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Fig. 3. Layout of snow fences and installed sensors for monitoring (left) and changes in snow
distribution across a snow fence during 21/22 winter (right) in Cambridge Bay, Canada
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Fig. 5. (a) Soil organic carbon, (b) total nitrogen, (c) C/N ratio and (d) inorganic nitrogen
contents under different snow treatments in Council, Alaska
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O 247tA2 gt njd= & sE(8719 108, 2719 53)

e AT FIRA EQA AZOM 24TtA A2 HI|Y O8E 1085 (HEMMER 45, &7 58 &
syntrophic bacteria 5&), E7|d DM E 58 (R7I= 2ol &H Od8=2 35, 24 & 2H D4

=
1, KPDCO|l S5 (Table 1, 2)

Table 1. Genome information of greenhouse gases—associated anaerobic microbial lineages

MAGs Genome size (bp) Classification Characteristic
Day0_PF.bin.62 1097079 Bog-38 sp003162175 Methanogen
DayO0_PF.bin.63 841971 Bog-38 sp003170935 Methanogen

Day336_PF_25.bin.157 3690070 Methanosarcina sp001714685 Methane oxidation
Day0_PF.bin.18 2663356 Methanobacterium Methane production
Day336_PF_25.bin.168 3289153 Fen-1166 Sugar and organic acid degradation
Day336_PF_15.bin.107 2556805 Acetobacterium Sugar and organic acid degradation
Day336_AL_25.bin.139 2718933 Ethanoligenenaceae Sugar and organic acid degradation
Day336_PF_25.bin.24 2504280 Syntrophomonas Sugar and organic acid degradation
Day336_PF_15.bin.115 4930495 Propionisporales Sugar and organic acid degradation
Day336_AL_15.bin.4 2293704 Paludibacter propionate-producing

Table 2. Genome information of greenhouse gases—associated aerobic microbial lineages

Cell ID Genome size (bp) Classification Characteristic
AM-408-K21 516,351 Candidatus Nitrososphaera gargensis Ammonia oxidizing archaea
AM-408-011 3,392,265 Candidatus Koribacter versatilis Sugar and organic acid degradation
AM-408-C03 612,366 Gemmatimonas aurantiaca N20 reduction
AM-411-N08 753,183 Flavobacterium sp. Complex organic compounds degradation
AM-408-N21 1,527,475 Pseudomonas sp. Complex organic compounds degradation
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o A0} 2{AJOtS] S5 T2 TSSTYMAZ 2035, (PE S4175)2 TS3/ME I IItete ©
SF 20351 (M= S17908)01M &fsl1 RA2M, 0|5 TSIME X =7tk M2 20351 of =& HH

=0 2 M= (1) 552 83 48 - ¢322d €38 NP2z /A (2) S30/Ate F¥=T 35
T8 (3) 2= A= /A2 It €3 (4) SSEHMOIMRE 55 K& It LS Qg F2 ZHS
=z HEI-IJ % EI%:IL- E-IAIOI- HI_EI‘iHl‘ 7|I|7|’ —?—Iilé'—l- %MIHI Dryas integrifolia-Carex rupestti:

7l o MM xA 23 DAE =30 MY FHo| 57 s

=) EOI

= a

- [=]
4(T0) M=E, 3 ANE S S YH

or
ol

B

20223 7-8¥& JHLtCt CHARS X[ S &0 IMA &
AL =¥, CHARSOIA EHFOQXE ZUHEst=E EY
5, FT2 43 AMMExZ X< Dryas—Carex,
Cassiope—Dryas (snow bed), Shrub—sedge fen,
Sedge fenOlA AM HIE, ZSZAt T EY MEY .

Fig. 21.

Study sites in four ecotypes
. . of IMA
Table 3. Vegetation coverage in four ecotypes of
IMA
Dryas-Carex Cassiope-Dryas Salix-Sedge Sedge Fen
Coordinates N69° 13672, W104° 54024  N69” 13.665, W104° 54104 N69” 13.770, W104° 53.873 IN69° 13.840, W104° 53.789
Plot 12 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Total coverage 25 50 45 35 50 35 50 80 50 30 45 50 60 70 70 70 80 80 80 70
Carex aguatilis 30 40 40 60 45 70 80 80 80 70
Carex spp. 5 7 110 5 20 5 i T 10 10
Cassiope tetragona 10 12 30 20 12
Dyyas integrifolia 25 50 45 35 50 25 35 35 10 15 200 15 10 90 25 1 5
Salix richardsonii 2 5 2 2 5 120 15 5 20 T0ENE 0
Arctostaphylos alpine 2 1
Bistorta vivipara 4% 1 i 25 1 k. 4 5
Equisetum arvense ssp. alpestre +
Eriophorum angustifolia ssp. tiiste
Hedysarum boreale +
Hulteniella integrifolia +
Kobresia spp. 2 2
Lichen 1 5 5 7 5 20 25 1 15 8 5 5 1
Moss + 3 1 2 2 5 2 2 5 10 5 5 10 5 15 10
Oxytropls maydelliana + 1 1 5 2 +
Pedicularis albolabiata 1 2 5 5
Ranunculus sp. 5
Rock 30 2
Salix recticulata 7 )
Saxifraga oppositifolia + + 1 2

