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Chapter 1 Inroduction

L1 Introduction

these have not
b applicd at length n northern vironments (Van Westen tal. 1999; Croni ct

al, 2008),

study ofC
B lland, Nunavut (Fg. 1.1).

Landscape hazands are considered 10 b omponents of the physical

il h, 1995),

andslid

pact, how often they







Causative fctors eading o landscape intabilties include subsrate

eharactristcs, erain morphlogy,climate variables, hydrology,and humnan and

specific,

commaniies bl long the coss.

For this thesi

devclopment n Clyde River, Nunavut (NU). Only hardinfasructure, defined as buil

ol

such s il o hunt

erounds i not ncluded i this asessment. This thess uses

the thesi.




inform and provide guidance 1o the planning process in Clyde River. Time consraints

-

process are,

intothe planning processcould not b fullyinvestigatd, and thre s grete

) branch anada

(NRCan) and Canada-Nunavut Geoscience offce (CNGO) provided fnancial and

progr

Canadian Co Changing Climate

permafros coring was provided by the Centre ' études Nordigues at Laval University

INAC, Government of Nunavut (GN), Nunavut Rescarch Instute, Universty o

Briish Columbia and the Offceof the Auditor Generalof Canada. Communty




1.2 Contribution t other research projcts \

ed by the

For cxampi

planners.

documents and plices

Adaptation and Vulnerabilty in Arctic Regions (CAVIAR) project. The am of IPY-



compared between case studis (Fig 1.2

Preiminary results from the CAVIAR projectsuggesta few tends.

influenced by

i northr




Natusl resource
extation (orsty)

Food security

Drinking water Tavelonthe
security and

Economic Aspects of vulnerability —
devclopment studied in the
CAVIAR project

Landscape risks Economic viality
and hzards

Climate change

Flooding Tradionsi
livelinods

(reinder herding)

Figure 1.2 the CAVIAR prjet, vulnrsbilyn ction 03 range offctors s bing
it Arcic. his

fsncnus nd communiy development

1.3 Research rationa

for communitie. Communitesin Nunavut are genrally small, young and growing

less than 1000




people, with thecapial, Igahi,being th sol community witha popultion

20090)

15 for Canada s 38.8%,and 37.6% and 30.8% for the Yulkon and Northwest

! 2008),

popultion growth ates of any province or erritory n the country, witha 10%

inrease from 2001 to 2006. As the population il rensin youthul, the dependency

in Nunavut. Over half of Nunavut's nsit population i considered o b lving in

Tumngavik, 2004)

Istand) N with an

average of 6.1 occupants per house (Kovesi et al, 2007, Insuficiencis are not

hof

unsuitable (Government of Nunavut, 2007)
One of the urdies to development in Nunavut i the high costof

1. 2003; Furgal




and mateials (Strb, 1996).

2008). 5 variable,
20099)
build and frczing of
1996). Additonal -
009, For 3 snowmel

fozen ground can fil on ow 10 moderate slopes causing andslides
3

fortwoor

more years.




found 00%), However, as

destabilze the permafiost environment (Nelso et a, 2001, For instane, a5
ch

‘which occur incold, non-glaciated environmens,also cause distrbances o the
terrain surfac. These include the formation and degradation of ice-wedge polygons.

fostheave and thermokarst (French, 2007).

uplifid arca formerly inundated by postlacil high s evels. Commanties

1993)

action can b prone to instabilty and faiure (Dolan and Walker, 2004). I addiion,

Hydrology is another potentia challenge t0 buikding in permafiost




Channeled along, the vehicle racks.

n
- wpe
thickening ofthe scasonal activ layer.
2009)
"
elated changes. On Baffn Island fo example, Iuit have noiced seasonl and
‘magnitude changesin temperature, wind and precipiaton (Fox, 2003), This s
i
for infasiructue development (Anisimov and Reneva, 2006).
Climate changespresent specific chllenges for infiastructure in arcic
Jand
Jines,ronds, waste




over decadaltime frames (Furgaland Prowse, 2008).

1.4 Research objectves
Inorder

pidelines,they must be aware of local constrants imposed by the physi

nvironment. As such, two key objectives were establshed for this poject:

2 Testthe developed framerwork in a Nunavut community 0 gauge it
e

visks, and potentialapplication 0 otherarctic communitics.

what are the implica

Arcic?

developmen?



15 Thesis structure

Buildi

o andscape

ar disused. Chapie

na 4, and

e acc The thesis




contribution t0 othe projects s explained.



Chapter 2 Background information

21 Thesis terminology
Landscape hazards

(Coch, 1995). They ae most commonly associated with the nteracton ofseveral

degradation

Risk

(Dow, 1992; Brooks, 2003). Although smilar riskscan occur indiferent




2006 008, Gallopin

of  community orsystem (Dow, 1992; Dolan and Walker, 2004; Ford snd St

2004,

ditions, hydrolog lbour,

equipment and mateials (Andersland and Ladanyi 2004)



i the community.

Valnerabiliy

2003; Galopin,

2006), Judi

asillstratd in Tabl 2.1, s variable (e£, Dow, 1992; Cuter, 1996; Fusel, 2005,

Gallopin, 2006; oo7;

and Dietz, 2008).
Table 2.1 Exampls of differntdeiiions ofvlncrabiy.

[
x

ions o vlneabity Souree
iy o cops withand dapt o exermal soeses Kelly and Adger

Asa st cnd point, notably the mpac o hazard minusadapation O'Bricn e

st i, el e s by s sl O
amlxmm 2000
Raruents saeepbily o s Eael, 2007
Nyt nd et ol s s g by Mot nd Bt
he capabiltis ofhepeope i pariclar e andspice 2003
kool of n cettence ad slin gt o et on s Nihols 1.
1999

B the cxposuresafect i Fordsnd S
i o e A e i e o) x

Potata foross Cuter, 1996
Inberent susceptvilics and eslccies whichaepar ofbotk Dol and Walker,
blophyvcal and socal evironments 2008



 1992; Wats and Boble,

dger, 2000; Dolan and

002; s E
1004; Ford ta. 2006; Fod et al., 200

(Kabeer, 2002), and ivlibood (Fakin and Bojorquez- Tapia, 2008). Ther s a direct

et torisks and the nature ofthe riss themselves

er this sk
impact (McCarthy and Martell, 2005; Adger, 2006).




By 2006), Ulukhakiok, North

Russa (Keskitalo and Kulyasova, 2009).

