




































































































































































































































































































































































































































































damages. Lower levels of precipitation fall in summer (June to July). The amount of

summer precipitation has been decreasing within the last 10 vears.
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Figure 4.7: Total seasonal precipitation for Torbay. Each seasonal value is a running average of five
points for three month periods: winter (December-February), spring (March-May), summer {June-August),
and autumn {September-November). Data derived from Environment Canada based from St John's A Site,

As previously noted, the precipitation in the summer is currently declining; however, on
average the amount of precipitation in the summer is constant over the sample period
(Figure 4.8). Precipitation in the spring months, March to May, has a similar pattern to
the summer months. The average amount of precipitation is higher in the spring than the
summer over the sample period the amount of precipitation appears to be constant, but in
recent years the amount of precipitation is on a decline. The average amount of
precipitation is 450 mm in the winter, 349 mm in the spring, 286 mm in the summer, and

422 mm in the autumn. For December to February regression the slope = -0.50 and R =

129
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A large section of the river has been culvertized and flows under the college and parking
lot. When the maximum capacity of the culvert is reached, the water flows into the

building and gouges the pavement of the parking lot.

The use of gravel in winter road maintenance changes the sediment gravel size in areas
downstream from stream crossings. Flooding has not resulted from increased
sedimentation. However, rivers passing through Jean de Baie and Spanish Room on the
Burin Peninsula contain areas of road gravel in downstream areas (Catto and Hickman,

2004).

The population is not increasing in many Placentia Bay communities, and therefore
flooding associated with the construction of homes uphill or closer to shore is not a
concern. Marystown had recently undergone a population increase, due to the
employment created by the White Rose Project. The new residents rented vacant
apartments and homes rather than constructing new buildings. Flooding may increase in

the Marystown area if the headwaters are cleared.

6.2. Fortune Bay Coast

Many of the mechanisms that cause flooding on the Placentia Bay coast are present on
the Fortune Bay coast. However, flooding events are commonly not synchronous and of
equal magnitude throughout the Burin Peninsula. For instance, Hurricane Luis had little

effect on the Fortune Bay coast, whereas the June 1986 storm event only affected the
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Fortune Bay communities. Autumn and summer storms are critical hazards on the

Fortune Bay coast.

6.2.1. Summer storms

In June 1986, communities on the Fortune Bay coast experienced a heavy rainfall, 76 mm
in a 24 hr period, causing extensive damage (Southern Gazette, 18 June 1986). In Grand
Bank, several basements in residential areas were flooded. Fortune suffered damage to
the sewer system, necessitating almost complete replacement. Loggerhead Brook, which
meanders directly through Fortune, overflowed and destroyed many culverts. Many
streets, such as Bayview Street, Cemetery Road, and Confederation Street, and property
near the brook on these streets were damaged. The closure of Bayview Street prevented

workers reaching their place of employment at Fishery Products International.

6.2.2. Autumn storms

The Fortune Bay coast is subjected to autumn storms. In early October 1993, Grand
Bank was reported as the hardest hit community as 76 mm of rain fell in a 12 hr period
(Southern Gazette, 5 October 1993). Over a dozen homes experienced flooded
basements due to sewer back-ups and runoff eroding properties. Frenchman’s Cove Pond

overflowed its banks and eroded the sides of the highway.

6.2.3. Ice jams

Main Brook (Great Grand Bank River) flows through the center of the community of

239



Grand Bank. The river has an infrequent history of flooding, approximately 1-2 times in
the last 10 years (Grand Bank Town Manager Wayne Bolt, personal communication,
2003). Streets and 2-3 buildings which border the river have been subjected to flooding
and damage by the ice slabs and water. In 1911, an ice jam occurred on the river,
crushing many of the boats that were docked at the mouth of the river (Southern Gazette,

5 April 1911). The most recent event occurred in the 1980’s.

Garnish River in Garnish has undergone ice jams, but the events are not considered a
threat by municipal officials (Mayor of Garnish, Melvin Francis, personal
communication, 2005). The ice jams occur in the portion of the river located away from
homes. Break up occurs when the ice reaches the mouth of the river where homes and
roads are located. A change in the river dynamics or construction of infrastructure in
areas where the ice jams do occur may increase the flooding and ice activity hazard near
Garnish River. Previous field studies conducted by Catto on the Burin Peninsula

revealed ice damage to vegetation along rivers in Fortune.

River systems carrying ice flow into the northwesterly wind may result in ice jamming
due to the northwesterly wind forcing the ice on shore. Coastal ice jams form in the
outlets of Fortune Bay originate from river or lagoon ice accumulated by strong wind and
no marine ice component is present. The ice formed on the Garnish River (in Garnish)
and Frenchman’s Cove River (Frenchman’s Cove, Burin Peninsula) accumulate at the

mouth of these rivers and form ice jams because of dominant northwesterly winds (Catto
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.11 Frenchman's Cove River in Frenchman's Cove. The river is flowing northward with the mouth near
the top of the photograph. During the February 2004 siorm surge, the low banks were overtaxed and
12-15 houses adjacent to the river were inundated. UTM 349800E 5230890N, Date: May 2004,

6.12 Grand Bank River in Grand Bank. Ice jams historically occur in this area. Ice becomes grounded on
the rocks and/or the bridge. The buildings and road on the left and right of the river become
inundated. UTM 323510E 3217410N. Date: September 2003,
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and Hickman, 2004). The Fortune Bay coast is open to the respective dominant winds,
and small amounts (if any) of coastal ice form off the coast of the Burin Peninsula
(Environment Canada, 2005). Coastal ice generally has not been significant along the

Burin Peninsula shoreline since 1992 (Catto et al., 2003).

6.2.4. Storm surges

Due to the low-lying topography of Frenchman’s Cove, the area is vulnerable to damage
caused by storm surges (Mayor of Garnish, Melvin Francis, personal communication).
Highway 213 between Frenchman’s Cove and Garnish is frequently battered and
inundated by high waves. On the other side of Frenchman’s Cove, the road leading to
Highway 220 also has a history of flooding. In October 1993, after a heavy rainfall, the
shoulders of the highway were washed away when Frenchman’s Cove Pond flooded
(Southern Gazette, 5 October 1993). A combination of storm surge and heavy rain may

isolate the community.

The February 2004 storm surge and heavy precipitation caused considerable damage to
Frenchman’s Cove. The strong longshore drift transported a large amount of sediment to
the mouth of Frenchman’s Cove River. The sediment deposited, in combination with the
sediment transported by the river, caused the water to back-up and flood several houses
(Southern Gazette, 24 February 2004 and Mayor of Frenchman’s Cove James Cluett,

personal communication, 2005).
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In other areas where rivers discharge into coastal barachoix lagoons, the water that
becomes temporarily impounded behind the barachoix induces flooding along the shores
of the lagoon. Natural drainage through the gravel barachoix enhances flooding when the
infiltration or the breaching of the gravel barrier is impeded by road or seawall
construction. Other than Frenchman’s Cove, Grand Beach and Garnish demonstrate this

type of flooding.

Several communities along the Fortune Bay coast, including Grand Bank, Fortune, Grand
Beach, and Garnish, have a high sensitivity to coastal erosion (Catto et al., 2003), and
these coastlines may suffer greatly during storm surges. The coastline on which the
highway between Grand Bank and Fortune is built on is rapidly eroding away with each
storm, with rates locally in excess of 30 cm/a.  The reworked glacial deposits on which
Grand Beach has been developed are subject to over-wash and will experience more
rapid landward movement with increased sea-level (Shaw ez al., 1998). In Frenchman’s
Cove, a provincial park and golf course are constructed on a prograded gravel beach

ridge, which may easily be eroded (Shaw et al., 1998).

6.2.5. Beaver dams

In Frenchman’s Cover River, beaver dams constricted water flow, forcing water to flood

surrounding areas.

243



6.2.6. Soil composition

The composition of the soil underneath houses may contribute to flooding hazards during
heavy rainfall events. Gyttja is a type of soil comprised of decomposed plant and animal
remains (Mycelifiska, 2003). Gyttja forms in fens, and terrestrial environments associated
with the formation of bog peat and transition peat (Mycelifiska, 2003). Due to formation
process and high organic mater comprising the gyttja, the soil can retain high amounts of
water. The water from rainfall does not easily drain from the soil; therefore, when the
soil becomes saturated, pooling of water and flooding will result. Localized flooding
events in Grand Bank have resulted from pockets of gyttja located under streets and
houses. Gyttja is present in Corkum Place, Jamerson Ave., Main St., Marine Dr., and
Hickman St. areas (local resident, personal communication). Basements and roads have
flooded due to the inability of the water to drain from the soil, and therefore pool on the
surface (Southern Gazette, 22 February 1978, 18 June 1986, 5 October 1993, 12 April
1994, 26 October 1999). The most recent occurrence of flooding in Grand Bank resulted
from the continuous saturation of the soil from early month’s rainfall, followed by a

heavy rain storm in late March 2005 (Local residents, personal communication).

6.2.7. Hurricanes
The northeast and northwest facing communities located on the Fortune Bay coast are not
exempt from hurricane-related flooding. Due to the low topography, southwesterly

winds are able to move across the inland areas, and deposit precipitation throughout the
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headwaters of the short coastal streams. Rivers in Fortune, Grand Bank, Grand Beach,

Frenchman’s Cove, and Garnish are susceptible to this flooding hazard.

Hurricane Irene (October 1999) impacted Fortune Bay communities and infrastructure.
Several basements within Grand Bank were flooded. Pumping was initiated to prevent
the overloading of the sewer systems. Sections of the Grand Bank Highway 220 also
sustained damage. Sides of the Frenchman’s Cove intersection with Highway 220 were

eroded from both sides constricting the flow of traffic.

6.2.8. Anthropogenic factors

Anthropogenic factors contributed indirectly to many flooding incidents. The populations
of communities on the Fortune Bay coast are not increasing, and therefore clearing of
land does not contribute to flooding. Nor is there a concern for flooding of low-lying
land when infrastructure is constructed upslope. However, clearing of land and changing
of natural drainage ways have implications. Many areas are surrounded by wetlands, and
alterations in drainage pattern due to construction of cabins may increase the flow of
water entering the river system near and in communities. For instance, anthropogenic
activities within the watershed of rivers within Fortune may create additional flooding
problems. Aging drainage infrastructure will be inefficient to remove water in the event

of a heavy rainstorm and flooding will ensue.

Culverts have been placed under the highway near Frenchman’s Cove tumnoff to divert
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runoff from the highway and surrounding land into Frenchman’s Cove Barachoix. The
additional water has increased the flow into the Frenchman’s Cove River and as a result,
the river has a greater capacity for carrying silt and debris into the mouth of the river.
During the February 2004 storm event the river carried a large amount of debris to the
mouth of the river (Southern Gazette, 24 February 2004 and Mayor of Frenchman’s
Cove, James Cluett, personal communications). The water could no longer flow through
the channel and backed-up, flooding 12-15 houses. According to Mayor Cluett, flooding
of this magnitude had not occurred previously. Sediment deposited by longshore drnft

also aided in the flooding by blocking the river mouth.

Culverts in locations where bridges may be more efficient in transporting water
underneath roadways contribute to flooding during extreme rainfall events. Two brooks
that flow on opposite sides of Fortune periodically flood the road leading out of the
community (Fortune Town Clerk Basil Collier, personal communication, 2005). Both
culverts which provide drainage for brooks, Clawbonny Brook on the east side and
Fortune Brook on the west side, have been repaired within the last 5 years. The most
recent flooding of Fortune Brook occurred in November 2003. The section of the road
150-200 m over the river was washed out in October 2003 and the temporary4 road was
washed out in November (Southern Gazette, 28 October 2003). Several 0.9 m culverts
were replaced by a large half circle culvert in late December 2003. Clawbonny Brook
last damaged Route 220 in January 2000. The culvert has since been repaired and

reinforced by gabion cages.
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6.3. Summary

Due to the large geographical distribution of communities on the Burin Peninsula,
different communities are affected by different storm events. Hurricane Luis (11
September 1995) devastated many of the communities on the Placentia Bay coast, but
had little affect on the Fortune Bay coast. In 1986, a storm which caused damage to the

Fortune Bay coast had no effect on the Placentia Bay coast.

6.3.1.  Importance of different flood mechanism

Flooding events on the Burin Peninsula can be divided by seasonal storm or specific
mechanism. The flooding events and associated mechanisms are listed in Figures 6.2
through 6.5. Because not all mechanisms are independent, some flooding events may be
classified under more than one category. For example, a rain-on-snow event may also
fall under winter or spring storm depending on the season. On the Placentia Bay coast 79
incidents caused by natural mechanisms were recorded and 29 on the Fortune Bay coast.
Autumn storms with associated storm surges and heavy precipitation are a significant
hazard for both the Placentia Bay and Fortune Bay coasts. Autumn storms (September-
November) are related to 14% of flooding events on the Placentia Bay coast (Figure 6.2).
Hurricane-induced storm surges and rainfall are specific events that have resulted in
approximately 22% of the flooding events. Hurricane Luis caused a substantial number
of flooding events in communities on the Placentia Bay coast. Winter storms (December-
February) associated with storm surges, heavy precipitation, snowmelt, and pooling of

water is the third greatest recorded hazard (15%) on the Placentia Bay coast, which was
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tied with rain-on-snow events. Although only one major rain-on-snow event occurred on
the Placentia Bay side of the Burin Peninsula, it caused widespread damage. Storm
surges are significant (10%) coastal flooding causing widespread infrastructure
deterioration. Storm surges occur more frequently than recorded by local newspapers.
Spring storms (March-May) are associated with heavy precipitation, rain-on-snow events,
and flooding caused by rapid snowmelt. Minor damage, 9% of flooding events, result
from spring storms. Summer storms (8%) deposit heavy precipitation in short periods of
time. [ce jams are of local importance in Rushoon, where flooding occurs frequently
(6%). Beaver dam flooding and slope failure causing flooding (1%) occurs rarely and

affects only localized areas.

Machanism

Fraguancy [}

Figure 6.2: Frequency of flooding events caused by natural mechanism on the Placentia Bay coast. Flood
events were recorded in archives. Events may be counted more than once depending on mechanism.
MNumber of recorded incidents equal 79.
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In contrast, on the Fortune Bay coast summer storms contribute to more flooding events
(21%) than the Placentia Bay coast (9%). Autumn storms (32%) and hurricane activity
(21%) in the form of heavy rainfall complete the top three hazards. Hurricane Irene
(October 1999) impacted communities on the Fortune Bay coast The summer storm of
1986 also caused extensive damage. The heavy rainfall resulted in damage ranging from
washout of roads to the complete removal of a section of a sewer system. Storm surges
impact vulnerable coastlines such as Frenchman’s Cove (Shaw ef al., 1998). During high
tides, the community ts below sea level and susceptible to flooding, especially the
highway between Garnish and Frenchman’s Cove. Grand Beach, due to topography and
sediment composition, is susceptible to erosion. Bay L’Argent is vulnerable to storm
surge activity (Catto et al., 2003). Winter storms are a less significant hazard on the
Fortune Bay coast than on the Placentia Bay coast, accounting for 11% of flooding
events. Spring storms are associated with surface flooding by snowmelt and heavy
rainfall. Damage appears as erosion of roads and minor property damage. No record of
ice jams are found within local newspapers. Ice jams have occurred in Grand Bank,
Frenchman’s Cove, and Garnish. Beaver damming of Frenchman’s Cove River is a

hazard within Frenchman’s Cove. Slope failure causing flooding has not been recorded.
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Figure 6.3: Frequency of flooding events caused by natural mechanism on the Fortune Bay coast.  Flood
events were necorded in archives., Evenis may be counted more than once depending on mechanism.
MWumber of recorded incident equal 29,

In Figure 6.4, the same mechanisms of flooding events are used as in Figure 6.2, with the
addition of anthropogenic affects. Anthropogenic flooding events coupled with natural
mechanisms are the second frequent cause of flood damage. Ninety-two natural and
anthropogenic incidents were recorded. The natural hazard of hurricane activity has
caused more flooding events on the Placentia Bay coast than human activity (18%). The
combination of hurricane-related precipitation and inadequaie drainage infrastructure has

induced many of the recorded instances of damage.
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Figure 6.4: Frequency of flooding cvents caused by natural mochanism and human activities on the
Placentia Bay coast.  Flood events were recorded in archives. Events may be counted more than once
depending on mechanism. Number of recorded incidents 1otal 92.

Anthropogenic influenced floods on the Fortune Bay coast in Figure 6.5 is an addition to
values of the natural hazards in Figure 6.3. The total number of all incidents is 35.
Twenty-six percent of floods in communities on the Fortune Bay coast have an
anthropogenic component. On the Fortune Bay coast, anthropogenic activities (26%) and
autumn storms (24%) are major causes of flooding. Thus, anthropogenic activities
coupled with natural events result in significant flood vulnerability on the Fortune Bay
coast. Destruction of roads due to inadequate drainage and water build-up frequently

appear in historical records.
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Figure 6.5: Frequency of flooding events caused by natural mechanism and anthropogenic factors on the
Fortune Bay coast. Flood events were recorded in archives. Events may be counted more than once
depending on mechanism. Number of recorded incidents total 35,

In general, storm surges and huwrricane activity are a more prevalent hazard on the
Placentia Bay coast. Early summer storms represent a significant hazard on the Fortune

Bay coast.
Areas north of Mooring Cove are less represented in the archives than the other
communities on the Burin Peninsula, Indicating occurrence of fewer flooding events, or

that fewer events are reported. Site visits found few major flood hazards, but damage to

the shoulders of roads due to running water is common.

Damage may have been more extensive if communities on the peninsula had a greater
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population or the value of infrastructure was higher. A concern is the increased
vulnerability due to eroded flood reduction infrastructure and accumulative damage.
Repairs are made after severe damage, but precautionary measures are not frequently
taken. Accumulation of damage will result in less severe storms causing extensive, but
preventable flooding. Damage resulting from the February and March 2004 storms was
extensive due to the weakening of infrastructure from preceding storms. The seawall
constructed in Lamaline after the January 2000 storm partially failed in February 2004

due to continual weakening caused by successive minor storms.

