bg-2015-317 Response to the Editors 23/12/2015

Dear Copernicus Editors,

This is the map of all the changes applied to the manuscript based on the comments by both
anonymous referees in respectively C4720 and C5700. We describe here how we addressed
the comments in the text.

C4721: The authors investigate only the maximum active layer depth, and compare these
values over different years in different polygons. No information is given on the timing of
these values and on the persistence on the maxima. Would it be possible to investigate
the dynamics of the TD for the observation period, analogously to what authors

do for soil moisture in Fig. 5? If data are available for such an investigation, it would

add value to the paper, highlighting the potential difference in TD dynamics and timing
among intact and eroded polygons.

We entirely redrawn and rewrote the section on ground thermal regime and active layer
depth following the referee’s suggestion. Graphs were updated (then fig. 7 and 8 now
fig. 6 and 7). Fig. 7 was simplified and therefore can be more intuitively interpreted in our
opinion, thus addressing simultaneously the comments by both referees. Details were
added to specify and compare between polygons the thaw date initiation, the
persistence of the maximum thaw depth and rate of thaw (centimeter/day).

C4721: In the paper the authors rarely mention the issue of scales. What are the implications
of these results at a landscape-scale? The transitions between different equilibria the
authors talk about in the section 4.2 can be similar to a large scale transition due

to thermo-erosion, such as the one theoretically highlighted by Cresto Aleina et al.

(2013)?

The issue of scale was discussed in a new subsection in the discussion labeled “The
question of scale: time and space”.

C4721: What about time scales? Can the authors discuss the implications of their findings for
potential future transitions in more detail? Is there enough evidence to suggest future

rapid transitions between two different equilibria? Is the presence of gullies necessary

to speed up the thermal erosion process?

The issue of scale was discussed in a new subsection in the discussion labeled “The
question of scale: time and space”.

C4721: How can your results influence the modeling of such a complex environment? Langner
et al. (2013), for example, used a satellite-based approach to model the thermal dynamics

in the polygonal tundra. Are there plans to scale up your fine-scale observations

to a landscape-scale survey?

We discussed this matter in the new discussion
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C4721: Page 11801, line 11: Can you please define what you mean with "active" gully? Does
it mean with water flowing through?
We reworded the sentence, replacing ‘active’ with ‘a gully experiencing active erosional
activity’. We added details regarding the hydrological regime of the water circulating in
the gullying network.
C4722: Page 11802, line 2: please substitute "onsite" with "on site"
‘Onsite’ was replaced by ‘on site’.
C4722: Page 11802, lines 24-26: What do the authors mean with visually? Could you please
specify the accuracy of this evaluation? Please, provide a more detailed description.
Maybe a table with the scale description would be of help.
Details were added on the acquisition method and the overall visual approach to define
the vegetative cover
C4722: Page 11804, line 12: Please rephrase, the colon does not work well here. | would
suggest: "with R..., and graphics..."
The colon was replaced and the sentence reworded.
C4722: Page 11805, line 1: is it because of the wind action, or does the snow just fall due to
gravity after accumulation?
The paragraph was reworked to clarify points as suggested by both reviewers. Sentence
was reformulated and reference to snow being blown away removed.
C4722: Page 11806, line 26: What do the authors mean with "active layer depth variability
within its grid"?
The section mentioning this sentence was rewritten.
C4722: Page 11807, line 6: the n factor is a ratio in its definition, therefore | would omit this

word now, in order not to generate confusion with the ntfactor (line 1, same page).

Removed the mention of ‘ratio’.

C4722: Page 11808: Please, move "anymore" at the end of the sentence.

The word ‘anymore’ was moved.
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C4722: Page 11811, line 5: It is rather the interaction, or the synergy of these condition, than
the "sum".

This section was rewritten and this sentence was removed.
C4722: Page 11811, line 16-17: This sentence is quite vague. Could you please describe this
"lesser degree” better, maybe with some quantification?

This section was rewritten and this sentence was removed in the process.

C4722: Page 11813, line 6: Please, substitute "Further" with "Furthermore” or similar.

‘Further’ was replaced by ‘Furthermore’.

C4722: Figure 2: Probably a typo, but | guess the BYLPD should rather read BYLOTPD, |
guess.

‘BYLPD’ was corrected and changed to ‘BYLOTPD' in the figure.

C5701: “Centre” spelling (should be “center’).

All occurrences of ‘Centre’ (as in low-centre polygons) were changed to ‘Center’.

C5701: The authors are not showing data on impacts on greenhouse gases and carbon
storage. The last sentence in the abstract is therefore misleading —as written.

Explicit mention of greenhouse gas was removed and sentence reformulated.

C5701: To increase readability, | suggest to include references to the supplement in
parenthesis, just like you do with regular references.

Supplements were changed and are now similar to regular references, for instance:

“Polygons geometry and instruments specifications are presented in the supplemental
material (Supplement 1).”

C5701: P4, L7: Suggest use a non-value laden term instead of “destroying”. It is also unclear
what the authors are referring to in the sentence on P4 L6-9. Please clarify.

Sentence was removed.
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C5701: Authors are missing some key references [...]

Lilledahl et al. (2012), Walker et al. (2004), and Jorgenson et al. (2006) were added in
the introduction section to support the presentation of the context.

C5701: P5, L7: Leave out “...for this interval”.

“for this interval” was removed.

C5701: P5, L22: I recommend to be specific about what temperature is referred to, i.e. air or
soil? Here, please write soil or ground temperatures, for example.

We specify which temperatures using ‘ground temperatures’ instead of only
‘temperatures’

C5701: P5, L22-25: Awkward and unnecessary long sentence. Please fix.

Sentence was removed

C5702: How was solid precipitation measured?

Rain was measured using the ‘Hellmann Rain Gauge, compact version’ deployed nearby
the site. The snow-water equivalent relation was used to account for solid precipitations.

C5702: P6. L8-10. Please include full sensor name/model and company in parenthesis.

We inserted a table (previously Supplement 1), into the text, specifying the state of the
polygons, their size, the sensors used for each sites and what was their model and
company name.

C5702: P6. L10-11. Awkward sentence. Suggest replace “obtained” with “estimated” or
“calculated”

We replaced “obtained” with “calculated” and overall reformulated the sentence.

C5702: P6. L12-13. Please be clear. What “data” are you referring to? Each sentence are
to be able to stand on its own to be a strong and easily understandable sentence and
therefore, manuscript.

We made precisions about which data : “Calibration of the moisture data recorded by the
TDR probes was necessary [...]". Further we will make sure each sentence in the
manuscript stand on its own.
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C5702: P6, L10-18: You are referring to the supplement for details, but then you are providing
details. | suggest providing a basic approach in the manuscript, while leaving the
details to the supplement.

In the supplement, we initially presented a summary of the ground moisture data, while
in the text we detailed how and why the calibration was performed on the raw data.
While rewriting the results on moisture we changed how we presented the data. Data
was presented in Figs. 5 and 6 and in the text: we therefore removed the Supplement
detailing raw moisture data.

C5702: P6. L19-22: What does “snow conditions” mean? Please be clear as it can mean a lot
of things. | want to know what was measured.

We reworded ‘Snow conditions’ to the more specific expression ‘Maximum snow depth’.

C5702: P6, L24: If you do not intend to present the larger study, then omit that reference as it
would be irrelevant.

We put a reference about the larger study to add context.

C5702: P7, L3: Lacking details. Please clarify what you mean with “to ascertain that sites were
similar to 2010”.

The sentence was removed.

C5702: P8, L14-17: Please provide more details here (and omit them in the supplement) on
how the ground elevation survey was designed and performed. There is a challenge

to survey these landscapes due to the “fluffy” organic mats, so what is the estimated

error?

We expanded in the text how the survey was accomplished (...92 to 210 spatially
referenced points were recorded for each polygons...), presented accuracy and error
calculation, and how the 3D surface was built. We removed in this version of the
manuscript the related supplement (Supplement 3 in the first version).

C5702: P9. L1: Was the snow blown away inside the gully? The sentence is confusing to read.

Sentence was reformulated and reference to snow being blown away removed.
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C5702: P9. L3-4: This is the results section, not the background section so please move
references to the background/site description.

Reference was removed and sentence reformulated.

C5702: Figure 2-4. Can figure 2 through 4 be combined into one figure?

