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Introduction.  

This is a long-term project that examines how climate change is affecting high Arctic 

permafrost conditions and high arctic landscapes. The main aims of this project are 

unchanged: (1) to monitor climate conditions for different landscape (e.g. tundra, mountains, 

coasts, wetlands ...) and assess local climate variability and how much the climate is 

changing, (2) to evaluate the nature and extent of ground ice in permafrost, (3) to determine 

the amount and rate of landscape change caused by warming and melting permafrost 

(thermokarst), and (4) to map these changes on a decadal scale. Aims 2 & 3 are particularly 

important given the dramatic increase in melting permafrost observed in 2011 and 2012. The 

information collected in this study will improve our general understanding of how climate 

and permafrost interact which will allow for the better prediction of future changes. Through 

our case studies we are providing new information about climate, permafrost, ground ice and 

thermokarst.  

 

Progress Report – 2012 Fieldwork.  

In 2012 fieldwork focussed on 3 sites located near Eureka on Slidre Fiord. I was based at the 

Eureka weather station for 10 days during which I surveyed and sampled 17 new thaw 

slumps located within 3 kilometers of the Environment Canada weather station.  Ice samples 

were collected to determine ground ice origin and to obtain a better estimate of ice content. 

The pattern of thawing permafrost and associated collapse of the ground surface (called 

thermokarst) is directly related to the type and amount of ground ice in permafrost.  The 

Eureka area is extremely sensitive to melting permafrost because of the widespread 

occurrence of massive ground ice. Massive ground ice refers to thick (3-10m) layers of nearly 

pure (80-90% by volume) ice beneath 1-4 m of marine sediments. My work in the Eureka 

Sound Lowlands over the past 20 years has identified at least 10 areas each covering several 

kilometers where ground ice represents a significant part of the near surface permafrost. 

Aerial reconnaissance in 2012 revealed an unprecedented level of thermokarst, for example 

the area surrounding Slidre Fiord and the Southern Fosheim Peninsula (within 40 km of 

Eureka) contained 250+ thaw slumps, and most were newly formed. The previous record 

number of slumps observed in this area was 91 back in 1998.  In response to this we initiated 

a remote sensing-based monitoring program. We obtained high resolution satellite images 



from July 2012 and July and September 2011, these images will be used to map the location 

of thermokarst activity and estimate rates of change.  

In 2012 I was in the field from April 4-11 and June 25 - July 7. April fieldwork 

involved ground penetrating radar mapping of ground ice and ice wedges in at Expedition 

Fiord and Eureka areas, the collection of climate data and the collection of frozen sediments 

and ground ice. In July my fieldwork was included more ground penetrating radar surveys of 

ice wedges and massive ice deposits, sampling of ground ice and aerial surveys. In 2011 we 

identified ice wedge subsidence as a potentially important area of climate change related 

disturbance, however in 2012 we confirmed this by discovering catastrophic subsidence of 

several ice wedge polygons.  In this study we used different survey tools like radar and 

electrical profiling to assess the subsurface conditions. The impact of climate change on ice 

wedges documented a 10-15 cm deepening of ice wedge troughs and the development of new 

areas of subsidence in the past 2-3 years.   

 

2013 Field Program.  

Climate change is the most significant environmental challenge facing the North today. I 

have just begun a new cycle of NSERC funded research which places greater emphasis on 

measurement of processes associated with climate change than simply detecting change. The 

aim of my 2013 field program is to investigate how climate change will affect ice-rich 

permafrost and in particular how rates of thermokarst may change.  The proposed research will 

be divided in to two complementary themes: (1) the analysis of the meta-stable relationship 

between continuous permafrost and the active layer, and (2) ice wedges as a quasi-stable complex 

system. A major focus of both studies is the measurement of changes occurring in the active layer 

and identifying connections between the atmosphere, active layer and permafrost. Fieldwork will 

be conducted in the Expedition Fiord on Axel Heiberg Island (79º25N;90º43’W) and The Eureka 

area on Ellesmere Island (79º59’N; 85º49’W). These sites were selected in 2012 because they are 

representative of common ecosystems, because of their accessibility, availability of baseline data, 

and existing research facilities. My long term field programs at these sites provide a strong basis 

for comparison.   I will assess the sensitivity of key permafrost systems to warming by defining 

the surface energy balance, and measuring mass and energy fluxes in the active layer and at the 