6.3.2.  Analysis of climate data

In Figure 6.6 annual precipitation amounts are calculated during the period 1967-2003
from St. Lawrence weather station (Environment Canada website); St. Lawrence contains
the longest monitoring station on the Burin Peninsula. Climate data is unavailable for
1997 and 1998 due to a temporary disruption in monitoring at the St. Lawrence site.
Total precipitation amounts are available for 1999-2003. Flooding events caused by river
flooding due to ice jams, debris, beaver dams, and impoundment of lagoons and storm
surges are not directly precipitation related. Therefore, these flooding events are not

accurately represented in Figures 6.6-6.8.

The precipitation is dominated by rain. Snowfall totals on the Burin Peninsula average 5-

15% of total precipitation for coastal sites and 10-20% for sites in the interior.
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Figure 6.6: Amount of total annual precipitation and amount of rainfall doring flooding events. No data
available for 1997 and 1998. Data collected for St Lawrence site on Environment Canadn website.
Snowfall amounts calculated as melt water equivalent, | cm snow equals | mm rain.

Changes in total rainfall and total snowfall are inconclusive for the Burin Peninsula.
Between 1967 and 1996, both total annual amount of rinfall and precipitation appear to
be increasing. The trend in annual rainfall and snowfall is based on data between 1967
and 1996. The figure does not incorporate snowfall and rainfall amounts from 1997-
2005. In contrast to the increasing annual snowfall and rainfall amounts, the total
precipitation for the 1967-2003 period shows a decrease of 100 mm. It may be assumed
that either the amount of annual rainfall or snowfall has been declining as seen from the
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decrease in total precipitation between 1967 and 2003 (Figure 6.7). As the sample period
of total precipitation is greater than the sample period of rainfall and snowfall, it is
assumed to be a more accurate depiction of the precipitation trend. Therefore, the total
amount of precipitation is declining. When new equipment was installed in 1999, no
distinction was made between precipitation types, and only total precipitation was

measured.

From Figure 6.7, the average amount of rainfall between 1967 and 1996 is 1320 mm and
the amount of snowfall is 235 mm. Rainfall is much greater than the amount of snowfall.

The seasonal distribution of precipitation can be seen in Figures 6.9 and 6.10.

According to the slopes of total precipitation, rainfall, and snowfall, little change is
present in the amount of annual precipitation over the 40 year period. Due to the cyclic
pattern of precipitation, the R? values show no relationship between total precipitation
(R? = 0.0191) and total rainfall (R* = 0.0073). A greater relationship exists between the
increase of total snowfall and time than total precipitation and rainfall; however, the
significance is weak, R? = 0.1039. This indicates that although an increasing trend in

snowfall may be occurring, a change in the pattern is still occurring from year to year.
The frequency and magnitude of flooding events are dependent on climatic factors, such

as hurricanes and seasonal storms; low precipitation floods resulting from increased

runoff related to anthropogenic activities are not a frequent occurrence. On the Burin
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Peninsula, reported precipitation-related flooding events occur after a minimum rainfall
of 46 mm (Figure 6.6). The large amount of vegetation, limited ground coverage by
impermeable surfaces (e.g. pavement), and relatively flat topography may increase the
amount of rainfall required to cause flooding events. Widespread flooding events are
associated with hurricane events, which bring heavy rainfalls and wind, as well as storm

surges which (e.g. February 2004) are not related with precipitation.

The average total annual precipitation is ca. 1556 mm (Figure 6.8). Climate change, in
regards to total precipitation within the Burin Peninsula, may not appear to be a concern,
although the possibility of increased precipitation during individual storm events is a
significant factor. Climate change in the form of potential increased frequency of
hurricanes and storm surges will have a great impact on the peninsula. The rainfall
during flooding events is associated with storms and other climatic events. Both
hurricane induced rainfall and storm surges have historically impacted the Burin
Peninsula. Cumulative effects of frequent damage to infrastructure will increase the

vulnerability of communities to flooding.

257



2200

[
‘1 S8 Total Precipitation

2000 1

-J —Average of Total Precipitation :

1800 +

/

1600

1400

—

1200 -

1000 +

Amount of Precipitation (mm)
[e2]
8

o
8

400 -

200 -

Figure 6.8: The amount of precipitation during flooding events for each year and the average precipitation
during single rainfall events. Average precipitation is running average over 5 consecutive periods. No data
available for 1997 and 1998. Data collected for St. Lawrence site on Environment Canada website.
Snowfall amounts calculated as melt water equivalent, 1 cm snow equal 1 mm rain.

Seasonal precipitation patterns are demonstrated in Figure 6.9. Summer (June-August),
autumn (September-November), winter (December-February), and spring (March-May)
precipitation values are derived by calculating the running average of total precipitation
for three months. The greatest amount of precipitation falls in September to November
(Figure 6.9). This corresponds with the mechanism causing the greatest hazards, autumn
storms and hurricane activity (e.g. Hurricane Luis). The period from December to
February is marked by the second largest amount of precipitation. Winter storms
associated with rainfall and mild temperatures are a numerically lesser hazard for both

coasts than autumn storms and hurricanes. However, widespread storm surges and
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localized ice jams, which cause extensive flooding and economic loss without heavy
precipitation, occur throughout December to February and March to May. But this graph
does not suggest a clear temporal trend in seasonal precipitation in any season.
Therefore, the frequency and intensity of single storms is more influential in causing
floods than seasonal total precipitation amounts (i.e. September 1995 and February

2004).

Low precipitation totals occur during the spring months; snowmelt may be a more
significant hazard than precipitation. Summer months (June-August) on the Burin
Peninsula are marked by low precipitation rates. Total precipitation during these months
appears to be decreasing with time (Figure 6.10). However, the vulnerability of
communities to summer storms is not related to total precipitation, but rather to the

magnitude of individual short time period events, such as in June 1986.

The variation in annual precipitation amounts does not appear as a consistent cycle of
high and low precipitation. Annual precipitation in summer, winter, and spring appears
to show a sharp increase during the mid-1980s, and then a gradual decline to the present
amount of annual precipitation. The annual amount of autumn precipitation appears

consistent until the late 1990s when the amount declined sharply.
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Figure 6.9 Average amount of precipitation for three month periods; December-February, March-May,
June-Angust, and September-November., Average consist ranning average of 5 consecutive periods. Mo
data available for 1997 and 1998. Data collected for St Lawrence site on Environment Canada website.
Snowfall amounts calculated as melt water equivalent, | cm snow equal 1 mm rain,

Even though the amounts of rainfall and snowfall could not be identified after 1996, by
analyzing the change in monthly precipitation, the change in total rainfall and total
snowfall can be inferred. Precipitation is greatest in the autumn at 438 mm. Although
the season of highest precipitation does correspond with the season of maximum flooding
events, as discussed earlier, the two may not be directly related because many flooding
events result from single intense storms. For instance, intense autumn storms and
hurricanes bring large amounts of precipitation to a relatively small area in a short period
of time causing great damage. These events may not correspond with overall high
precipitation autumns. Flooding evenis may not occur if the precipitation is varied over

the whole season. For example, 1983 had an above average amount of precipitation vet



no hurricanes or intense storm occurred and no severe flooding events were recorded.
However, the high amount of precipitation may directly relate to increased flooding. The
ground may be saturated from several minor rainfall events, when a major rainfall event
occurs, the ground cannot absorb additional water and the precipitation is more readily

converted to runoff.

The December to February period has the second highest average precipitation at 386
mm. The precipitation trend in the winter shows a slight decrease. However, this
decrease is not significant, amounting to less than a 60 mm decrease over a 38 year

period. The pattern in precipitation will be further examined in Figure 6.12.

The third highest precipitation totals occur in March to May at 352 mm. A slight
declining trend (Figure 6.10) is evident, in the range of less than 60 mm over the 38 year
period. The greatest decrease in precipitation is occurring in the summer, slope = -2.49
(Figure 6.10). The least amount of precipitation falls during summer, 340 mm per year
on average. Winter (slope = -0.19), autumn (0.33), and spring (-0.49) show little change
in total precipitation with time. From the R* values, a correlation between the trend in
precipitation and time is not apparent; winter R? = 0.0006, autumn R* = 0.0016, spring R?

=0.053, and summer R* = 0.0.053.
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A greater amount of snow will persist into the spring increasing the chance and severity
of rain-on-snow events and snowmelt related flooding in the spring. Such a situation
occurred in March 2005, when rain fell on a thick snow pack causing widespread

flooding on the Burin Peninsula.

For Figure 6.11, total snowfall slope = 3.45 with an R* = 0.1649, which is a greater

correlation between precipitation and time than rainfall. Total rainfall slope = <0.35 with

an R* = 0.015.
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Figure 6.11: Linear regression and average of winter (Dec-Feb) rainfall and snowfall for the Burin
Peninsula. Both the rainfall is described by a linear regression and a running average of 3 points of yearly
precipitation between 1967 and 1996. Data derived from Environment Canada based from St. Lawrence
Site.
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The variation in precipitation types in the autumn is described in Figure 6.12. The
amount of rain falling in the autumn is greater than the amount of snowfall: average
annual autumn rainfall 1s 437 mm, with only 12 mm average snowfall. Both the annual
amount of rainfall and snowfall are increasing. The overall increase in autumn
precipitation is contributed to the increase in rainfall. This trend of increased
precipitation extends into 2003, the last year for which data is available. Total snowfall

slope = 0.14 with an R* = 0.0149, Total rainfall slope = 3.25 with an R* = 0.1041.
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Figure 6.12: Linear regression and average of autumn (Sepl-Nov) rainfall and snowfall for the Burin
Peninsula. Both the rainfall is described by a linear regression and a running average of 5 points of yearly
precipitation between 1967 and 1996. Data derived from Environment Canada based from St. Lawrence
Site,
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6.3.3. Conclusion

Many of the flooding events are related to climatic events such as seasonal storms and
hurricanes. A high amount of precipitations has to fall before a flooding event occurs.
Although anthropogenic activity does in part increase the severity of flooding events,
large intense storms induce more widespread damage. Anthropogenic factors (e.g.

restriction of water ways or failed drainage systems) cause more localized damage.

The Placentia Bay coast has the highest frequency of flooding events and damage
compare to the Fortune Bay coast. The Placentia Bay coast is greatly affected by storms
following the southwesterly winds, particularly hurricanes (e.g. hurricanes of 1995). Of
increasing concern are the intensifying easterly winds which contribute winter and spring
storms. Storm surges resulting from both are associated with altering coastlines and
damaging infrastructure. On the Fortune Bay coast, the most extensive damage resulted
from a summer storm in 1986. Northerly winds and easterly winds bring high

precipitation and storm surges to the coast inducing flooding.

The majority of rainfall occurs in autumn, which appears to be slightly increasing.
Autumn storms contribute to this high precipitation amount. The snowfall in winter is

also increasing. This may lead to an increase in rain-on-snow events, such as that when

affected both coasts in March 2005.
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7  Influence of Climate Variation and Change

This chapter will assess the probability of future flooding events. By reexamining past
flooding events, present areas of concern, climate change and variation, and patterns of
human activity, prediction can be made and recommendations put forth to municipalities.

With this knowledge, the damage caused by future flooding events may be reduced.

7.1 Climate change and variation

Climate change and variation can be assessed through study of wind direction, velocity,
frequency, and duration; type, intensity, and timing of precipitation; and temperature.
Climate variation 1s a short term trend in climate. In regards to precipitation, the annual
amount may fluctuate between a period of low annual precipitation and high
precipitation. For instance, Torbay total annual precipitation between 1950 and 2005
shows a cyclic trend, with each increase/decrease variation lasting 5-10 years. Climate
change is the overall trend over a longer period of time. Within an overall change in

climate, there is variation.

7.1.1  Hurricanes, storms, and winds

The northern Atlantic Ocean has been undergoing an increase in hurricane frequency and
magnitude since 1995 (Goldenberg ef al., 1997, 2001; Emanuel, 2005; Webster et al.,
2005). However, the relationships between changes in hurricane frequency and

magnitude, and increases in air temperature or sea surface temperature, are unclear at
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present (see Hunt, 2002; Landsea et al, 1998, Debernard, 2002).  Although some
researchers (e.g. Trenberth, 2005; Trenberth et al., 2003; Knutsen and Tuyela, 2004; Sugi
et al., 2002) have suggested causal links, others have expressed reservations and
uncertainties (e.g. Pielke e al., 2005, Webster et al., 2005, Shapiro and Goldenberg,
1998). Hurricane frequency in the North Atlantic does not appear to be correlative with
temperature variations in Atlantic Canada (Lewis, 1996; Pocklington and Morgan, 1996),
in part due to the distance between the Main Development Region east of the Caribbean
Sea, and Atlantic Canada. Some research suggests a possible northward migration of the
area of tropical storm development and storm tracks (Danard et al., 2004; Debernard ef
al., 2002; Ashmore and Church, 2001), which could increase the impact of hurricane

activity and associated flooding in Newfoundland.

Regardless of the uncertainty of future changes in hurricane frequency and magnitude in
response to climate change, it is apparent that the North Atlantic is currently undergoing
a period of increased hurricane activity, requiring a response in emergency preparedness
and mitigation strategies (Goldenberg ef al., 2001). Canadian climate models imply that
increasing instability in climate will accompany general warming, thereby generating
more storms, causing coastal erosion and flooding. Climate models also suggest
scenarios where the total number of storms may decrease and the magnitude of the largest
storms will increase. Consequently, storm damage and flooding will increase for the

northeast Avalon and the Burin Peninsula.
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Studies of coastal eastern Newfoundland revealed a change in hurricane and autumn
storm frequency. Storms are becoming more frequent and the impacts on eastern
Newfoundland coastline are becoming more severe (Catto et al., 2003; Catto and Catto,

2004).

The increase in hurricane and autumn storm frequency and damages will have severe
implications for the northeast Avalon and Burin Peninsula. The Burin Peninsula is
susceptible to coastal damage and river flooding due to excess precipitation. Hurricanes
and autumn storms with a strong north and northeast wind direction will result in river

flooding and coastal damage in Torbay.

Changes in dominant wind direction and intensity have more impact on the south coast of
Newfoundland. Of particular concern is the increase in frequency and severity of
northeast and easterly winds. Easterly winds measured at Port-aux-Basques have been
strengthening since 1970 (Catto et al, 2006). Easterly winds result in increased
frequency in storm surges on the Burin Peninsula and increase coastal alteration. The
northeast winds have more effect on Torbay. The increase in easterly wind frequency
and magnitude of storms will have a lesser effect on Corner Brook. The intensification of
easterly winds has increased the severity and frequency of winter and spring storms
(Catto et al.,, 2003, 2006; Catto, 2004). The most severe storms occur from December to

March, and commonly induce storm surges.
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7.1.2 Precipitation
One major factor involved in climate change and variation is change in precipitation

patterns and amounts, impacting the frequency of precipitation related flooding hazards.

The Humber Arm region is experiencing a trend of increased precipitation. Annual and
seasonal averages calculated from 1940-2004 show an increase in precipitation since
1970 (Environment Canada, 2005). Of particular concern is the increase in winter
precipitation. The rain to snow ratio illustrates the increase in the amount of rainfall in
winter (Shabbar and Bonsal, 2005). Rain-on-snow events are the most frequent and
damaging flooding mechanism in Humber Arm. In the Humber Arm region, snow cover
persists into the spring. With an increased amount of rainfall falling in March to May
(Environment Canada, 2005) on the thick snow cover in the spring, rain-on-snow events

will increase, practically if copious amounts of rain fall during a single event.

In Torbay and the Burin Peninsula the snow cover is less extensive and persistent than
snow cover in the Humber Arm region. However, the snow cover in both regions has
been increasing, which may lead to increased severity of rain-on-snow events. In winter
(December to February), the increase in snowfall in both regions corresponds with a
decrease in rainfall. In conjunction with a warm spell (common for maritime regions)

and/or rainfall events, rain-on-snow or snowmelt flooding will occur.
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Total amount of annual precipitation does not appear to be changing in Torbay (1950-
2003 data, recorded at St. John’s Airport). For the Burin Peninsula (1965-2003 in St.
Lawrence), precipitation appears to be decreasing. Seasonal variations are occurring,
changing the timing of precipitation-induced flooding. However, precipitation change

will have little or no effect on coastal flooding due to storm surges.

7.1.3 Temperature

In Newfoundland, temperature patterns since 1950 indicate lesser overall annual change,
showing a slight cooling in winter and marginal warming in summer (Lewis, 1996;
Pocklington and Morgan, 1996; Banfield and Jacobs, 1998). Shabbar and Bonsal (2003)
analyzed temperature data from 1950-1998, and documented an increase in frequency
and duration of cold spells in eastern Canada, particularly in Newfoundland and
Labrador. A cold spell is defined as temperatures remaining below the 20th percentile of
the daily minimum temperature for minimal of three days between 1961-1990; the
threshold is 80™ percentile for warm spells. In accordance with the increase in cold
temperatures, the number of days with ice cover on rivers has increased since 1952 (Clair
et al., 1996). Temperature trends show an insignificant increase in the number of winter
warm spells, although the durations of the warm spells are decreasing (Shabbar and

Bonsal, 2003).

Colder conditions in winter and warmer conditions in summer will result in greater

fluctuation of annual temperature for communities in Newfoundland. This will alter
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flooding hazards involving temperature as a factor (e.g. ice jams, rain-on-snow events).
Thermal ice jams may not occur during colder winters, where warm spells would not
result in an ice break-up and subsequent jam. However, temperature may have an effect
on dynamic ice jams: if the winters are becoming colder than the ice will become thicker
and more susceptible to obstructions. The snow cover will thicken and enhance rain-on-

snow events during intense rainfall events.

7.2 Changes in flooding styles

Changes and variations in precipitation, winds, and temperature patterns interact to
influence flooding mechanisms. In addition, the flooding styles may interact to amplify
the damage induced by a minor change or variation. For example, a small increase in
rain-on-snow events may amplify river flooding, if a critical threshold is exceeded. An
increase in precipitation will have a greater impact on flooding in an urban area than in an
adjacent undeveloped river reach. Depending on the flooding mechanism, specific areas
will be affected. For example, hurricane activity in the Humber Arm region will result in
storm surges and coastal flooding and precipitation-induced river flooding in Cox’s Cove,
but will only result in river flooding and overland flow in Corner Brook. Changes in
precipitation are associated with the rain:snow precipitation ratio, shifts in cyclonic storm
tracks, changes in the number of intense rainfall events, and changes in snow
accumulation (Ashmore and Church, 2001; Parson et al., 2003; Brubanker and Rango,

1996). Saturation of the soil may lead to increase conversion of rain to runoff (Gutowski
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et al., 1994; Bobba et al., 1999; Lawford et al., 1995), thereby increasing the severity of

flooding events.