Figure 2 have a different role from Figure 3 and 4 with a scale encompassing the whole
study area and indicating where each stations and subsites are; in addition Figure 2 is
often referred to in the manuscript. We changed Figure 3 and 4 by standardizing both
(scale, and topographical background) and compacted both in two fitting sub-figures (3a
and 3b).

C5703: Can the polygon names, which are currently numbers, be replaced with a name that
describes what makes each polygon/study site unique?

Polygon names were changed: 331 = EP-A, 333 = EP-B, 563 = EP-C, 573 = IP-A. Every
references to the polygon names, either in the text, the tables or the figures, were
changed to the new denomination.

C5703: P9. L21-26: This description is rather unclear and vague. What time periods do you
refer to etc?

We reworded the sentence and now point to the proper time period. Clarifications were
also made.

C5703: P9-10: I find the presentation of the soil moisture data and the different polygons thin
and confusing, Figure 5 is quite descriptive and | think the authors can strengthen

their written description of the results from Figure 5 and use Figure 6 as a supporting
display. To me, it looks like the overall seasonal variability is too large between all

the polygons to clearly say that the eroded versus intact polygons are significantly

different. | hope this is discussed in the discussion? (I suspect this may have to do with

the degree/extent/details of erosion at respective polygon and in general, the large
variability in these landscapes).

The presentation of the moisture data (Ground moisture and cover subsection) was
extensively rewritten to strengthen the results, as suggested.
C5703: Figure 6. Please expand the figure caption so it clearly explain what the information in

the figure represent. For example, the x-axis is not explained effectively.

We specify in the figure caption the meaning of the relation between variables
presented.
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C5703: Sometimes the authors use “eroded” and sometime they use “breached”. Please stick
to one term/naming style.

We reviewed the text and changed occurrences of “breached” to “eroded” when one
could be replaced with the other, as suggested.

C5703: If the polygons were flooded and therefore, the near-surface soil saturated (and
thawed), then the authors may consider to present their soil moisture data as percent
saturation, which is a relative metric instead of an absolute metric (see Hinzman

et al 1991). | think it can help simplify the rather comprehensive soil moisture dataset
and aid site-to-site comparisons.

Figures presenting moisture data (initially Figure 5 and 6, now renamed Figure 4 and 5)
were changed to reflect the percent-saturation of the near surface as suggested, thus
replacing the volumetric water content. In the text, values were changed to express the
percent-saturation instead of the volumetric water content.

Supplement 2 was presenting basic statistics on volumetric water contents for each
sensors (such as minimums, maximums, standard deviation, etc...). Since the presented
data is now a relative metric (percent-saturation) replacing an absolute metric (VWC),
we assumed that it would not be mathematically relevant to display an updated
supplement with detailed basic statistics and thus removed the related supplement.

C5703: Figure 7. | suggest giving the “intact” polygon a separate symbol — assuming that the
story of the manuscript is how the intact versus the eroded polygons differ (??)

The intact polygon symbol was changed — now a square instead of a circle. Figure 7 is
now labeled Figure 6.

C5704: Figure 8. This figure is not readable. [...] Instead, perhaps focus on presenting only
temperature from one depth and plot all sites in the same figure (?) [..]

Comments by anonymous referee #1 suggested that we present and discussed more
thoroughly on active layer dynamics and the thermal regime. Therefore to addresses
both comment, we rebuilt the figure and simplified it so it focuses especially on the thaw
depth (now Fig. 7). We reduced the temperature gradient from one degree per level to 4,
8, 16 degree per level.

Considering how the sensors were deployed in the field by various staff, projects and
timing, not all sites were instrumented the exact same way: EP-C had a sensor at 25 cm,
other sites at 20 cm, no surface sensor were installed for BYLOTPD, thus complicating
the representation of the temperature comparison at similar depths. The approach of
interpolation of the temperatures for each sites enabled a simple way to graphically
represent emplacements instrumented using slight differences between each other.
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C5704: P13-15: The discussion section is poorly supported by the presentation in the result
section, which results in a weak discussion section. | think you need to rebuild the

result section and lift out your story more effectively, then you’'ll have an easier task

to write a discussion section that is supported by your data. Also, a large section of

the discussion (P14, L1-14) reads like a literature review and in general, a repetition of
what was already said in the introduction.

Following the reorganisation of a major section of the “Results”, the discussion was
rewritten entirely. When relevant, some elements were reused from the original text.
Repetitions were avoided.

C5704: P 15-17: The section about “Variability: Implication” seems like a side story. | suggest
to remove or alternatively, place into the supplemental (if the authors can more
effectively link it to their dataset/story).

Section was entirely removed. When relevant, some elements were re-used. Partial
elements from p. 11812 L15-26 from the original document were inserted in the p. 20 of
the new document.

C5704: P 17. L20-22. | disagree with the first statement (“. : : intact low center polygons: : :were
homogenous in the center and between each other”). | only saw data from one intact

low center polygon presented! So of course you have a 100% homogeneous match! |

agree with your interpretation of data in the following

We changed how we present our conclusions to not be biased such as suggested by the
referee.

Supplements were restructured. Supplement 4 in the original version of the manuscript
presenting the plant cover for each sites, is now the sole supplement (Supplement 1), other
were integrated in the text.

Some references were added and removed, as the text was rewritten.

The title was changed.

Results, discussion and conclusions were extensively rewritten.

Finally, we rechecked and worked on the quality of the English in the overall text.

Cordially,

Etienne Godin.
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Climate mormals (1981-2010) were recorded at the Pond Inlet@irportmeteorological
Ation at 62ma.s.l. dEnwrQnmenI Canadd, [_0_4|)Jon— Island, 85 km South=east fron
study site. Daily average air temperature was —14.6°C and precipitation 189 mm
of f)@in)y A cross-correlation analysis revealed close correspondence between Q
tions at the Pond InIet-and those in the (Qalikttirvik valley (Fortier and Alla
Gauthier et all, [2013). Dail average aif temperature for the 1994-2013 interval a
site was =14:5°0
Four polygons Iocated nearby
in I ,Qoﬂ) were instrumented (Fig.[2).

active

Three of those polygons were partially
the fourth FEmained intact. [ﬁ three polygons were initially €reded in

2000's (Godin and Fortief, 20120) and Wave stabilized Gincen
L and instrumentsispecifications are detailed in Table[]] .

2.2 Instruments, data acquisition and processing | ; |

12.2.1 Air and ground temperature

Polygons were drilled in 2012 using a portable permafrost core-drill syste
holes (BH), approximately one meter deep, were instrumented with a string o
sensors in polygons [EP*ANEPBIERC® and IP=A (Fjg, @)» Temperatures w
between summer 2012 and summer
[@ A string of thermistors jinstalled in a borehole located in a loW=center pol
2km of the gully and connected to a logger (BYLOTPD, Fig. [2) recorded grounc

4 4 . ture hetween 2010 and summer 2013 at @0320330540380cm dAlLaLd_el_alJ IZQJAI).
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Air temperature was recorded @n'Site between 2010 and 2014 by two stations (BYLOS
and BYLCAMP) from the SILA network (CEN, [2014). 4.

12.2.2 Ground moisture and cover

An array of five moisture sensors (@) were deployed in each studied polygon
summer 2013 to monitor the near-surface moisture regime (Figs. & and
metrig water content (VWC, [®=3)wasicalculated using TDR sensotss Calib
(moisturerdata recorded by the' TDR probes was necessary (Czarnomski et a
to the high organic content of the soils at the study site. The calibration wz
) by saturating an instrumented (TDR) soil sample of known mass and volumg
at air temperature, and weighing frequently, thus building a relation betwee
the water in the sample and the signal in the moisture sensor. Thg gquatio
an exponential curve obtained from the logged data (R? = 0.97, p=09), wa
moisture readin Hinzm|

— L —

(Viaximumisnowrdepth within and nearby the gully was obtained by time-lay
(phy) (daily, at noon during one year) between summer 2012 and summer 2013

used was a Reconyx model PC-800 Hyperfire fixed on a tripod, with graduate
ployed in the field of view within and nearby the gully for reference. |

2.2.3 Plant characterization |

As @icomponent of a larger Studyi(Perreauliii2012; Perreaultetali;2015)) each polyg

evaluated for vegetation cover using three randomly positioned 70 cm&s#@cm quad
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July 2009 or 2010.

