
1 
 

Comments to manuscript “essd-2025-640” 

Overall, I find this manuscript to be a well-executed and highly valuable contribution to the field 
of permafrost mercury research. The authors have compiled an impressive database of 
117,802 Hg observations from 59 studies spanning four decades, covering soil, sediment, 
vegetation, and water across the entire northern permafrost domain. The harmonization and 
quality control steps-including unit conversion, categorical classification, and the introduction 
of qualitative uncertainty flags-are thoughtful and largely appropriate, given the heterogeneity 
of the source data. The observed concentration patterns (lake sediment > soil > vegetation) are 
clearly presented and statistically robust at both global and regional scales. The database is 
freely accessible via a persistent DOI, which will greatly facilitate model calibration, cross-site 
synthesis, and environmental assessments. Despite a few areas for improvement (e.g., 
clarifying the water Hg fraction, addressing spatial biases), the overall quality and transparency 
of the data product are excellent. This paper represents a significant step forward in 
consolidating permafrost Hg observations and will undoubtedly become a foundational 
resource for the Arctic and alpine Hg cycling community. I therefore recommend publication 
after major revisions. 

Below is a consolidated set of peer review comments for this ESSD manuscript. These 
comments range from brief clarifications to more detailed methodological and transparency 
requests. The authors should address them in a revised manuscript to strengthen the 
database’s reproducibility, usability, and scientific impact. 

Major concerns: Reviewer Comment 1: 

 

The abstract uses both terms of “harmonization vs. standardization”. Please clarify exactly 
which variables were unit-converted, which were re-calculated (e.g., dry-weight normalization), 
and whether any raw data underwent transformations beyond unit conversion (e.g., log 
transformation, outlier capping). A short table in the methods would help clarification. 
 
Response: 
We have removed “harmonization” from the manuscript and revised Section 2.3 to clarify the 
definition of standardization. All Hg concentration values were standardized through unit 
conversion to common reporting units (ng g⁻¹ dry weight for solids and ng L⁻¹ for water). We 
further clarify that no transformations were applied to the original data beyond unit conversion, 
including log transformations, dry-weight recalculations, or normalization procedures. Outlier 
and range thresholds were applied only as quality-control flags (Sect. 2.4) and did not modify 
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the underlying data values. A table of all variables and units is provided in the metadata file 
available through the GitHub project repository. 
 
Reviewer Comment 2:  
“Qualitative uncertainty indicators and flags” are mentioned but not defined. How were 
heterogeneous uncertainty reports from different studies aggregated? Please provide concrete 
examples of flags and their interpretation for users. 
 
Response: 
We have revised the manuscript to clarify the definition and use of uncertainty indicators and 
flags and to avoid ambiguity in terminology. Specifically, we replaced the phrase “qualitative 
uncertainty indicators” with “quality-control indicators” and expanded Section 2.4 to explicitly 
define the range and outlier flags used in the database. Range flags are assigned a value of “1” 
when observations exceed conservative screening thresholds (500 ng g⁻¹ for solids and 100 ng 
L⁻¹ for water), and “0” otherwise, while outlier flags identify values exceeding three times the 
interquartile range (3×IQR). We clarify that these flags are intended as screening tools to 
support user interpretation and do not imply data removal or modification. In addition, we now 
explicitly state that analytical uncertainty was preserved as reported in the original studies and 
was not aggregated or standardized across datasets due to heterogeneous reporting. These 
clarifications have been incorporated into Section 2.4 and the abstract. 
 
Reviewer Comment 3: 
The database covers North America, northern Europe, Eurasia, and the Tibetan Plateau, yet the 
abstract later calls Eurasia “underrepresented”, which indicates that spatial 
representativeness may be contradictory. Please clarify the following concerns: is all of Eurasia 
underrepresented, or only specific parts (e.g., Siberia vs. European Russia)? Quantify the 
sample imbalance (e.g., number of observations per 10⁶ km² by region). 
 