As many of the mechanisms that cause flooding in Torbay, Humber Arm, and the Burin
Peninsula are correlated with climate, change and variation in climate will alter the
frequency and severity of flooding events. If the communities are not aware of any
changes, they may not be prepared for one type of flooding, or resources may be

inefficiently allocated to mitigate a flood hazard that may no longer pose a severe threat.

7.2.1 Hurricane and storm surge activity

As the frequency or intensity of hurricanes and tropical storms increases in the North
Atlantic (Goldenberg et al., 2001), flooding caused by precipitation and storm surges will
increase. Inland flooding associated with precipitation over drainage basins will be
affected. More frequent storm surges will successively decrease natural and artificial

coastal protection, thereby furthering flooding of coastal zones.

In addition to hurricane induced storm surges, winter and spring storm induced surges
will also have a major effect on coastal areas. More extensive flooding is possible,
increasing sensitivity of coastal areas due to the increased force of the storms. Larger
clasts on beaches may become more susceptible to transport and erosion. Intensifying
easterly winds will affect beaches oriented towards the east, resulting in increased

erosion.
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In Torbay, hurricane-induced river flooding and heavy rainfall events are the most
significant hazards. Torbay will experience changes in river morphology from heavy
precipitation and possibly coastal damage. During such events, large amounts of runoff
are focused into the five main river systems flowing through the Torbay area. Where
there are constrictions of river channels (culvert, debris build-up, narrowing of the
channel) water builds up causing inundation and erosion of the nearby area. As a result,
houses, lawns, and transportation routes are damaged and the river channel is temporarily
widened. Areas of greatest effect are “the Gully” area where the swollen river inundates
property along the river. The river exiting Watt’s Brook floods property located in an
adjacent marshland and damages Torbay Road further downstream. Other areas affected
during severe rainfall events are Soldier’s Brook, and Kennedy’s Brook where it passes
under Torbay Road. Storm surges are less frequent and have resulted in less

accumulative damages than river flooding.

Intensification of northeasterly winds and storms will cause problems in Torbay. Storm
surges impact the coast and increase the flooding risk. Due to the topography of Torbay,
a storm requires a very specific (northeasterly) orientation to impact the coast. The
impact is further limited by the steepness of the topography near the coastline and the

lack of critical infrastructure.

Changes in hurricane-induced precipitation will greatly influence flooding events in the

Humber Arm region. The Humber Arm region may experience changes in river
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morphology, and further damages associated with inadequate infrastructure. Although
much of the Humber Arm region is not susceptible to direct hurricane strikes,
precipitation initiates flooding of Majestic Brook, Corner Brook Stream, Bell’s Brook,
and Petries Brook, and causes overland flow of water over impermeable surfaces. For
instance, rainfall from remnants of Hurricane Frances (2004) caused Majestic Brook to
flood, damaging property on East Valley Road. Runoff from upslope caused damage to

property on Clarence Street and Humber Road.

Hurricane- and storm-induced surges may increase coastal damages in vulnerable
locations. Communities with fishing infrastructure or summer homes constructed near
the shoreline are vulnerable to damage. Cox’s Cove may see an increase in storm surge
and river damage. In Cox’s Cove, a higher sea level will move the high tide mark further
inland. During a storm surge, more land will be inundated potentially damaging more
houses along the coastline. Cox’s Brook will be impounded further upstream by the
ocean and increase the area affected by flooding. Furthermore, if preventive measures
are not taken by residents, such as relocating their homes further from the coastline,
increased damages will occur from lesser magnitude storms because the houses will be

closer to the high tide mark.

Within Corner Brook, a higher sea level will lead to increased destabilization of the steep

slopes along the coast. Many of these slopes are very unstable, particularly in the

Riverside Drive area. A higher sea level increases the height at which the slope is
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attracted and undermined at the foot of the slope. Without a stable base, the potential for

increased slope failure impacting the road is present.

Hurricane-induced rainfalls will also influence flood frequency and severity in the Burin
Peninsula. However, storm surges are the most significant cause of flooding. The Burin
Peninsula will be greatly impacted by an increase in hurricane activity. Coastal areas and
river morphology will change with the increasing erosion events. Many of the rivers on
the Burin Peninsula have flood plains adapted to frequent hurricane activity (e.g.
Salmonier River has a narrow floodplain and flood-inundated slopes). No further
damage may occur in areas of rivers that do not pass in proximity of critical infrastructure
routes or within communities. Subsequent streams will cause erosion of the banks of
streams and the movement of debris further downstream. Eventually the debris build-up
will enhance the area inundated during a hurricane-induced rainfall. For example,
repetitive storms deposit debris in Riverhead Brook in St. Lawrence. The riverbed
becomes shallower and after large rainfall events (i.e. Hurricane Luis) the river overflows
and inundates a large area. Another occurrence is where a river flows into Frenchman’s
Cove Barswa under highway 220. During the heavy rainfall associated with Hurricane
Luis (19 September 1995), the usually small stream was converted into a torrent which

expanded its river channel and completely removed a section of Highway 220 between

Garnish and Grand Bank.
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The erosion of natural coastal protection by successive storms will increase change in the
coastline and increase flooding of adjacent inland areas. For instance, the coastline in
Lamaline is eroding. During storm surges in Lamaline, the large boulders used in the
seawall were displaced onto the Allan’s Island causeway causing residents to be isolated
from the mainland in February 2004. Clasts are displaced further inland, encroaching on
property. In Fortune, the coast is progressively eroding from coastal storms, and the
destabilization of the bank reduces the safety of the direct transportation route between

Fortune and Grand Bank.

Coastal infrastructure will be damaged or will need to be re-located. In areas of
infrequent damage, presently it is more economical to repair the damage than to re-locate
the structure. However, with more frequent damage, the re-location of property, roads,
and other critical infrastructure will be necessary. For instance, the houses located in “the
Meadow” (Lamaline) are very susceptible to damage. The residents should be evacuated
before any injury can occur, returning to repair damage after the flood. In the future,
storms may become more frequent and severe, causing houses to become damaged
beyond repair. Consequently, the relocation of residents would reduce the total cost of

damages.
Coastline protection will fail if not properly maintained. The coastal protection for Point

au Gaul, repaired after the February 2004 storm, failed after the December 2004 storm

surge, resulting in damage to the coastal infrastructure. If properly maintained, faults in
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the protection could have been detected and repaired, thereby preventing the damage in

December 2004.

The potential strengthening easterly winds are of major importance. Intensification in
easterly winds is correlated with an increase in storm surge activity, particularly flooding
events on the Burin Peninsula between January and March. An increase in frequency or
magnitude of storm surges will result in an increase in coastal erosion, and increase in
infrastructure damage, further inland flooding, further inland ice damage, and increased
influence of coastal river flow. In the February 2004 event, the easterly winds in part
caused sediment build-up at the mouth of Frenchman’s Cove River, resulting in flooding

of houses in the community.

Several sites along the Burin Peninsula are sensitive to increases in storm surge activity.
Grand Beach may be susceptible to more frequent overwash, the combined result of
increased storm surge activity and higher sea level (Shaw et al., 1998) due to the
susceptibility of the coastline to erosion and storm activity. The strand at Frenchman’s
Cove also is susceptible to increased erosion and flooding due to sea-level rise, allowing
storm surges to reach further inland. An increased risk of isolation from other
communities by the inundation of the two transportation routes will result from higher
water levels (Shaw er al., 1998; Mayor of Frenchman’s Cove, James Cluett, personal

communication; Mayor of Garnish, Melvin Francis, personal communication).
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7.2.2  River flow

Increased storm activity will deposit larger amounts of precipitation, increasing runoff
and resulting in increased river flow. Climate-induced changes in processes include
changes to the magnitude of flood flows, and changes to intensity and frequency of
overbank flooding and ice-jams (Ashmore and Church, 2001; Wohl, 2000). More
frequent overflowing of river channels will affect structures in and near steams that are
constructed based on present or past floodplain dimensions, and which may fail and
increase flooding damage when river dynamics change (Ashmore and Church, 2001;

Haque, 2000; Simpnovic and Li, 2004).

With the increased rainfall in winter in the Humber Arm region, more runoff will be
entering river systems (c.f. Rollings, 1999). This will increase the frequency of high
water levels in rivers. Decreasing rainfall in Torbay and on the Burin Peninsula may
cause the frequency of high river flows to decrease. However, because of the thickening
snowcover, increasing runoff and snowmelt during heavy rainfall events, high peak flows

will increase above levels resulting from average rainfall.

In Torbay, in areas where streams run parallel to Torbay Road, undercutting of the road
will progress more rapidly with increased flows. As well, further bank erosion within
“the Gully” and flooding of houses near “the Gully” will occur with increased storm

events. With increased flow, the culverts that are presently in place to transport water
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under Torbay Road and Lynches Road will not be able to handle the flow, resulting in

more frequent flooding.

Increased flows in Corner Brook will result in increased overbank flows and damage of
adjacent property and infrastructure. Valley side instability induced by increased flow
may increase the hazard of slope failures, causing debris dams. The alteration caused by
the construction of the new Trans Canada Highway within Corner Brook resulted in slope
failure in 1994. On 27 September 2005, the infrastructure that was put in place to
remediate the flooding in 1994 failed, and the barrier isolating water from the unstable
slope broke. Consequently, water washed over the bank, induced a slope failure, and
damaged Riverside Drive. The highway into Cox’s Cove is also susceptible to slope
failure. In December 1977 and February 1996, water saturating the bank caused by

heavy rainfall resulted in the slope failure which blocked the highway.

7.2.3 Rain-on-snow events

In the Humber Arm region, rain-on-snow events occur frequently in autumn, winter, and
during spring melt. Rain-on-snow events may affect certain communities or the whole
region simultaneously. The events result in infrastructure damage, river flooding, slope
failure, and indirectly cause interruptions in transportation and economic loss. Rain-on-
snow events do occur in Torbay and the Burin Peninsula, but do not result in the
extensive and frequent damage seen in the Humber Arm region. Prior to the March 2005

event, the Burin Peninsula had no record of a widespread rain-on-snow event damage. In
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Torbay, the April 2004 event caused widespread flooding, which had previously only
been associated with hurricane activity. These two exceptions may be the start of a new

trend in flooding style in relation to changes in precipitation patterns.

Due to the north-facing, sheltered slopes Corner Brook has a longer persistent snowpack
than do Torbay and the Burin Peninsula. Greater snowmelt will occur during mild
temperature or attribute to extensive rain-on-snow events during heavy rainfall (e.g.
March 2003). However, with the increase in snowfall and decrease in rainfall in winter
in Torbay and the Burin Peninsula, thicker, persistent snowcovers will increase the

possibility of a damaging rain-on-snow event.

7.3 Summary

The precipitation patterns in Torbay follow a cyclic pattern of approximately 5-10 years.
Consequently, the precipitation is on an increase in the winter and decrease in the
summer. If this trend persists, this may contribute to river flooding in the winter.
Hurricanes also vary in activity over time. At the present, hurricane activity is on an

increase which makes Torbay more vulnerable to hurricane-induced flooding.

Similarly, the Humber Arm region is also undergoing a cyclic pattern in precipitation;
however, the precipitation is on a general incline. This increase and decrease will
periodically alter flood frequency. The higher rain to snow ratio may increase the

region’s vulnerability to flooding. Variation has occurred in river flooding in Corner
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Brook due to human activity. For instance, Bell’s Brook has a high frequency of
flooding until 1975 (Figure 5.4) then experienced a reduced frequency of flooding as a
result of culvertization (section 5.3.1.2). Once again the river is experiencing increased

flooding due to upslope development.

The Burin Peninsula is experiencing a cyclic pattern in precipitation. As with Torbay,
winter and autumn precipitation is on an increase while summer precipitation is on a
decrease. Consequently, rain-on-snow events may be increasing. Also, hurricane and
storm activity is cyclic, with the present being on an increase. Therefore, communities

have raised vulnerability to storm surges and precipitation-induced flooding.
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8. Socio-Economic Impacts of Flooding Hazards

8.1. Introduction

Flooding events vary in physical, economical, and social impacts. This chapter will focus
on the socio-economic impacts of flooding hazards, including the direct and indirect costs
in each region, and impacts on the social fabric of the communities. Through the
comparison of frequency, severity, and cost of flooding hazards, the degree of

vulnerability in the communities will be identified.

The social impacts are difficult to quantify and therefore may not be recorded in
estimates of ‘total cost’ of flood damage, which tend to be expressed in monetary terms.
Flooding hazards may impact individual perceptions of personal security, for example,
producing stresses that are not directly expressed in monetary terms. However, for
community residents these impacts are as relevant as quantitative costs, and may be more

lasting. Although this is commonly stated by those affected by flooding:

“I am one of the lucky ones. Our home hasn’t been affected. We have no water
and even though we live on Sunset Drive, but in another way we are greatly
affected. Our community is gone, and it will be a long time until we see anything
normal anymore. I mean we are talking two thirds. It will be a long time until
anyone gets back home to their homes. And when we get rid of all this, it will be

awhile until we can get back to our homes. I can go back to my home, but I have
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many friends that have no home to go back too. That is devastating.” (Quote by

resident of Badger, Judy Loder, 2003);

comprehensive assessments of social effects and inclusion in total costs are often not

effectively accomplished.

8.1.1 Risk and vulnerability

Risk assessment is the evaluation of frequency and magnitude of adverse impacts
associated with specific flooding hazards to the anthropogenic (constructed), natural,
business, and social environments (H. John Heinz IIT Centre, 2000; Parson ef al, 2003).
Vulnerability assessment is focused on the qualitative or quantitative investigation of the
susceptibility of a community or the environment to flooding hazards (H. John Heinz III
Centre, 2000; Mitchell, 2003). Communities in the three study sites exhibit variability in
vulnerability, in part because of local awareness of the hazard and investment in effective
mitigation. Physical determinants of vulnerability include the frequency and severity of
flooding. Social and community factors, including population dynamics, the location of
the residential developments and critical infrastructure in relation to flood-prone areas,
monetary property values, degree of alteration of natural drainage routes by human
activity, resiliency of transportation and communication routes, presence of hazard
limiting infrastructure, mitigation, recovery, and adaptation abilities, and the presence of

emergency and development plans also are important in determining community

283



vulnerability. Through consideration of these factors, the vulnerability of each area can

be assessed.

8.1.2 Frequency and severity of flooding

Each of the study sites are affected by different styles, frequency, and severity of
flooding. As flood mechanisms have been discussed above, this section highlights the
hazards most prominent in each area, and compares the frequency and severity of

flooding among the sites.

Tropical Storm Gabrielle caused extensive flooding in Torbay in September 2001, but
was the only significant instance of hurricane-induced rainfall between 1980 and 2005.
Heavy spring (e.g. April, 2005 rainstorm) and autumn rainfall events produce similar
patterns of flooding as Tropical Storm Gabrielle, although the extent of damage has been
less. Two storms caused damage between 2001 and 2005. Spring melt each year caused

high water levels. Spring rainstorms are infrequent.

In contrast, the Burin Peninsula has a greater frequency of hurricane-induced rainfall and
hurricane-, autumn-, and winter-induced storm surges than do Torbay or the Humber
Arm region. A total of 17 significant storms have impacted the Burin Peninsula between
1989 and May 2005. Six of these storms had precipitation totals above 46 mm, the
threshold sufficient to induce flooding (as discussed in chapter 6). Many of these events

produced storm surges. Ice jams occur in four communities, but are only a concern for

284




Rushoon, where four recorded ice jams (three extensive) have occurred between 1960

and 2005.

The Humber Arm region is frequently impacted by rain-on-snow events. A total of 187
records of rain-on-snow events caused 42% of naturally occurring flood damage in the
Humber Arm region between 1940 and 2005, with the majority of damage occurring in
Comner Brook. The presence of a snowpack or frozen ground decreases the amount of
rainfall and snowmelt required to induce damage. As expected, rainfall is positively
correlated with damage. Minor road damage and water build-up occurs with 20 mm of
precipitation, whereas property damage, road failure, slope failure, and closure of
services occur with 135 mm of rainfall. However, only one rain-on-snow event between
1940 and 2004 exceeded 100 mm, and 6 recorded events (~ 3 %) exceeded 50 mm.
Storm surges are infrequent for areas sheltered in the interior of the Humber Arm, but the
frequency is greater for Cox’s Cove and Mclver’s Cove. Within the interior of Humber
Arm, an effective fetch cannot be'generated to produce frequent storm surges. Storm

surges have impacted Cox’s Cove and Mclver’s.

Anthropogenic activities have increased the frequency and severity of flooding events in
all areas, but particularly in the Humber Arm region. Anthropogenic influences are the
second most common mechanism of flooding in the Humber Arm region, especially in
Corner Brook. Altering drainage routes and increasing the amount of impermeable

surfaces result in flooding damage occurring after a minimum of 20 mm of precipitation.
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8.2 Direct and indirect monetary cost of floods

The direct impacts and costs of a flooding event are strongly linked to the duration and
severity of the event, the flooding mechanism, the time of year, and the height of the
flood waters (Kreibich et al, 2004). In Canada, public costs resulting from direct impacts
include federal (PSEPC; Public Safety and Emergency Preparedness Canada) and
provincial (EMO; Emergency Measures Office) disaster aid and subsequent payments;
municipal government expenses; response, rescue, and reconstruction personnel expenses
(including overtime), public infrastructure reconstruction; health care resulting from
flood-related injury, illness, and trauma (including counseling); and the cost of debris
removal and decontamination (Paul Peddle, EMO training specialist, personal
communication, April 2005; Public Safety and Emergency Preparedness Canada, 2005;
Haque, 2000). In some areas, loss of revenue resulting from contamination of freshwater
affecting fishing or interruptions to tourism activities represents additional costs. The
reimbursement of costs by federal and provincial authorities is designed to restore public
infrastructure to the pre-disaster condition, and to assist in the restoration of personal
property and small businesses (Public Safety and Emergency Preparedness Canada, 2005;
Kumar et al, 2001). Personal and corporate direct costs include those not reimbursed by
federal and municipal authorities; insurance payments for damage to buildings, goods,
and property, uninsured costs incurred by individuals and business, costs incurred by
charitable organizations (The H. John Heinz III Centre, 2000; Thieken et al, 2005; Public
Safety and Emergency Preparedness Canada, 2005), and damages to large businesses,

industries, crops, summer cottages or antiques (Kumar ef a/, 2001).
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The value of housing varies among communities (Sagalyn and Sternlieb, 1976). A
community’s socio-economic status affects the average house or lot price. The
differences between economic statuses among residents in rural Newfoundland
communities are less pronounced than in Torbay or Corner Brook, and lesser ranges in
house and lot prices exist in rural areas (Sagalyn and Sternlieb, 1976). For example the
range from the lowest house price to the highest house price in Torbay is $210,900; the
price range in Corner Brook was $224,900 (as of June 2005);, for Lark Harbour, $50,400;
for Irishtown-Summerside, $76,000; for Grand Bank, $120,000; and for Marystown the
price range was $157,100 (as calculated from Royal LePage and Re/Max realtors
websites in June 2005). More significant differences in socio-economic status can be
apparent in urban and suburban communities, resulting in greater differences in prices
than in rural areas. This is apparent in Torbay and Corner Brook, where newly
constructed houses in upslope areas and around the ponds are more expensive than the

houses in lower, more flood prone areas.

