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Table 1. Meterological data of the permafrost regions.

Precipitation

Location Latitude Annual Eecgl)p crature Annual value  Ratio of snow

(mm) (%)
Cornwallis Island, Canada® 75°02'N -16.6" 131 60
Northwest Territories, Canada® 61°18'N -3.2 369 46
Kirkevagge, Sweden® 68°25'N -1.5 1140 50
Kongsfjorden, Svalbard Island® 78°54'N - 412 -
Riksgriinsen, Sweden® 68°25'N -14 1001 -
Katterjikk, Sweden® 68°25'N -1.7 848 -
Tornetrisk, Sweden® 68°13'N -1.0 472 -

*Phillips, 1990; Semkin ef al., 2005

*MSC, 2002

Angstrém, 1974; Strémquist and Rehn, 1981
“Tye and Heaton, 2007

“Jonsson et al., 2009

20| B2 olBalA] Rou 22 Eekze] JRE
3l SRre 20t o] 53tk (Quinton et al., 2000).

TEAHZ Aol AL oFo| 2 Aol 53
ojH HBut 7|22 FItoltt. AFS 722 F=
0-10C HEIS Ho| T ALe] 7|22 72 oot 20~
30C F9E EAti(http://ko.wikipedia.org). A
Bt 2 13171140 mmZ A= Ao H]
s @3 2e Holth. EaF AR 46% ol
o] o] W)= AT 1).

3. X|gte2| 7*S

I3 19 3EA99] hummock ¥ inter-hummock
area®| P W I 12|3 FRA Y] {5
WS Jehfigeh 23 Tlaold B AAY 55
A g o] X FEHL2 hummock ¥ inter-hummock area
2 78 4= 3ok hummock 22 9] |
£ oj2q glon] 22 YEFEN AUER 74
o] Qlo] E4go| uf$ Wil inter-hummock area
+ hummock Afo] 9] FZko 2 A F2 Bt 9l 3=
o= 4Eo] glo] F4ge] tj9 ErHaH 1b)
Inter-hummock areat= A2 0] £ £480]| uj
% %7] wjEo] chrRe] ARAa} inter-hummock
areaS B34 o3 I 1c). I inter-hummock
area 1) EEke] 23 9| 27], B8 9 Wis} o
2 248 339 D7)k Holdx, FIEE 20
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3= 3tH(Quinton et al., 2000). Inter-hummock
area Y HEAJ5l=9] o| 5525 B4dS5(active layer)
olgtaL st o|59] FAI= ¢F 0.4~0.8 mo|tHQuinton
and Marsh, 1999). o|2Jgt inter-hummock area®] &
Aoz Qs -2 FAlE0] shitz AFEHA X
3lal 2 1o 2 o]5S 3t
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=7 = stck(Stotler ef al., 2009). o]t X HoflA
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2|5k 2 Gofl hafiAl= vrgoll AHAI5] A8 skt

4. Xot2| 3t

Jol

£

HH 7l

SEAYQY ARA Sk Y RE A Be Y



SEX | Koty UH 431

mineral earth
inter-hummock area hummocks

s

permafrost

mineral earth hummocks

inter-hummock area

peat

\water table

inter-hummock area

mineral earth hummocks

)+ shallow groundwater flowpath

Fig. 1. Images showing (a) the surface of a hummock covered region, taken from http://en.wikipedia.org, (b)
schematic section of various mineral earth hummocks and inter-hummock area, which is modified from Quinton
et al. (2000), and (c) schematic distribution of hummocks and inter-hummock areas, modified from Quinton and

Marsh (1998).

active layer
. (shallow groundwater flowpath)

lateral talik
creek or

deep groundwater

gprin%/ small lake

- seasonally frozen active layer
[ ] frozen - permafrost

|:| unfrozen

large lake or river

/

open talik

Fig. 2. Conceptual model for groundwater system in a permafrost region, redrawn from Van Stempvoort and Biggar

(2008). Dashed arrows indicate groundwater flow.
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4 FEES EF3IcH(Anderson et al., 1997). E3t
WEAE AA7h i ol B3 w2 whgakt
(Petrovic et al., 1976). 1% 7/l AR 517}
B42E BTSN WA ) Ca, Mg, SO,
9 HCO,9| 557} 24 27kl 548 Rol7|w
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ARASe ARA G AR 27
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o2 dHA QtH(Gislason et al., 1996; Stefansson
and Gislason, 2001). 3EXY9& A sid 7] 8t
A2 FEAGOA &A1 STt T2 o] F0]
A3 BFHA ]l F3e AY dojubA] g Ae=w
ABzrstg ot of 2] AFAE oAl SFeha <l F
37t FEA G A FasHA Agshe A Elst
%rHHutton, 1975; Caine and Thurman, 1990; Dixon
et al., 1995). 221} ARA 87t A EA| 812} 4
2 &0 lo] 3}ekA Q1 F3toll et O, W CO7b
ARAEE dgetA FFEA ¢7] gl §&
A9 9] E-¢HAlREgo] A=A (RS EA| o) Kt
2hHre] dojubRl= grom AR A Hofx= Aksl/
gh1 o] 24 0] W3E o] CaSO, 50| A% gt
tHDarmody et al., 2000).

5] stz e Askie] sk Ayahs
H= 8314 A2 4= Ut Raidla et al. (2009)
L FE 3| BX]9f 9= Cambrian-Vendian tj43
W wiEE A sliaeet @AY el ofs SR ==
A5} 2] 38t 2 AJ-S 0]-85}0] Cambrian-Vendian
50 Xotag-s AgsticTd 3). 11 3]
A B A MiEE s YRS W2 AHFA
stp7t @A AR S EE JRAS gL

100000
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1000 —

Na+K (mg/l)

100 —
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Cl (mg/l)

Fig. 3. Na+K and Cl relationships between shallow and
deep groundwater in permafrost regions. Shallow
groundwater data are from Pokrovsky et al. (2005),
deep groundwater data are from Raidla et al. (2009) and
Paleozoic seawater data are from Lowenstein et al.
(2003).
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-100

-150 — rainfall —

«— shallow groundwater

+— deep groundwater
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Fig. 4. Oxygen and hydrogen isotopic compositions of
shallow and deep groundwater reported from Stotler
et al. (2009). Global meteoric water line (GMWL) after
Craig (1961). Local meteoric water line (LMWL) from
Gibson (1996). The volume-weighted average value of
isotopic compositions for precipitation, snow and
snowmelt data from Hayashi ez al. (2004).
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