active layer permafrost interface. This study will identify critical thresholds of change and 

potential feedbacks. In this study are asking 4 questions: (1): How is climate change already 

causing significant changes to the high arctic permafrost regime? (2) Can the active layer buffer 

the permafrost system through complex feedbacks linked to the way energy interacts with soil 

and thawing? (3) How much change can occur in the active layer depth before melting ground ice 

can occur? And (4) what are the mechanisms that cause ice wedge polygons to collapse so 

rapidly?  Three sets of activities are planned for 2013, including: (a) the detailed measurement of 

changes in the ground surface using a high resolution gps system coupled with ground 

penetrating radar. These data will be included in the remote sensing data base and will be used to 

correct the position of satellite images from 20122 and 2012, (b) a detailed study of active layer 

processes and the measurement of temperature and moisture changes in mid-summer. This will 

involve the collection of sediment and ice samples from the active layer an top of permafrost, and 

(c) continued aerial surveys of changes throughout the Fosheim Peninsula. 

 

Significance:  

This research has made significant inroads into the understanding of permafrost in the high 

Arctic. It is providing new insights into the origin and age of permafrost systems, rates of 

change and the potential vulnerability of ice cored landforms. The magnitude of warming 

projected for the high Arctic will have significant effects on both the ecology and geomorphology 

of the region. This work is even more important given the increased level of mineral exploration 

being conducted in this area. 



@)!#u kNK3u royixij5 WJNstj5 kbsoDtj5 g4yCst4: Kw8 ]Xl5 
 

@)!@u royixij5 WJNsts2 Nns]b )@ )!# !@R-M GxCAk5 xuhk5H 
 

WoExb bw/sJyx: cspndlb ck hi3bsnCwtQm]z5 dxawN3g5 yMs2 
xyp3izk 
 

cspn3tlxb6: b4b Kw8 ]Xl5, wonwpmE4, mrs9 yMgn3=4Jxz 
 

@)!#u royixgoE]p5:  Kw8 ]Xl5, mwf9 Wf3 Gl4]b6H, pxE5 y7n8 Gl]4b6 royix3tH 
mws9{ wro{]g8, fE{ ]su]M8 Gxix=sqg3u l4]b6H woix3t wJ3t mrs9u5. 
 

@)!#u WoEiEix3bK5: X3N4ymJA5 xwEo %u5 !&j5, xml Ji @*u JMw !)j5. 
 

@)!#u WoE=Qix3bK5: JEv3Xyu ]Knw8 vqhzi, ws9{ux erbzi kNaxtA5 
(80º00’N 85º95’W), xml w4Wtn8 y/E4g3Xyu, xf9 BxwS4 erbzi (79º25’N; 

90º45’W). 

 

rNs/cty]p5: hi3ymqgi royix3goE]p5 Z?mgcfl rNs/ctypq5 yMgn3=Jxu 
cspn3tsJk5 xml cspn3gk yMs2 xyp3izk5 hibsJk5 vNbs2 
sxNXyxi3usk5 y4/3Xyugk5 rNs/cty]p5. 
 
rh]jm]z5. 
WoExK5 eMufl4 W/E/qbK5 cspnCb ck yMs2 xyp3iz h]im]z5 dt4]g2 
srsb3gzb dxawNiqi4 xml dt4]g2 kNzb ckwoziqi4. gCZlxbE/K5 ho 
xypqg5 G!H sxylb yMs2 ckwgizi4 xpQqgi kNi G]h3l Nt3Nug5, ccw5, 
y/3Xyq5, wm3hZwlH cspn3lb bXi xp]Qqiqi4 kNq5 mo4lQ5 xml cktQ 
yMz xyp3tQm]z5, G@H NlNwlQ5 hi3ymqg5 xml kNu yfw5 dxawN3g5, G#H 
NlNwlQ5 cktQ hvizl kNzb xyp3iz sdy?oxi6 W9lA xs4Xoxiql 
dxawN3g5 xml G$H kNaxtA5 NlNw3lQ5 bfx xyp3g5 xCA do ]bm5. gCZK5 @u 
#ul WmEslxax3tbK5 WJtQlA dxawN3g5 xs4]Xo3ymJ]Ml4mb spE/ti @)!!u 
@)!@ul. gnD]t5 kxbK5 b?i cspn3iti wvJ3ix3g5 gryNhAtti4 ck yMs2 
xyp3iz xml dxawN3g5 x4gwymm]zb bmN wvJicix3m5 yKiti ck 
xypixChQNwix3m]zb. bfNi cspn3bti kb3i4 gnDti4 xgwNDtyJA5 WJtoi4 
yMs2 ckwgizi4, dxawN3g5, kNu yfw5 xml xs4XoxJ5 dxawN3ifw5.  
 