In June 2005, the average prices of houses for sale on realtors’ websites were $58,100 in
Lark Harbour ($38,080 in 2001, Statistics Canada), $74,833 in Irishtown-Summerside
($54,078 in 2001, Statistics Canada), $65,425 in Grand Bank ($47,401 in 2001, Statistics
Canada), $98,838 in Marystown ($71,766 in 2001, Statistics Canada), $119,467 in
Corner Brook ($91,153 in 2001, Statistics Canada), and $177,357 in Torbay ($104,600 in
2001, Statistics Canada). The realtors’ prices were the houses listed for sale at the present

time, whereas the Statistics Canada prices were the average of all houses sampled in the
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community in 2001. Also important to note are the number of “new price” listings for
house for sale. According to one realtors’ website (Royal LePage, June 2005), of the 54
houses for sale in the Humber Arm region, 5 were listed as “new price”. On the Burin

Peninsula, 14 of the 45 houses were listed as “new price”.

Commercial development may also influence housing and lot prices, as is apparent when
contrasting the Majestic Brook area of Corner Brook with the central districts of smaller
communities. However, differences in housing values are also apparent within some
rural communities, such as Lark Harbour. Two houses located on Main Road vary
dramatically in price, with one at $84,900 and the other at $34,500 (Re/Max, June 2005).
Newer homes constructed by summer residents, retirees, or commuters may be more
expensive than the mean housing price within the community. In addition, such homes
may be built in areas prone to damage from river flooding or storm surge, as homeowners
may locate in areas with a seaview or riverfront view. Individual assessment of each

community is therefore required.

Indirect or secondary costs may not be apparent immediately following the flooding
events. Expenses are incurred days to months after the event, and may or may not be
included in the figures reported for losses, depending on the nature of the investigation
and the timing of the announcement of damage totals (The H. John Heinz III Centre,
2000; Milne, 2002; Tapsell and Tunstall, 2003). In some instances, the ramifications of

severe flooding and associated indirect costs may continue to accumulate years or
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decades after the event. Infrastructure damaged by flooding not immediately requiring
repair may fail earlier than its initially designed lifespan (Kumar ef al., 2001). Prolonged
health care and psychological counseling may be required for victims and responders
(Milne, 2002; Tapsell and Tunstall, 2003). For instance, after the Perth-Andover (NB)
flood in 1987, 200 residents, mostly seniors, sought help in counseling to deal with the
flood impact (Alchorn and Blanchard, 2004). A social worker and a psychiatric nurse
were hired to provide professional help to the needs of flood victims, five days a week.

A help line was initiated and ran by community volunteers.

A recent example of the underestimation of flood damage costs is provided by Badger,
NL. The cost of flood damage was most recently estimated at $8.2 million on June 2,
2005 (Paul Peddle, Training Specialist with EMO, personal communication). This figure
represents approximately 25 times the potential damage estimated by FENCO (1985),
allowing for intervening inflation. Much of the difference is represented by more
accurate assessment of indirect costs, not associated with immediate response, rescue,
and restoration of structures to pre-flood conditions. Municipal costs, largely borne by
the province of Newfoundland and Labrador, totaled $2 million. These included the
creation of a new subdivision, including roads, power, water and sewage services;
removal of river ice from the flooded area; oil spill and sewage clean-up; road repair;

and mould preventative measures within reoccupied homes.
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During the Badger flood, only the road repair and some housing reconstruction had been
anticipated. Residential, business, and non-profit groups’ claims totaled $5 million (as of
June 2, 2005; Paul Peddle, personal communication). Cost of essential items were
evaluated and reimbursed by the federal and provincial governments. Damage to the
houses and replacement of items necessary for everyday life (e.g. stove, refrigerator,
clothes, etc.) were calculated in the total. Compensation was not paid for private and
recreational vehicles, as flood damage is not covered under many automobile insurance
policies. Relocation costs of residents to subdivisions were based on replacement costs.
Compensation was also paid for external property if the individuals had these items
insured. The remaining $1.2 million was dedicated to providing temporary housing for
people who were displaced from their homes until conditions improved, and for paying
additional costs for responders, medical professionals, claims assessors and insurance
adjustors, and helicopter flights for river monitoring (Nancy Emberly, EMO, personal

communication, 2005).

Even in Canadian areas which receive substantial government assistance and direct
involvement during a flooding event and subsequent recovery, and in communities where
records of financial costs are documented, indirect costs are more difficult to account for
than direct costs and appear “hidden”. Indirect costs to business and industry can include
losses due to interruptions caused by absence or decreased availability of power,
sanitation, or clean water. Obstructions to physical access for both employees and

(potential) customers, and difficulties encountered by employees attempting to commute
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from home to workplace represent additional costs. Additional costs can include
reductions in property value; loss of revenue from potential customers, clients, and
tourists, due both to lack of access by those outside the affected area and financial losses
(including temporary ones) by residents and other businesses within the flooded
community; and decreased availability or increased cost of insurance. Individuals can
suffer financial costs through the loss of uninsured or only partially compensated
dwellings or property; through loss of employment opportunities, both immediate and
those resulting from subsequent economic difficulties; and through loss of earnings

potential due to health problems resulting from flooding.

Change in the natural environment after a flood can have financial implications for
communities. If the communities depend on the natural environment for employment
(nearshore fishing, aquaculture, tourism, etc.) then slow recovery of the natural
environment, loss of habitat (e.g. by silt inundation of nearshore substrate), loss of
erosion-buffering beach, and post-storm debris will decrease the economic worth of the
environment and impact people financially (The H. John Heinz III Centre, 2000; Parker,
1993). Losses to the natural environment may be transferred to business, industry, and
individuals that depend on the environment for aesthetic, financial, and protection
reasons. Erosion of beach front property in Humber Arm region will decrease tourism,;
coastal flooding will damage protective barriers or directly damage fishing gear in Burin
Peninsula and Cox’s Cove; erosion of bluffs will increase the wulnerability of

Frenchman’s Cove (Burin Peninsula) and Grand Beach to storm surges (c.f. Ashmore and
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Church, 2001; Catto et al., 2003). These costs are usually unreported, and therefore

commonly do not enter into the calculations of the monetary cost of a flooding event.

The true monetary cost of a flooding event is thus greater than the quoted value. The
reported costs are commonly the direct cost of the buildings, property, and public
infrastructure, and costs associated with the loss of natural resources (The H. John Heinz
III Centre, 2000; Parson et al., 2003; Kumar et al., 2001). The discrepancies between
insured values, personal expenses covered by government compensation, and the actual
or replacement value of the property lost can be significant (Kreibich et al, 2004).
Disputes are common when residents do not receive sufficient funds to cover cost
induced by the flood. For areas with low economic house values, the value of exterior
property destroyed (including vehicles) may exceed the market value of the house. As
noted from automobile dealership advertisements in 7he 7elegram (sampled June 4,
2005), vehicle prices are similar regardless of the location on the island of
Newfoundland. In Badger, all monetary settlements had not been made as of December
2005, even though the flood occurred in February 2003. Commonly, because only
“essentials” are covered, the definition of what is “essential” varies between funding
agencies and residents. During the assessment of the impact of Tropical Storm Gabrielle,
disputes arose with the government’s reimbursement of funds. Residents complained of
loopholes in the federal guidelines. A typical case was that of a flood-damaged furnished

basement apartment in St. John’s: the resident was unable to claim the cost of the water
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heater, furniture and bedding in the downstairs apartment because these “essential” items

were also present in the upstairs apartment (March, no date).

The monetary values of buildings and infrastructure are more easily determined, as these
have either assessed values for taxation purposes, are insured, or the cost of physical
replacement can be determined. In Canada, property located outside buildings, such as
automobiles, all-terrain vehicles, snowmobiles, and boats, is frequently not covered in
total value by government compensation programs or private insurance. Damage to
exterior property, uninsured items, and indirect costs are not included in the monetary
values or damage estimates quoted for flood costs, especially those announced within a

short time after the event.

8.2.1 Torbay

Among flood mechanisms present in Torbay, hurricane-induced flooding has had the
greatest economic impact, notably during Tropical Storm Gabrielle. Other storms caused
similar styles of damage, although of lesser economic value, such as the April 2005

event.

8.2.1.1 Direct costs to government—infrastructure
The main cost to the government is the maintenance of Torbay Road (Route 20), a
provincially-maintained highway. When breaks occur in the highway, such as those

caused by the flooding during Tropical Storm Gabrielle, the cost of repair is borne by the
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provincial government. The direct cost of damage caused by Tropical Storm Gabrielle in
Torbay is estimated at approximately $500,000 for road infrastructure. This cost includes

the installation of new culverts and road repair.

In late October 2004, a semi-circular culvert was installed by the provincial government
to replace two 36-inch diameter culverts in “The Gully” area. Installation of the culvert
was intended to prevent the pooling of water on the south side of the road, and allow a
free flow of water. However, during heavy rainfall events (November 2004, April 2005,
April 2006) water that does not flow through the culvert is backed up and slowly erodes

the side of the road. Even with the recent remedial changes, a problem still exists.

Future road erosion may result from the effects of sediment blockage in culverts parallel
to route 20. When the culverts become blocked, the pooling water will scour the

highway and may partially erode the road causing traffic interruptions.

8.2.1.2 Direct costs — municipal expenses
A large majority of the cost related to flooding in Torbay is the repair of municipally-
maintained roads within the community. Two adjacent roads of concern are Lynch’s
Lane and Mahon’s Lane, both inundated during Tropical Storm Gabrielle. Lynch’s Lane
and Mahon’s Lane are located at the base of “The Gully”. The roads flooded three times

after the installation of the semi-circular culvert across Torbay Road.
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Torbay has planning to construct an earth berm on “The Gully” side of Lynch’s Lane and
Mahon’s Lane to prevent the water from flowing over the roads and flooding adjacent
houses. It is proposed that the berm will be a short term project, which will be followed

with a bridge on Lynch’s Lane to improve the flow of water.

8.2.1.3 Direct costs — housing
Although buildings in Torbay are not commonly constructed in flood-vulnerable areas,
monetary damage has occurred due to the overflowing of streams. Houses and property
have been damaged in past flooding events. The direct cost of damage caused by
Tropical Storm Gabrielle in Torbay is estimated at slightly less than $500,000 for the
damage to 10 houses. The average house value in Torbay was ca. $104,600 in 2001
(Statistics Canada, 2005). As seen from site visits, the 10 houses in vulnerable areas are
believed to be valued at less than the average price. As well, damage caused by flooding
is predicted to cause partial damage to houses, not the complete destruction of the
buildings. Houses in the marshland adjacent to Watt’s Pond, a house on Pipeline Road,

and two houses on Mahon’s Lane are some of the houses that have been damaged.

Similar patterns of flooding were seen during severe rainfall events (e.g. April 2005,
April 2006) and spring melt. Sections of Torbay Road, particularly in the upper and
lower Gully area, are threatened by overflowing rivers. One house below “The Gully”
was flooded during the April 2005 event, and two others were at risk of flooding, as well

as an additional house closer to the upper “Gully” flooded that had not previously
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flooded. A house bordering Main Brook also suffered property damage during the April

2005 event.

Communities with high density of buildings in vulnerable areas will accumulate large
costs during and after a flood. Costs will increase with high value buildings. As the
community grows, the density of houses will also increase. Consequently, more damage
will occur during floods in localized areas due to the greater number and more costly

houses located in a small area.

8.2.1.4 Indirect costs — business
Many residents in Torbay rely on the services in St. John’s, and relatively few businesses
are present in the community. Consequently, losses by business may be minor. Such
losses would include fewer customers due to the inability to reach the business or lack of

services due to the inability of employees to reach the area of business.

8.2.1.5 Indirect costs — individuals
Additional indirect impacts are associated with the disruption of traffic pathways.
Torbay Road is the main and most direct route to St. John’s from Torbay and the
surrounding communities. In 1996, 10,153 ADT (average daily traffic) to St. John’s was
counted by Department of Works and Transportation at the intersection of Airport Drive
and Torbay Road (employee with Department of Works and Transportation, Government

of Newfoundland and Labrador, personal communication, July 2005). Green (2005)
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noted that more than 12,000 vehicles passed the intersection of Marine Drive and Torbay
Road, within the town of Torbay, in 2001. Population growth since 2001 suggests that the
number of automobile trips to St. John’s has increased in the interim. Access to St. John’s
is important for employment and essential services of many of the residents in Torbay

and the surrounding communities.

It is assumed that during each trip to St. John’s from Torbay, individuals contribute a
minimum of approximately $50 to the provincial economy, resulting from either
employment or use and purchase of goods and services, such as groceries, clothing,
gasoline, and other goods. Assuming a minimum of 12,000 trips daily, a one-day

disruption of traffic would therefore result in an estimated cost of $600,000.

8.2.2 Burin Peninsula

Documented monetary cost of flood damages on the Burin Peninsula is mostly limited to
severe events encompassing several communities. Costs quoted in local newspapers and
by municipal officials are confined to road repair and removal of debris. However,

private losses have been listed on occasion.

8.2.2.1 Direct costs to government — infrastructure
The provincial government has covered the costs associated with the highway
infrastructure and severe flooding events. Highways are the responsibility of provincial

government. During severe flooding events, when the municipal governments lack the
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resources to cover the cost of damages, EMO aids in the repair of public and private

infrastructure.

Repairs to Highway 210 near Mooring Cove (Southern Gazette, October 1991) and
Highway 220 near Frenchman’s Cove (September 1995 and October 1999; Southern
Gazette) were conducted by the provincial government. A rain-on-snow event in
February 2004 resulted in the partial severing of Highway 210. The combination of one

lane and weather prevented the flow of traffic on and off the peninsula for three days.

During hurricane Luis, the direct impact on road and insured infrastructure on the Burin
Peninsula totaled $1.6 million in 1995 ($2 million in 2005 value). Road repair for the
Burin Peninsula totaled $570,000. Specifically, the section of Highway 220 (Columbus
Drive) that intersects Drake’s and Hynes’s Brook in Creston North was severely
damaged, due to failure of the culvert systems in the road. A construction business, three
houses, private property, and several cars were destroyed when 200 m of road was
washed away due to a series of culvert blockages. Cost of damages to one home owner

and business totaled $436,656 in compensation and $80,000 in prejudgment interest.

Coastal damage is of major concern for the majority of communities on the Burin
Peninsula. Storm surges resulting from hurricane activity and autumn and winter storms
cause considerable direct and indirect costs. The January 2000 storm caused $1 million

in damages to coastal areas along the Burin Peninsula. After the January 2000 storm
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surge event in Lamaline, costs paid by EMO totaled $12,000 (Shelley Lovell, former

town clerk of Lamaline, personal communication).

8.2.2.2 Direct costs — municipal expenses
During the February 2004 event, debris accumulated at the mouth of Frenchman’s Cove
River as a result of storm surge and increased runoff. Water that could not exit the river
and barachoix flooded upstream houses. The cost of removing the sediment was to be
paid by the community, which lacked the necessary funds for disposal of the sediment
from the community (James Cluett, mayor of Frenchman’s Cove, personal
communication, February 2004). The cost of removal of debris from the river and repairs

totaled $300,000.

Costly damage results from the combination of heavy rain and storm surges, which cause
water exiting rivers and drainage infrastructure to back-up, inducing flooding and sewer
line problems. The sewer lines back up into the houses, and the large amount of water
damages the physical infrastructure. During heavy rain and storm surges, water that does
not flow into the ocean temporarily reverses or stalls, causing water to flow into
basements or up through catchbasins. When this occurs in Grand Bank (e.g. December
2004 and October 1999) several basements become flooded with sewage and/or water. In
Burin (Penny’s Pond area) in both September 1995 and March 2005, two buildings were
damaged, a softball field was inundated, and a section of the main road through the

community was impassable. In Marystown, the amount of rain during Hurricane Luis
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(1995) caused two water supply lines to fail, which later were replaced. The June 1986
spring storm impacted communities on the Fortune Bay coast, and damage to the Fortune

water and sewer system cost $840,000 to repair.

The late March 2005 rain-on-snow event resulted in damage and remediation in St.
Lawrence totaling $943,723, which included removal of debris, repair of a bridge, and
maintenance of road ways. The total costs of damages to other communities on the Burin
Peninsula are unknown. However, the physical extent and nature of damage were similar

to those which occurred during Hurricane Luis.

The most detailed recorded damages resulted from hurricane Luis. In Marystown, costs
totaled $791,340 for damages of residents’ houses, road repair, and water line repair.
Fox-Cove-Mortier accumulated $82,000 in damages to municipal property. St. Lawrence
suffered $348,000 in municipal damages including road repair, bridge repair, and
removal of debris. Lawn also accumulated $366,000 in damage to road ways. Other
communities on the Burin Peninsula had sustained damages, but as amounts were
unreported in the local newspaper, and the cost of damages can only be estimated based
on figures for comparable damage in adjacent communities. The town of Burin is
estimated to have accumulated damages of slightly less than $300,000, primarily in the
Penny’s Pond area (recreational field, a house, a licensed establishment, a main traffic

route, and an additional road). Point au Gaul sustained minor damage to the main road
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that enters the community, not exceeding that recorded by Fox Cove-Mortier ($82,000),

including indirect costs.

