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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: (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. 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 – 2011 Fieldwork.  

Last year’s field program was shortened because of health reasons and limited access to 

logistics. For the second year in a row PCSP was unable to provide promised helicopter and 

twin otter support at the dates scheduled, as result we wasted a lot of time waiting for aircraft. 

In 2011 I was in only able to get into the field from April 1-10 and July 1-9. April fieldwork 

involved geophysical mapping of ground ice and ice wedges in at Expedition Fiord and 

Eureka, the collection of climate data and the collection of frozen sediments and ground ice 

for thaw sensitivity analyses. In July my fieldwork was limited to dGPS  and ground 

penetrating radar surveys of ice wedges and massive ice deposits at Expedition Fiord on Axel 

Heiberg Island. Preliminary data on ice wedge subsidence indicates a potentially important 

area of climate change related disturbance. 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.   

 

2012 Field Program.  

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

beginning 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 2012 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 mass and energy fluxes in the active 

layer and coupling between the atmosphere, active layer and permafrost. A common research 

design will be applied to both projects. This research will be undertaken at Expedition Fiord on 

Axel Heiberg Island (79º25N;90º43’W) and near Eureka on Ellesmere Island (79º59’N; 

85º49’W). These sites were selected 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 we 

will test 4 linked hypotheses. Hypothesis 1: Climate change is already causing significant 

changes to the high arctic permafrost regime. Hypothesis 2: The active layer structure and ice 

distribution buffers permafrost systems in a self-regulating manner through complex feedbacks 

linked to latent heat and the thermal offset. Hypothesis 3: Increases in active layer depth in areas 

of ice-rich permafrost (and ice wedges) will be characterized by complex feedbacks associated 

with latent heat and convective heat fluxes from melting ground ice. And Hypothesis 4: Ice-rich 

permafrost systems have a critical threshold “tipping point” where they shift from a meta-stable 

quasi-static state into disequilibrium and the time it takes return to equilibrium is related to ice 

content.  This research will look at fluxes of energy and matter at key interfaces (ground surface, 

base of the active layer, and the top of permafrost) and at cryostratigraphic contacts to assess 

potential geophysical and biogeochemical responses of different landscapes to a range of climate 

change scenarios. Three sets of activities are planned, but only 1) mass and energy flux 

measurements, and 2) ground ice mapping and analyses are related to field work. The third 

activity will use observations from the field as the basis for modeling future change. 

 

Significance:  

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

Arctic and in particular cold polar deserts. 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. Previous research has focused mainly on the 

downstream consequences of warming permafrost on vegetation, and most climate models have 

yet to incorporate an adaptive ecosystem in response to global warming. This work will identify 

how changes in the active layer, soil moisture, vegetation and topography will either amplify or 

buffer the affects of climate change on these systems. 
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rNs/c3ty]p5: wk4k5 hibsymqgk royixgoEpf5 xml xsMy]p5 royixij5 

vtmpfqi5 xml ]x4t4i5fi5 
 

rhoEix3m]zb.  
bmN xfiso3g6 WoExEo3bK5 cspn3Lb ck yMs xyp3iz h]i1m]z5 dt4]g2 
dxawN3gqi4 xml dt4]g2 kNzb xeymizi4. gCZlxbE/K5 b?i WoExti 
sfxaJ5: G!H sxylA kNzb ckwgiz xpQqgi kNqi G]h3l kNcsiz, ccq5, 
y/q5, wmhZcs3iq5 xyqlH xml cspNh4LQ5 kNzb xpQJiiz xml cktQ 
yMz xyp3tQm]z5, G@H cspNh4LA hi3ymqg5 xml ckgQ wJtQm]z5 kNzb 
dxaiz, G#H NlNw3lA cktQ5 xml hviE/z kNs2 ckwozizb xyp3iz 
hi3bsJ6 sdy?oxi3j5 xs4Xoxiqkl]i5 dxawN3g5, xml G$H kNaxtA5 
NlNw3lQ5 bfx xyp3isJ5 dok5 xCAkzlt4 cspnDtK5. bfx csp/K5 
kxXox/K5 b?i cspnDtti wvJ3icix3g5 gry?oDNdlb ck yMs2 xyp3iz 
xml dxawN3g5 him]zb bwmwfb yKiti xyp3ix3gi4 
cspmJtQJNi3nEixCtA5. bKN cspnDtti xgwNDw?oxJA5 k]b3i4 gnDti4 
WJtcgi4 yMs xyp3izi4, dxawN3g5, miCu yfw xml kNzb xyp3iz. 
 