Ttis noted,how

vulncrabilty. For cxample, working withthe community of Arctc Bay, Ford et al

e
I —
hash
A
sl o o

from nother,or impacting the area 0.3 eser or g

For nstance, N




2004). The

Shoreine slong Tuktoyakiuk, Northwest Territoris, s dynamic and undergoing.

inland migration. The arc s slso characterized by very low relie,and the

‘major problem, with sdiment loss ofseveral metres occurring afe large storm
events (Manson et al., 2005).

On June §% 2008 the communiy of Pangnirung,incastem Nunavas,

sediment,

(Windeyer, 2008). This xample shows how suscepible permafrostcnvironments are:

“The hydrol iy

particular importance and merit esearch atetion.

2.3 Assesing planing consiraints




and thirspaial reatonships (Anbalagan, 1992; Cabuk, 2001; Harrs ta, 2001;

whereas indirect

(Van Westen ., 1999). Discct mapping can be highly subjectiv, while indirect

001, volcanoes (C I

1000). A

n i of published maps. §

. sediment texture, slope angle,surficial geo




« fooding).

Battrson's work, which i the delncaton of hazard polygons at  commuity level

‘with rockfals, flods, andslides and eroson t roads i castern Taiwan. He used i

fourtercasscaton sysem based on the likelbood of occurrence. To asess the
accuracy of
successfl.

e high, the

change due o climate change

24 Landscape processes and hazards in arcic environments




Figur 2. In arclc communilis housing design s adaped {0 consrcton on tcp sopes

soch
Toundstion (boto M. Inine Juy 2007,

241 Slope movement
Slope movemen s defined s the downslope transport of sdiment,snow o rock n

2007

by include ange,sediment txtur, moisture contr

permafost, C
materal in motion

A widespread example ofslow mass movement inartic environments is
selfluction. Gelluction i the slow movement of thawed suface sedmen over
frozen ground. It s rfleted o the Landscape by lobes appearing as tongue ke
depositscomposed of nosorted sdiment. Frost reep i lsoa slow moving slope

process, wheein freeze haw acion resuls n the down-slope displaccment of surfice

s, Factorsconteibuting t fost creep nclude slope gradint, sediment exture,




moisture content,and daily nd scasonaltemperatre vaiations. Rapid ground

lope (Coch, 1995). Actve-layer falure s another process occuring in tersin

acive

(Van Evendingen, 2005).

242 Permafros characteristics and degradation

2005
This
e
On the ground
surace,

Senstive to thaw than colde permafost (Couture tal 2003)

slomg coasts o insedimentspreviously submerged by the ocean. In theltter case,




and Lem, 1984; Nixon, 198 Biggar and Sego, 1993). The bines depress the

temperatre
. 1993; Hivon
and Sego, 1993
vegetaion,
! 2003 2006; French,
1., 2001; Nelson et al., 2001 003, Factors af
material,
building pad characeristics and style of buiding foundation.
The pad s




1o finergrined sediment such as il orsand (Srub, 199,

R, Smith,pes.comm, 2010), A

e

thermosiphons or underlying insultion.






243 Surface drainage

(Glickman, 2000). For insance,in Pangnirtung, NU, significant rosion occurred

during g

009

Extreme evens, suchas

Vikelihood of groundinsabiliy risks inth fuure

the dep

Water pooling i  paticula concern f he sdiment i ce-ieh, s sufuce water

This

2001; Coutue .,

2003; 007




culverts and even vehicular disturbance to the suface may promote water pooling,or

cause water o pool in ew arcas (Fig. 2.3 Slaughtr et al, 1990).

Thermalcroson s snother tha.related process connected 1o the pondis
water over ce rich permafost. Thermal cosion involves bwo processs: water

melingicc within permat
Flowing watr willnitially cause vericalerosion ofthe ground surfac, and then

ateral crosion as the bed becomes armoured with sediment (French, 207),

persistence of snowpacks atthe base of eeward lopes 1 snow pack remains for

cd period of ime,  nivation hollow can form. Nivation s a ype




and below the
snow patch. This loosens the sedimen, which s emoved fom the area though
gelifluction or water flow,resultng n depresion (French, 2007

L

snowal, topography,infrastrucure dsign and ayout, and wind direction 3 speed
(Fig. 24). The orientaton and postion ofifrastructure may alterthe location of

naturally drifing may occu

ide of buikings depending on thei configur

jon. Where snow difing occurs, the
round will be insulted from cold wintertemperatres, causing it 10 be warmer than
Snow-frc arcas. The meltwatr of snowrfts and snowpacks will lso produce water

saturatd ground downslope n the summer

Figure 24 Sirong winds n wintrcreae lrge soowirils, commanly eaching loe 0 two
ories high Soowdrins have mpartantimplctions for ‘.mh.m.‘, permaivo empersures:
and ol moisurs conditons(photo M. Ivie, March 2




2.4.4 Periglacal processes

1996).

s, pipelines, ilings,and buidings (Willams, 1986; French, 1996). Factors

dime

texture, and daily and scasonal temperature varitions (Dredg et 1999).

Cryotubation i the movement of sol due t fost ation, and involves the

“The water will caus the rock o sofl 0 wedge apart, and the ice ens wil grow
parallel 10 the ground surfce.
W

Cireular

patcened ground i pobably th result ofcryorrbation, which inlses the

convectonsl movement of sol due o ros action (French, 2007). Mudboils are




ated sediment (Fig 2.5; Harris, 197 Dredge et al, 1999; Andersiand and

Ladanyi, 2004)

(photo M. Irvine, July 2008).

Polygonal patcred ground varicsinsze. The smaler form appears s ncts

on the ground separatd by frows and cracks that re gencrally between 20 and 50

round has  diametee

i diameter, The lrgerform of polygonal paticmed

between <1 1010 m and forms due o thermal-contaction causng cracks on the
round surface. Striped paterned ground forms on sloped terrain. Non-sorted siipes
arcusually 0.3 10 1 m wide, with vegetation growing i paralel ines that separscs
e stripes. Sorted stripesare composed of shermating coarse and finer materia,

o be formed by cryotubation, simila o cirula patcrned ground

Stripes are thx

esses (French, 2007,

but modificd by mass-wasting




245 Coastal proceses

Factors

Sediments, duration and exten of sea-ce cover, idalpaterns, wind speed, e,

Forcxample,
he
for

downdri
c
Jul cha F
abore,

28 Research framework

devclopment, The frameork consists ofa sricsofseps o understand the naure,




thee ae limited ranking schemes 0 use a a sarting point.

cover small areasdue o logistiallimitations.

“The framework developed in this project is flexible and nonlncar. The.

cncernsais, o if new enironmental companents require assssment. Inadiion,

provide guidance for al project stages.