@ndilichenicoverwere evaluated @s'the projection on'the’ground with an abundanc
modified from [Daubenmire d;9_5_£i)

(werecalculated foreachipolygon: Details on the methods are availahla in
2.2.4 Active layer depth, degree-days and n factors |

L Air temperature has an important influence on ground temperature. Thawing
(DDT) and freezing degree days (DDF) are simple indexes used to calculate
and extraction in a soil. A degree day is the @ifference between the mean dail
and 020 m -) The sum of the daily averages is then compute
Wwith negative iAdex being DDF (freezing season) and positive

L season).
Active layer depth at the end of the thawing season for a given site can be
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— ERARDTay ) 4

L Awhere Z represents the active layer depth, E' the edaphic factors (or physic

the ground and its cover) and DDTalr the sum of the average daily air tem
@°0 at the site (Brown I,[;O_O_d hikl m nov m

provided by the nearby SILA stations d@

Ratio between the DDTgj (sum of thawing degree day at th@ soil surfac

|, provide the term n; known as the thaw season n factor (Klene et al!, 2001 Lun
as follows:
o DDTsoiIL
ny —
DDTgjr
Similarly to ny, the term ny is used for freezing season n factor: |
DDFgy;
ne = soil A
DDFa
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L | A Awhere DDF¢q; and DDF respectively stand for freezing [degree=day at the ground surfz
and freezing [degree=day) of air. DDFs,; and DDTsgj Were provided by near=surface se
buried at 0.05m in polygons EP2B and IP=& (BH location in Figs.[2land [3).

Near surface thermal gradients were calculated for sites BYLOTPD (10-20c¢
Land IP=A (5-20cm) during August 2012 for summer and January 2013 for winter
gradient can be computed as:

___ T.=1p
= .

where i is the thermal gradient (°C m™1), or the temperature change betwe
in a medium, Tg and T}, are the temperature at the surface and bottom an

((thickness)) of the layer considered in the measurements , )L

2.2.5 Statistics and landscape modelling |

Quantitative analyses were performed with R ({R_C_QLelean:i,—gra
(pared with the ggplot2 module?
Site micro-topography was obtained using a Trimble VX station

helsurveypolewas in directicontactwithithelgroundaSurveygg spatial data was
processed in ESRI's ArcGIS v10.

plied to the points to create a 3D surface. A GeoEYE (1 pixel = 0.5m) satellite 4
Jused as background withranrinfrasred;ired and @reenifalsercolorrendering in
‘September 2010).
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3 Resultg 4
3.1 Ground moisture and cover |

13.1.1  Winter dynamics

(Neantheigullyacontinuous) snow cover
between late Septembey Lintil mid-May

(Therpolygons adjacent to the gully had @¥SAGWAGGVERGH at most 10¢m
whole winter2012=2013% In the depressions (gully), accumulations could eit
or thicker than 1 m deep, depending @n the channel sections. Elat surfaces ou
acted as a source for snow and the gully channels as sinks
Shallow snow cover exposing the ground to increased temperature variations
enabled more heat to be extracted from the ground and diminished the ins
snow, with a potential for a thinner maximum active layer depthy A slightly
obtained at site ER=B) (ns 2012—-2013 = 0.99 and nf 2013-2014 = 0.88) co
(nf 2012—-2013 = 0.99; ns 2013-2014 = 0.88), indicating a thinner snow co
heat extraction during winter. This result i@ a higher DDFg; value for
(IP=A for both monitored Winters (Table 2)»

3.1.2 Summer dynamics |

Snowmelt enabled the formation of a shallow pond each year in the
polygon 3]

until June 21 *, 2013 for the other sensors (IP-A, Fig. 4).
The water levels and the area occupied by the pond

between late June to early July

spense to Evapotranspiratign and the lowering of the water table following @& prop

of the thaw front in the active (ayerrang the €onsequent enlargement of

pacity. Between June 17" and
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   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "decreased following similar tendencies as the intact polygon."

[New text]: "EP-C-# 5 median=76.7 %, min=62.9 %, max=91.3 %)."
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
annotation
Matching annotation not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "other locations (such as"

[New text]: "EP-C-#1 (located ∼1 m from EP-C-#2 mentioned above) had a median moisture saturation of 33.5 %, underlining signiﬁcant differences"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "Fig. 6, 333-2)"

[New text]: "moisture inside the same polygon (Fig. 5). For each time-step, EP-C moisture intra-polygon readings were the most variable: standard deviation for the duration of the record was at least 14.2 and at most 18.1 % saturation."
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"More stable ground moisture levels"

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "featured with nearly constant"

[New text]: "also observed in eroded polygons. These"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "through the summer, with very"

[New text]: "readings were characterized by a) a"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "increases during"

[New text]: "response to"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "events"

[New text]: "inputs, b) to evapotranspiration and thaw front deepening, when compared to the intact IP-A or single emplacement in eroded polygons (EP-A-#2"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "a very subtle diminution"

[New text]: "EP-C-#5). Data recorded by all the sensors in EP-B underlined quite clearly the low variability"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"readings especially as displayed by nearly linear percent saturation"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "through the summer."

[New text]: "levels (Fig. 4, EP-B) and by whisker boxes for EP-B-#2, EP-B-#5 (Fig."
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
annotation
The following annotation attributes were changed: 
   other

Compare: Insert�
text
"5)."

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size
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text
"very"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "(∼ 20"

[New text]: "(∼20"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color

Compare: Delete�
text
"at least"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"10"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "333"

[New text]: "EP-B"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "5, 333,"

[New text]: "4, EP-B,"
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "333"

[New text]: "EP-B"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"01"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"1st,"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
annotation
The following annotation attributes were changed: 
   other

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"on"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "333-2 (333-1"

[New text]: "EP-B-2 (EP-B-1"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "333-3)"

[New text]: "EP-B-3)"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"a"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "terrain unit."

[New text]: "polygon. Other sensors reported similar low moisture variability in EP-A and EP-C. For instance, EP-B-#2 percent moisture median was 92.8, varying during the summer between 90.7 % and 96.3 %, thus a wet emplacement in this polygon, where an adjacent sensor (EP-B-#1, located 1 5,˙m nearby) recorded drier conditions with a median of 69.9 %."
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found
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text
"15"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "7, 8)."

[New text]: "6, 7). During these four years, the 0◦C isoline reached a depth of 10 cm between June 22nd to June"
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"11"

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found




Compare: Insert�
text
"12"

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
text
"All sites responded similarly for each monitored year when considering the direction of change, implying that every site had a shallower maximum thaw depth in 2013 compared with 2012, resulting from a lower DDT that year. At the beginning of the record (July 7 th ) the thaw depth was at 42 cm and reached its maximum depth 52 days later (August 29th ) at 52 cm deep (0.19 cm d−1 during this interval). A complete thawing season was recorded in 2013, showing a rapid initial progression of the thaw front during the ﬁrst nine days 1.67 cm d−1 (beginning June 10th ) and then a slower rate until the maximum thaw depth was attained at 50 cm. Once the deepest point was reached, it froze back in 33 days. Overall, thaw season last 94 days for IP-A during 2013. Temperature at a depth of 63 cm was below −16 ◦C for 165 continuous days during the 2012-2013 winter, and 143 days during 2013-2014 (violet, IP-A, in Fig. 7). Short peaks of warm temperatures"

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
text
"The shape of the 0◦C isoline contour was akin to an ellipsoid, with a rapid thaw and freeze back respectively at the beginning and the end of the summer and a relatively stable, long-standing maximum thaw depth in between. The intact polygon IP-A located nearby the gully shared some characteristics with BYLOTPD. In 2012, IP-A and BYLOTPD had a similar maximum thaw depth (52 cm) following a similar input of thawing degree-days, respectively 450 and 474 DDT (Fig. 6). While there was some interannual variability, dispersion was limited and alike to readings from other sites (particularly 2010 to 2012, IP-A, EP-A, EP-C)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
text
"In 2012, the active layer refroze slowly at ﬁrst, and then very rapidly when all the latent heat was extracted from the ground. Freeze-back of the active layer was completed during the ﬁrst week of October. During the 2012-2013 winter, temperature at 66 cm depth remained below −16 ◦C for 121 consecutive days (violet, BYLOTPD, in Fig. 7)."

