical investigation where it matters most.
Following the model of the Circumpolar Active Layer Monitoring (CALM) program (Nelson et al., 2021), which
290 has successfully harmonized active layer thickness data across the Arctic, a coordinated effort to compile and share
soil temperature records could enable pan-Arctic identification of talik occurrence at unprecedented scale. A first
step would be to establish a minimum data standard, continuous soil temperature records at depth, with at least
two years of coverage, and to create an open repository where existing borehole datasets can be contributed and
quality-controlled, following the data harmonization principles of the CALM program. Such an effort would not
295 require new infrastructure: it would mobilize data that already exist but remain scattered across national programs
and individual research groups. Realizing this potential will require close collaboration between field scientists
collecting and curating these ground temperature records and modelers integrating them into land surface models,
ensuring that the resulting pan-Arctic inventory directly feeds into improved simulations of talik-driven carbon

emissions.
300 5.4. Building an international talik research community

Ultimately, progress on the above priorities depends on people working together across disciplines and borders.
Talik biogeochemistry sits at the intersection of geophysics, hydrology, geochemistry, microbiology, climate
modeling, and industry (related to H2). The field needs dedicated spaces for knowledge exchange: regular
workshops, international working groups, and community surveys that minimize redundancy and accelerate

305  synthesis.

10
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Existing structures offer ready templates. The IPA action groups provide successful examples (Bouchard et al.,
2020; Strauss et al., 2021), and demonstrate how focused, community-led efforts can mobilize expertise and
produce high-impact outputs. Another example is the Permafrost Carbon Network which, with over 500 members
across 130 institutions in 21 countries, shows the scale that is achievable. A dedicated talik working group could
310 serve three functions: maintaining a shared database of talik locations and physical properties; coordinating joint
winter field campaigns across multiple sites and countries; and producing community-agreed protocols for
biogeochemical sampling. Community surveys, analogous to permaCOST (a coordinated European effort to
harmonize permafrost monitoring and data comparability; permacost.eu), would provide baseline inventories of
ongoing talik research globally, mapping who is working where and on what, preventing duplication and

315 identifying geographical gaps.

Taliks are not a niche concern. They are windows into a permafrost system in transition, and understanding what
flows through them (including carbon, nutrients, and contaminants) is essential for projecting the Arctic's role in

the Earth system. What is now required is a collective commitment to pursue these efforts.
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