Figue 2.6 Proposd escarch rmework deign o asses hysical adscape consants o
e csmemat Comamty ot oo s o

Scoping sudies
Po—
o Forcxample,in la




idenify significant cventhazand occurrnces.

Field dota and analysis

studics )

rad

Data imerpretation

of thelandscape. Al of thee layers can influcnce the probability of ocurrence,

A disrbution of ground ce, sediment exture, nd sope angle.
36




Data integration and creaion o indiidual risk ayers

visks. Overlaying of the classifed terain ayers provides  comprehensive.

This

(yellow) and ow (green)ranking.



Impact

Low  Moderate Moderate  High
low h

Probable

Likely

Unlikely

Tow sk (Modiied from Cor, 2009,

Afer the

‘weighing thesignificance of cch hazard, and (2) assessing whether the isksare
cumulaive or and (3)determining whether o particulr sk is ofpaticular
Significance o out-weigh thersthat may geographically co-xist. The composite

s simple rafic ight colour scheme ofed, yellow and

landscape hazard map us;

ercen o distinguish beoween areas of risk,thersby allowing or stmightforward

planners (Cronin ct sl 2004). This framework i a eratve process and he asigned

»



discussions with community members and other stakcholders

Physical ladscape consraint map.

devclopment. The physicallandscape consraint map displays all consrants in the

undertand and interpre the map.

dintegato,

may be reqired.

Public education and gidance 0 nfrasirucrure planing

n




resuls, Follow

physicalconstaints can be included and considered



Chapter 3 Case study

3.1 Background information
o The

chaptr describe the socal and environmental characteristcsof Clyde River to

constrints. The types and methods of dta collction are outlined, followed by a

[r—

River

311 Introduction
c

Nunavut, about 800 ki noth of the capitl ety Iqauit (Fig. 1.1, Known as

the community s si

Kangitugapik in Inuktiut, which means “nice i inlet,

R

3.2, Clyde Inet i 120 k-dong ford that runs from Baftin Bay 0 the isand's

nteior plateau. The Clyde Foreland borders Balin Bay,and is a lat 0 gently-

nclined plain,

al, 2005),



Figue .1 Location o th tan nfrasiucur n Clyde River. Word 1t bracket ar ocar
plce s i Iukiut, Backgroundinage i  Quickbind el image, Augut 21,2005

Figue 3.2 View looking souteast scoss Clyde RIVer Wwards Piriis Day.Sand-ich
marine andglcialdeposis banket the andscape around he town. The il h
ackground b n clevtion f 300 (phso . Bl uly 2007,




312 Glacial History and Quaternary geoogy
Mach ofthe castem Canadian Arctic s underl

by the Canadian Shiel, which on

od schi
TeniaryCr whichincludes
e
Fastof Baff

Island, Precambrian and Palozaic rocksar overlain by Cretaceous and Tertiary

- 1989).

Outler

seast
ot Cold-based, nan-crosiv i occupied upland rgions and much of the coasal

forclands, while warm-basd, rosive

infilled the flords (Bierman et l, 1999;

Millrtal 2002; Davis et

2006), During the Last G

il Maximum (LGM) e

entended ortheast acrossthe foreland towards Bafin Bay (Fig. 3.3 Brner ctal,

2005),

e head

ofthe ford by 9.1 ka (Davis ct a, 2006). Retreating ce influnced the course o the



Clyde ki il toa:

Clyde nlet t 8.5 and 7.9 ka, although thes

(Briner et al., 2007).

did ot reach the Clyde River area

[

10km

Thow map ofthe Cyde Forcand urng T st flacation.BIack aows S

FigmeaTi
e o o e e B . 08

coastl areas fllowing retreat of lacial i (Benn and Evans, 1998) T




‘marine limit levaions ecorded n the area roundthe Clyde Foreland. Th higher
Aston

el onthe Aston Lowlands, 50 kan south of Clyde Ilet, On the Clyde Forcland,
his

2003). The

hoght o posdate the LGM and be of eary Holocene age (9-10 ka). Mstofthe
while the

presumed olderorin.

313 Climate
Clyde River

gusts raching over 120 k.



Table 3.1 Climate normals (1971-2000) fo Clyde Rier (Environment Canads, 2006)
Clinatc Vansb Value

hghs iy e

a—
Lowes oy e g

T

verage snmual snowial ()
Extreme daiyshow
Average annl il ()

Maimam hourly wind sped ()

5200
o
314 Feby
220w
4\ api
-
N

Figue
1he perod 1971-2000 (Environmens Canad, 2006)

304 Permarost

inthe €

depths ofpermatrost, however,are unknown. n he vicniy ofthe community, active

Tayer depths vary between 0.3 m and 1.5 m (Jurello and Beckstcad, 2008) and  recent

W



e at | m (Edaic and Smith, 2010). Ground temperatures average -10°C at 9 m depth,

nsC °C Nixon,

1988; Environment Canada, 2006). Recent measurements found the annual

. 2010,

B 1, 2008).

in the Canadian Arctc

315 Vegetation

Vegetaton n Clyde River is dominated by sedges,lichens, mosses and low shrubs.

ypical 3 I

wailabiliy, throughout
but docs it

Community and Government Sevices, 2005).




s Ve wsofCyd vt i iy s sl h ko
deposits blanket the and i the orground (hoto M. Ivine, Augu

316 Seaee

Sea ce plays an important environmental ol throughout much of the year in
protccting the shorcline from waves and storms that can lead 0 coastline erosion. Sea
{ce in Baffn Bay isdominated by firstyear ic (ce that s durin the warm,
Scason) and generaly is between 0.5 and 1.5 m thick (Mieie t sl 2006). In Paricia
By, ice break-up generally oceursinJuly withfreeze-up in November, although
during rcent yearsice has b forming one month laer and breaking up one month

catier d ctal, 2006). The surrounding fordscrea in

trcia Bay duing frecze-up,allowing smooth st i (ice nchored o the shore or
ocean bottorn) o form slog the shore,extending out 0 the inetsand flords where it
connccts with open waterand pack ce (Gearheard tal. 2006)

3.7 Demog

Clyde River wascstablished in 1923 around a

castem shore of Paticia Bay across fom the present townsite. The curr




was elocsted i 1969 to have beter aceess o fesh water and more sitable terain
for development. According o the 2006 Canadiancensus dat, Clyde River's

with almost balf

of the popultion under the age of 19 (Fig. 3.6-3.8; Statsics Canada, 2008) The
growth from 2006 10

community’s popultion growth s high, with  pojected 33

200,

both country food and income o residents, with ringed seal,polar bas,carbou and
006). Unemployment

(Sttistics Canada, 2008)
of the highly skiled posiions are held by people from outside Clyde River.
7070 |

6069
50.59 [——
el

049

03 .

