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INTRODUCTION

River flooding is often caused by sudden increases in precipitation, sea level rises, or snow melts and it is
a common disaster that happens alongside coastlines and riverbanks (Hirabayashi et al., 2013). GIS-
based Multi-Criteria Evaluation (MCE) methods were often used to analyse and map the flooding risks in
different parts of the world (Dash and Sar, 2020; Rahmati et al., 2015; Seenirajan et al., 2017; Tanavud
et al., 2004).

The City of Chilliwack (Figure 1), located alongside the Fraser River in the Lower Mainland, British
Columbia (B.C.), historically is under great pressure from receiving large flooding events during the rainy
season (Jakob et al., 2014). Past events have shown that most of the city is at risk of getting flooded.
However, which areas are under the highest risks have not been examined in previous studies. In Fall
2021, there was a large flooding event in the City of Chilliwack that lasted for several weeks (Feinberg,
2022). Therefore, the main objective of this study is to determine the flooding risks for the City of
Chilliwack using MCE method and GIS. The MCE method (Malczewski and Rinner, 2015) has been
combined with analytical hierarchy process (AHP) (Jiang and Eastman, 2000) and weighted linear
combination (WLC) technique (Malczewski 2011) to obtain the flood risk levels (Rincén et al., 2018).

Hot Sprin|

Chilliwack Landuse Map

1386

Landuse Types
Other

Harrist\)n
/fﬂﬁlbjﬂ'ison Mills =

CULTUS
LAKE

Lindell Beach’

agﬁn) ;
.d /\!‘ " F
1:2,000,000

I ' LIUMCHENS

12
1 Kilometers

0 2 4 8

Figure 1. Chilliwack land use map

METHOD

Five criteria (land use, slope, elevation, proximity to waterbody and drainage density) have been
considered in this study (Table 1). The Analytical Hierarchy Process (AHP) method is used to assign
values to different criteria regarding their relative importance to each other. The value of 1 is considered

as equally I mportant, and 9 iIs considered as st
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Parameter Land use | Slope Elevation |Proximity to| Drainage

waterbody |density

Land use 1 2 1/3 3 12

Slope 12 1 1/4 2 1/3

Elevation 3 4 1 5 2

Proximity to waterbody | 1/3 1/2 1/5 1 1/4

Drainage density 2 3 1/2 4 1

Table 1. Weight matrix for analytical hierarchy process

Furthermore, the Weighted Linear Combination (WLC) technigue is used to assign a scale value from
the | east i nfluenti al Rn10 to the most 1 nfluent.
influence on flood propagation (Table 2). The obtained flood risk values are divided in three different risk
zones providing the information of the level of risk.

Parameter Class Rating Weight
0 (Other) 1 DISCUSSION AND CONCLUSIONS
1 (Urban) 3 Based on the obtained results, 34.7% of the City of Chilliwack is in the
Land use 2 (Forest) 2 16% highest level of flood risks. This is not surprising, as most of the city is at the
3 (Agriculture) 6 same elevation as the Fraser River. For the agricultural land use, 77.6% is
4 (Water) 9 at the highest risk to flood, while urban land use is at 4.1% and forested
1(0-2) 9 land use is qt 7.9%. Thi_s can be explained as agricultural land is at the |
2 (2-5) 5 same elevation as the river but also far from dense drainage network while
urbanized have the highest density of drainage. Overall, 34.7% of the entire
Slope (%) 3(5-15) 4 10% City of Chilliwack region is in the highest risk (level 3) of the flooding risk
4 (15 -35) 2 while level 2 and level 1 cover 23.6 % and 4.6% respectively, and 37.2% of
5 (>35) 1 land is not at risk to flooding.
0(0-10) 9 To conclude, some suggestions can be made to reduce the flood risks. For
1(10- 15) 8 example, building a dike alongside of the Fraser River would help reduce
Elevation (m) 2 (15 - 35) 1 42% flood propaggtion. Planting trees alongside of the riverbank and ovgrtime
3 (35 - 1587) 1 when trees will be more mature, would also weaken the flood once it
reaches the trees. Additionally, the density of drainage should also be
1 (0 -300) 9 increased at agricultural land. This study provides a systematic way of
2 (300 - 1000) 7 assessing flood risks, and this methodology can be used for other cities in
Proximity to water(m) 3 (1000 - 2000) 4 6% the Lower Mainland to evaluate local flooding risks. Various stakeholders
4 (2000 - 9999) 1 can also be involved in the decision-making process by eliciting the criteria
1(0-202) 9 and weights thus the proposed GIS-based MCE approach can be used for
flooding management and evacuation preparedness planning.
Drainage density 2 (202 - 404) 6 : :
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DATASETS

The data used in this study are listed in Table 3. The raster GIS data has a 30-meter spatial
resolution, and the produced maps are in NAD83 UTM 10N projection.

Data Source Data type | Data date | Link

Chilliwack city | City of Chilliwack Shapefile | 2022 https://www.chilliwack.com/main/page.
boundary Open Data Catalogue cfm?1d=2331

Chilliwack City of Chilliwack Shapefile | 2022 https://www.chilliwack.com/main/page.
drainage utilities | Open Data Catalogue ctm?1d=2331

B.C. Land use Open Government of | Raster file | 2015 https://open.canada.ca/data/en/dataset/4
data Canada e615eae-b90c-420b-adee-2ca35896¢cat6
B.C. Coastal B.C. Open Data Shapefile | 2022 https://catalogue.data.gov.bc.ca/

water and rivers | Catalogue

B.C. Digital Natural Resources of | Raster file | 2019 https://ftp.maps.canada.ca/pub/nrcan rn
elevation model | Canada can/elevation/cdem mnec/

Table 3. List of data used with respective sources

RESULTS

The proposed GIS-based MCE method has been implemented using Esri ArcGIS software.
Obtained results are the flood risk values that have been generated for each raster cell for the
entire study area. They have been classified in three equal intervals to represent three risk levels
from the lowest (level 1), medium (level 2) to the highest (level 3). Figure 2 presents the map of risk
levels. Areas within City of Chilliwack that are not classified into either of the risk zones are
considered risk-free areas or safe zones from floods. These areas are on the higher elevations.
The 3D map (Figure 2) representing the configuration of the terrain has been created for better
visualization of the areas most prone to flooding.
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Figure 2. Obtained results for the City of Chilliwack flood risk levels