8.2.2.3 Direct costs — housing
The economic losses resulting from hurricane Luis may give an indication of losses to be
sustained during future severe flooding events. In Marystown, damages to housing
totaled approximately $791,340. Fox-Cove-Mortier accumulated $44,000 in damages to
private property. Epworth recorded $13,000 in private property damages, and St.
Lawrence recorded $19,916. Although other communities were affected by Luis, the
amounts were not recorded in local newspapers. Damage in Lawn was confined to road
infrastructure, and no property damage is known. In Lord’s Cove, damage may have
been confined to one property located in “the Pond” area. The estimated loss would not
have exceeded $5000 due to the only partial destruction of low value housing and
property. The January 2000, February 2004, late December 2004, and early January 2005
storm surges resulted in the partial flooding of homes and property in “the Meadow” area

of Lamaline.

As noted from realtor websites (Royal LePage and Re/Max), costs of houses on the Burin
Peninsula are lower than for Torbay. For example, the average cost of houses (March
2005 averages) in Marystown was $79,900; in Lewin’s Cove, $51,600; in Fox Cove-

Mortier, $45,000; and in St. Lawrence, $15,000. Consequently, monetary damage to
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houses resulting from flooding on the Burin Peninsula will be considerably less than for

more affluent areas.

In the flood study of Rushoon, the costs of exterior damage and damage to vehicles was
assessed at $400 per house (in 1989 values). The estimate takes into account that some
houses and vehicles will be sheltered from damage. Damage to approximately 30
vulnerable buildings would cost $500,000 (at present values). Loss of private property,
repair of roads, and indirect costs after severe flooding suggest estimated damage totaling

$1 million (ShawMont Newfoundland Limited, 1989).

8.2.2.4 Indirect cost — business
Damage to businesses is limited due to the multiple access routes to various services;
however, some business may suffer indirect losses. In St. Lawrence, the flooding of
Riverhead Brook prevents traffic from reaching the Pharmacy from the community,
resulting in both loss of business and inconvenience to residents (as in March 2005).
When Fortune Brook ruptured Highway 220 between Fortune and Point May in
November 2003, residents in Point May and nearby communities were unable to travel to
Fortune and Grand Bank for services. Fortune and Grand Bank consequently lost
business from these communities. From the Department of Works and Transportation

traffic counters, ca. 497 ADT passed through the counter at Point May towards Fortune.
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In 1986, the main access road leading to the Fishery Products International plant in
Fortune failed, resulting in the closure of the plant. The extent of loss ranged from spoilt
fish, inability of processed fish to reach the market, to inability of unprocessed fish to

enter the plant to be processed.

8.2.2.5 Indirect cost — individuals
Flooding may lead to the temporary loss of employment, such as in Fortune in 1986 (FPI)
and in Marystown (Wally Drake Construction Company) in September 1995. Flooding
resulting in road disruption may cause residents of the Burin Peninsula to be unable to
obtain the services that they require, or to spend more money and gasoline traveling a
circuitous route. For instance, when the highway was severed near Frenchman’s Cove
(January and September 1995), residents west of the break could have decided either not
to travel to Marystown to receive services, or to travel to Marystown via Fortune, which
would have increased the cost in both time and travel expenses (gasoline). Losses based
on traffic in the Frenchman’s Cove area indicate that 20% of people living between Point
May and Frenchman’s Cove travel to Marystown via Fortune, with 1174 ADT between

Frenchman’s Cove and Marystown (in 2005 values extrapolated from 1996 values).

Additional employment losses are associated with the damage to fishing gear and stages
resulting from storm surges. During the February 2004 event several individuals from
Beau Bois to Lamaline lost fishing gear, which may have been replaced using their own

resources. In St. Lawrence damages totaled $500,000, including the loss of a fishing
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stage, equipment, and a boat motor (Wayde Roswell, mayor of St. Lawrence, personal

communication, March 2005).

8.2.2.6 Natural environmental economic costs
In Lamaline, residents are concerned with the slow erosion of the coastline. With each
successive storm surge, debris is being displaced onto inhabited land. The erosion of the
bluffs in Frenchman’s Cove and Grand Beach would result in the damage to community

infrastructure due to increased exposure to waves and storm surges.

8.2.3 Humber Arm region

Cost of damages due to flooding hazards varies greatly through the Humber Arm region.
The severity of the hazards result in great economic cost for those residents involved.
Due to differences in the economic costs for Corner Brook and Massey Drive and the
remainder of the region, Corner Brook and Massey Drive will be discussed separately

below.

8.2.3.1 Direct costs to government — infrastructure
Rain-on-snow events cause the greatest single event costs to communities in the Humber
Arm region. Such events usually result in minor damage (e.g. ditch erosion). The March
2003 rain-on-snow event caused road washouts within the communities in the Humber
Arm region and sections of roads in between the communities, and property damage.

Transportation from one community to the next was slowed or halted on both sides of the
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Humber Arm. Due to the magnitude of damage, the provincial government provided
financial aid for the cost of repairs. Repair of roadways in York Harbour totaled $18,000,
paid by EMO. The total cost of damages caused by the March 2003 flooding was greater
than the cost of the Badger flood (Paul Peddle, Training Specialist with EMO, April

2005).

8.2.3.2 Direct costs — municipal expenses
In many of the communities, municipal expenses are minimal. Other than the main
highway that passes through the community, few roads are present to be maintained. Not
all the communities contain municipal infrastructure such as a fire station or community
centre that may be damaged during flooding events. As well, few reports in local

newspapers describe flood damage in areas outside Corner Brook.

On the south Humber Arm, infrastructure damage caused by severe rain-on-snow events
is estimated to range between $300,000 and $350,000. The infrastructure damage may
include roads, drainage infrastructure, and public buildings. A rain-on-snow event on
January 1976 damaged houses in Frenchman’s Cove, Benoit’s Cove, and Lark Harbour,

with losses totaling $100,000 (Western Star, 27-28 January 1976).

Damage to other communities on the north shore of Humber Arm is mainly road erosion.

Roads other than the main highway are the responsibility of municipalities, but are few.

The overflowing of natural drainage ways is a concemn for residents in north Humber
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Arm during rain-on-snow events and heavy rainfall. The flooding of rivers in Mclver’s
(Western Star, January 1986), Irishtown (Western Star, December 1990), and Cox’s Cove
(Kindervater, 1980, see 27-29 December 1977; Western Star, 17 February 1996, Western
Star, 1 March 2003) damaged the highway running through these communities and

flooded basements.

Flooding in coastal areas of Mclver’s and Cox’s Cove have caused damage in those
communities. Fishing gear, private and public property has been damaged by storm
surges. The costs related to storm surges in Cox’s Cove are greater than Mclver’s due to

the additional flooding caused by Cox’s Brook.

8.2.3.3 Direct costs — housing
On the south Humber Arm, 20 houses are at risk of damage from various flood hazards.
Complete destruction of these houses is not expected; therefore, partial rehabilitation is
estimated between $200,000 and $300,000. This value is derived from the average cost

of houses in communities that are vulnerable to flooding.

The majority of damage costs on Humber Arm north are confined to Cox’s Cove. Cox’s
Cove is vulnerable to river flooding resulting from hurricane activity and storm surges.
The combination of a storm surge and the impounded flood flow from Cox’s Brook can
potentially partially or completely damage 85 structures. Partial damages will total

$300,000-$400,000 if a modal value of 50% loss by homeowners is assumed; complete
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destruction costs could exceed $2.8 million, based on the average value of houses in
Cox’s Cove. Due to the proximity of houses to the floodplain (denoted by the presence
of cattails), residents should be concerned about property damage. During the March
2003 rain-on-snow event, 50 houses surrounding Cox’s Brook was flooded (Western

Star, 1 April 2003).

8.2.3.4 Indirect costs — business
As there are few businesses located outside of Comer Brook in the Humber Arm region,
indirect cost to businesses are limited. Businesses may experience a decline in services
due to the inability of employees to reach work or the delay of supplies from larger
commercial centers. The business may lose profit because potential costumers may be
unable to reach the business. The seasonality of flooding, generally not occurring during

the height of summer tourism, also limits the potential for indirect damages.

8.2.3.5 Indirect costs — individuals
The greatest indirect cost to individuals is associated with traffic disruption. As Corner
Brook is the service centre of the region, disruption in traffic will prevent individuals
from obtaining the services they require and employment. Such services include medical

centers, post-secondary education institutes, and shopping centers.
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8.2.4 Corner Brook and Massey Drive

Corner Brook is an urbanized centre with flooding hazards of differing intensity and
frequency than the remainder of the Humber Arm region. Due to the rate of development
of Massey Drive, the community is incorporated in the discussion in this section. The
community, in the near future, may experience similar patterns of flooding due to its

upslope position, and housing construction similar to Corner Brook.

8.2.4.1 Direct costs to government — infrastructure
The $1.4 million cost of damages in Corner Brook resulting from the March 2003 rain-
on-snow event included culvert and roadway repair, inundation of floodplains, and slope
failure. Due to the extensive costs, funding for repair was provided by EMO. The four
streams within Comer Brook all flooded causing damage to adjacent infrastructure,
nearly overtopping bridges and a dam, and causing flooding of houses, property, and
walking trails. Storm systems overflowed causing localized damage and water lines in
Curling were washed away. Several roads were impassable (e.g. Elizabeth Avenue).
Additional money was requested from the provincial government to aid in further
preventative measures to minimize the damage in future rain-on-snow events.

Restorative work continued through 2005.

Slope failure on Riverside Drive caused unease with the provincial government due to the

development of the new Trans Canada Highway. The construction of the highway is

directly linked with the repeated slope failures on Riverside Drive (Western Star, 29
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September 2005). The cost of removal of debris and mediation measures after the April
1994 event cost $70,000, which was shared between the city of Corner Brook and
Newfoundland and Labrador Transportation and Works (Western Star, 20 April 1994).

Damages were repeated in the September 2005 slope failure event.

8.2.4.2 Direct costs — municipal expenses
Municipal costs associated with flooding are mainly associated with the repair of road
infrastructure. In Corner Brook, the reported (from 1920-2005) road damage repairs
range from $20,000 (in 1970, Western Star) to $100,000 (in 1977, Western Star).
Reported cost for sixteen floods between May 1970 and March 2005 for damage to
municipal infrastructure ranged from $30,000 to $120,000 per event, with allowance for
inflation since 1970. From comparing the damage from historical events (e.g. Western
Star), total direct and indirect damage due to flooding in Corner Brook routinely costs the

city between $200,000 and $300,000 per year, increasing during severe events.

Damages are enhanced by blocked drainage systems. In May 1970, a heavy rainfall (48.8
mm in 16 hours) and debris blockages resulted in the flooding of several roads in Corner
Brook with damages costing $15-$20,000 (Western Star). Autumn storms induce high
municipal costs in Corner Brook. The November 1972 event totaled $30,000, an event
causing damage of $50,000 occurred in Corner Brook on September 1975, and an

additional $40,000-$50,000 damage occurred in August 1993 (Western Star).
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Damage associated with hurricane precipitation in Corner Brook can be compared to
damages resulting from average heavy precipitation. Hurricane impacts are less intense
in the sheltered areas of the Humber Arm. Hurricane Frances generated similar patterns
of flooding as did previous rainstorms (Charlie Renough, Works and Services

Coordinator, Corner Brook, personal communication, 2004).

In Massey Drive, rain-on-snow events coupled with improper drainage, resulted in
several instances of road erosion. Flooding events occurred in January 1976, December
1977, and March 2003. Currently, much lower economic losses will result from flooding
in Massey Drive due to the relatively small amount of infrastructure within the
community. With increasing development, damage to municipal infrastructure may

increase proportionally.

8.2.4.3 Direct costs — housing
Loss of property in Comer Brook has resulted from river flooding and overland flow.
During heavy rainfall events and/or snowmelt, areas downslope as well as areas located
near rivers are vulnerable to property damage. Damage usually consists of erosion of
exterior property or basement flooding. In December 1977 the flooding of houses cost
ca. $100,000 (Western Star). Other instances occurred in December 1990 when several
houses and private property were flooded, and in March 2003 where houses were flooded
in various locations (Western Star). Specific records have not been identified linking the

number of houses affected to monetary costs. If one to three houses flood in specific
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areas during severe flooding events, and it is assumed the flood damage to the building or
the basement is approximately 30% of the cost of the building, then damage in one area
may range from $27,000-$82,000 (based on the average cost of homes in 2001, Statistics
Canada). Costs will be less for houses with lesser value. In the Majestic Brook area and

the Bell’s Brook area, several houses will be damaged by flood waters from these brooks.

Presently, no monetary record of property damage exists for Massey Drive. Exterior

property has been damaged in January 1976 and March 2003 (Western Star).

The costs of housing in Corner Brook and Massey Drive are higher than the remainder of
the Humber Arm region. In Corner Brook the average cost of houses in 2001 was
$91,153 (Statistics Canada, 2005). The average house price in Corner Brook in 2005 was
$119,467 with a range of $224,900 (realtor websites, Royal LePage and Re/Max).
Similarly in Massey Drive, the average cost of houses in 2001 was $96,034 (Statistics
Canada). The average asking sale price in Corner Brook in 2005 was $199,470 with a
range of $253,100 (realtor websites, Royal LePage and Re/Max). Houses in Massey
Drive are generally newer and more expensive than the average house in Corner Brook.
Therefore, damage due to flooding of the same magnitude would be more costly in

Massey Drive than Corner Brook.
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8.2.4.4 Indirect costs — business
Slope failure on Riverside Drive resulted in additional costs from the loss by businesses
that rely on the traffic entering Corner Brook by that route (Western Star, 29 April 1994).
Slope failures have occurred in proximity to houses and cut off other roads, notably
Humber Road. The Riverside Drive entrance into Corner Brook is used for trucks

bringing supplies to and from the Bowater (Kruger) Paper Mill, a leading employer.

On occasions (March 2003 and February 1996) water flowed down Elizabeth Avenue
into a business on Union Street causing partial damage of merchandise (Western Star,
Michael O’Leary, former Assistant Director of Operational Services, personal
communications, 2003). Consequently, the business lost money which would have been
gained if the supplies were sold. The business also was required to replace the damaged

merchandise.

Businesses lose indirectly when commuters from outside the community cannot enter the
city due to road interruptions. The amount of funds raised by their patronage will be lost
for as long as they are unable to enter the city. Businesses may not be able to offer full
service if employees are unable to reach their job. In 1996, 6173 ADT vehicles were
counted entering Corner Brook, and 1638 ADT entered via Humber Road (Department of
Works and Transportation traffic counters). This number incorporates people traveling
on the Trans Canada Highway from other locations other than the Humber Arm region.

Therefore, it may be presumed that loss of business due to transportation disruptions is
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moderate in Corner Brook; ~lower than for Torbay, and higher than for the remainder of

the Humber Arm region.

Businesses that rely on transporting people around the city will also lose financially if
road systems within the community are disconnected. During the March 2003 rain-on-

snow event, buses were halted due to the inability to travel around the city.

In Massey Drive the loss to businesses is minimal. Few businesses are present in Massey

Drive, and residents depend on Corner Brook for services.

8.2.4.5 Indirect costs — individuals
The flooding of critical infrastructure may impact individuals wanting to use that service.
The medical centre was flooded in March 2003 causing partial interruptions to medical

services.

During the flooding of certain rivers in Corner Brook (e.g. Corner Brook Stream in
March 2003) the walking trails parallel the stream were eroded. The trails are used for
recreational purposes, as well as quick pedestrian routes through the city. The absence of
these routes may cause the pedestrians to lose time traveling alternative routes or require

payment for alternative methods of travel (e.g. bus or taxi).
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8.3 Social Factors

Social impacts may increase as a result of individual or community misconception of the
frequency of a particular flood hazard. Individuals tend to overestimate the frequency of
low probability flooding mechanisms, such as slope failure and underestimate the
frequency of high probability flooding events, such as storm surges and rain-on-storm
events (c.f. Viscusi, 1993). This can be seen through lack of media coverage (e.g.
newspapers) and personal interviews with residents that are living in proximity to the
hazards. Communities and individuals may lack a clear perception as to the relative
importance of climate and anthropogenic factors involved in a particular flood event.
This can result in erroneous estimation of the effectiveness of or necessity for protective
infrastructure. Despite repeated flooding from similar causes in some communities,
individuals may fail to take the necessary precautions, leading to unnecessary financial
losses and personal and societal stress. Communities may be unprepared, and further
damages may incur due to the inability to deal with the flooding hazard mentally,

financially, and physically.

When assessing a community’s vulnerability, it is important to note the percentage of the
community that consists of greater risk groups and where they are located within the
community. After a severe flooding event, the poor, the elderly, women-headed
households, and recent residents are at greater risk (Morrow, 1999). These groups have
fewer resources at their disposal after the event. From studies conducted in the United

States following disasters, neighborhoods and communities that were poor or declining
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before a disaster do not ever regain pre-disaster status quo after reconstruction (Morrow,

1999; Morrow-Jones and Morrow-Jones, 1991).

The following table summarizes some social factors for Torbay, the Humber Arm region,
and the Burin Peninsula. Torbay, Corner Brook, and Massey Drive values are derived
from 2001 data available on the Statistics Canada website. The remainder of the Humber
Arm region and the Burin Peninsula are averages of all communities within those

regions.
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Table 8.1: Assessment of social factors (population composition, income, social fabric, and family
composition) for Torbay, the Humber Arm region, and the Burin Peninsula. Data is derived from 2001
Statistic Canada community profiles.

Average of | Average of

Corner Massey Humber Burin
Category Torbay | Brook Drive Arm Region | Peninsula
Population
Composition
Pop 0-19 28% 23% 29% 24% 26%
Pop 20-64 65% 61% 64% 65% 62%
Pop 65< 7% 17% 7% 10% 11%
median age 35 41.3 35.3 39.5 395
Pop in 2001 5,474 20,103 770 813 1,037
Change in pop (%) 5 -8.2 4.6 -11.0 -12.9
Income
employment rate 66 48.2 68.3 36.0 379
unemployment rate 9 15.2 12.8 32.21 30.0
median total income ($) | 24,024 17,451 23,724 13,524 11,331
earnings-% of income 82 68.9 82.1 57.1 43.80
government transfers-%
income 10.9 18.1 13.7 32.3 23.88
Social Fabric
Pop in 2001 5474 20,103 770 813 1,037
Change in pop (%) 5 -8.2 4.6 -11.0 -12.9
same add 5 yr age 62% 63% 60% 77% 82%
Family Composition
# of mar & com law-
coup 85% 84% 89% 88% 82%
# of lone-parent families | 15% 16% 9% 11% 12%
# of female lone-parent
families 11% 14% 9% 10% 9%

Four categories were chosen based on Morrow’s (1999) characteristics of vulnerable
groups during and after a flooding hazard. The population composition, specifically the
percent of individuals in age groups, illustrates no significant trend between groups, as
the range from most vulnerable percentage and least vulnerable is small. The most
vulnerable age classes are the elderly and young. The income section is of great
importance. The ability/inability for individual or families to react to a hazard may
depend on their economic status. The social fabric section determines a communities

ability/inability to work together to recover from a hazard. Finally, the family
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composition section also has low variability in the lowest and highest values, and

therefore is not significant for this discussion.