WoEymiE/b si]vz _ @)!!u WoExEMs3bK5 
xCi bXi WoExEMsbK5 Nw4oQx3bsMs3g6 WJtQlA xix3gcizk5 xml 
czbhqoslxj5. xwXEo3bzi xCAJ6 rao3E1i royixgoEpf5 douAou4 
xqDtQym/3ui xg3tyJNMsqg5 mDo3u4l bwfkz s9l3k5 xeym/tk5, bwmwizk 
sbegwNvbMsgA5 czbh3u4. @)!!atlA bXszDNMsgz ryxi xwEo !u5 !)j5 xml 
JMw !u5 (j5. xwEou WoEiE/C kNaxkcwMsgz kNzi yfi4 xml ]f4=scbifi4 
yfi4 w4Wtn8 y/E4g3u JEvul, kxbv yMs ckwizb ttcxoxhq5 xml mC3i4 dx3i4 
kxtMsgz xml kNu4 yfi4 xsnCwiq5 cspnDtQix3LQ5. Jmwu bXi WoEiE/C 
whob3=cMsg6 czb3tbsymJf5 kNaxkcwlz xml kNzb wrxzA5 cspnDtcLz 
yfi4 ]f=sifi4 yf]xli4l w4Wtn8 y4/E4g3u xf9 BxwS4 erbzi. yKo3u ttcbsymifw5 
yff5 ]f4ifw5 xs4xoxiz NlNwyJ6 WmExlgwNExcizk5 yMs xyp3Xoxizk5 
hi3bsmiz. b?i cspn3Lb xgMsgA5 xpQqbzi4 eauZDtu4 ]h3l csm4bJfldpJ3j5 
xml sx/j3g3j5 cspnDtu4 ]c3Xyx ckwgom]z5. hibsymiz yMs xyp3ymizk5 
[f4=sifw5 ttCym/K5 !)u5 !%y8t]ubj5 wti3nso3g5 ]f4=sifw5 xml k]b3i4 
xs4=s?oxJi netylt4 xiA3gi mDi5 Wzhk5 xCAk5. 

 

@)!@u bXi WoExEix3bK5. 



yMj5 xyp3Xoxi6 WmEsi3XsK6 x?tz WgwNsqizk5 wkw5 kNzi. 
WQx3Xoxo]n3gz k]b3u4 rNw/ctypQ/fi5 bmN WJtQlA WoExE/C 
W/Exginsix3g6 s4gCstf5 cspnExcixCf5 yMs2 xyp3Xoxiz 
sp3NifgwNsqg6.  gCZE/C @)!@u WoExEix3b3i?z cspnDmlz ck yMs 
xy]piE/z h]im]z5 yfcmE4g3u kNzl dxawN3g6 Wlxg3u4 ck hvtQm]z5 
kNz xyp3Xoxiz xs4Xoxi3j5 kNs2 xbi5 xypgwNExcm5. royixDtQJm/C 
mDwoczix3g6 cspnD]t]v4: G!H cspn3lA bwmwqN3ggc bwmwqNDigwNExo4 
kNs2 x]bi dxawN3g5 xml cz xs4XoxJ6, xml G@H ]f4=sJ5 yfw5 
csp/sMscCt4 ckwgymiq5. whmQlxb3ix3bK5 bmwi cspnDtti s4gDmlQ5 
wJiq5 xml xs4Xoxiq5 b?i xsmcb3gi xml d]Mi5 dxaizk trlA. 
royixDbsZJ4g6 xgbwix3g6 bmwk5 bfkz WoExtk5. bmN royixDtQ/K5 
vJytix3bK5 w4Wtn8 y4/E4g3u xfh9 BxwS4 erbzi (79º 25’N; 90º 43’W) xml 