202 | ——

10-19

o0

0 s w0 100 20 20
Population

35 OF 19 and s han %2 over the age o 60 (Stsics Canad, 2006

0



o
1981 1986 1991 1996 2001 2006 2011 2016
Year

Figure 3.7 Actun and projectd (dashd) popalaionchangs in Clyde River fom 198110
exceed 20% in the next four years (Government of Nunavut, 2007 Sttistcs Canada, 2008).

0
w0
"  Nontmit
it

Femsle Male

Gender
3.5 Over96% of the population of Clyde Rive i Inut, with a slight maorky o the
oetaion g e (s Cansd, 208




do ot speak English as thei pimarily language inthe home and 14% do not

g

e by cldersand o

318 Infrastructure

income. Commnity infrastructure includes an airport, wo general sores, &
‘community hal fir staion,church, school, gaage, RCMP staton, community

b fuc, food,




Figur 3.9 Houss in Clyde River e typically one-sorey bungaows (photo M. I

Water delivry and sewsge removal occurs by truck very few days,rather
than through utlidors s n larger rcic setements such asIqauit o Ik, The

community rescrvir,  small ke basa, i situated 1k north of Cyde Rive and

watr i brought 0 residents by trucks with a capaity of 20 000 les (Fig. 3.10). The

community uss approximately 70,000 Uday. This i cquivalent o around 85 1day per
person, whic i mauch lower thathe 2004 natonal average of 320 Uday per person
(Environment Canads, 2010).



rc 310 Like many oher Nunavu communte, water dlvery i b rock o houscholds,
y

Tiecing (photo M. v, March 208).

The communit’s sweage lagoon i t capacity and eflunt i seeping ino the
etention berms. When the lgoon hasreached capaciy, the iqids are pumped out
annualy, a evidenced by the lush vgetation downslope of the lagoon. Lagoon

expansion i lated for thenear future, with  projectd capacity o sore waste fo the

next 20 years.
(Clyde River has thethind ighest rate of oercrowding in Nunavut,a

conditon that will oy b exacerbted by the prjeetd opulaion growth

(Government of Nunavut and Nunavut Tumngavik, 2004). To meet the demand for

infrastrcture, over 40 new residencesareprojcted 10 b builtin the next four years,

ot limited to housing, To provide cultura educariona opportuites for Nun
residents, the Pigqusiliivik Culural School i prescnly (August, 2010) being

constructd in Cyde Rivr, and s sated 1o open i the coming years (George, 2006),



The oldersections of Clyde Riverar buit along Patica Bay on flat 0 gntly

oping t development i proge

reservoir lake
and dump ae ahout 1k 0 the st and the wats eservir i | kim0 the north. A

Induse and zoning map was crated for Clyde River in 2007 (Fig. 3.11; Government







319 Observed environmental stresss and previous research

hazands. Whilesocilisues revolving around drug and aleohol use, poverty, fmily

Gearheard, pers. comm. 2008).

Environmental changes in Clyde River are numerous and varied. Residents

Js (Fox, 2003, 006), Obscrvations

Hundingion and Fox, 2005; Gearheard et ., 2006).

Tyde River. Alhough

 commnityplanning and zoning map was published in 2007 (Fig. 3.1, local

how

improve the stbilty of uidings (5. Gearbeard, pes.corm, 2008).



3.2 Application of the research framework

separately, F

instance, he project began with meetings with community members, whie

decisions makers occurred throughou the project

321 Scoping studies

stdics.

3221 Community interactions
c

(Tabie 32)

A

due to st and nvitation expressed by community members. Inital nterest for

. bosted




(Depariment of Environment and Conservation, ND). At this workshop, community

leaders rom C1

communiy.

results,and through consulation with Itaq Heritage and Rescarch Centre and

nocds,

2008,

2010, the author

post
the community (Table 3.2,

Informl discussions with local field assistans, beas monitors and

g

lacers, had changed. Withinthe community, contractorsand consirction workers
provided vial information on the causes of buiking damages and various

epainmitigation echniques.



Tab
parnersreganding th Clyde River projct.
Duc Parncrts)

Dec GN commnity merbers
2006 developers, rscrchers
andloalreprsenstin

July27 2007 Landsadministstor
July 302007 Honsers and Trappers

Commanity sakcbolders

Machd g Heriage and
2008 Research Cenre
Marcho  Lands administator
2008
Jly 252008 Elders Associton Prject ogistcs and dirction
Marcho  Community Rescarc idings anc nex sicps
200
Marh10 Community Rescarch fndings
2010
was developed.
P’
F e

datacollcton. Community members had qucstons egarding the purpose of

5



daa. Ao,

and member.
address the concerns.
ot
togic, e
hyrology, cument bazards
oology nada
(Fulion, 1993) photograph
1 The
hs older, photographs, the
©



EE o v, 2008

etk 197 Dy k. 200 il k., 20 i
Brinr cial. 2007

vkt ot 200 o, 290, Homingon s o, 2005

i L 1981 N, 95
2006

o 197 e
Tiowing Cororaion d Nunaww Tunngavik In, 004 Gorge,

Table 3.4 Al photogaphs sed i he Clyde River sty
Rl ¢ _Dweacqured Rt Sk Syl Ronge
ATGTT 27071958 T3 000 Biack snd whie
A2 27071958 202 s Block and white
AI6300 30081958 W e Blackand white
AT 09081960 54 00 Black and whit
A2 21081998 088 10000 Blackand white

322 Fiel actvites

described in detilbelow.

3221 Topographic survey

mode] (DEM). Using Resl Time Kinematics (RTK) surveying cquipment, ransects
312,




(Sikde, 2001,

{

imagery, Augas 21, 2005

322 Measurement of thaw depth
measured at

in uly and August 2008;

eprescatative sample of diffeentsurficial mterial (Fig. 3.13)






3223 Infrastructure and drainage assessment

32.2.4 Surface sediment sampling

3225 Permafrost coring.

analysis. Sites were sclected basd on consultations with the community, with the

and i



aferexiraction, logeed, wrapped

Laval U Quebec €

for analysis and aboratory tesing.