8.3.1. Torbay

8.3.1.1. Population dynamics
Torbay initially developed as a fishing community, and further developed as a suburban
community due to employment in the urban Northeast Avalon area. Torbay is located in
a region of Newfoundland characterized by population growth. Between 1996 and 2001,
the population has increased by 5% (Statistics Canada, 2005). The population was 5474
in 2001 and is expected to increase to 23,000 in 10 years (Robert Codner, mayor of

Torbay, personal communication).

Torbay mainly consists of a growing population of young families, residents with an
increasing affluence, and an influx of new homeowners from outside the area. Of the
three study areas, Torbay (tied with Humber Arm region) has the largest number of
people between the age of 20-64, 65% of the population. Theoretically, the larger the
number of people of working age, the greater the financial stability of both individuals
and the community. Among the studied communities, Torbay has the lowest percentage
of the population above 65, 7% (tied with Massey Drive). Although Torbay is low in
vulnerability considering these two characteristics, the community contains the second
largest percentage of residents under 19 (28%), which is a characteristic of vulnerability.

However, income is a more important factor.
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The median income of working people above the age of 15 years in Torbay is $24,024,
which is the highest of the three study regions. The employment rate of 66% is at least
20% higher than Comner Brook, Humber Arm region, and the Burin Peninsula.
Conversely, the unemployment rate is the lowest of the three regions at 9%. Another
aspect of income is where the money originates from. Eighty-two percent of the income
is derived from an individual’s earnings, whereas 10.9% of the average income is derived
from government transfers. In general, the high income, high employment rate, and the
low dependence on the government for income indicate that the individuals of Torbay

have substantial financial resources to minimize vulnerability to flood damage.

The social fabric is an indication of a community’s cohesiveness and the ability for
community members to act together to overcome loss due to a flood hazard. According
to Morrow (1999) recent residents are vulnerable to a slow recovery because they may
lack resources and support to overcome the loss. In a 5 year period the population has
increased by 5% (between 1996 and 2001; Statistics Canada, 2005), and 38% of the
residents had changed address prior to 2001. This may be an indication of a high
increase of individuals who have not been integrated into the social fabfic of the
community, and therefore have few support networks to deal with hazards. However,
currently the population is relatively low and integration may be easier than in the future.
In the future scenario, where the population is predicted to quadruple in ten years, the

social fabric could be altered and the support systems that are present in a smaller
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community may not exist in a larger community, resulting in an increased vulnerability

to a flooding event.

8.3.1.2. Location of the residential developments and critical infrastructure
Five river systems flow through Torbay. These rivers are susceptible to flooding due to
heavy precipitation events and spring melt. Vulnerability of houses and critical
infrastructure is minimal. Construction of new building in proximity to river systems is
discouraged and few buildings are currently located near rivers. Six houses in particular
in Torbay are located in vulnerable locations; one is the marsh surrounding a river
draining Watt’s Pond, the three at the base of “The Gully”, one is adjacent to “The

Gully”, and one near Main Brook.

As the community expands, debris from building lots located near brooks may result in a
flood. If the debris is moved into the brook, a debris dam may ensue, and cause a
localized flood. Houses and property located upstream from the blockage may suffer
damage, as well as houses and property downstream when the water is released. Such an

area of concern is the river exiting Whiteway Pond.

Vulnerability to greater social costs will increase when critical infrastructure is damaged.
The decrease of services (e.g. emergency services) will increase the anxiety of residents
after a flood. However, critical infrastructure in Torbay is not located in vulnerable

locations. Medical services are located outside the community. Emergency services,
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such as the fire station, are not located near a river or on the base of a steep slope, and

therefore should be operational during a flood.

8.3.1.3. Resiliency of transportation
According to Statistics Canada (2005), Torbay is located in a Census Tract where more
than 30% of the population works outside the community. The closest large regional
business and service centre is St. John’s. A large percentage of Torbay residents travel to
this centre for employment, and Torbay Road is the most direct route (12 km). Torbay
does not contain medical centers, post-educational centers, or service centers, which also
encourages the population to travel to St. John’s. With a population of 5,474 and 65% of
the residents either working or pursuing higher education, Torbay Road is frequently

traveled.

Although Torbay Road is vulnerable to disruption during severe flooding events, another
route does exist. Indian Meal Line is a less direct route to the service centre of St. John’s,
but aid can reach the community if necessary. Flood disruption could occur along Indian
Meal Line, both in the lowland adjacent to Main Brook and to the west of Torbay, in the

municipality of Portugal Cove.
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8.3.1.4. Presence of hazard limiting infrastructure
In Torbay, flood hazard infrastructure consists of drainage ditches. The inadequate
maintenance of the ditches and culverts result in water not draining areas and localized

flooding, damaging houses, property, and road ways.

During Tropical Storm Gabrielle, drainage systems underneath Torbay Road failed in the
Soldier’s Brook, Kennedy’s Brook, “The Gully”, and the rock cut areas. Repairs made in
the Soldier’s Brook and Kennedy’s Brook areas have as of April 2006 prevented the
reoccurrence of the damaged caused during Gabrielle. The drainage in the rock cut area
has not been repaired and is still susceptible to partial or complete damage of the road. In
“The Gully” area the culvert system has been repaired twice: once immediately following
Gabrielle and again in late October 2004. The first repair was meant to repair the road
and to prevent the pooling of water near the highway on the opposite side of “The Gully”.
The second repair was to further correct the pooling of water in that location. However,
water still pools and may still result in the erosion of the highway. Also, the increased
flow is eroding a deeper channel in “The Gully” and increasing flooding of houses

nearby.

8.3.1.5. Community development plan
A community development plan can reduce flooding hazards by preventing or limiting
construction in vulnerable locations. Torbay has a community plan, last updated in 2001

(Urban and Rural Planning Division, no date). The town plan is based on the
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accommodation of the increased number of residents. The plan is in use to minimize
flood hazards as the community evolves. Residential developments will be constructed
on elevated lands to the west and south of the existing town centre (Robert Codner,
Mayor of Torbay, personal communication, 2003). This construction will entail the
development of the headwater areas of streams that discharge into Tor Bay and the
infilling of marshlands. Building is prohibited on the steepest slopes surrounding Tor

Bay. As well, areas of high vulnerability are avoided.

To relieve the traffic pressure on Torbay Road, the construction of a bypass road to the
west of the town centre is under discussion (Green, 2005) and if passed will be
incorporated into the community plan. If properly constructed, the transportation
resiliency in Torbay will be improved and social losses (i.e. temporary loss of access to
employment and services) in Torbay will be minimized during flooding events and road

disconnections.

8.3.1.6. Assessment of socio-economic impacts
The study sites with the highest socio-economic impacts associated with flood hazards
acquire the highest direct and indirect cost; high frequency of occurrence; and ihability to
prepare, mitigate, and recover. During Tropical Storm Gabrielle in Torbay, although
total damage was estimated at $1 million, costs of damage in Torbay were low compared

to flood events in the other study regions because of the low density of housing in flood

322



prone areas in the “older” part of Torbay, and the absence of critical infrastructure and

businesses from the flood prone areas.

Continuous construction of upslope areas will increase the vulnerability of lower lying
areas to future flooding events. As water flows down the slopes, it will accumulate and
result in flooding during low rainfall events. The presence of a community flood plan

will prevent or limit such possible flood hazards.

Flood minimizing infrastructure consists of drainage infrastructure. In many locations
the drainage infrastructure fails or is inadequate to handle the amount of water during

flooding events.

Torbay has the lowest vulnerability and relative socio-economic costs related to flooding
hazards of the three study sites. The frequency of hurricane impact, which causes the
greatest damage, is infrequent. River flooding related to heavy rainfall and spring melt
that occurs more frequently creates lower damages; few buildings are located in
vulnerable areas. Flooding events do not destroy entire buildings. If buildings were
completely destroyed, damages would be great due to the high costs of infrastructure in

Torbay.

Socio-economic costs are greatest when Torbay Road is severed, limiting residents’

ability to reach employment and additional services. The high reletative affluence of the
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community enables it to recovery from damages caused by flooding events. Flood
hazard and vulnerability are minimized by the presence of a community development
plan. Areas of vulnerability, including steep slopes, are avoided in the construction

process.

The vulnerability of Torbay to social costs will increase in the future when the population
increases. The social fabric and support system between families could weaken, leaving
families to depend on themselves rather than relying on neighbours for emotional

support.

8.3.2. Burin Peninsula
8.3.2.1. Population dynamics

The majority of the communities on the Burin Peninsula were initiated by the fishing
industry. Due to the decreasing security of employment associated with the fishing
industry, the population and income base has been declining. The Burin Peninsula has
decreased in population by 12.9% between 1996 and 2001. The communities consist of
an aging population (11% over 65) with a limited income base. However, the ;1mount of
individuals in specific age groups is not as significant an indicator of vulnerability as is

income.
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Most communities are very limited or decreasing in industrial and commercial growth.
Consequently, the Burin Peninsula has the lowest median income for working people in
the three study regions at $11,331. The peninsula has the lowest contribution of income
derived from earnings at 43.8%. Twenty-four percent of the income is derived from
government transfers. The region has an employment rate of 37.9% and an
unemployment rate of 30.0%. Due to the low income and high dependence on the
government for income, many individuals lack the financial resources to recover from a
severe flooding event. In turn, if individuals have fewer resources, then the communities
that depend on individuals for tax revenue also lack the resources to repair or mitigate
flood damage. Therefore, the low income of individuals enhances the communities

vulnerable to great loss during a flooding event.

The social fabric may be strong in the communities on the Burin Peninsula. Although the
population is decreasing, an influx of “strangers” who lack the emotional support of
neighbours is not occurring. Also, the small populations within the communities lead
families to depend on each other to deal with a crisis. The Burin Peninsula has the
greatest percentage of the population that has remained at the same address within the 5
years prior to 2001 at 82% (Statistics Canada, 2005). These factors indicaté a strong
social fabric within communities and a low vulnerability to family isolation during a

flooding event.
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8.3.2.2. Location of the residential developments and critical infrastructure
On the Burin Peninsula, few river systems that flow directly through communities have
resulted in flooding hazards. Most vulnerable communities are Rushoon, Frenchman’s
Cove, Grand Bank, and St. Lawrence. Houses along Rushoon River have been rebuilt in
the same location after each ice jam-induced flooding. However, after the 1973 event, a
fender wall was installed to prevent damage to homes. During flooding of Grand Bank
River, the vulnerability of infrastructure was low. Flooding of the river is infrequent and
only three buildings are at risk: the former fire hall (currently the 50+ Club) and two
other structures located in the flood range of the river. Houses (10-15) located in
proximity to Frenchman’s Cove River (Frenchman’s Cove) are susceptible to flooding,
and risk has been amplified since the increased flow of storm water into the barachoix.
No critical infrastructure is located in this area. In the area of flooding of Riverhead
Brook in St. Lawrence, approximately 6 houses, the post office, and the soccer field have

received minor damage during severe events.

Although rivers flowing through Epworth are not a frequent flood hazard, the extreme
conditions during Hurricane Luis caused localized flooding. Dissatisfaction over the
allocation of EMO assistance was raised in Epworth. The community members felt
neglected during the allocation of aid for municipal damages (Southern Gazette,
September 15, 1995). This may have temporarily hindered residents’ ability to quickly

recover from the damage.
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Coastal areas are susceptible to storm surges generated by hurricanes, and autumn and
winter storm. Coastal infrastructure may be damaged by enhanced tides, heavy rainfall,
or coastal ice. High risk areas are located at low elevations and areas susceptible to
frequent storm activity. Communities developed because of marine resources will have a

larger percentage of infrastructures near the coast.

All communities on the Burin Peninsula, except Winterland, lie on the coast. The most
vulnerable communities are located on the Placentia Bay coast. Areas on the peninsula
located below 11 m asl are vulnerable to hurricane damage and storm surge flooding

(Catto et al., 2003).

In Lamaline, social costs result from the evacuation of residents in the “Meadow” area,
the inability to use the causeway between Allan’s Island and the mainland, the inability to
use a section of Highway 220, and the general fear of wave damage by the residents
(Shelley Lovell, former Town Clerk, personal communication, March 2005). In Point au
Gaul, storm surges are rapidly eroding the coastline, placing residents and fishing
equipment at risk. Concern is high in the community, due to the failure of previous
attempts to stabilize the coast. The community cannot financially install other protective

mechanisms.
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8.3.2.3. Resiliency of transportation
Two main transportation routes are present on the Burin Peninsula: Highway 210 and
Highway 220. Highway 210 connects the Trans Canada Highway and Marystown. An
airport (Winterland Airport) is located within “the boot” allowing transportation if
Highway 210 is closed for an extended period of time and service is urgently required.
The highway was completely severed in the Mooring Cove area (October 1991, Southern
Gazette). The highway was severed and closed in February 2004 for several days in the
Terrenceville area. In March 2005 the highway was partially severed in the Red River
area. In such events, temporary diversions around the damaged area are constructed,
traffic flow is slow, and in some instances traffic is stranded on one side or the other (e.g.
February 2004). According to the Department of Works and Transportation traffic
counters, 1583 ADT (average daily traffic) traveled to Marystown on Highway 210 in
1996. With an approximate increase of 2% per year, in 2005 the total would be ca. 1868
ADT. Relative to the population of the Burin Peninsula (20,000), 9% of the population
uses the highway daily. Therefore, the impact of the highway being closed for a day to a

few days is low.

From Marystown, Highway 220 forms a complete loop through most of the corﬁmunities
on “the boot”. Communities located on “the boot” are less vulnerable to social loss
during a flooding event that severs only one part of Highway 220. Residents may
experience a delay when traveling the highway in the other direction. It is unlikely that

Highway 220 would be severed on both the Placentia Bay coast and the Fortune Bay
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coast simultaneously, due to the low probability that a single flooding event will
simultaneously impact both bays. Notably, the 1986 event which damaged Fortune had
limited impact in Marystown, and Hurricane Luis (1995) caused much less damage in the

Fortune Bay communities than in the Placentia Bay shoreline communities.

On Highway 220, traffic counters are located at the Highway 220 / Highway 213
(Frenchman’s Cove) intersection. In 2005 the approximate average daily traffic was ca.
1385 towards Marystown and ca. 958 ADT towards Grand Bank. The other counter is
located in Point May along Highway 220. This section of highway is used by fewer
individuals: average daily traffic is ca. 497 (2005) towards Fortune and ca. 451 ADT
(2005) towards St. Lawrence. Repeated disruption of traffic has occurred on Highway
220 due to the flooding of Fortune Brook, between Point May and Fortune. Damage
occurred on 19 October 2003, and the temporary road that was constructed to permit the

flow of traffic during repairs was damaged during the 22-23 November 2003 rainstorm.

The total population of Point May, Lord’s Cove, Lamaline, and Point au Gaul is 996
(Statistics Canada, 2005). Therefore, if residents from these communities closest to Point
May travel to Fortune or Grand Bank for services, then 50% of the population would be
inconvenienced. However, this value seems unrealistic. The culvert system over Fortune
Brook was replaced in December 2003 with a larger semi-circular culvert that allows for

higher flow levels.
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Communities located on Burin Bay Arm are vulnerable to isolation if a flooding event
severs the one link to those communities. The two links to Fox Cove are vulnerable to
flooding, resulting in the isolation of that community. A river that intersects both
entrances to the community severed the roads during Hurricane Luis, and partially

damaged them during the rain-on-snow event in March 2005.

8.3.2.4. Presence of hazard limiting infrastructure
Coastal reinforcement (boulders, gabion cages, and crib work) protect areas prone to
storm surges. The boulders placed on the coast of Point au Gaul are insufficient to
protect the shoreline and were washed away during the storms of late December
2004/early January 2005. In communities on the Burin Peninsula without coastal
defenses, damage will result from storm surges that would have no or minor impact if

infrastructure was present.

Further inland, drainage ditches are used to remove surface water from communities on
the peninsula. Inadequate maintenance results in enhanced flood damage. When the
ditches become blocked with debris or overgrown with vegetation, water cannot be
efficiently drained and water will inundate the local area. The accumulation of water
behind the College of the North Atlantic caused $43,000 in damage due to the failure of
the culvert and catch basin because of debris clogging (Southern Gazette, 7 September

1995).
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To prevent damage during ice jams, a fender wall has been constructed in Rushoon.

Flooding and ice damage has occurred in areas where the wall was absent.

The construction and maintenance of flood limiting infrastructure is reduced due to the
low economic status of the communities on the Burin Peninsula. The low population and
economic status of residents reduces the tax base for municipal governments.
Consequently, the communities cannot easily construct or take remedial action to prevent
floods. The communities are more apt to temporarily repair or patch the damage once it

OCcurs.

8.3.2.5. Community development plans
Development plans do not exist for many communities on the Burin Peninsula. Only one
third of the communities have a community plan. Prior to this study, only Rushoon had
been assessed by the federal government for flood hazards. As most of the communities
on the Burin Peninsula have no flood or zoning plan, they may be developing in flood
zone areas. This increases the communities’ vulnerability to flooding hazards. Many of
these communities must first develop a community plan, and then, with historical
knowledge, develop a flood zoning plan (Elaine Mitchell, Department of Municipal and

Public Affairs, personal communication, June 2005).
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8.3.2.6. Assessment of socio-economic impacts
On the Burin Peninsula, the damages resulting from Hurricane Luis resulted in the most
widespread and socio-economic costs. The direct economic cost alone exceeded $1.6
million. Storm surges, such as January 2000, resulted in direct damages exceeding $1
million on the Burin Peninsula. Although the direct costs of damages resulting from the
March 2005 rain-on-snow event is unknown, from observations and the similar pattern of
the damage to that caused during Luis, damages are predicted to range between $0.5-$1
million. However, direct damages on the Burin Peninsula were low due to the low value
of housing, low density of housing, and the location of critical infrastructure (e.g.

hospital) and businesses away from low flood prone areas.