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
text
"30th . Temperatures recorded at BYLOTPD surface between 2002 and 2007 indicated an average delay of 8 days for the thaw front to lower from 0 to 10 cm. Between 2010 and 2013, the thaw front usually progressed rapidly down to 29 cm deep before slowing. Initial ground thaw progression rates varied between 1.5 cm d−1 up to 8 cm d−1 and then slowed to less than 0.5 cm d−1 until reaching the near maximum thaw depth. While the maximum thaw depth attained varied from year to year (BYLOTPD, Fig. 6), the maximum depth ±2cm persisted for 40 ±1d."
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image
Matching image not found
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Matching annotation not found
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"were observed in IP-A center, exceeding 8◦C; in comparison, warm peaks were not present on BYLOTPD since there were no sensors near the surface (shallowest at 10 cm. The shape of the 0◦C isoline contour of IP-A (Fig. 7) was parabola-like in 2012 and 2013."
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text
The following text attributes were changed: 
   font, fill color, size
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[Old text]: "at the reference site"

[New text]: "of intact polygons"
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   font, fill color, size
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[Old text]: "located near"

[New text]: "adjacent to"
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text
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "(331"

[New text]: "(EP-A"
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "563"

[New text]: "EP-C"
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size
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"against IP-A = 52 cm"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "573"

[New text]: "BYLOTPD"
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "7)."

[New text]: "6)."
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "for"

[New text]: "to"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "2013."

[New text]: "2013, with thaw initiation varying between June 8th and June 12th ."
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"In 2013, BYLOTPD maximum thaw depth was shallower than the other sites, yet followed a similar trend than most of the other sites during this colder year. EP-A and EP-C had a parabola shape evolution of the 0◦C isoline, with rapid thaw initiation and refreezing, similarly to IP-A. There was no temporal persistence of the thaw front for IP-A: once the maximum depth was reached, it started thinning the day following the maxima (for 2012 and 2013). EP-A and EP-C ground temperature at 63 cm was below −16 ◦C continuously during respectively 176 and 170 days (2012-2013); during 2013-2014 winter it was 168 and 163 days (violet., EP-A and EP-C, in Fig. 7)."
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annotation
Matching annotation not found

Compare: Replace�
annotation
The following annotation attributes were changed: 
   other

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "333"

[New text]: "EP-B"
The following text attributes were changed: 
   font, fill color, size
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The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "eroded. This was further validated"

[New text]: "eroded (Fig. 6). Thaw depth progressed at a rate of approximately 1 cm d−1 for 9 days followed"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "probing"

[New text]: "a clear slowdown toward stabilization of"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "active layer"

[New text]: "thaw progression."
The following text attributes were changed: 
   font, fill color, size
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text
"Maximum thaw"
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annotation
Matching annotation not found
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "at several positions"

[New text]: "persisted for 59 days in 2012 and 51 days"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size
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text
"2013. The shape if"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "respective centres of"

[New text]: "0◦C isoline was akin to a trapezoid -with"
The following text attributes were changed: 
   font, fill color

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size
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text
"rapid initial thaw, followed by a long stable maximum depth and rapid refreezing. Surface temperature peaked at 11.4◦C"

Compare: Delete�
graphic
Matching graphic not found
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text
"25 four polygons located nearby the gully"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "The intact polygon (573) had a lower intra-polygonal active layer depth variability within its grid compared to the"

[New text]: "During 2012-2013 winter, EPB ground temperature at 63"
The following text attributes were changed: 
   font, fill color, size
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graphic
Matching graphic not found
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text
"other sites (thaw depth mean = 18 cm; SD = 2"
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text
The following text attributes were changed: 
   font, fill color
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text
[Old text]: "the 01 July 2013). 11806"

[New text]: "was below −16 ◦C continuously during respectively 169 days,"
The following text attributes were changed: 
   font, fill color, size
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Matching image not found
 (click to see the old image)
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Matching graphic not found
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text
"BGD"
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Matching annotation not found
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text
"12, 11797–11831, 2015 Nonlinear thermal"
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "moisture dynamics of high Arctic wetland polygons E. Godin et al. Title Page"

[New text]: "163 for 2013-2014 (violet, EP-B, in Fig. 7)."
The following text attributes were changed: 
   font, fill color, size
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Matching annotation not found
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annotation
Matching annotation not found
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annotation
Matching annotation not found
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text
"Abstract"
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"Introduction"
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text
"Conclusions"
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Matching annotation not found
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Matching annotation not found
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text
"Tables"
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The following annotation attributes were changed: 
   other
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text
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Matching image not found
 (click to see the old image)
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"Back Close Full Screen / Esc"
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Matching annotation not found
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Matching annotation not found
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Matching annotation not found
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text
"Printer-friendly Version"
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Matching graphic not found

Compare: Delete�
text
"Interactive Discussion"
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annotation
Matching annotation not found
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annotation
Matching annotation not found
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image
Matching image not found
 (click to see the old image)
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text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "the unity"

[New text]: "1"
The following text attributes were changed: 
   font, fill color
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text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "573"

[New text]: "IP-A"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "333"

[New text]: "EP-B"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "1.06); thermal dynamics during summer were more complex than those of winter and albedo, nature of the cover, moisture and ground temperature need to be taken into consideration to precisely identify diﬀerences between sites."

[New text]: "1.06)."
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size
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text
"5"
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "were"

[New text]: "was"
The following text attributes were changed: 
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text
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text
[Old text]: "333"

[New text]: "EP-B"
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "573"

[New text]: "IP-A"
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "3)."

[New text]: "4)."
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   font, fill color, size
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   other
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text
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"ratios"
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[Old text]: "established"

[New text]: "computed"
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Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "indicate"

[New text]: "indicated"
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "the unity"

[New text]: "1"
The following text attributes were changed: 
   font, fill color
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text
The following text attributes were changed: 
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text
[Old text]: "333"

[New text]: "EP-B"
The following text attributes were changed: 
   font, fill color, size
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The following text attributes were changed: 
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text
[Old text]: "573."

[New text]: "IP-A."
The following text attributes were changed: 
   font, fill color, size
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text
The following text attributes were changed: 
   font, fill color, size
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text
[Old text]: "333"

[New text]: "EP-B"
The following text attributes were changed: 
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text
The following text attributes were changed: 
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Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
text
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a thin snow cover at thistlocation? Thermal gradient for EP=B was very steep at shal
depths with —26&E92@m ! (Table @) during winter, reflecting the absence of a subst
snow cover; considerably (arger than other intact sites either at Bylot Island or
undisturbed sites. Thermal gradient in the literature during winter in the active lay
near surface was similar for all sites except for (EPzBN(Tabled)»

Therefore the proximity of the gully and the consequent shallow snow cover i
nearby the eroded channels could impact heat @xifaction during winter, co
an intact polygon (BYLOTPD) where
(Qully enabled thicker cover. Near-surface averaged maximum temperatures wi
cooler in the intact polygon (BYLOTPD,3°€)in 2012 compared with the othe
shown by the reddish colours delineating the @@ isolines in Fig.
EP—-C=5°C,IP—A=10°C},

A The year 2012 had a warmer summer than 2013 and the winter 2012—-20
than the 2011-2012 winter (Table B)» The polygons located within a 1km r.
near the gully were exposed to similar @DTgif» Inter-polygonal @ifferences in
dynamics (e.g. moment of maximum ALD, maximum depth of the active |
values for inearssurface temperature) were due to polygon-specific surface
(absence of snow cover during winter and vegetation, moisture during sum
ground thermal dynamics @b each rggpective sites., 1 1 4

.4 1 43.3 4 Vegegtation in intact and eroded polygons

In 2010 and 2014, the eenter of the intact wet polygon {(IP=A) was unifor
with typical wetland vegetation with low vascular plant diversity (S€e wetlan
in [Perreault et al], 2015 in this issue). Perreault d;oﬂ) measured a strong co
.mosses (Drepanochladus sp. 53.3 % and Polytricum sp. 1.3 %) and Carex aquatil
a sparse cover of Dupontia fisheri (0.5%) and traces of Pedicularis sudetica, Ar
latifolia and Salix arctica (Supplement@)s
The three other polygons had a higher vascular plant diversity and less unifor
etation with a mixture of Wetlands and mesic species typical of disturbed pol
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Compare: Replace�
text
[Old text]: "comparable"

[New text]: "14 years after degradation (EP-A-#1, #2 and #3) (ﬁg. 4"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"with other sites. These quite distinct physical traits compared to other eroded polygons"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "intact polygons were reinforced by"

[New text]: "5)."
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"This result stresses"

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "interconnection"

[New text]: "heterogeneous character"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "many feed20 backs. Simultaneously, the characteristics of an"

[New text]: "moisture within"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "can be quite variable, showing either similarities to an intact polygon or diﬀerences as well. The contrasts between intact"