Figure .15 Shallow permatiost coring n o wt sedgs meadow,Clyde River, Nunavut (Core
1. Appendix A hoto M. Ivine, iy 2008).
Cores up 10 283 m in length were recovered during his study, and core Lo
descrption ar provided n Table 3.5 and Appendix A. Coring was atempied a 14
its,from which 12 core were successully recovered (Fig, 3.16-3.18; Table 3.5

Appendin A).Drilng was unsuccessulin aras hat contaned lrge mumbers of

clasts and any amount of boulder mateis,or where there were high surface water

contents (sites 6 and ). Coring depth was it by it
clasts or where cold permafrottemperatures causedthe drll 10 frecze-n. Coring
Sartcd a the bottom ofthe ative lyer (stuated between 0.25 nd .94 m below

surface) cores varied i g from 019 10 2.8 m (Tabl 3.5).



Torsdiments st v he coing process.

Sie Sie desrpion Dritdeph Acive Core
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0 091 0 on

11 Washod il bkt sand, 60% sedge coner 113 0% o
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13 Washod il blanket, sand withsome pebbes, 214 o3 1w
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vin i intheara ofthe pr

Quickbind el image, Augus 21

©



e ottty b e L2 1) 07
Pt e i o e i o 5 S u.mm mmv
e 3 0y e o et it sty b o
Righiceconeat (hota M. Iine iy 2008).




323 Laboratory actvities

described below.

3231 Particlesize anaysis

aboratory procedures (Syvitski, 1991). Samples weredred a 105°C overnight, and

“The sediment

.19, 09, 10,20, 39, and 49

divisions of the Wentworth scale (Table 3.6). The amout ofsediment colected in

that fell through

Tt 6 Voot e clsition

Tiltile Grnemom) Vemvatlin
I T T

i >

o 12

1 051

2 255

H 0125025

4 00625125

“ 00625




3232 Permarost core analyses
Computed tomography imaging
&
319) o
where
Jdicd (e Bocspflug et 1002 Michaud et a
1, 2008), CT
i
1999)

During the CT scanning procedure, sampls are placed between X-ray sources

‘and receptors. X.ray beams pass through th sample and the redcton ofthe X-ray.

1994 Orsietal., 1995

Geiger et . 2009). The manner in which X-rays interat with he material is

1995; Geiger tal, 2009).

definedby Wi

1999,

(Geiger tal, 2009).

HUS{( e ] X 1000




The grater the vl of . the higherthe HU valu, or level of X-ray

‘encrally displayed by procesing softwar as a grey sale image, with pixel tone

(e e-rich materal) are dis

Sediment dens arcas with high X.ray attenuaton (ASh, 1997).

For his sudy, CT imaging was conducted at the Eau-Terre Ensiromnement

Cray source and

plane. Then the core was tumed 90° and a second san was faken, The scamer's X-

allangls ofth

capturd. . with

the bottom of the core scetion on the righthand side of the scanner. Throughout this

procedue,

plastic bags, and were oy removed from the freczerfor a short period. Dawncore

undetaken using OsiriX imaging software



core 1, neral 1175140 m deph. The CT image o he righ s

ofhe sam cor segment e o, bt oo 08 differnt vewing agle. Pobles

and ther dnse matrial r dspayad s whit,wih s dese arcas such s e
" gy or blck.

e i the middleofthecor segment (hota, M. Irvie, July 008).

Core description
Permafiostcores were described atLaval Universityforpaticle sze, Munsel olous

fexture, degre ofsoting, presence and characteistis of ice, and the presence of

shells and organic mateia, Core segments that
it engthwise withan lectric sae o preserve an archive hlfofthe core. However




Texture anabsis

(Appendix A).

Organic carbon and inorganic carbonate content

003), Organic matter

00, 48 hours a 105°C, weighed, combusted
C for 4 hours, 001, Folowing
fortwo
2000,

carbanate content o the samples:
Onganic carbon LOI value:

Organic LOISSO" = (dry weight 105" — dry weight 550 dy weight 105°]* 100

K



Inorganic carbonate LOI vlue:

w weight o
100

(Appendix 2, Table B2)

Gravimerric water content

2000; Nelson etal., 2001

Couture et a. 2003; Cheng, 2005). Thawed samples were weighed and then driedin

anovenat

watercontent (U):

U(Mwet-MdyyMuet

(Appendix 2, Table B2)

Pore watersaliniy




ImS = 100048
Sx07=1 ppm.

1000 pom = 1 ppt

pars per thousand (Appendix 2, Table B.3).

3233 Topography

andstep slopes (Fig. 321)

1, 2001). There are.

Variations n the categorization between these studies (Table 3.7, The Harris et a

ndslides falls The study




e 120 Dl e ot ofCyl i

ylin s i
s When i with ottt s i  he enicaio o e

paed masimum marne

Quickbind el iage, Aot 21,2005,



Flat (0-3

Moderate (3.1-15°)
Steep (>15.1%)
Building

Road and trail
Lake

River




Tobl
Cocgonzation ysiem Souee
Stope () Ranking o s
g Thie scement v graned sedmeat) o et 2007
Tha subsidence, slloction, mudldes (o7
s selim ot creep o grained sdiment)
Landsldemodflow (fne-grainedsediment) pemafios
119 ercp corse grained)
om0 Detris low
; Malkawietsl,
< Low 2000
1015 Modrste
1520 High
0 Veryhigh

“This paper uses the following topographic zones: flat (0-3), moderate (.1
15°)and steep (+15°). Ths caegorization i primarly based on the esearch of Haris

et (2001) s the physial environments ae simila. The flat caegory includes

values p o

husge

compared o perentages commonly used n anduse planning.

erpretation

Chapier 1




scoping sudies and fed data collection nd analyss.

Topography
3200 The
clvation for the ara covered by the DEM ranges rom -2 m 0 92 m. This model
Towside. When
10m,
15m

clvation. The community's school i built at 15 m asl,the arena i at 17 m asl, nd

Tmal.

o

'NRCan (Fig 3.22). The DEM creatd fo hi project s considered mre precise but

clevation stimate fo areas outside ofthe coverage of the DEM.




Figur 3.2 Dy Tyde Riverovclain by
21,2008
The slope map fo Clyde River shows tha the communiy s dominatcd by
Slopes (Fig. 3.21). The southeast nd southwest sctions of the community are bl

These areas of moderate slope ar assoiated with lower potions of a discontinuous

monaine bl

was oo cosre o capture smalle eatures such as drainage channels.

=



Wwhere thers s inadequat or on-xistnt drainage nfasircture.

Suricial geology

ig 324).

There i also  bdrock quarry southeast of the aispot acrossth Clyde River (Fig.

.









continuous glacial sediment). The il has a medium sand-rich matrix and
3.25A and 326).Bel

Tyde

River where ne trrace is composed of ounded cobbles (Fig. 3.27), There may be

consructed

extensive flat,wet-sede meadow formed atop  aiscd tdal plain composed of

delaic marin sediment.