Response: 
We added Table 2 and accompanying text in Section 4.1 to quantify sampling density as the 
number of observations per 10⁶ km² of permafrost area by region and observation type. We also 
clarify in this section that Eurasia refers to Russia. 
 
Reviewer Comment 4: 
Observations span 1988-2022, but the abstract does not state whether repeat sampling at the 
same sites exists. If not, state this limitation explicitly. If yes, describe how users can identify 
time-series data (e.g., site ID flags). This is critical for studying accelerating thaw impacts, 
otherwise the temporal trends may not be addressable as currently structured. 
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Response: 
We have clarified the treatment of repeat sampling in the manuscript. The database may 
include repeat observations at the same or nearby locations across different time periods; 
however, these are not explicitly flagged as time series. We have added text to Section 2.2 to 
note that users can identify potential repeat measurements using site identifiers, geographic 
coordinates, and sampling dates provided for each record. We also clarify that, while the 
dataset supports exploratory temporal analysis, it is not structured as a formal time-series 
dataset and should be used with caution for trend analysis. 

 
Reviewer Comment 5: 
To my best knowledge, “vegetation” includes leaves, roots, wood, and litter. Litter is partially 
decomposed and may behave more like soil. Justify this grouping or preferably split litter into a 
separate observation type. At minimum, provide a breakdown of Hg concentrations by 
subcategory in the supplementary material of this manuscript. 
 
Response: 
We have retained litterfall within the vegetation category to preserve consistency with the 
original data sources, where it is reported as plant-derived material. However, litterfall 
represents a very small subset of the dataset (n = 8) and is not expected to influence overall 
vegetation statistics. We have revised the manuscript to clarify this classification and to de-
emphasize litter in the abstract. Given the limited number of observations, we provide a brief 
description of vegetation subcomponents in the main text rather than introducing a separate 
category or supplementary table. 
 
Reviewer Comment 6: 
The abstract reports water Hg in ng L⁻¹ but does not state whether this is total Hg, 
methylmercury, dissolved, or unfiltered. These fractions have vastly different environmental 
interpretations. Please specify water Hg fraction clearly, and if multiple fractions exist, 
document how they were harmonized (or why they were pooled). 
 
Response: 
We have revised the manuscript to explicitly specify that water Hg concentrations reported in 
the abstract, figures, and tables refer to total Hg. While additional Hg species (e.g., dissolved 
Hg and methylmercury) are included in the database where available, these are not the focus 
of the analyses presented here. We have added clarifying text to the abstract, Section 2.2, and 
relevant figure and table captions to ensure this distinction is clear throughout the manuscript. 
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Reviewer Comment 7: 
Lines 230 and 242. The finding “lake sediment > soil > vegetation” is reported at global and 
regional scales. However, sample sizes are highly unbalanced (lake sediment dominates >90% 
of records according to one comment). Please re‑analyze using weighted statistics or randomly 
subsampled balanced datasets, or explicitly caution that regional patterns may reflect 
sampling bias rather than true environmental gradients. 
 
Response: 
We have revised the manuscript to more explicitly acknowledge this limitation in Section 4.2 
and to clarify that the comparison excluding Canada was intentionally used to evaluate the 
sensitivity of observed patterns to dataset composition, given that Canadian lake sediment 
observations dominate the database. We now note that while statistically significant 
differences among matrices persist, the ordering of Hg concentrations is sensitive to sampling 
distribution and may partially reflect sampling bias rather than intrinsic environmental 
gradients. 
 
Reviewer Comment 8: 
Line 124. Hg analysis techniques (CVAFS, CVAAS, ICP‑MS, etc.) differ in detection limits and 
accuracy. Was method type used as a quality control flag or harmonization step? If not, 
recommend adding a categorical variable “method category” to the database to allow users to 
filter by analytical rigor. 
 