[New text]: "centers."
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"This situation translated into more micro-habitats"

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "eroded polygons were as follows:"

[New text]: "higher plant diversity (20 vascular species, see supplement 1)"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"1. Snow"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"insulation: The thinner snow cover enabled more heat to be extracted"

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"from"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "polygon centre during winter. Extreme negative winter thermal gradient 25"

[New text]: "presence"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "the near surface layer as observed in 333 with lows exceeding −50◦C m−1"

[New text]: "plants typical"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"underlining the direct eﬀect"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "atmospheric conditions on the ground. 11809"

[New text]: "stable wet environments (Carex aquatilis)"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
image
Matching image not found
 (click to see the old image)

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"BGD"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"12, 11797–11831, 2015 Nonlinear thermal"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"moisture dynamics of high Arctic wetland polygons E. Godin et al. Title Page"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Abstract"

Compare: Delete�
text
"Introduction"

Compare: Delete�
text
"Conclusions"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"References"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Tables"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Figures"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
image
Matching image not found
 (click to see the old image)

Compare: Delete�
text
"Back Close Full Screen / Esc"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Printer-friendly Version"

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"Interactive Discussion"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
image
Matching image not found
 (click to see the old image)

Compare: Delete�
text
"2. Water balance and snow: snow is responsible for approximately half the yearly input in the water balance (Environment Canada, 2014), input which was likely displaced toward the topographical low (sink) due to gullying. As"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "result accumulations were reduced"

[New text]: "specie efﬁcient"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "disturbed polygon centre, therefore diminishing snowmelt"

[New text]: "colonizing wet environments (Dupontia ﬁsheri ) Billings"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"5 input in polygons adjacent to sinks (Pomeroy et al., 2007)."

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"Water balance, lateral inﬂow"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "outﬂow: eroded polygon (333)"

[New text]: "Peterson (1980) or when water supply"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "particularly inﬂuenced by nearby gullying conditions since 1999 (Godin"

[New text]: "uncertain (Bliss"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "Fortier, 2012b) on two adjacent sides (south and west sides, Fig."

[New text]: "Gold, 1994)."
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Insert�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Replace�
text
[Old text]: "3). The"

[New text]: "EP-C’s moisture signature in this well-drained"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "topography was transitioning towards the channel through a steep topographical gradient,"

[New text]: "shared characteristics with EP-A. Differential thaw-subsidence"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"this case a 1.5 m vertical"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"10 drop over a distance of 2 m on its west side. Surface ﬂow following snowmelt and lateral inﬂow as"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "thaw depth increased (Helbig et al., 2013; Woo and Young, 2006) were drastically reduced in exposed polygons following"

[New text]: "center changed"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "gully initiation"

[New text]: "polygon microtopography"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "due"

[New text]: "gave rise"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "the local drainage reorganisation"

[New text]: "some wetter"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "runoﬀcapture upstream (Godin"

[New text]: "drier areas, although to a lesser extent than EP-A (5). One sensor"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"and Fortier, 2010a; Godin et al., 2014)."

Compare: Replace�
annotation
The following annotation attributes were changed: 
   other
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"(EP-C-#1)"
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Matching annotation not found
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annotation
Matching annotation not found
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annotation
Matching annotation not found
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annotation
Matching annotation not found
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annotation
Matching annotation not found
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text
"Further, lateral outﬂow from an eroded"
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annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"15 polygon was facilitated following a breach and ridge erosion, additionally aggravating the balance. Ground moisture changes:"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "disturbed polygons,"

[New text]: "particular had"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"weak response"

Compare: Delete�
graphic
Matching graphic not found
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graphic
Matching graphic not found

Compare: Delete�
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"(to rain events) could indicate the presence of a localized thicker thaw"
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graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"depth and a better soil inﬁltration capability for"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "sites (563-2, 563-3) or a plain bad drainage in"

[New text]: "saturation through"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "thin ground thaw depth for moister sites (333-3,"

[New text]: "recording interval: such an"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"20 333-4). This is a strong indication that the moisture in disturbed sites varies both at"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"heterogeneity"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "inter-polygon scale. Otherwise the intact 573 had consistent near surface"

[New text]: "consequent"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"in all its centre area. 3. Vegetation and cover: changes in moisture"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "inside"

[New text]: "favored"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "polygon forced"

[New text]: "growth"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"changes on plant species distribution and abundance in its centre. From an uni25 formly cover composed"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "Drepanochaldus sp. and Carex aquatilis typical of an"

[New text]: "plants that were either rare or absent from IP-A (Supplement 1:"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"intact polygon (Billings and Peterson, 1980), a mosaic of Eriophorum angustifolium,"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "dryed Carex shoots, dried Drepanochaldus sp., a diversity of"

[New text]: "S. reticulate and Arctagrostis latifolia). EP-B’s"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"mesic species mixed with bared ground was found in the adjacent eroded polygons."

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found
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text
"11810"

Compare: Delete�
image
Matching image not found
 (click to see the old image)

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"BGD"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"12, 11797–11831, 2015 Nonlinear"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"regime"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"the"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "dynamics of high Arctic wetland polygons E. Godin et al. Title Page"

[New text]: "signature were strikingly different from observations"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Abstract"
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text
"Introduction"
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text
"Conclusions"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"References"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Tables"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Figures"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
image
Matching image not found
 (click to see the old image)

Compare: Delete�
text
"Back Close Full Screen / Esc"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"Printer-friendly Version"

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"Interactive Discussion"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
image
Matching image not found
 (click to see the old image)

Compare: Delete�
text
"4. Sparse prostrate tundra shrubs do not favour snow accumulation"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "polygon centre (Pomeroy et al., 2006). Surface conditions characterized by such"

[New text]: "other polygons. Active layer was thin and with"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "cover following disturbance can accentuate"

[New text]: "persistent maximum thaw depth at"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "feedback eﬀect of a"

[New text]: "borehole emplacement during summer. A"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"snow cover due to the snow being blown in the nearby sink."

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"5 5. The sum of these conditions led to variable"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "depths some of those quite thin, with measured maximums of 20.5 and 21 cm"

[New text]: "resulted"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "2012"

[New text]: "extreme thermal gradients, very high during winter"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "2013 (Fig. 7), when"

[New text]: "summer (Table 4). Two sides exposed to the gully contributed to"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "few meter away in the two adjacent polygons the maximum active layer depth was twice deeper. As the moisture readily reached the base"

[New text]: "shallow snow cover during winter, enabling heat to be further extracted from its center."
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"Thinning"

Compare: Insert�
annotation
Matching annotation not found

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"layer, the local diminution of the depth of that"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "implied"

[New text]: "resulted into"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"ground ice"

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"10 that moisture"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
text
"ice with"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "associated stored latent heat."

[New text]: "permafrost table rose up."
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"6."

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "nu"

[New text]: "nutrient"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"trient"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"upward"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Insert�
text
"very locally. Moisture conditions varied considerably over"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "locally"

[New text]: "short distances. Thinning of the active layer also contributed to reduce the potential volume to retain water and contributed to keep the water table close to the surface. Intra-polygonal heterogeneity in moisture conditions resulted"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "15 333."

[New text]: "a plant distribution including wet and mesic species along with dead mosses and vascular plant, remnants of the previous wetter state of the polygon. These results indicate that degraded low-center polygons switch from relatively homogeneous wet conditions to heterogeneous conditions"
The following text attributes were changed: 
   fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"All breached polygon centres"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "this study were similarly variable within their"

[New text]: "moisture, thermal conditions and plant distribution. When impacted with erosion, polygons centers"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "properties as 333 but"

[New text]: "characteristics do not necessarily tend"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "a lesser degree."

[New text]: "all change toward"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
graphic
Matching graphic not found

Compare: Delete�
text
"4.2 Variability: implication Following"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "glacier retreat"

[New text]: "same trend. Three nearby eroded polygons"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "valley (Allard, 1996),"

[New text]: "same gully network, eroded at approximately the same time, shared"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "syngenetic low-centre poly"

[New text]: "diminution (more of less severe) of"
The following text attributes were changed: 
   font, fill color, size

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
annotation
Matching annotation not found

Compare: Delete�
text
"20 gon terrace initiated over"

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "valley ﬂoor, as"

[New text]: "ground moisture, and not in"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "relatively continuous, low topographic gradient surface."