Direct costs of damages are usually underestimated. Calculation of damages includes the
house and essential items within the house. Vehicles and property exterior to the house
are not included. Due to the low cost of housing on the Burin Peninsula, it is not
uncommon for property exterior to the house to be comparable or greater in value than
the house itself. Housing ranges from $15,000 to $79,900, which may be exceeded in
value by on-road vehicles and recreational vehicles also owned by the homeowner. From
advertisements in The Telegram (4 June 2005), used vehicle prices range from $6,000 to

$26,450, with higher prices for new vehicles.

Indirect costs are low for the Burin Peninsula. For most communities, alternative routes

are present to reach neighbouring communities and larger service centers, few
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communities can be completely isolated during severe flooding events. Consequently,
reaching employment, medical services, and shopping centers may not be impossible
during severe flooding events. Also, in the case of a disconnection in Highway 210,

other modes of travel can be assessed during an emergency.

Social costs may be high due to the low financial resources of individuals and
communities on the Burin Peninsula. Due to the lack of affluence of residents and the
communities, if severe damages occur the resident or community may not be able to
repair the damages without external aid. In Frenchman’s Cove, sediment build-up in the
mouth of the river during February 2004 storm was too extensive to mitigate efficiently
by the community because of its limited economic resources (James Cluett, mayor of
Frenchman’s Cove, personal communication). Residents are concerned that floods will

occur more frequently.

Flood minimizing infrastructure consists of drainage infrastructure. In many locations
the drainage infrastructure fails or is inadequate to handle the amount of water during
flooding events. To prevent or minimize the impact of a flooding event proper
maintenance or installation of flood infrastructure (drainage systems and coastal
protection) need to occur. However, residents in economically depressed communities

usually suffer the damage and then try to repair the damaged infrastructure.
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8.3.3. Humber Arm region
In this section, the rural areas of the Humber Arm region are discussed, excluding

Massey Drive and Corner Brook.

8.3.3.1. Population dynamics
The populations of communities in the Humber Arm region range between 388 and 1304,
with an average population of 813. The population is declining in the region, decreasing
by 11% between 1996 and 2001 (Statistics Canada, 2005). This may be an indication
that fewer resources exist within the communities to recover from flooding events.
Although the region contains a high percentage on individuals able to work (20-65 years

of age), the income for the region is low.

Communities on both sides of the Humber Arm were established by and are dependent
on the fishing industry. Generally, as the fishing industry declines, the economic
stability of the community declines. However, the economic loss is partially offset by
tourism and summer residents in some communities. The average median income for
working individuals is $13,524, the second lowest of the three regions. The average
employment rate is 36.0%, the lowest of the three regions, and it has the highest
unemployment rate of the three regions at 32.2%. Communities furthest from the urban
centre of Corner Brook are the most vulnerable to flooding losses. Cox’s Cove has the
lowest employment rate (21%) and the highest unemployment rate (58%; Statistics

Canada, 2005). Another indicator of the region’s vulnerability to damages during
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flooding events is the reliance on the government for financial support. The region has
the greatest reliance on the government for income of the three regions at 32.3% of the
average income relies on government transfers. Fifty-seven percent of the average

income is derived from earnings.

The vulnerability to flooding events may be reduced by the strength of the social fabric.
Although the population is declining, residents are not moving into the area; therefore,
fewer families will feel isolated during flooding events. Seventy-seven percent of the
residents located in the Humber Arm region in 1996 were still present at the same
address in 2001 (Statistics Canada, 2005). During severe events, families within the

communities can work together to overcome the damage.

8.3.3.2. Location of the residential developments and critical infrastructure
Critical infrastructure is minimal in communities in the Humber Arm region. Many of
the communities depend on services provided by Comer Brook, and therefore are not
found within the communities. With few exceptions, critical infrastructure consisting of
schools and fire stations are located in vulnerable locations. The school in Benoit’s Cove
located near Clark’s Brook is at risk of flooding related to ice jam events. During certain
events (January 1976 and March 1992; Western Star), the jam causes a backwater effect

that places the school at risk of flooding.
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Residents who construct homes near streams or the coast are placing their homes at risk
of a flooding event. However, the risk of the flooding hazard is low in most
communities. Rivers flowing through Mclver’s and Irishtown-Summerside experience
flooding during severe events (e.g. March 2003). The highest risk community is Cox’s
Cove. Residents in Cox’s Cove are constructed on a floodplain. Cattails grow in
proximity to the houses. During heavy rain and high tide events much of the community

is flooded by either the ocean or the river.

These communities along Humber Arm, construction near the coastline is increasing. In
communities, summer cottages and infrastructure (wharves, stages, etc) are located near
the coast. The practice of placing more and expensive buildings near the coast will
increase the cost to replace or rebuild damaged infrastructure. Cost can be reduced by re-
locating structures away from vulnerable locations or partial abandonment of the greatest
flood prone areas. Construction of new buildings is most evident in communities with
increasing summer residents that choose lots located along the coast (e.g. Lark Harbour

and York Harbour).

8.3.3.3. Resiliency of transportation
The transportation routes of the Humber Arm region loosely form a horseshoe with the
Humber River at the centre. Severing of either Highway 440 west of Hughes Brook or

Highway 450 west of Curling will result in the isolation of communities west of the
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disconnection. Therefore, these communities have greater vulnerability to additional loss

related to flooding.

Slope failures severing highway 450 is considered a greater hazard than flooding within
some communities at risk of isolation (David Whyatt, mayor of York Harbour, personal
communication, 2005). The highway has also been severed due to ice jams and high
water flow in Clarks’ Brook (Western Star, September 1986). The Department of Works
and Transportation counted 1638 ADT using Highway 450 in 1996 (ca. 1900 ADT in
2005). With a population of 3502 in communities along Highway 450 (Statistics Canada,
2005), a disconnection of the highway would appear to have a significant impact. If 10%
of the residents use the highway to travel to Comer Brook for employment or services,
then 350 people will not be able to reach their destination if the road is disconnected.
Compared to the other study sites, this is a relatively low number, and therefore economic

losses due to the disconnection of the highway will be low.

On the north side of Humber Arm, wash-outs on Highway 440 disrupt the flow of traffic
to the western most communities. A combined population of 3000 people lives in
communities along Highway 440 (Statistics Canada, 2005). No travel count has been
completed for Highway 440. If 10% of the population travels to Comer Brook for
services and employment, then the amount of traffic will be approximately 300 ADT,

assuming one person per vehicle.

337



The 10% figure is based on the lack of services in communities in the Humber Arm
region, thereby necessitating travel to Corner Brook. However, due to the low rate of
employment in the Humber Arm region, the percentage traveling the highway for work

may be less.

8.3.3.4. Presence of hazard limiting infrastructure
In the Humber Arm region, knowledge of flood protection methods is limited. From site
visits, the majority of flood protection is drainage infrastructure. Much of this

infrastructure is in need of repair.

8.3.3.5. Community development plan
Thirty-three percent of the communities in the Humber Arm region have a community
plan (Urban and Rural Planning Division, no date). Cox’s Cove is the only community
that has been thoroughly investigated under the Flood Reduction and Mapping Program.
Since many of the communities do not have a development plan, a defined flood zone is
also not present. Therefore, construction is permitted in flood prone areas, increasing the

residents’ vulnerability to flooding hazards.

8.3.3.6. Assessment of socio-economic impacts
Direct cost of flooding is low in the Humber Arm region. The cost of housing and the
limited number of structures affected by floods minimizes the cost of damages. With the

exception of Cox’s Cove, few houses are damaged during flooding events as seen from
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historical records. Cox’s Cove will sustain damage from coastal and river sources during
flooding events (Western Star, 17 February 1996 and 31 March 2003; Martec Limited,

1988).

Indirect costs are primarily associated with the disconnection of Highway 450 and 440
within and between the communities. The disruption of the linkage prevents residents

from receiving services and employment that they may require.

Social losses and vulnerability are greatly dependent on the low employment rate and low
income. When a flood does occur, families may lack the resources to quickly recover.
During severe events when community infrastructure and a large amount of property are

damaged, the community may rely on government support to recover.

8.3.4. Corner Brook and Massey Drive

Comer Brook is an urban center with varying flood hazards and social costs higher than
the remainder of the Humber Arm. Even though Massey Drive is a community outside of
Corner Brook, the community has social characteristics unlike other communities in the
Humber Arm region. Due to these differences, Corner Brook and Massey Drive will be
described in the following section.

8.3.4.1. Population dynamics
Corner Brook was initially developed as a railway service community. After the

establishment of Bowater (now Kruger) Paper Mill, the population in Comer Brook
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increased. Additional industries, cement processing, and medical and commercial
services moved into Corer Brook. Possibly due to the closure of some of the industries
that help establish and maintain the city (closure of the cement plant and the railway), the
population has decreased by 8.2% between 1996 and 2001 (Statistics Canada, 2005).
Corner Brook contains a high percentage of residents over 65 years old at 17%. This
increases the city’s vulnerability to flood loss because the older population lack the
financial capabilities to recover from the damage and may not be as quick to react as

younger age groups (Morrow, 1999).

Income is not an indication of vulnerability in Comner Brook. The median income of
working individuals is $17,451, which is intermediate between Torbay/Massey Drive and
the remainder of the Humber Arm region and the Burin Peninsula. The employment rate
of 48.2% is also higher than for Humber Arm and the Burin Peninsula. The
unemployment rate of 15.2% also falls into the same ranking within the study regions.
The amount of income derived from earning (68.9%) and from government transfers
(18.1%), coupled with the other measures of financial stability indicate that the residents
of Corner Brook may not be socially vulnerable to floods. They may feel secure that

they can overcome the damage without great external support.

As a community, the social fabric and support systems may be low due to the population

size; however, within neighbourhoods the social fabric may be stronger. The percentage

of residents that have remained at the same address between 1996 and 2001 (63%) is
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greater than for communities with increasing populations. This may indicate that

neighbours may rely on each other for the support to recover from a flooding event.

Massey Drive developed as a suburb of Corner Brook. However, due to the growing
population, many of the population dynamics are similar to Torbay. The population of
Massey Drive is rapidly increasing at 4.6% between 1996 and 2001 (Statistics Canada,
2005). The population is characterized by a high percentage of residents of working age
(64%) with the greatest number of children under 19 years of age, and the lowest
percentage of elderly (7%, tied with Torbay). Although children are considered a
vulnerable age group, this may be counteracted by the number of younger parents able to

help them through a flooding event.

The high income indicators also imply a low vulnerability to flood loss. The average
median income is higher than Corner Brook and slightly lower than Torbay at $23,724.
The employment rate is the highest of the three study regions at 68.3%, and it has the
second lowest unemployment rate at 12.8%. Massey Drive also has the highest amount
of income derived from earnings at 82.1% and the second lowest percent in income

derived from government transfers (13.7%).

The population of Massey Drive is relatively low (770) compared to Corner Brook.

Therefore, even with in the increasing population, the social fabric may still be strong

enough to provide support between families during a crisis.

341



8.3.4.2. Location of the residential developments and critical infrastructure
Communities with a high density of buildings in vulnerable areas (e.g. downslope) will
accumulate large costs during and after a flood. When a localized flood occurs, more
families will be impacted. This is a concern with Corner Brook and Massey Drive, where
housing divisions are being constructed above populated areas. In steep sloped areas,
roads become a conduit for water drainage. The catch basins adjacent to the roads
frequently become blocked with debris or snow, thereby decreasing their usefulness.

Houses in downslope areas may become flooded.

The vulnerability to greater socio-economic cost will increase when critical infrastructure
is damaged. During the March 2003 rain-on-snow event, the medical centre and water
and sewer services in Curling were disrupted. Corner Brook has the highest density of
houses and critical infrastructure in vulnerable locations of the three study sites. This is

partially due to Corner Brook being the service centre for the surrounding communities.

Four river systems flow through Corner Brook and Curling. All have been altered and
are in proximity to residents. Flooding of Majestic Brook occurs due to confinement and
reduction of channel size by the construction of housing lots. Culvert systems become
blocked with debris (ice, sediment, culvert material) causing water to flow onto property,
streets, and basements. The houses and business surrounding Comer Brook Stream,
Bell’s Brook, and Petrie’s Brook are susceptible to flood damage, and flooding occurs

during heavy precipitation.
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8.3.4.3. Resiliency of transportation
The transportation routes in Corner Brook may become completely or partially blocked
due to river flooding and water build-up caused by inadequate drainage. If several
disruptions occur simultaneously, then travel within the city will be discouraged by
municipal officials (e.g. March 2003). With the percentage of elderly residents within
Corner Brook, access to medical services is essential. Inability to reach such services

may have negative consequences.

If a few isolated roads are affected, alternative routes will be taken with minimal
disruption. However, if these roads are frequently disrupted, then frustration may arise
for the residents affected. Several accounts in the Western Star describe the frustration of
repeated events (4 August 1993, 19 April 1994, 25 July 1995, 24 September 1998, 1

October 2002, and 17 January 2004).

The Department of Works and Transportation recorded 6173 ADT traveling into Corner
Brook in 1996 (ca. 7300 ADT in 2005). The traffic movement within the city is greater
than the Humber Arm region and the Burin Peninsula; therefore, disruption of
transportation networks within the city may be associated with greater economic losses.
Individuals that frequently use Humber Road, 1638 ADT in 1996 (ca. 1900 in 2005), will
suffer minor losses during flooding and slope failure during heavy rainfall and rain-on-
snow events. Such events are frequent, some dates include December 1967, January

1977, March 1984, February 1996 (Western Star), March 2003, and September 2005.
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Massey Drive contains one main road, and disruption of this road would result in
difficulties for individuals needing to travel to Corner Brook for services. An alternative
road built for emergency access to the Trans Canada Highway was completed in 2005.
This new route would reduce the social cost of people being isolated within the

community if a serious flooding event occurred.

8.3.4.4. Presence of hazard limiting infrastructure
In Corner Brook and Massey Drive, knowledge of flood protection methods in general is
limited. Within these communities, infrastructure consists mainly of drainage systems to
remove excess water during precipitation. In several locations throughout the region,
infrastructure has been installed to prevent the collapse of slopes into streams. For
example, a retaining wall is positioned near the mouth of Corner Brook Stream to prevent

the land and a gasoline station from falling into the stream.

As with all flood protection infrastructure, maintenance is necessary to reduce residents’
vulnerability to flooding. The occurrence of a flood which could have been avoided may

increase individuals’ frustration (Western Star, 24 September 1998).

8.3.4.5. Community development plan
Corner Brook presently has a community plan. However, many of the highly vulnerable
areas have been populated since the original development of the city (i.e. near the base of

rivers and lower slope areas). An attempt is being made by city engineers to limit
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development in certain areas (Michael O’Leary, former Assistant Director of Operational
Services, personal communication, 2003). However, construction of the upper slopes is

continuing, resulting in increased flood hazard for lower lying areas.

Massey Drive also has a community plan, which according to the Urban and Rural
Planning Division was last updated in 1996. Due to the development of three
subdivisions and the construction of over 50 houses since 1996, the plan may have to be
revised to incorporate flood zoning. The building and clearing of vegetation on higher
slopes may cause downslope flooding hazards that were not present when the community
was smaller. Construction may result in flooding similar to upslope areas in Corner

Brook.

8.3.4.6. Assessment of socio-economic impacts
In comparison to Torbay and the Burin Peninsula, Cormer Brook has the greatest
economic costs associated with flooding. For example, during the March 2003 rain-on-
snow event, Corner Brook accumulated $1.4 million in direct (recorded) damages with
an estimated total of $5 million in damages. The recorded cost of damages is
comparable to the $1.6 million in direct damages resulting from Hurricane Luis for the
entire Burin Peninsula and during Tropical Storm Gabrielle in Torbay where total

damage was estimated at $1 million.
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Direct damages in Corner Brook are high due to the high value of housing, density of
housing, and cost of critical infrastructure (e.g. hospital) and businesses. When a flood
does occur, the damages are more extensive than Torbay and the Burin Peninsula due to
a greater amount and cost of infrastructure involved than a comparable magnitude flood

in Torbay and the Burin Peninsula.

Indirect costs for Corner Brook are due to the disruption of medical centers, post-
secondary intuitions, employment, and shopping centers. However, from historical
records such widespread closures are infrequent. Also, additional indirect costs may
increase due to the vulnerability of transportation routes (vehicle and pedestrian) to
disconnection within the city. Damage to specific areas (O’Connell Drive, Clarence
Street, Majestic Brook area) is frequent due to blocked drainage, water running

downslope, or river flooding during heavy rain or rain-on-snow events.

Continuous construction of upslope areas will also increase the vulnerability of lower
lying areas to future flooding events. As water flows down slope, water will accumulate

and result in flooding during low rainfall events.

Flood minimizing infrastructure consists of drainage infrastructure. In many locations
the drainage infrastructure fails or is inadequate to handle the water volume during
flooding events. In areas of river systems (e.g. Majestic Brook), flood limiting

infrastructure may be difficult to install because property is constructed up to the river
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banks. In steep sloped areas, roads become a conduit for water drainage. The

catchbasins become blocked with debris or snow, and result in decreased effectiveness.

In general, social costs are low due to the resources available for families during flooding
events. Many of the families’ relatively high incomes enable them to recover from loss.
Also, a neighbourhood support base may be present to aid in the emotional recovery of

the flood, particularly in the older parts of the city.

8.4 Mitigation

The magnitude of the socio-economic costs related to particular flooding hazards
determines the method of mitigation. After minor events, damage may be ignored or
temporarily repaired. After severe flooding events, the decision to repair damage or
mitigate is economically and socially dependent. Four choices exist: repair temporarily

or partially; repair to pre-flood state; improve, upgrade, or redesign; or abandon.

A community with low population and limited resources will either attempt to either
repair damage to as close to the pre-flood state as possible, or will undertake an expedient
temporary repair. Federal and provincial funding available for repairs usually covers a

‘return to original state’, without improvement (March, no date; Kumar et al., 2005).