(Fig. 3.258), the washed ag surface n the landscape below S0 m and the line of

communiy.



Quickbird sl mag ofClyde ivr, August 21,2005 Letters s ocains
el and processs highlghied i Subsequent g,

Figure 3.25A Anexampl f th Ul blankt northof the community. Conpicuos e

The e
mcadow. Note shandantboulderson st of the 1 blanket (photo M. Trvine,July




Pl 290 e o ot o, vl o e o e e xpsed
by removal of surfac cover. The suface vas clatedand the and xcavaicd o make

piopodsoecrhrooghou e sedments.

e s (e whte ) fonieie

{penes 10000y ogiog e s secimrts dt orm Pk Wisconsinan

Times (pho LR. Smith, uly 2007).

Fiure .25 View looking south owards Parca By, Vegeatd carth hmmocks, which

s e of u,.‘.m..m il e dbe 0 v
e o of il ik gl e

pad o oas ad olldags ..m n e s
(bt M. vine, Augus 2007




Figue 32

e i (oo M. rvin, Joly 2007

Cumulative % coarser than




Figore .27 Quichbin sl image of Clyde River, August 21, 2005, Letr A efs
phot oction. North o he irpor,  rge glacioflvial erace o iter side f the ( W

er nfasrctre demands (phot T el July 2007)

Geomorphic processes anddisurbances

Actve geomorphic processes are posing isks to infrastruture i the

e imagery "

Thermokarst subsidence is occurring inarca around th community, nar he airport



the viiniy o, and undelyng, the airport (Fig. 3.29). Active ice-wedge polygons are

325C). Mud boils

(Fig. 325D and 3.25)

Gelflcton
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Appendix B providesthe analytical dataintabular form.

The of

2007,

2001

i 2002), o g 007, Inhi
sty low-ce permafrost i defned a having <10% groundice, mediunvice

permafiost a 10-20% ground i and high-ice permafrost as =20% groundice,

Nelsonc

(002)

% (Fig. 331 from which

can be spataly variable within  single sediment it

t sity-sand.

332 and 3.33; Appendix A and

B) Lwitha,



5% Lave, with

 maximum of 12%. Simila o the groundice coment, core values were taken to be

34) Allof the

ofth landform from which they were sampled.







== Marineil
blanker
—-—Temce

= peach

Figure 33 Grain size snalyss of sediment xtrated from prmafost cores, Not that
Vand <4 ph '

Inciofluval 1nd
il banke

communiy

Sdimentcores southofthe srprt ncdk vals s than 2

10



Infrasructue adapiations and maladaptasons

In Clyde R Nunavur

encountered bedrock. Fourpercent (7) of buildings ae on jacks, which can be

Four percent 9)

‘community's garage. Two buidings  the school and nursing saton —are

communiies (R, Smith, pers. comm., 2010).




s
B
-l e

i

Hipoint
ing oundaton sty n Clyde River

Patricia Bay

0.5km



+ photos M. Ivie,July 2
ko i s

RN bousng

BC

chow

beforsthe it i oecupid.




f

isleading to ponding and flooding (Fig. 3.38B and 3.38C). Aressof the lower,older

the community. Culverts in these o arcas have not been adjusted for changes n

Slopesediment siabilizasion




image, August 21,2005,



Figur .38 The condion of clrs i Clyde Rivr i arable (phoos M. Ivne, July 2007
A) Thi culvers i themorth-castr portion ofthe community s ofsficint 2 0 Withstand
gh water i

{hi culer 0 mininize downsircam crosion

) Ths cuert i he south s section f Cyde River s party blocked by sand that

v o fovof v
) Ths cuvertn th south st scton fthe community s alost completely crushed and
0 longer s




B

Figur .39 Slope abilizaion echniques inClyd River (photos M. rvine,Jul

rid and eofsbic shoud i i eifocing e sope
)T the xample shown e, thecrshod s e ot ey cfscive, s sad sl
being washed downslope

y s washed away
Sediment v, combinsion of platic gid, geofbrc nd and b was s the plastc

7



this problem.

Snow drfing

‘commnity durin the wincr months, forming large snowdrfs. These difs can

o environmental conditions (Fig. 3.40),






325 Data integration and creation of hazard layers
1 gl

sidence, flood

arcas of ow, moderate and high risk based on curent conditons. The isk matrix

Section 3.3 nd the levelofrisk i reconsidered.

3251 Thermakarst-related ground subsidence

341,

3.31), saliity (Fig. 3.34) and wate pooling (Fig. 323)







Suppng

wop
amispon
i



Tyde R

contains 20% o highe ce conten, Cores numbered 2,5, 10, 11, 13 and 14 (Fig. 316
et )
Furtherstudics
butthe

Much ofthe permafrost in Clyde River s als salin (Fig. 3.34) The salinity

Cores 2,4, 7 and

Tevelsclose 107 ppt (Fig. 3.34 and Appendix A and B). Previous studics in the

Hivon 1993
reaer than
e porat ddiional




Clyde R

Holocene marin limit (50 m as).

i

oftow
processes and therefor classified as low isk
subsidence

32904342
melied
oceurred
v
100%, suggesing ground e is widespread (Appendix A snd B).
329)

Developmentin € orginatd i
upslope.
" 337.338)




waterpooling resls; for xample

slong the main iver running through the communiy (Fig. 3.43). Wate is poling
344
Water
from
5

are assigned  high relaive risk for ground subsidence.






Figure 34 View loking southwesttchikrcn playing n th main sz that runs rough
e community, Wt g he e of s culvr e s e
o by sediment and dcrn. Grow thaw i ront of e et hs Joweed e round
arface blow the ot of the culve Wﬂ,m,mm.ﬂwm.mm ier o
ok  fncion propet (s . i by 3

4 Viw kg et o o b desonen e i
v o, War g i ln e e o o e

ko din g ., gt 3000



3.45).n addion,

346).

Oveal,

community development in Clyde River (Fig. 347, Table .. The ikl

ood of

Clyde River

depends on changes in ground temperaure. The levelof impact s categorized as:

plannin.

we

Figur3.45 Thewal nsomeofthebudings i Chyde Rive r cacking. This i kly
i . ell, At

2007,



e
maveanent (phoa M. e,y 200).