Response: 
Analytical method information is already included in the database through the “STHg_inst” 
field, which records the Hg measurement technique (e.g., ICP-MS, DMA, CVAAS) where 
available. We have clarified this in the manuscript (Sections 2.2 and 2.4). We agree that a 
standardized “method category” variable could be useful and will consider this for future 
database updates; however, harmonizing methods across studies would require additional 
interpretation beyond the scope of the current compilation. 
 
Reviewer Comment 9: 
Lines 124, 230, 255, and 368. I would like to see that data provenance and source transparency 
can be more sufficiently detailed in the manuscript. For example, how duplicate records across 
sources were identified and removed? How to ensure data exclusion criteria and reasons for 
exclusion? Reliability for breakdown of data origin: peer-reviewed papers, open repositories, 
unpublished contributions? 
 
Response: 
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We have revised Section 2.2 to more clearly describe data provenance and screening 
procedures. All observations are linked to their original source through a paper identifier. 
Citation information is documented in structured BibTeX “.bib” files, a standard format for 
storing information, organized by observation type and provided with the database via the 
Zenodo archive and project repository. Records were screened for duplication using site 
information, coordinates, and reported values; no duplicate records were identified. Data 
inclusion required sufficient metadata (e.g., location and units), and records lacking essential 
information were excluded during initial extraction. 
 
The database is composed predominantly of peer-reviewed literature and publicly available 
datasets, with a small subset of unpublished contributions (approximately 68 sediment and 75 
water observations), as noted in Section 4.1. 
 
Reviewer Comment 10: 
One comment notes that lake sediment comprises most of records (e.g., Table 1 and Figure 4). 
The authors should clarify the intended uses of this database: is it suitable for soil‑focused Hg 
modeling? For water‑vegetation interactions? A clear “limitations” subsection is therefore 
recommended, including guidance on which research questions the database should not be 
used for. 
 
Response: 
We have expanded the limitations discussion in Section 5 to more clearly describe appropriate 
and inappropriate use cases of the database. Specifically, we now clarify that while the dataset 
is well suited for large-scale synthesis and model applications, its use for media-specific 
analyses (e.g., fine-scale process studies or co-located multi-compartment measurements) 
may be limited by imbalanced sampling across observation types and geographic regions. 
 
Reviewer Comment 11: 
Line 458, If possible, please provide a table summarizing, for each observation type, the 
percentage of records with: precise coordinates, sampling date, analytical uncertainty, soil 
horizon (if applicable), organic carbon content, and laboratory information. This allows users to 
filter data appropriately. 

 
Response: 
Rather than adding a summary table, we have expanded Section 6 to clarify that metadata 
availability varies across observation types and that users can filter the dataset using key fields 
such as coordinates, sampling date, analytical uncertainty, soil horizon (for soil data), organic 
carbon content, and laboratory information. A detailed description of all metadata fields and 
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their availability is provided in the accompanying metadata documentation and repository files 
on GitHub. This approach maintains flexibility for users while avoiding oversimplification of 
metadata completeness across diverse observation types. 

 
Reviewer Comment 12: 
The Zenodo DOI is provided in the manuscript. I would like to suggest outlining a formal 
versioning policy and long‑term stewardship plan, and describe how the community can 
contribute new data in the future. 
 
Response:  
We have clarified and made more explicit the versioning, long-term stewardship, and 
contribution framework in Section 6. Specifically, we now describe that versioning is managed 
through the GitHub repository, with updates tracked and formal releases archived on Zenodo 
under unique DOIs to ensure reproducibility and long-term accessibility. We also clarify the 
role of the authors in maintaining the database and outline how community contributions can 
be submitted through the repository workflow or via direct contact, with further details 
provided in the project documentation. 
 