Cassiope—Dryas @& 2 ®7I25 StF0 A XLZE O|F0H UM, OHES MEE MFSHA 5t
1, 7718 SO0AM fibriclt sapric materials& =5t AIEZE MFE. HLTH IMAS] 47429 MM
HE EYSY =4 Z1}, Sedge fen ecotypedM Ede=e&tdil IV 7Y 11, pHeE 7
& StS. Dryas—Carex &1} Cassipe—DryasT &l EY S42 |ASIAN L, Salix—Sedgem &2
AZx EEEI2t Sedge fen £7t9 EME 2.
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Table 4. Several soil properties in four ecotypes of IMA

Ecotype Dryas-Carex Cassiope-Dryas Salix-Sedge Sedge Fen

Soil Layer Organic Mineral Oi Oa Organic Mineral Organic Mineral

Sample # 5 4 6 2 5 5 5 5

MC (%) 121£9¢  1440.6°  276+22° 162+75°  400+19° 3245° 632+48° 1274227

pH (1:5) 76+0.1°  87+01°  7.2401*  7.7+04° 7.1+01° 83+0.1* 61+0.1°  7.9+0.1°

EC (uS/cm, 1:5) 282+17°  114+9°  291+36°  161+44°  495+65°  134+10° 764+94°  332+64°
CHARS ®+Z&l=50] 20169 FH ZLHY S¢l 2Felxt NrE S/RMFH 7] =2 HHet As
H(10E-5d8) 2L XNEE EElg. 6EE Bd2Z= 10-15C, ASE2 40C7X Eoid. A
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Fig. 22. Mean air temperature and wind speed and direction during winter (October—May) in
IMA (data shared by POLAR)
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FHLICE IMA AOIEE CHE2=Z 471X CHE Ad Bt E M7 &8 24 23 Cassiope—Dryas =4
= Aol EQ Mo ™ol dtfd ez A AEE(Fig. 23). Ma Z(phylum) &9 =X0M=
Sedgell A2 Ct2 AlM EtRIE0| H|5H Firmicutes, Bacteroidota, ChloroflexiQ H|ES0| ACfHS=Z
=4 U2, e 252 ot 2RTS0 EE &7 MESE 7450 A, ME ddda @3 2
HE O|F = syntrophE0| HELE ZA2E 20} Sedge MM stF EU2 HE HH0| O|FX= H
7l gEoz FEE. AY EY H2 M 28 #FXIF LFOXH 53| Sedge2t Salix—Sedge EHRIO|
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Fig. 25. Summary of the experimental results in the effects of Freeze—thaw cycles on soil
biogeochemical properties
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Fig. 26. Advanced analytical platform for characterizing chemical properties of soil organic
matter using ultrahigh—resolution FT—ICR mass spectrometry.
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Fig. 27. FT—ICR MS profiles of permafrost SOM samples treated with different SPE conditions.
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Fig. 30. Experimental flow for investigating the molecular changes of DOM in active
layer and permafrost samples after anaerobic incubation.
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Fig. 31. van Krevelen plots displaying active and inactive compositions in DOM
assigned from the active layer samples.
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Fig. 32. van Krevelen plots displaying active and inactive compositions in DOM
assigned from the permafrost samples.
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Fig. 33. Chemical properties of DOM in active layer and permafrost samples after anaerobic
incubation.
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Fig. 35. van Krevelen plots displaying active and inactive compositions in DOM assigned
from the permafrost samples.
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Fig. 36. Location of sampling sites for snow fence experiment(left) and view of snow fence
experiment(right).
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Fig. 37. PCoA plots discriminating chemical compositions of DOM from the snow fence
experiment samples(left) and van Krevelen plots displaying the molecular composition of
DOM in control and snow fence experiment.
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Fig. 38. van Krevelen plots displaying active and inactive compositions in DOM from snow fence
experiment(left) and relative proportions of active and inactive components(right).
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Fig. 39. Framework for studying the effects of global change on DOM composition.
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