Tmpact

Low  Moderate Moderse  High
low high

Proboble
3 Ly
3

= Unlike

A Thermokarst.relaed ground subsidence.
P47 Onrlclaatonof ot ik vl e by e A) o e
el groundsubidene o nfasiructr i Clyde R



et
Parameter Riskclassifcation_ Rationale
Moderate Tssue widespread and moderste impact
rastructure

around subsidence.
Coastallooding Low Restricted o smal area and imited
potental o impact nfastructure
Flovialfooding Low Restriced o smal area and Iimited
potental o impact
Slopemovement  Low Restriced o small area and imited
potential o mpact infrastructure
Comtalerosion  Low Resticted o small area and imited

levelof mpacton nfrastruct

Impacs portions o the community snd

s high el of impact

Thermal erosion Moderate Impacts portions ofthe communiy and
s a high eve ofimpact on
nirasructure

Flavial rosion

Nivatonalerosion  Low the community and

Impact portons of
has a lowlevelof mpact on
nfrastructure

3252 Flooding
Tyde R with
of
he
other types
foundaions.

ofce-rich sdiments that may undermine foundations




costal looding.

(Fig 3.50, Table 3.5), Coastal flooding has a potentally low level of impact

c 3

occurrnce. Only a smal potion ofthe terain has evidence of flooding, primarly in

the ara ofthe arns, which s discussed below under fluialcrosion.










i1 The ach i e R ki o v he e i o
ok




Tmpact

Low  Moderaie Moderac  High
high

Probable

Likely

Likelihood

Unlikely

Rare

A Coasal flooding
B Fluvial looding

Figue 3. Jeter
Ay and Tl loodin (cicted by et B o infrastrocture i Clyde River

a2

Stope movement

The reative degree of sk form slope nstability was mapped in Clyde Rive (351)

incorporated n hazards relating to ground subsidence. Athough factors such as

Table 39).

lat o minor slope (0-3) was assigned alow sk, areas of moderate slope (3.1-15°)

with fineor i siecp rcasa high



Table 39,

N Landslides,

These

infrasrcture, Temain on which these processes havethe poental 1 occur is

assigned a high risk.

potental for slope instability. In these arcas,the sope is moderate and slope

was observed



Insufficient dat
® Building

— Road and trail

P Lake

River
Figure .51 Relativerisk clasificaion o slpe nsaily n Clyde Rier

Sopectos (1

s

s1as
o3 Very e ik

128



Overal, slope movement i asigned a low rsk ranking because of th low

potental impactand he ariable iklihood of occurrence (Fig. 3,52, Table 3.,

contributing to any sgnifcantlandscape hazards. Gelifluction i the main type of

Slope moverment o the terrain, There i it evidence of ther forms of slope

movement, with a

movements were not voieed
Impact

Low  Moderate Moderae  High

Probable

Likely

Likelihood

Unlikely

A Slope movement

levlGndicaed by

Figre
infstrcturs i Clyde Rivr,

9



3254 Erosion
Tyde River (Fig. 3.53).
354,
"
mermbers,

visbl i boththe recent st of s photos for the commnty (1998), and the

Tyde R

hat percanialsnow paichesar decreasing i size.










Fipa 1.5 Viewloking oh v Pt by owais Cyk e Wi b
Trore, theshorcline s proteted fomcossal roceses (hoto M. Ivioe, Mach 2010

Tl sV kg g e o Cos e e g
Pty ot e e e g st v s,
o los s il occutin (oo . el Jly 2007,




Fiure 3. Viw looking west ton ed fheasns (1 biing) Erosion and shimping

Fig ew oo
ar ocering aong h stsam bordein the foundationpadof he Cyde Riveracna and
Spors complex.

i, comistsofcasly crie main s and st (photo M. rvin,Jly 2007







For exampi

of the community, between the dge of the ownsite and th aiport. These snow

same extent. As such,the rate of nival eosion i decreasng,

Oerall,coasalcroson was assigned  lw isk ranking (Fg. 3,58, Table 3.5,

i Bay is  reltively protecte coastl ares, and coastal eosion is oy

conte

moderate

damage. The risk from nivtion crosion i lw. Nivation crosion doss occur i Clyde.




Impact

Low  Moderste Moderate High
low high

Probable

Likely

Unlikely

Rare

Coastal
Fluvial
Thermal

Nivation N

A
B
c]
D

».
and iation crosion (ndicaid by the et D) o fastructure i Clyce River



326 Composite landscape hazard map.

foodi
The
The
ired b ol M
consideraton the high isks.
360 1n
for this
Instead,




meltwater and.

community. No aeas of moderat isk for looding exist n the Clyde River ares. In

“Table .10 Idividu ladscape azoed ik s 1 ank the compsie &
Rebive ok of e Rz e

e 10 rankthe composie landscape hazard 1
e cscton
igh et k. forfowding §
e e ok for o
igh _—
g et ok o gromd
e o grod b Mok
Nioere e s o comn
Modere e o o soe mvemen e

Figure .59 displaysthe compos

Tandscape hazard map of Clyde River,

i the ce-ic, iy sediment s

Marine




or










Portions ofthe rumway ar n aeas classifed s moderate composic

communiy.Ice-wedge polygons also underle this are, and uneven ground

Much ofthe ara o

his

sidence hould be

{hatis occuring inthe sutheast section of the community.




washed coare lag is

317 Composite physicallandscape constraint m
Toecompot oyt M oo i o Clyde River i, 3.9)

ites, withthe size of he setback (450 m) based on guidelines st by the Terrorial

s
hazards and could be stabl areas of infrastucture development (Fig 3.62). The detil
The

ofthe
{ype and fvel of risk could e exploed fo determine the appropriatencssof the size

the ik levelof these




Figure 361 relsted o bnduse
i bk (o g

cris 2450 m stk
vesiricted from near he siport (mediam gy ecangle.

Figure 62 revous lnduse preludes ceran arcas from deelopment i Clyde Rivr. A5
{hese devcopment excusions ar bsed o erorial reulations, e valdt of the iz of

M. Imvine




thaw
cimate change).
3.2 Additonsl physical landscape consraints in Clyde River

Gravel

e R
364
3691
River. € b
B

(Fig. 324 and 3.27). Unfornatey, there is no cquipment in the community o

endeavour would be very costly. Demand has outstrpped supply, with no feasible

reslution i sght.




" 5 veye sy






Jute 364 Mot infssructur inClyde Rive i bt o pads consrcted ing sand snd

Irvine, Juy 2007).

Figure 3,65 Houses in Clyde River e bl on sily-sad pods. Afe rainevens, sediment s

diment on he sope s under the hosss (pholo M. Iin, July 2007).