ckwozom]zb si]vz _ @)!@u bXi WoEiEMsbK5. 
@)!@u bXi WoElb WoExElxbMsbK5 Wzhw5 kNw5 ciQ]/i JEvu yMwb 
y4/E4b3u. s?zo JEvs2 yMix3=zb gcb3=ziMsgz sli doi4 bwvil 
eauZ3Lz kNu xml cspnDt4ni4 !&i4 k]bi4 xs4XoxJi4 W9lz # r]Mubi4 
szy1io4 x?toEpf5 yMix3=zb. iMi4 cspn3bsJ4ni4 kxbsJcMsg6 
NlNwbsdlA kNu]g2 iMs2 WQx3==iz xml cktQ yfctQm]z5. xsMJyz 
kNu yfqN3g6 xml x4gxiz vbXoxcb3g5 kNs2 ]cz x4gxicME4g6 
ckwgizi4 cktQl xqtQm]z5 iM4 kNug6. JEv3Xy4 hi3bsnCwm5 xsXoxJ5 
dxawN3g5 WJtQlA sk3mb xqJlt4l kNug5 iMw5. kNug5 iMw wJicg5 
G#u5 !)]ubk5H xbqXlvntx3Li G*)Snu5 ()Snj5H y]fJ6 !u5 $ubk5 
bEsusbsicg6. WoExC JEv ns8 Nt3Nzi xCAJi x?]t5 sz]bk5 
NlNwyymJ6 skq]M5 d]o5 xgi xqJvMDlu kNugi4 iM1i4 bmN NlNwyJ6 
WmEsizi4 czb ciQ]/3ig5 yfw5. wkcqg3u5 czb3tbsymJf5 d]Mi5 
@)!@atlA NlNwyMsg6 cspm/sqg5 dxawN3ifw5 xs1]i5, ]h3l x?to]mz 
yMwb y4/E4]g2 xml yei3Xyxi ]Knw7 kKxi G$) r]Mubu4 szyio4 JEvu5H 
WbcMsg6 @%) sz]bigi4 xs4iflt4 wlg3ymJ5 xsC]b3ifw5. sk]MaMsg5 



xsifw5 bXi (!aMsymJ5 !((*u. bmN W9lA WQx3tyoMsgA sX4bsymqg3u4 
sxyJtu4 xeylb. WJNyMsgA5 czb3tbsymJf5 xpaxi4 JMw @)!@atlA 
xml JMwatlA ytWEul @)!!atlA, bfx xpax5 xg3bs]M3g5 kNaxtA5 
NlNwlQ5 yfw5 xs4XoxJ5 vJym]zb xml hvizi xyp3Xoxizb NMs]n3lb. 
 @)!@atlA bXiMsgz xwEo $u5 !!j5 xml Ji @%u5 JMw &j5. 
xwEou WoExC bXi bS]b5 yff5 kNzi kNaxkcwlz yfi4 xml ]fa3ifi4 
w4Wtn8 y4/E4g3u xml JEv3Xyu, kxtiK5 yMs2 ckwgizb ttCymJi4 xml 
kxti3S5 iMu5 gxX1i4 xml miCu5 yfi4. JMwu WoExC wlocMsuJ6 bS]b5 
yff5 kNzb eauZ3i4 ]f4=sJi4 xml xqJtsJ5 yfcisJ5, cspn3bsJ4ni4l 
kNu5 yfi5 xml czb3tbsymJf5 eauZ3Lb. @)!!atlA NlNwyMsgA5 yff5 
]f1i4 WmEsNhQlQ5 yMs xyp3izk5 xs4tbsNhQlQ5, ryxi @)!@atlA 
NlNwMsbK5 cspZb ]f4g]Mli4 y]f czA5 sk3gi4. b?i cspn3bti xpQqgi4 
cspnDti4 xgMsgA5 ]h3l bS]b cspnDti4 xml ]f4gi4 NlNwylb ttC3LQ5 !)u5 
!%j5 s4gtfli4 y8tubi4 wtioi4 ]f4i4 yff5 xml k]b3i4 ]fo3ifi4 xiA3gi 
xCAi4 mDi5 Wzhk5. 
 
