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Abstract

Background

Landslides are especially damaging in Canada Within Natural Resources Canada (Geological
and despite their extensive occurrence, the exact  Survey of Canada), one objective of the Public 170°0'0"W 160°0'0"W 150°0'0"'W  140°Q'0'W  130°Q'0'W 110°Q0"W 90°0'0"W 70°00"W 60°0'0"W  50°0'0"W 40°000"W 30°00"W TRy — d -
location of instability depends on several factors  Safety Geoscience Program is the provision of The methodology and baseline digital data rvv I ge
and is therefore not homogeneous across the broad, high level information that summarizes the layers (availability, quality, resolution) employed _
country. likelihood of threat from a variety of natural in any susceptibility map strongly influence the The Q0TS s gratefl.ll t_o e GeOIOgl_sz‘l Surve.:y
The 1:6 million scale landslide susceptibility = hazards to Canada’s citizens and infrastructure. final product. Different methods will generate of Canada landslldes.sp_eaallsts Wh_O participated in
map of Canada presented here is a first Landslides are especially important in this regard. different final maps using the same primary data. the process Of_C13551le_ng the various data la).rers,
approximation for those individuals interested in In Canada, during the past century and a half, more L60°0'0"N The final map shows regional landslide the numerous .mternatlonal CXperts w_ho prov1de.d
pursuing more detailed investigations. The map  individuals have died from landslides than all other susceptibility on a hot (red) to cold (dark green) N T Past IEWyedes to . ' t_hls
has been constructed based primarily on GIS, by natural hazards combined (Evans 1999). Moreover, color scheme which corresponds to a high (6) to pro.duct e Daxi dguniley f‘?“ fm‘:ﬂ_ Critsgs
considering digital layers of relevant national landslides are estimated to cost (direct and low (1) susceptibility ranking. With respect to this  T¢VI¢W: Tha.nks t(_) '_[‘racy Lo I JratE map
information including: slope angle, aspect, indirect) the country ~ $200 - $400 million susceptibility map it is important to highlight that parpul. Thls_ [ gvas suppdricdigne Buliie
precipitation, permafrost, surficial geology, annually (Clague and Bobrowsky 2010). Susceptibility most susceptibility terrains are located in western safety Geoscience Program ofNRCan.
vegetation, distance to rivers, distance to coast Unfortunately there is no publically available, _ Canada. That is consistent with the Kknown
(lakes and oceans) and bedrock lithology. These pan-Canadian expression of the potential threat Glaciers distribution of high relief and mountainous areas. Rehremes
variables have been categorized into several from landslides. The St Lawrence River Valley corridor, in W
classes depending on their greater or lesser This map provides Canadians a means to southeastern Canada is another area that displays Clague, J.C. and P.T. Bobrowsky 2010 Natural Hazards in
favourability to influence slope instabilities. The compare regional differences in landslide a greater number of orange and red pixels on the  c3pada. Geoscience Canada 37(1):17-37.
values assigned to each class are not equal for the susceptibility. It should be used as a guide to direct map. Again this is expected given the presence of
whole country and vary depending on the region  more specific and detailed studies. Leda clays and the historic record of instability in  Dominguez-Cuesta, M.]. and PT. Bobrowsky 2012.
considered (Canadian Shield, Hudson Bay the region (Quinn et al. 2010). The third region of  Proposed landslide susceptibility map of Canada based
Lowlands, or the remaining area). Broad patterns high potential corresponds to the river valleys and on GIS. In Proceedings of the Second World Landslide
in slope instability are apparent at the national glaciolacustrine and lacustrine sediments present  Forum, 3-7 October 2011, Rome, Italy, 8 pages (in press).
scale. in the prairies of west-central Canada. _ _ .
In general, the rest of the country could be E‘:)Ills, isc'all95?13‘}‘:'n:fsél::a];:fagteel;llgﬂcea;;g; g
Methodol YOV considered to be of lower landslide susceptibility, & y il '
—— although local and site specific assessments cannot Quinn, PE., Hutchinson, D.J., Diederichs, M.S. and RK.
The methodology used in this work includes the After compiling information for all of the be reliably extracted from S“C_h_ a national scale  Rgwe 2010 Regional-scale landslide susceptibility
following several steps: 1) GIS database creation = mentioned variables into the GIS, we classified the map and therefore more diligent study and  mapping using the weights of evidence method: An
and digital data layers collection, 2) derived Digital = Canadian landscape by taking into account the INTETDLEII O (A SE by case basis is advised for  example applied to linear infrastructure. Canadian
Terrain Models creation, 3) relief differentiation of  different distribution of terrain elements across detailed needs. Journal of Civil Engineering 37(8): 905-927.
large areas in the country, 4) landscape the country. Each of the parameters used in this
reclassification, 5) assignment of susceptibility study was then divided into appropriate classes as
ranking for each data layer based on large areas  summarized in Table 1. To establish the
and variable distribution, and 6) final data susceptibility ranking of specific data layers, expert . EW
information analysis, cross correlation and opinion was obtained during a workshop at which <t1° PFROM
construction of the susceptibility model. GSC landslide experts relied on their personal SLOPE 11;'_1:; e