1



329 Implication of climate change on landscape hazards

exists with respect

ble 3.11

bserved by local residents as recorded by Fox (2003) withpotental uture

pronounced leading 10 great impact potetil

Tabe 311

Observed Changes_Resu

Weabermore - Quelersprg el s
vaible fiequencyofstorm

Cangeinsoon Amcitate gl eloce
disibaion afpermatos and actie ayer

eptn
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Changeinwind  Changes insaow ditebaion
spcedand dirction  and ativelayerdepl

Porcatal Exposare

round sub

permatiost thaw and
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Increse Noodin, ersion and
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Fonter sunmers  Mreeciption i 5
Sutac ponding o wacr,
Sirions o srfce ydrology
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“The altered risk level o

a level. The
mapped.
Thermokarst reated ground subsidence.
CIA,
2004
2003,
e impact of high g

impactincreasin (Fig 366, Tabl 3.12),
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ofie-fre conditons.

367,

part of the community under the road to the beach arca (Fig. 337 and 3.68). 1 water

369, Table

312,

River willncrease (Fig. .69, Table 3.12).
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Tevelforcoastalerosion (Fig. 370, Table 3.12)

3,70, However
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Slope movement

more frequent n the futue, For cxample it s projected that there willbe e

s of thaw

such s active layer detachments o mudflows (ACIA, 2004). The impactsof

s likelylower thaother landscape hazandsin Clyde River. Regardlcss of changs in

e l Tyde Rive

llow for apid slope movements such as active layer detachments. Under projeted ‘

he ik level for slap

increas (Fig 371, Table 3.12)
v Mokt Mk High

Lty

e
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Figure 371 x
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Chapter 4 Assessment of Research Framework.
a

41 Accuracy of th research

isto determine.

there i limited

Heraive approach




improve thei undersanding of tislandscape hazard.

Differen ypes of nowledge

framework. The o types of knowledge are genraly gathered n vy diferent

quantifabl and e

bl technigues.

Inhi

Al

i

wasahi




Knowledge. By integrating knowledge of the land withthe expertise and skills of

42 Community acceptance

etal, 2004; Ford, 2008).

n

c

understood the importance and sgnificance of he rescarch



carch. Tocal yde River,

discussons of rescarch, mectings withthe EXders and Husters and Trappers
Association,as wella the hiring of focal ild assstants and guides. This partnership

both want and can cope Wit the research.

foel they have contbuted 0 the project (Cronin et a, 2004). The framework.

eholder

both o inform




planning and infasictur development decison-making

Avthese

land rezoning and prioeiy acas for desclopment

43 Transferabilty and applicabilty o framework

has focusd on nonarcic environments (Pely, 1998; Cabuk, 2001, This work

community context

concer. However, n other commnitis this landscape hazard s more domminat. For

165




1o the base of stcp slopes on three sides with abeach on the ther. The hills behind

(Ford eal 2007). Thus,for Arcti Bay, the landscape hazard ascssment would necd

Rothenbubler 2007)

l

Tand motion monioring.

itisimplemented.



Time requirement

economic factos is not kel 0 be accepted and will thus ot be successfl or

benefical. As eamt i this Cyde River cas stdy,  positive working elationship

devel
i that
"
sated, openness of ommunityis key o this project.
Resources
To properly
dseatevel i Thisis
Fickdwork
For the
cie o
be




“Tscaning,

and support



Chapter § Conclusions.

“The chapt
carch findi d there
he
broader ficldsofrisk and adapation assssmen i the Arcic.
1 Semmary of e g cociions
rescarch objectives ofthisthesis were o
(2) Testthe developed framework ina Nunavut communiy 1 gauge is
risks, and potential application 0 other artic communites.
Tyde River,
forthe ke research questions to be addressed.
and tht




sround subsidence related 1o thermalars.

risks.

wha ae the implic

develapment?
Both adaptations, which diinish  landscape isk, and maladapations which

hance th isk,




removed

inthe I

wate pooling and ground subsidence.

e are aplicable and appropriateforarctic commuiies?




erodabily

for individual landscap hazards.

X level

the severity ofimpact o detemine  is level for & specific hazard. The isk level

oderste orhigh




understand. However, having oly hre risk levels prevented the ability to

fear, compared 1o other matrices that se words such as

treme” or “catastrophic™

be classified as “high

eeds 0 be,or cause,

catastrophic event such asa large

landslide

other methods. The risk level, and how the risk level may change, was cearly shown,

e shown, which can readily be shown i oher methods suchas satistics.

ackgrounds, The hazand map was presnted i a non-cchnical manner, sing &

medium and ow cumulatve risk.



I onderto cnsurethe commanication was approprite for Clyde River, wrtien

discussons and quesions
S2Nextseps
Maliyear monitoring
monitoing. Whil ths thess ocuses on assessing current condiions, the
004),
foran
od cogags




layer,

2001

changesinclimate dependent parameters.

Data uncertaintcs

mapping,

heterogencaus, One method o deal with his uncertainy s focrcate  buffr or

transtion zone around the boundaris of units (Keanelly, 2002), The widih o the

may be abrup 004, F i

boundaries




"

the land, with their way o e sronglylinked t0the environment.Ineraction with

Ths,

adaptation in orde 0 ensue susainabilty.

Datacoverage
Maliple tools were used to collctdffeent datasets i this project. The density and

Forexample,in

6



from tersin conditons that had lage paricle sizes (e ., cobbles or boulders) o high

and northof As such,da

would ad i esolving thisisue, as explained below.

Addtional dota

K e

provided good point data on ground condiion. From these cores, vasiables such as

2006; De Pascale e al., 2008; Wo et al, 2009; LeBlanc et al, 2010), These:

the

Inaditon, because of heir

was ot feasible



53 Contributions

531 Enhancing Resilence n a Changing Climate Program

Program. " The project included rescarchintaives in Clyde River that aimed 10

vegetation

focus on those associated with climate hange

of  compasit landscape hazard map. This map shovws which rcas, based o the
Physcal environment,ae sitable for community developmen, which arcas pose

moderat constraits, and which arca pose igh constrains, How these landscape

maintenance of curent infrastrctur,



Columbia. A focus of CALP i o i together scince and planning i the community

level, and o use visualizaton in ordr o plan or a changing climate. CALP s in year

in Clyde River.

ALPs
project,which willncreae th accuracy of the visualizatons.
532CAVIAR
"
cAvIAR
u polices (f, Ford and Smit, 2004
ks iss
This project contributs o the goals of CAVIAR by contrbuting a
-
his




such s the use of adjustable building foundations.

533 Community contributions

the community. Th resarch aso providesan indication of how the andscape will

in gencral i this rescarch framework s applid elsewhere. This would allow foran

lightof cimate change i the Arctic
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