[New text]: "uniform way inside each respective polygon. Thermal dynamics during summer were more complex than those of winter; individual sites albedo, nature of the cover, moisture and ground temperature need to be taken into consideration to precisely identify differences between sites. 17"
The following text attributes were changed: 
   font, fill color, size
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"4.2 The question of scale: time and space The polygon terraces characterizing"
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Matching graphic not found
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"In this particular valley,"
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The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "terrace on"

[New text]: "ﬂoor of"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "ﬂoor progressively evolved during"

[New text]: "of glacier C-79 is"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
[Old text]: "following millenniums; lakes were formed"

[New text]: "product of thousand of years of eolian sedimentation, organic and ground ice sedimentation along with syngenetic growth of ice wedges"
The following text attributes were changed: 
   font, fill color, size

Compare: Replace�
text
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\ 4 A ATable @5 Thermal gradients reported from the literature (as reference) and from sites
(EP=BJIP=A)) The gradient @@m !, the depth, the season, the location and the so
tioned. Winter thermal gradient were common while spring/summer gradients sparse

JIOPYPUN" m‘l Depth (m) Season  Location Source
25t011 0-0.5 Spring Bylot Isl., NU, CA Fortier and Al
—10.9@(=89=18:9) 0-0.4 Winter Bylot Isl., NU, CA Fortier and Al
—15to —10 0-0.45 Winter lllisarvik LK, NWT, CA
10 Near surf.  Winter Salluit, QC, CA
Less than —15 0-0.25 Winter Svalbard, NO
—15to -7 0.25-0.75 Winter Svalbard, NO
05t05 0-0.4 Summer Brooks Range, AK, USA
—8to -1 0-0.4 Winter Brooks Range, AK, USA
2+1(1o) 0.1-0.2 Summer  Bylot Isl., NU, CA
—13+3(1o) 0.1-0.2 Winter Bylot Isl., NU, CA
—26e29(1e) 0.05-0.2  Winter Bylot Isl., NU, CA
39+£10(1o) 0.05-0.2  Summer BylotIsl., NU, CA
—8+3(1lo) 0.05-0.2  Winter Bylot Isl., NU, CA
19+6(1l0) 0.05-0.2  Summer Bylot Isl., NU, CA
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Figure 1. The study site is on Bylot Island in the Canadian Arctic archipelago (73°09)N
north of Baffin Island (a). The valley of Qalikturvik is located in the South=western sect
island (b) (background: NRCan Landsat-7 orthorectified mosaic, 03 August 2010).
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4 4 A figure 2. [The Ipcation of the stations at study site; map background is a GEO-E
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satellite image (Near Infra-Red, Red, Green) obtained the ;September 289 2010. B
BYLCAMP are meteorological stations part of the SILA network , . BYLOTF
ence ground temperature monitoring site installed in a low-center polygon
gully RO8 is located on the right side of the image, N-E of the lake. Stations
(IP=A are located near the gully margin.
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Abstract

Low-centre polygonal terraindeveloping within gentle sloping surfaces and lowla
the high Arctic have a potential to retain snowmelt water in

and as such are considered high latitude wetlands. Such wetlands in the co
s permafrost regions have an important ecological role in an otherwise gene
region. In the valley of the glacier C-79 on Bylot Island (Nunavut, Canad
erosion gullies are rapidly eroding the permafrost along ice wedges
tegrity of the polygons by breaching and collapsing the surrounding rims.
polygons were characterized by a relative homogeneity (topography; snow
wssmum active layer thaw depth, ground moisture content, vegetation cover);
gons had a non-linear response for the
heterogeneous nature of disturbed terrains (impacts active layer thlckne
aggradation in the upper portion of permafrost, soil moisture and

carbon storage and terrestrial green-house gas emissions.

15 1 Introduction

Ice-wedge polygons as non-sorted patterned ground terrain type (Ball
are widespread in the continuous permafrost zone characterizing the high
1976; Mackay and MacKay, 1974). High latitude valleys (Dostovalov and
and more generally arctic lowlands are prone to the formation of
» fields, which often typify a poor drainage and predominantly wet
2007; Zoltai and Tarnocai, 1975). Low eentre polygons in arctic wetlands
velop ponds in their centres (Black, 1976) and are considered to have an
ecological role enabling suitable habitats for various macro species, either
animals (Gauthier et al., 1996, 2005, 2011, 2013; Jia et al., 2003; Massé et al.
s Myers-Smith et al., 2011; Woo and Young, 2012): Ponds and lakes commonly f
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such polygonal wetlands; acting as carbon sinks when'stablerand GHG source
disturbance such-as thermokarst-occurs (Tranvik et al., 2009; Bouchard et al.,

The main input for’polygon water storage is snowmelt
transpiration; the integrity of the polygon rims, the depth of active layer and the

s flow within the active layer further contribute to the @dynamic of the storage (Hel
(2013): Distinct terrain units in a permafrost landscape (ex: polygons, ponds, h
terrain) can develop and co-exist over very short distances (féw meters bet
terrain units) with Sensible'differences among physical characteristics, suc
tive layer depth, the ground temperature and the hydrological condition

10 and Rouse, 1995). A survey at the polygon scale demonstrated significan
in the water balance, active layer depth and plant distribution among sin
located in similar lowland mires but distant from each other by a few
(Minke et al., 2009) further (identifying intra-site variability for almost ide
unit. Another study satisfactorily demonstrated the variability in active |

s a non-disturbed and uniform 5km? grid featured with high and low
(Gangodagamage et al., 2014).

Generally, permafrost disturbance and degradation exert a whole ran
on the (@ffected area, such as but not limited to ecosystem shifts an
changes in topography and mass transfer (Jorgenson and Osterkamp,

20—bances in polygon fields such as by thermo-erosion gullying of ice we
cur very (rapidly’and with severe and immediate impacts on the terrain h
ecological integrity (Fortier et al., 2007). On Bylot Island, one single gully
breached hundreds of polygon ridges over a period of @@ years and clear ch
observed in polygon moisture and vegetation conditions (Godin et al., 2014;
»—2012). Changes in cover and surface aspects are obvious near the gullied
Waries between eroded and intact polygons. Physical differences between a
polygon (intact) and an open one (due to gullying) located only a few meters a
induce guite-different plant communities in their respective centre in response to
ing moisture and active layer conditions (Perreault et al., 2015). Vegetation chang
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wetlands have direct implications on the food Webrasiwell? for instance in the Baffif are
(and on Bylot Island), large avian herbivore populations rely on graminoids for supg
and the most adequate land unit (i.e. wetland) for this type of vegetation is quit
stricted (Gauthier et al., 1996). Few detailed studies were conducted at the p
s scale with a specific focus on their thermal or moisture evolution through tim
conS|der|ng their micro- topography (Helblg et al., 2013; Minke et aI 2009)

cl cl O OW—POIygo cl cl OOV P cl O C
Cl

Catio C OV

10 This paper discusses the implications of polygon ridges erosion orpelyge
gullying and how this €hanges the microtopography, nearisurface moistur,
active layer dynamics and vegetation distribution. This will be examined L
the aforementioned factors between undisturbed and eroded (polygons;

15 2 Methods
2.1 Study site

The study site is located in the valley of the glacier C-79 (known as Qali
in the western part of Bylot Island in the eastern Canadian Arctic archipela
79°57' W) (Fig. 1a). The 4km wide per 17km long valley (Fig. 1b) with-gla
xo—end-(C-79-and-C-93)-(Inland-Water Branch,-1969) is drained via a proglac
river connected to the Navy Board Inlet seatbranchd The pro-glacial river is
by a syngenetic ice-wedge (polygons terrace: Several'meter deep layers of

decomposed peat characterized-the-polygon-terrace (Fig. 2) (Fortier and Allard
Polygons in the valley are either high centre or low centrej lakes and ponds a

25 tered over the terrace. Groups of high eentre polygons are often surrounded by
ponds that formed over ice wedges following collapse of polygon ridges (Bouc

11800
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et-al;2015). Several thermo-erosion gullies developed through the valley since
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(Godin and Fortier, 2012a; Godin et al., 2014).
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between 2010 and summer 2013 at 10;20;30;40,80cm (Allard et al., 2014). Air terx
perature was recorded ©nsiteé between 2010 and 2014 by two statlons (BYLOSIL
BYLCAMP) from the SILA network (-GEN—294-4-)—. Precipitation mme

2.2.2 Ground moisture and cover

An array of five moisture sensors (TDR) were deployed in each studied p
-during summer 2013 to monitor the near-surface moisture regime (Fi

\NMoi enso nconted-in-Sunnlemen N me
0 O C tHOP —VOiu

tent (VWC _usmg TDR
annexes. Calibration of the recorded data was necessary (Czarnomski et
to the high organic content of the soils at the study site. The calibratio
plished by saturating an instrumented (TDR) soil sample of known mas
15 while drying at air temperature, and weighing frequently, thus building
tween the weight of the water in the sample and the signal in the moistur
equation derived from an exponential curve obtained from the logged dat
n =9), was applied to all moisture readings.
Snow'conditions within and nearby the gully were obtained by time-lap
o "phy (daily, at noon during one year) between summer 2012 and summe
camera used was a Reconyx model PC-800 Hyperfire fixed on a tripod, wit
poles deployed in the field of view within and nearby the gully for reference.