ciQ]/i JEvs2 ws9{ux erbzi (79º 59’N; 85º 49’W). bfx4 k]N4 iDx3ym/K5 

WJtQlA xpQ/smt4 bmwkXl x?tsJ3u4, sXZnslt4l, xgwNslt4l WQx3igczi 
ttCbs?oxo3ifi4, xml royix3=4bcm5. xfi bXi WoExE/C bfN1i 
s4WNtx3gi4 gz=cDmlz cktQ xyp3gci3X5. cspn]M3bf cktQ hi3bsnCwm]zb 
dxawN3g5 W9lxbw sdy?oxi6 WJtQlA NlNwbsZ/3g5 ]cXyxb xs4Xoxizb, 
xml s4gClQl xqJiq5 ]fcb3gl xsmizig5 xml xsmizi dxawN3g5 
ckwocb3m]zb. bmN cspn3iE/C NlNwyix3g6 WmEsJ5 hi3bsnCwiqi4 yMs2 
sdy?oxizk5 xyp3Xoxiz xml ckwogwNExcm]zb cspJtQlq5. b?i 
cspn3iE/3i?z cspn3ix3gA5 tnmi bmgjz x4gxJi4 ckwo]M3ixChQmzb. 
ckwo]M3ixChQ/K5 !: yMs2 xyp3iz h]iymoE6g6 WmEsJi4 xy]pli dt4]g2 
dxawN3gqi4 wui4 bwmwgi4. ckwo]M3ixChQ/K5 @: xsmizb ckwocb3iE/z 
xml y]f2 yxmcb3iz kcctycb3g6 dxawN]g5 ckwoziqi4 wui xsMif5 
WgwNsqg3tA5 bfnsqgf5 sN3ij5 xml sNh/cb3izk5 bwmwMeli. 
ckwo]M3ixChQ/K5 #: xsmiz wto3XoxJ6 dxawN3gbcMiz Gxml iMf5 
]fifw5H NlNDi3ix3g5 WgwNsqg3tA5 ckwo?oxizA5 bfnsqgf5 sN3izA5 xml 
sN3gvwNcb3g5 ]fif5 sN3g3u4 ]fcb3g5 xs4XoxJ3u miCu5 yfu5. xml 
ckwo]M3ixChQ/K5 $: yfo]Ml4 dxawN3g6 ckwocb3iE/z WmEsK6 whotyli 
“urgflw5 hiJN3g]Mlw5” b?i bwmwggc=i3u5 csp/s?oxo3iu5 xeymtxDi3ij5 
trlt4 xml ckwgi=izk5 stChiz xfis]halt4 x4gxi]o5 yfu4. bmN 
cspnDm/D euDix3gA5 ]faJ5 h]iJ5 xml ckwotylxax3g5 xyp3i3u4 GmiCu 
ne]/i3ug5, whz xsmizb, xml ]cz dxawN3]g2H xml dx5 kNz yfcg5 
x4g3ycb3iz cspn3ltA5 kNzb ckwgizi4 xy]pgwNExciz xml wpk 
bfnsqg5 wm3lw5 ckwocb3m]zb xpQqgi kNs2 xeymiqi trstlA yMj5 
sdyizk xyp3bs3Jx3g5. bfx WzhwoczJ5 WoExEJm/K5 X3NAtQym/K5 ryxi 
xbsyfx6 !H xqJ6 xml xml ]fcb3g5 s4gClQ5, xml @H miCug5 yfw kNaxtA5 
NlNwlQ5 cspn3lQl ck x4gxicm]zb bXi WoExti. WzJz5 WoExEJm/b 
wpk5 bfnsJ5 sp3Ng5 bXiiti gcb3=QlQ5 w/ZnsdlQ5 yKiti xyp3isix3g3j5. 
  
 

WmEsiz:  

bmN royixDtQ/C netyJ6 WmEsJi4 xdysi3i4 grysmi3u4 dxawN3g5 W9lQ5 
dt4g3u xml Wlxg3u dtgus5 Xi3izigi4. xgwNDtyJ6 k]b3i4 cspmi3i4 
ckwgM]bai=iqi4 xml ckgQ kbsqm]zb bmfx dxawN3g5 ckwoham]z5, 
ckl hvtQm]z xyp3xoxiz xml xb3NggwNExciz yfu4 gcb3=]o5 kNw5 
xeymiq5. xqJiz sdy?oxij5 dt]g2 ckwgMChQ/siz hiJ]Mlix3g5 bmwi4 
cspn3bscb3g5 smJ5 xml kNw5 ckwoziqi4 bXi3Xy4. yKixi royixi6 
wpQlxbMsg6 raixA ckwoZ/3gi4 xs4Xoxiqi5 dxawN3g5 whmQlQ5 yMs2 
sdy?oxiz W9lA. bmN WoExE/K5 NlwNw3yJ6 ck bmN xyp3xoxiz 
xs4Xox]J2, kN/zb mnsiz, WDgw xml dti3u5 xty?oxi3j5 xqo?oxix3g6 



s?l]i5 hi3bsZ/3gxli WlxtyqinsgwNExo4 yMs2 xyp3Xoxizk bmfx 
W9lQ5. 
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