A digital database was created with a experience and professional knowledge as input to >30° DISTANGE
Geographical Information System (GIS) (ArcGIS v. the attribute and parameter relevance regarding — ;‘::: H o ConsT
9.2 ESRI). Vector data stored in the database consist landslide hazards. Attributes within each ke Flat
of several thematic layers comprising precipitation, = parameter were assessed and classified — o s L OISTANCE [ 4.2 km
permafrost distribution, surficial geology, (semi-quantitatively) according to six categories of ANNBALFET 6 i LAKES
vegetation, bedrock lithology, rivers and coasts significance (1-low to 6-high). Continuous
(lakes and oceans) and elevation. These data These categories vary depending on which one E::rZZceDDsiZ:an::s;s :t Table 2. Susceptibility values applied to the
represent parameters that influence slope stability of the large areas previously defined was T Nsolated Patches HL Canadian Shield area. (SG1 = Alluvial or
in Canada to varying degrees. Unfortunately the considered: 1) the Canadian Shield, 2) the Hudson Z‘I’ P‘_”Imafms‘ . Colluvial or Glacial or Glaciofluvial deposits or
e - .. 1 uvia Rocks. SG2 = Glaciolacustrine or Lacustrine or
accuracy, precision and reliability of the data used @ Bay Lowlands, and 3) the remaining Canadian Calial HL Glaciomarine or Marine deposits).
are not equal, not systematic and cannot be territory for Low and High relief terrain. The H and gT;Luala(:ed:oZo:sts e AL
evaluated for reliability. L relief terrain are not shown on this image given e
Raster data consisted of a 1 km pixel value the size of the map representation. As a result three P00 sureiin, | Glaciofluvial doposits ____ .
Digital Elevation Model (DEM) and other digital susceptibility ranking tables have been =i - M
derived models. To construct the final constructed. Susceptibility values shown in Table 1 Lacustrine deposits CS | HBL s TRiEE [ Bk
susceptibility map it was also necessary to have been applied to the three areas. arine deposts oo CS | HBL RIVERS
transform the vector layers to raster format (1 km The Hudson Bay Lowlands (HBL) and the Water
precision). All of the data layers used in this Canadian Shield (CS) are recognized as special i:ai:::iz:t ::: DEE’E"TCE
synthesis were obtained from various agencies, areas from a landslide susceptibility point of view. Cropland HL
departments and ministry websites hosted in These two regions are relatively flat areas, with o :;:‘Ia'::"’s*"”b tand o o T
Canada. Several of the sources are open to public thin drift cover so that instabilities in these two Mixed Forest HL il
access, whereas some of the information resides regions are linked to those conditions where there ::::r/:e HL
within the data confines of the Geological Survey of is some slope, and usually close to rivers or coast. Urban and Bullt-up HL -3 .
. : 4 Table 3. Susceptibility values applied to Hudson
Canada (see Dominguez and Bobrowsky 2012 for ¥ However, distance to water bodies alone was x::"d’s*"“b'a"d AL Baliiiland ey (Sceeudbleliz. for
greater detail on the methodology). insufficient and the presence of key surficial e explanation of acronyms SGland SG2).
Existing knowledge of slope instability type, deposits was also considered (glaciolacustrine and F40°0'0"N S -3k —
style and distribution for all of Canada suggests lacustrine, glaciomarine and marine, lacustrine - T Discla-iimer
that for this analysis we can distinguish a few large  and marine deposits). FROM COAST et - ‘
areas by considering regional variations in Susceptibility classes applied to HBL and CS are <Ak “Her Majesty the Queen in right of Canada, as represented
landslide attributes. For the purposes of this work, = shown in Tables 2 and 3. The reason other data i s 2kn — by the Minister of Natural Resources (“Canada”), does not
four substantially large regions are recognized: 1)  attributes are not considered in the HBL and CS mﬁgi?;‘;ti‘:)‘;l g(‘jg‘;:f)eeoI:htehiascfr‘l‘::c;’n‘(’lrdc()oe'gfills:e::sslfm": ;l;;
the vast territory (> 4 millions km2) occupied by areas is because their susceptibility ranking by Table 1. Susceptibility values applied to the Canadian B b onsibilliyeasall DT Svith e ieaito. A damase or TN
the Canadian Shield (CS), a very stable environment experts was generally low. 40°0'0"NA landscape (H - highlands, L - lowlands, CS - Canadian arising from the use or interpretation of the Data.
where instability problems are not as abundant as The final map classifies the landscape of Canada Shield and HBL - Hudson Bay Lowlands) (see text for The Data on this map are intended to convey regional trends
in other areas; 2) an area up to 300,000 km2 from highly susceptible (hot colours) to least gxplanation of acronymis)s and should be used as a guide only. The Data should not be used
located in the middle of the country, directly south  susceptible (cool colours); regarding the threat of for B ' POies, design or constiviCtionat gy speciilc
: . : ocation, nor are the Data to be used as a replacement for the
;f tl;f Hud}fon Bay (Hudson Bay lOWk;lndS’ I_lI)BL)' landslide hazards. 1’900 km ReCO 11 Clt&lon types of site specific geotechnical investigations required by
inallyy, the remaining terrain as een law across Canada.”
distinguished between: 3) the areas where the 120°0'0"W 110°0'0"W 100°0'0"W 90°0'0"W 80°0'0"W 70°0'0"W SBobrow_sl?lr: P'MT' an(flCDon(llin%uezl, M]i S2012. L;léldsli(;le
slope s less than 1 degree as interpreted by 1 km? el LT Py, e,
pixels (low relief areas, L) and 4) those parts of the OPENFILE | Putstos i i s

country where the slope is greater than 1 degree
are considered as high relief areas (H).
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