2.2.3 Plant characterization

As part of a larger study, each polygon was evaluated visually for vegetatio
s using three randomly positioned 70 cm&7Z0cm quadrats jin July 2009 or 2010.
was evaluated Wisually) with an abundance scale modified from Daubenmire (1€



http://www.biogeosciences-discuss.net

http://www.biogeosciences-discuss.net/12/11797/2015/bgd-12-11797-2015-print.pdf

http://www.biogeosciences-discuss.net/12/11797/2015/bgd-12-11797-2015-discussion.html

http://creativecommons.org/licenses/by/3.0/

Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "10, 20, 30, 40, 80"

[New text]: "10,20,30,40,80"
The following text attributes were changed: 
   font, fill color



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color



Compare: Insert�

text

"BYLOTPD was drilled and initially instrumented in 2001 and had a sensor at the surface until 2007; this long-term series was useful when missing data occurred in the time series. Thaw depth was obtained for each site by interpolating the temperature in each borehole between sensors."



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

text

"5"



Compare: Insert�

image

Matching image not found
 (click to see the new image)



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "onsite"

[New text]: "on site"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

text

"(CEN, 2014)."



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"Precipitations during summer 2013 was obtained daily using a Hellmann Rain Gauge, compact version"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"All"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"5 ground temperature data were graphed, analysed and interpreted using Golden Software’s Surfer v8."



Compare: Delete�

graphic

Matching graphic not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "(TDR)"

[New text]: "(1)"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "centres"

[New text]: "centers"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "3"

[New text]: "3a"
The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

annotation

Matching annotation not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "4)."

[New text]: "b). Raw volu"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

annotation

The following annotation attributes were changed: 
   other



Compare: Insert�

text

"3metric"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"10 Moisture sensor speciﬁcations are presented in Supplement 1. Volumetric"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "m3 m −3) obtained"

[New text]: "mm−3) was calculated"
The following text attributes were changed: 
   font, fill color



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "sensors are presented in Supplement 2 in the"

[New text]: "sensors."
The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

text

"annexes."



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"moisture data"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "data"

[New text]: "by the TDR probes"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"performed"



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

text

"accomplished"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

text

"15"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

graphic

Matching graphic not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

graphic

Matching graphic not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color



Compare: Replace�

text

[Old text]: "Snow conditions"

[New text]: "For the sake of data comparison between studies (Hinzman et al., 1991; Liljedahl et al., 2011), the moisture data will be presented as percent saturation."
The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"The snow-water equivalent relation was used to account for solid precipitations. Maximum snow depth"



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

text

"This relative metric was determined based on the exponential curve generated during calibration and applied to all volumetric water content values. Precipitations during summer 2013 was obtained daily using a Hellmann Rain Gauge, compact version (CEN, 2014)."



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "were"

[New text]: "was"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "photogra20 phy"

[New text]: "photography"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

graphic

Matching graphic not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

graphic

Matching graphic not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "part"

[New text]: "a component"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "study,"

[New text]: "study (Perreault, 2012; Perreault et al., 2015),"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

text

"visually"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

text

"25"



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "× 70"

[New text]: "×70"
The following text attributes were changed: 
   font, fill color



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

text

"6"



Compare: Insert�

image

Matching image not found
 (click to see the new image)



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "Cover was"

[New text]: "Vertical photographs of the quadrats were taken at approximately 1.3 m from the ground (see detailed protocols in Chen et al."
The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"(2010)). Vascular plants, bryophyte and lichen cover were"



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

[Old text]: "visually"

[New text]: "as the projection on the ground"
The following text attributes were changed: 
   font, fill color, size



Compare: Replace�

text

The following text attributes were changed: 
   font, fill color, size



Compare: Insert�

text

"on all pictures overlain with a 7 cm grid."



Compare: Insert�

annotation

Matching annotation not found



Compare: Insert�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Replace�

text

[Old text]: "11802"

[New text]: "Mean plant cover were calculated for each polygon."
The following text attributes were changed: 
   font, fill color, size



Compare: Delete�

image

Matching image not found



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

text

"BGD"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"12, 11797–11831, 2015 Nonlinear thermal and moisture dynamics of high Arctic wetland polygons E. Godin et al. Title Page"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"Abstract"



Compare: Delete�

text

"Introduction"



Compare: Delete�

text

"Conclusions"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"References"



Compare: Replace�

annotation

The following annotation attributes were changed: 
   other



Compare: Delete�

text

"Tables"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"Figures"



Compare: Replace�

annotation

The following annotation attributes were changed: 
   other



Compare: Delete�

image

Matching image not found



Compare: Delete�

text

"Back Close Full Screen / Esc"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

text

"Printer-friendly Version"



Compare: Delete�

graphic

Matching graphic not found



Compare: Delete�

text

"Interactive Discussion"



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

annotation

Matching annotation not found



Compare: Delete�

image

Matching image not found





2.2.4 Active layer depth, degree-days and n factors

Air temperature has an important influence on ground temperature. Thawi
@day (DDT) and freezing degree days (DDF) are simple indexes used to cal
induction and extraction in a soil. A degree day is the difference betwee
daily temperature and @°C (Jumikis, 1977). The sum of the daily averages i
puted for a seasony negative being DDF (freezing season) and positive
season).

Active layer depth at the end of the thawing season for a given site can
using Stefan’s equation modified for permafrost conditions (Brown et al.,
1977):

Z = E\/DDT,,

where Z represents the active layer depth, £ the edaphic factors (or physi
of the ground and its cover) and DDT;, the sum of the average daily ai
above 0°C at the site (Brown et al., 2000; Shiklomanov et al., 2010; Woo
DDT,; is provided by the nearby SILA stations (CEN, 2014).

Ratio between the DDTg; (sum of thawing degree day at soil surface)
provide the term n, known as the thaw season n factor (Klene et al., 2001
1978), as follows:

DDTsoil
I’It =
DDT;,
Similarly to n;, the term n; is used for freezing season n factor:
DDI:soil
"= DDF

air
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where DDF,; and DDF;, respectively stand for freezing [degreeday at ground surfa
and freezing ([degreerday of air. DDF,, and DDT,, were provided by
sensors buried at 0.05m in polygons 8388 and 678 (BH location in Figs. 2 and 3).
Near surface thermal gradients were calculated for sites BYLOTPD (10-20c¢c

s and 873 (5—20cm) during August 2012 for summer and January 2013 for wint
mal gradient can be computed as:

i EB
X

where / is the thermal gradient (°C m™ ), or the temperature change betwe
in a medium, 7 and T, are the temperature at surface and bottom and
@0(length) of the layer considered in the measurement (Jumikis, 1977).

2.2.5 Statistics and landscape modelling

Quantitative analyses were performed with R (R Core Team, 2014); gra
ggplot2 modulerand PSI=Plotv9:5»
Site micro-topography was obtained using a Trimble VX station in
15 spatial data was loaded and processed in ESRI’'s ArcGIS v10.

images(GeoEYE)-were used as background (images for interpretation
Further details on geospatial sampling are available in Supplement 3.
3 Results

3.1 Ground moisture and cover

2 3.1.1 Winter dynamics

The snow cover @uringiwinter2012=2013beganitoraccumulatelin late Septembe
was-continuous until mid-May 2013 Palygons adjacent to the gully had at most 1
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6); when considering €ither the moisture balance of individual eroded polygons

(polygonal) and between polygons ‘m
were similar to the at

of

6 Tha moisture @t'831=2'increased during'rain events (Fig» 5, E3 and(E5) and
following'similartendenciesiasithelintactipolygon: At the opposite,
as in (Figr6;1333:2)) were featured withinearly'constant moisture
(withivery) weak increases'during) precipitation events and
moisture throughthe' summer) Thaw depth was shallow{®20cm) in atleast
of the polygon @88 (Fig. 5;:888; red dashed line); mean thaw depth for
2013 was 19cm (SD = 4). Sensors located 1.5m each side of
provided non-overlapping ranges for moisture — underlining a great var
a short distance in this disturbed terrain‘unit?