@)!#u WoExE]M3bK5.  
yMj5 xyp3XoxisJ6 WmEsi3]XaK6 x?tj5 xypDbsJi4 sx1N3Xy3u4 s9lu. 
k]b3u4 vJyty?oxo3uJz royixgoEpf5 rNs/3b3=qi5 rNs/ctbslb bmNl 
bwmwgizk5 nety/ExciK5 xqi3nsK6 s4gcbExci6 hi3bsymJi4 yMs 
xyp3izk5 spEgwNqlQ5 bmfx xyp3isJ5. gCZlxbE/C @)!#u WoEiC bXi 
cspnDmlz ck yMs xyp3iz h]im]z5 kNz yfo]Ml1u xml Wlx3g3u4 
cktQ xsXoxJ5 yfw5 hvtQJ3u4 xyp3gwNExcm]zb. royixDtQJm/K5 mDwoc_ 
zix3g6 sfx4 cspNhlxb3lQ4: G!H cspn3lQ5 bwmwozJgc=]i5 xyp3Xoxiq5 
ck x4gxicm]zb dxawN3gi4 xml xsXoxJ3i4, xml G@H y]f2 czA5 ]f4g5 
xyp3Xoxiz WgwNsqiz. wpQlxb3ix3bK5 bmwi cspn3iE/ti s4g3lQ5 
xyp3XoxJ5 xsmisJ3i NlNw3lQl x4gxiq5 yMj5, xsmi6 dxawN3gl. bXi 
WoExK5 w4Wtn8 y/E4g3uix3g6 xf9 BxwS4 erbzi kNaxtA5 G79º25’N; 

990º43’WH xml JEv3Xyu ws9{ux erbzi kNax3tA5 G79º59’N; 85º45’WH. bfx 
iDx3bsMsymJ5 @)!@u WJtQlA xpXhQmQ5 xyqb x?tzb, sXZ3iLt4l, 
WQx3==iql cspn3bsiqb W/4nslt4, xml bwvil cspn3=kzJi4 
xgwNsJcLi. xfi WoExC bXi bfNi kNi s4WN3gK5 cspQxDbsJNLt4 
ckwinsom]z5. cspnix3bC NlNwym/v dxawN3g5 hibsnCwiq5 
sdy?oxJ3j5 NlNwlQ5 ]c3Xyxig6 xsXoxizb ckwgiEo3bz WgwNsqgf5 
cspnDtQlQ5 kNzb xs4XoxizV G#H ckgQ xyp3tQJN3m]z5 xsmizb wtiz 
xs4XoxJ6 kNug6 yf vJyJNm]z5V xml G$H ck y]f2 czA5 sk3yham]zb ]f4g5 
hvJxlu4 xs4gwNsJNm]z5V bfx Wzhw5 WoExv X3NAtQym/K5 @)!#u, 
wlocEli GwH ttCymtx3gi4 cspnDt=i3i4 xsmis]J2 ckwgfcb3izi4 xml 
sdizb Nnstqi4 etzil xs/s2 wmDJw5 xyp3iEcb3bqi4. bmN 
wlocix3uJ6 s/C4i4 kxti6 xml yfw cspn3bsJ4nw5 xsmi3u czi5 iMw5, 
xml GtH vJylb czb3tbsymJf5 eauZisJ6 xyp3xoxJi4 ]Knw2 kKxi. 
 
WmEsiz:  
bmN royixDtQ/K5 WmEsli xdysEK6 grysmi3u4 dxawN3gi4 dt4g3u. 
W=ctyJ6 k]b3i4 csp/s?oxJi4 Nr WQx3im]zb xml ck kbsqtQm]zb 
bmfx dxawN3g5, hvizl xyp3Xoxis2 xml xb3NggwNExciq5 yfu4 
gz=]o5 kNw5. xqJiz sdy?oxis2 dtg3u WmEsli h]iix3S6 bmwi4 
x?tzi4 xml royixi3j5 cspn3ij5 kNw5 xeymiqi4 dt4g3Xyu. bmN 
WoExK5 WmEsi3nsK6 WJtQlA s/C4ys3]t5 eiDmJ5 WJtQlQ5 bXi dt4g3Xyu. 
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