 
Citation: https://doi.org/10.5194/essd-2025-640-RC1 

 

Comments to manuscript “essd-2025-640”, April 4th, 2026 

The  m anuscrip t pre sents a  consolida ted  da tabase  of m ercury obse rvations across 
pe rm afrost regions. Ove ra ll, th is is  a  va luable  and  tim e ly contribu tion , with  clear 
potentia l for m ercury cycling studies, m ode l calibra tion , spa tia l synthesis, and  fu tu re  
m on itoring e fforts. The  m anuscript is  gene ra lly we ll organ ized, and  I recom m end m inor 
revision  be fore  publica tion . The  fo llowing issues shou ld  be  addressed  to  im prove  cla rity, 
consistency, and  reproducib ility. 

Reviewer Comment 1: 

Lines 147–149 and 169–172: In  the  Me thods, the  au thors sta te  that obse rvations were  
included from  areas with  a  pe rm afrost probability of ≥10% and a  m ean  annual ground 
tem perature  be low 0 °C. However, the  caption  of Fig. 1 a lso  describes iso la ted  
pe rm afrost patches with  probabilitie s of 0.001–0.1. Please  clarify whether these  lower-
probability a reas are  only shown  as part of the  background perm afrost m ap, or whe the r 
they were  a lso  conside red  during data  screen ing. Th is d istinction  is im portan t for the  

https://doi.org/10.5194/essd-2025-640-RC1
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reproducib ility of the  spa tia l filte ring procedure . It wou ld  a lso  be  he lpfu l to  specify 
explicitly that these  thre sholds re fe r to  the  m ode led  probability of pe rm afrost 
occurrence , ra the r than  to other perm afrost propertie s. 

Response: 
We clarified  that the  ≥10% th re shold  re fe rs to  the  m ode led  probability of perm afrost 
occurrence  used  for da tabase  screen ing, wh ile  lower-probability iso lated  pe rm afrost 
patches shown in  Fig. 1 were  included on ly as part of the  background m ap visua liza tion . 

Reviewer Comment 2: 

Lines 329–340 and 396–404: The  descrip tion  of the  d istribu tiona l shape  shou ld  be  
checked and  m ade  consisten t. In  the  text and  caption  of Fig. 2, the  au thors sta te  that the  
Hg concen tration  d istribu tions a re  “le ft-skewed”. However, the  h istogram s appear to  
show positive ly skewed, or right-skewed, d istribu tions, with  m ost observa tions 
concentra ted  a t re la tive ly low Hg concen trations and  a  sm alle r num ber of h igh -
concentra tion  obse rva tions form ing long right ta ils . Th is in te rpre tation  is a lso  consisten t 
with  the  la te r sta tem ent that Hg concen trations were  “positive ly skewed” in  Lines 398–
399. Please  correct the  skewness te rm inology in  the  Fig. 2 caption  and  re lated  text. 

Response: 
We  corrected  the  te rm inology throughou t the  m anuscript and  figu re  caption  to  
“positive ly skewed.” 

Reviewer Comment 3: 

Line  115: “Pem Hg da tabase” appears to  be  a  typograph ica l e rror and  shou ld  be  corrected  
to  “Pe rm Hg database .” 

Response: 
We  corrected  th is typograph ica l e rror in  the  revised  m anuscrip t. 

Reviewer Comment 4: 

Line  148: A form atting e rror in  “be low 0 ֩C”. Please  correct th is to  “be low 0 °C”. 

Response: 
We  corrected  th is typograph ica l e rror in  the  revised  m anuscrip t. 

Reviewer Comment 5: 
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Lines 57-61 and  in troduction: few recent works about the  arctic landscape  dynam ics and  
river sedim ent changes as we ll as the ir im plications for Hg cou ld  be  m en tioned to p lace  
th is study in  a  wide r fram ework. e .g., h ttps://www.nature .com /article s/s41561-026-
01960-z 

Response: 
We added a  brie f d iscussion  in  the  In troduction  h igh lighting recent Arctic landscape  
change , e rosion , and  sedim en t transport processes as additiona l contro ls on  Hg 
red istribu tion  and  export in  northern  system s. 

 

Dongfeng 
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