3.2 Ground temperature and active layer thickness

Ground thermal regime monitoring obtained in an intact low-center
LOTPD) between winter 2010 and summer 2013 provided maximum acti
of 56, 48.5, 52 and 40cm for respectively 2010, 2011, 2012 and 201
Figs. Z18)) When comparing ground thermal regime @tithe'reference site
located™near the gully, maximum active layer depths were within the sa
2012831 = 47cm, 6568 = 44.5cm and 678 = 52cm) (Fig. @) Active-layer ¢
similar for those sites (except BYLOTPD) in 20432 On the other hand,
shallow maximum ALD with 21 and 20.5cm recorded for 2012 and 2013
half of the other monitored polygons, either intact or
by [probing the @ctiverlayer depth @t'several’positions in the
»—four-polygons-located-nearby-the-gully during summer 2013.

othersites-(thaw-depth-mean=18ecm;-SB=2cm the 01 July 2013)>
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"All sites responded similarly for each monitored year when considering the direction of change, implying that every site had a shallower maximum thaw depth in 2013 compared with 2012, resulting from a lower DDT that year. At the beginning of the record (July 7 th ) the thaw depth was at 42 cm and reached its maximum depth 52 days later (August 29th ) at 52 cm deep (0.19 cm d−1 during this interval). A complete thawing season was recorded in 2013, showing a rapid initial progression of the thaw front during the ﬁrst nine days 1.67 cm d−1 (beginning June 10th ) and then a slower rate until the maximum thaw depth was attained at 50 cm. Once the deepest point was reached, it froze back in 33 days. Overall, thaw season last 94 days for IP-A during 2013. Temperature at a depth of 63 cm was below −16 ◦C for 165 continuous days during the 2012-2013 winter, and 143 days during 2013-2014 (violet, IP-A, in Fig. 7). Short peaks of warm temperatures"
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"The shape of the 0◦C isoline contour was akin to an ellipsoid, with a rapid thaw and freeze back respectively at the beginning and the end of the summer and a relatively stable, long-standing maximum thaw depth in between. The intact polygon IP-A located nearby the gully shared some characteristics with BYLOTPD. In 2012, IP-A and BYLOTPD had a similar maximum thaw depth (52 cm) following a similar input of thawing degree-days, respectively 450 and 474 DDT (Fig. 6). While there was some interannual variability, dispersion was limited and alike to readings from other sites (particularly 2010 to 2012, IP-A, EP-A, EP-C)."
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"30th . Temperatures recorded at BYLOTPD surface between 2002 and 2007 indicated an average delay of 8 days for the thaw front to lower from 0 to 10 cm. Between 2010 and 2013, the thaw front usually progressed rapidly down to 29 cm deep before slowing. Initial ground thaw progression rates varied between 1.5 cm d−1 up to 8 cm d−1 and then slowed to less than 0.5 cm d−1 until reaching the near maximum thaw depth. While the maximum thaw depth attained varied from year to year (BYLOTPD, Fig. 6), the maximum depth ±2cm persisted for 40 ±1d."
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The year 2012 had a warmer summer than 2013 and the winter 20
warmer than the 2011-2012 winter (Table2): The polygons located within
and those near the gully were exposed to similar @DT;% Inter-polygonal
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tive layer, averaged values for hearsurface temperature) were due to polyg
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3.3 Vegetation in intact and eroded polygons

In 2010 and 2014, the centre of the intact wet polygon (§73) was uniformly vege
with typical wetland vegetation with low vascular plant diversity {(iie? wetland veg
in Perreault et al., 2015 in this issue). Perreault (2012) measured a strong cover
s mosses (Drepanochladus sp. 53.3% and Polytricum sp. 1.83%) and Carex
(27.5%), a sparse cover of Dupontia fisheri (0.5%) and traces of Pediculari
Arctagrostis latifolia and Salix arctica (Supplement

in its centre from snowmelt until late June.
The three other polygons had a higher vascular plant diversity and less
Goetation with a mixture of Wetland and mesic species typical of disturbed p
reault et al., 2015, this issue). Polygon 838% had 20 vascular plant spe
higher covers for wet habitat species with dried Drepanochladus sp. mo
Carex aquatilis (6 %), Dupontia fisheri (3 %) Eriophorum angustifolium (2.
phorum scheuchzeri (1.3 %) and traces for a number of typical mesic h
15 such as Arctagrostis latifolia, Cerastium alpinum, Luzula confusa, L. ar
laria longipes). Polygon @88 had part of its surface with bare-ground (2.
disturbance, 42.7 % of dried mosses of wet habitat Drepanochladus sp.
lar plant species. Wet habitat species and mesic species shared the do
21% of Eriophorum angustifolium and 10.8 % of arctic willow (Salix ar
20 polygon 863 with 11 vascular plant species was dominated by mesic ha
Aulacomnium sp. (41.7 %) and vascular plants Salix arctica (19.3 %), Arcta
lia (3 %) and Salix reticulata (2.5 %). The typical wet species were not

in this {polygons
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4 Discussion
4.1 Heterogeneity of eroded polygons
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the intrinsic potential to retain moisture in their @entresy including the cap
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1. Snow and insula
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Table 1. Degree days of freeze (DDF;) as recorded by the on-site meteorolo
between 2010 and 2014 (CEN, 2014), and DDF,, for 833 and 673 (winter 2

(2013=2014)2 The length of the thawing season is indicated for each measured

respective n day column.

Winter nday DDF, nday DDF,;673 nday DDFgy
20102011, 256 533t

20112012, 262 5343

2012-2013, 27t 4922 260 4698 260
2013-2014 272 5674 265 4834 256
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Table 27iDegreerdays of thaw (DDTg;) as recorded by the on-site meteorolo
between 2010 and 2014 (CEN, 2014), and DDT,; for 888 and 673 (summer 20
of the thawing season is indicated for each measured unit under their respective

Summer nday DDT, nday DDT,;6783 nday DDTg
2010 114 526
2011 97 556
2012 96 495
2013 98 450 92 459 93 476
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Figure 1. The study site is on Bylot Island in the Canadian Arctic archipelago
79°57'W), north of Baffiil Island (a). The valley of thelglacieriC=79 is located in the
western section of the island (b) (background: NRCan Landsat-7 orthorectified mosaic, 0
gust 2010).
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Figure 2. The location of the stations at study site; map backgrot
satellite image (Near Infra-Red, Red, Green) obtained the 02 Se
BYLCAMP are meteorological stations part of the SILA network
a reference ground temperature monitoring site installed in a low-
2014). The gully R08 is located on the right side of the image, N-E
333,563 and 673 are located near the gully margin.
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Figure 3. Digital elevation model of sites 831718388 and 673? Altitudinal isolines contot
digitized on the figure at each 0.1 m. A gully channel (deep blue) initiated in 1999 near po
rims (yellow and orange) @delineate polygon contours; light blue indicate a

{331 and(3883):573) ridge contouring the polygon is intact. The gully channel floor (dark b
approximately 2 m lower than nearby polygons rims at this position. Boreholes equipped
a string of thermometers (BH in the figure) are identified in red in each polygons, and moist
sensors in blue (TDR in the figure).
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Figure @2 Maximum active-layer thaw-depth related to the square root sum of
(thaw(air) for sites in-the-valley between 2010 and 2013. The relation between tha
ables for the sites was similar for most locations except
varied-weakly-from-year-to-year. Sites measured in 2012 were exposed to more D
2013, but the tendency was not reflected clearly en the maximum (@ctiverlayer dept
bly implying varying edaphic factors between both years. 3338 depth was virtually t

between 2012 and 2013.
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Figure 8. Air Temp (top) represent the mean daily air temperatures from BYLCAMP (yellow)
and BYLOSIL (red) recorded between January 2010 to July 2014. The 0°C limit is highlighted
in red as a reference for mean daily air temperature. BYLOTPD, 331, 333, 563 and 573’s top
80cm ground thermal regime follows — dark blue indicate colder temperature, reddish warmer
temperature. The 0°C isotherm of the ground temperature is indicated as a red line.
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