Using mitigation techniques to reduce flood damages will result in the communities’

increased ability to socially and financially recover from a flood. Measures include
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flood-proofing and relocation of buildings. Flood-proofing strategies may include raising
buildings. The permanent removal of buildings and infrastructure could occur through

buyouts of flood-damaged property.

The proper maintenance of flood reduction infrastructure may limit the damage caused
during flooding events. The 100-year floodplain of the Red River south of Winnipeg has
a maximum extension of 40 km, which includes the richest agricultural land in prairie
Canada. Consequently, preventing the agricultural use and associated infrastructure in
this area is not feasible (Kumar et al., 2001). Therefore, protection of Winnipeg and
surrounding communities is a necessity. The area of the Red River has undergone
serious flooding events and since the 1950 event has put in place several flood prevention
structures. The construction of the Red River Floodway cost $63.2 million, which was
shared by the federal and provincial governments at a 60%-40% split. In subsequent
flooding of the Red River, the benefit of the floodway structure was proven to be greater
than the cost. Without the floodway the most recent event in 1997 was predicted to have
resulted in $761 million in damages in Winnipeg alone; however, the actual damages cost

only $67 million in Winnipeg (Kumar et al., 2001).

Flood-proofing measures have taken place in Badger following the February 2003 ice
jam and flood. Residents whose houses that were destroyed and who subsequently chose
to rebuild in the same location were required to raise their houses above the 100-yr flood

level, approximately 1.5-2 m above the ground (Paul Peddle, Training Specialist with

348



Newfoundland and Labrador Fire and Emergency Services, April 2005). At this height,
flood waters similar to February 2003 will not affect the houses. Exact costs of raising

the houses are unknown.

To lower the annual cost of damages and reduce costs resulting from severe flooding
events, re-location of the most vulnerable housing and infrastructure has been undertaken
in some communities. Badger (Newfoundland and Labrador), Rapid City (North
Dakota), and Lemieux (Ontario) are three examples where communities have been

partially or completely re-located.

After the 2003 Badger flood, relocation of housing from the most vulnerable areas was
deemed the most cost effective mitigation measure. Constructing a wall on the river bank
surrounding the town would not provide the necessary protection, as the cost to construct
a wall that would exceed the height of ice build-up would be greater than the annual cost
of damages (Paul Peddle, Training Specialist with Newfoundland and Labrador Fire and
Emergency Services, April 2005). Historical records indicate an increase in damages
during major flooding events. For example, in January 1977, 49 homes were evacuated,
28 structures were damaged, and the cost of damaged structures totaled $63,000
equivalent in 2005 dollars. Then in February-March 1983, the total cost of evacuation,
damage, and the ice blasting operation totaled $171,000 in 2005. The annual calculated

cost for flooding in Badger prior to 1985 was $4,563 (Fenco Newfoundland Limited,
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1985). Damages to 216 houses and 22 businesses, mitigation, and repair resulted in

damages totaling $8.2 million in the 2003 flood.

To counteract the increase in social and economic losses, housing, municipal services,
and infrastructure from the most vulnerable area were relocated to a subdivision
constructed above the 100-year flood level. The cost of relocation of 30 houses, along

with sewer and road construction was included in the municipal cost of $2 million.

The relocation of an entire community occurred in Canada following a slope failure and
flooding on 20 June 1993. The village of Lemieux, Ontario, was relocated from an area
susceptible to slope failure (Evans and Brooks, 1994). The cost of relocation of the

community, farms, and clean-up of the affected area cost $2.5 million.

After the devastating flood in Rapid City (North Dakota) on 9-10 June 1972 where 238
lives, 1,335 homes, and 5,000 automobiles were lost and 3,000 people injured; damages
totaled $160 million in 1972, equivalent to $748 million in 2005 USS$ (Rapid City
Journal, 5 June 2005). The most flood prone areas adjacent to rivers were converted into
754 acres of greenways or parks and construction was prohibited (Carter et al; no date;
Rapid City Journal, 5 June 2005). The houses which were damaged within the “new
floodway” were not rebuilt. If an equal magnitude flood were to occur in Rapid City
today, both economic and social damage would be substantially below the 1972 totals.

The cost of re-location depends on the cost of houses and other buildings, the frequency
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of floods, and the severity of damage. If the area is ‘returned’ to the river and no
structures and flood prevention infrastructure put in place, then the cost of upkeep would

be minimal.

Other methods of removing houses from flood prone areas may be more suitable in
certain situations. If residents have lived in a house for a considerable amount of time,
the loss of the house may be emotionally equivalent to the loss of a loved one (Morrow-
Jones and Morrow-Jones, 1991; Alchorn and Blanchard, 2004). In these cases, the
removal of the houses as they become abandoned by the owner (i.e. grandfathering) will

decrease future social and economical loss associated with the flooding of the building.

8.4.1 Torbay

8.4.1.1 Repair temporarily or partially
Houses in the lower “Gully” area are susceptible to flooding. The placement of an earth
berm is under discussion to temporarily reduce the flooding risk in that area. However,

after successive flooding events the berm could erode and the flooding will continue.

As in all the study sites, repair of minor damage to roads (i.e. shoulder erosion) consists

of infilling the shoulders without fixing the cause of the water erosion. Eventually,

damage may accumulate to the point where traffic is interrupted.
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8.4.1.2 Repair to pre-flood state
Houses damaged during recent tropical storms and heavy rainfall events have been
repaired to their pre-flood state. No obvious measures have been undertaken to flood-

proof the houses.

8.4.1.3 Improve, upgrade, or redesign
After the flood damage to Torbay Road during Tropical Storm Gabrielle, the provincial
government improved the drainage under the highway. In the Soldier’s Brook and
Kennedy Brook areas, the culverts have been enlarged. A minor build-up of water has

been noted, but no serious erosion of the highway has occurred following the upgrade.

In the “Gully” area, two repairs have been made after Gabrielle. Immediately following
Gabrielle, the culvert system was converted to a three culvert system. Drainage of water
was slow and pooling occurred, which continuously eroded the highway. A semi-circular
culvert was then installed to increase flow under Torbay Road. Pooling still occurs near
the highway, and the increased flow has led to flooding of additional houses and

increased risk to property on the lower end of the “Gully”.

8.4.1.4 Abandon
According to Morrow-Jones and Morrow-Jones (1991), residents with higher socio-
economic status are more likely to move than residents with lower socio-economic status.

Also, recent residents may be more apt to move than residents that have lived in the
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house for a considerable amount of time. Consequently, houses located in new
subdivisions of Torbay may be more likely to move if a flooding hazard arises than

would more established residents.

In Torbay the cost of the average house is $104,600 (Statistics Canada, 2005). Ten
houses were flooded during Gabrielle, 5 of which are most at risk of flooding during
future heavy rainfall events. If these 5 houses were relocated, the cost would exceed
$523,000. The approximate cost of road, social, and property damage caused by
Gabrielle (the events that caused the most recorded extensive damage) totaled $1 million.
Similar flooding events to Gabrielle (e.g. April 2005) led to partial damage to property,
which was much lower than the total cost of the houses. Events causing flooding
damages exceeding $1 million are infrequent in Torbay, and therefore, the cost of

relocation is not a reasonable flood mitigation procedure.

The removal of houses in the most flood prone areas (e.g. in the marsh adjacent to Watt’s
Pond and at the base of the “Gully”) will be more efficiently completed subsequent to the
residents abandoning the houses themselves. Both social cost to the residents and
economic cost will be reduced. Until the time of abandonment, repair or ﬂood-prooﬁng

is the most socio-economic solution.
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8.4.2 Burin Peninsula

8.4.2.1 Repair temporarily or partially
After a flooding event, if the culverts or bridges are not damaged beyond function, only
the debris is removed (e.g. St. Lawrence after Luis and March 2005, Fox Cove-Mortier
after Luis). This temporary repair of the drainage system will prevent flooding during
normal rainfall, but the damage may be fepéated during heavy rainfall events. The cost is
lower than for complete repair and may be the extent of mitigation that the communities

on the Burin Peninsula can afford.

As seen from site visits, minor repair to roads include infilling of eroded shoulders.
Since the initial trigger of the erosion was not mitigated, erosion may continue in the
same area and will cause more extensive damage during more severe rainfall events. The

erosion may lead to the inundation of a road way, thereby interrupting traffic.

In Frenchman’s Cove, the damage caused by the February 2004 storm surge and heavy
rainfall event was partially repaired. The sediment was removed from the mouth of the
Frenchman’s Cove River, but the sediment was not removed from the community until a
later time (c.f. in the process in March 2005). Also, no alterations have been made to the
drainage into the barachoix, which was the partial cause of the sediment blockage in the
river. Municipal officials are concerned that a repeat of the flood which damaged 12-15

houses and additional infrastructure will occur in the future.
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8.4.2.2 Repair to pre-flood state
Due to the financial situation of communities and their reliance on EMO to fund the
repair of damages, damages are usually repaired to pre-flood conditions. As an example,
the bridge over Riverhead Brook in St. Lawrence, destroyed during Hurricane Luis, was
repaired to the original state by the government of Newfoundland & Labrador (Wayde
Roswell, Mayor of St. Lawrence; and local residents, personal communications). If
improvements to the bridge design and construction standards had been made, then the
damage may not have been repeated in successive storms. Damage that occurred during
Luis (1995) was repeated in March 2005, and high water levels were observed in

December 2004.

8.4.2.3 Improve, upgrade, or redesign
In cases of frequent damage, funding agencies may decide the most cost effective method
is to repair damage and take hazard preventative measures. For example, in Lamaline a
gabion cage was constructed after the January 2000 storm. Local residents claim that
storms between 2000 and 2003 (interviews conducted in August 2003) could have caused
additional floods if not for the coastal protection. Severe storm surges in February 2004
and December 2004/January 2005 did cause minor flooding, but would have been more
extensive without the coastal defenses (Shelley Lovell, Former town clerk of Lamaline,

personal communication).
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8.4.2.4 Abandon
Residents on the Burin Peninsula may be more emotionally attached to their homes than
more affluent and recent residents (Morrow-Jones and Morrow-Jones, 1991). This is also
evident by the high percentage of residents remaining at the same address at 82%
(Statistics Canada, 2005). These individuals may be more reluctant to abandon their

homes.

Due to the low cost of housing, relocation or removal of buildings is less expensive than
in the other study sites. For example, the average cost of housing in Lamaline is only
$23,690 (Statistics Canada, 2005). Removal of houses in the most vulnerable locations
will be minimal compared to the cost of armoring the coastline and the barachoix in
proximity to the two vulnerable houses ($224,996; Shelley Lovell, Former town clerk of
Lamaline, personal communication). However, other costs must be considered than the
house alone: residents may not want to leave their homes, and damage may not include
the entire house. In such instances where residents did not want to leave their house but
were aware of the high risk of destruction, the practice of floating houses across the

harbour to a safer location was used.

Due to the population decrease on the Burin Peninsula (12.9%), grandfathering may be a
more effective option than removal of houses in exposed locations. The best option is
repair or flood proofing due to the low cost of repairing infrastructure and social costs on

the Burin Peninsula.
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8.4.3 Humber Arm

8.4.3.1 Repair temporarily or partially
Highways 440 and 450 have been patched in areas where the shoulders were eroded due
to flooding. Sections of highway in Summerside, Gillams, Mclver’s, Cox’s Cove, and
Lark Harbour show signs of erosion due to running water that have been patched. In
these areas the drainage systems remain unaltered, and flooding may occur in the next

heavy rain event.

8.4.3.2 Repair to pre-flood state
Due to the low frequency of recorded flooding events of high cost and magnitude in the
Humber Arm region, repairing the damage that occurs may be the best option for
communities. For houses in Mclver’s and Irishtown that have flooded due to rivers
overflowing (January 1986, December 1990, and September 2002, Western Star), other

options may be considered, including relocation.
8.4.3.3 Improve, upgrade, or redesign
Damage to roads is the greatest cost in the Humber Arm region. Alterations of drainage

under the highway will reduce most of the flooding damages in the Humber Arm region.

During the March 2003 rain-on-snow event three roads were damaged in York Harbour;

Snook’s Lane, Beach Road, and Sheppard’s Lane. EMO funding was required to repair
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the damages. As no drainage infrastructure was present on Snook’s Lane, when the road

was repaired a drainage system was installed.

8.4.3.4 Abandon
The average cost of houses in Cox’s Cove is $43,113 (Statistics Canada, 2005). The
combination of storm surge impounding flood flow from Cox’s River can potentially
partially or completely damage 85 structures. If all of these structures were to be
removed, the cost would exceed $2.8 million for the buildings alone. Considering no
flood has led to damage of this magnitude, the removal of all vulnerable buildings is

unrealistic.

Due to the high rate of population decrease (19.9%), removing the houses from the most
vulnerable areas as they are abandoned by their owners, particularly the houses in the
Cox’s Brook floodplain, would greatly reduce the cost of damages. The cost reduction of
abandonment includes the building, the exterior property, interior items, and the

emotional wellbeing of the homeowners.

8.4.4 Corner Brook

8.4.4.1 Repair temporarily or partially
The temporary repairs in Corner Brook consist of the cleaning of catch basins after a
heavy rainfall or rain-on-snow event. The drainage problem is not solved; the catch basin

can remove water until again filled with debris.
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Majestic Brook is an area of frequent flooding. Gabion cages have been installed to
prevent the undercutting of the bank sides and subsequent flooding. However, the
problem may be solved for the immediate area, but the problem is transferred further

downstream as seen during site Visits.

8.4.4.2 Repair to pre-flood state
Damage to houses and property in the Corner Brook area appear to be returned to the pre-
flood state. No observations of houses on stilts or berms to protect from surface floods or

river overflow were made.

8.4.4.3 Improve, upgrade, or redesign
Municipal officials were attempting to upgrade drainage systems to prevent future
flooding disaster as in March 2003 (Michael O’Leary, former Assistant Director of
Operational Services, personal communications, 2003). After the 2003 rain-on-snow
event, drainage was improved on Humber Road to prevent future flooding and slope

failure.

After the 1994 slope failure on Riverside Drive berms were put in place to redirect runoff
from the old Trans Canada Highway away from the unstable slope. In September 2005,

the berm failed resulting in extensive damage to the area.
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8.4.4.4 Abandon
In Corner Brook, the cost of a house averages $106,700; therefore the cost of removing
72 houses at risk of flooding in the Majestic Brook area would cost approximately $7.7
million. The largest recorded loss due to flooding for public property of the entire city of
Corner Brook was $1.4 million (Michael O’Leary, former Assistant Director of
Operational Services, personal communications, 2003), and costs including private
property losses may have exceeded $5 million. Therefore, the cost of removal of only a
portion of the most flood prone area is unreasonable, as damage during the most severe

flooding event is not comparable to the cost of re-location.

A more viable option is grandfathering. Since the population is declining and
construction is occurring in the upper slopes, theoretically the removal of houses in the
lower flood prone areas when residents abandon the buildings may be more efficient in

reducing the financial and social costs of flooding.
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9. Conclusions and Recommendations

This study assessed flood hazard and vulnerability for communities in three areas of
Newfoundland: Torbay, Humber Arm, and the Burin Peninsula. The choice of these
areas was based on a combination of factors, including the documented vulnerability to
flooding coupled with a lack of pre-existing detailed mapping, and varying geomorphic
settings, climatic environments, economic characteristics, and social factors. The
differences between regions provide an opportunity to investigate different natural
mechanisms of flooding and how communities are affected. The selected communities
represent a spectrum of community types throughout Newfoundland, ranging from urban
(Corner Brook) and suburban (Torbay) through small communities in rural areas (Burin
Peninsula and Humber Arm region). Consequently, the information found in the

assessment may be applied to similar communities in Newfoundland and Labrador.

9.1 Summary of flood mechanisms

Site visits were conducted to locate areas of damage and concern. These include rivers,
damaged culverts, damaged pavement, damaged gravel roads, and filled-in culverts and
ditches. Interviews were conducted with municipal officials and local citizens. Maps
were constructed depicting areas of flooding damage, risk, and vulnerability. Archival
records, including local newspapers, were reviewed. Aerial photos were examined to

identify potential flood zones.
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Floods in Newfoundland communities are the results of several causes, which include
both natural and anthropogenic factors. Most flood events involve combinations of one
(or more) natural causes coupled with anthropogenic factors. Natural causes of flooding

are directly related to Newfoundland’s climate.

9.1.1 Torbay

In Torbay, the primary cause of extensive damage is associated with hurricane activity
which induces river flooding. Much of the damage is augmented by anthropogenic
activities, such as restrictions of river channels where water is transported below a road.
A major area of concern is “The Gully” area. Prior to late October 2004, the flood
frequency for “The Gully” was one flood in 7-8 years. Post-culvert installation, the flood

frequency, the area impacted, and number of houses damaged by floods have increased.

The intensity of northeasterly storms may increase the shoreline vulnerability to storm
surge damage and increase the frequency of precipitation-induced river flooding. Torbay
may be vulnerable to intensifying rain-on-snow events caused by a possible increasing
snowpack. Additional flood hazards may occur with the increasing development of

marshlands and upper slopes.

9.1.2 Humber Arm region

In rural Humber Arm, the primary flood hazard is rain-on-snow events which cause

widespread damage. Secondary concerns on the south Humber Arm are slope failures
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which disrupt traffic flow. On the north side, river flooding is a major hazard. In Cox’s
Cove, storm surge in combination with river flooding causes great damage to the
community. Flooding in Corner Brook is determined by anthropogenic activity; flooding
caused by runoff or pooling of water results with minimal amount of precipitation. Rain-

on-snow events cause extensive damage due to over ground flow and river flooding.

The shift to a larger rain to snow ratio may increase the flooding in all of the sub-areas of
the Humber Arm region described above. A greater rainfall on a persistent snowpack
may cause increased runoff, river flooding, and saturation of soils initiating slope
failures. Increased storm activity may increase the coastal damage in Cox’s Cove and

Mclver’s.

9.1.3 Burin Peninsula

On the Burin Peninsula, hurricane-induced and autumn and winter storm induced surges
and precipitation cause the majority of flood hazards. In Rushoon, ice jamming is the
greatest hazard. On the Placentia Bay coast, hurricane activity, and winter and autumn
storms cause inland flooding due to river flooding and coastal flooding due to storm
surges. The Fortune Bay side, which has a lesser flood frequency, is also vulnerable to
storm surges (e.g. Frenchman’s Cove) and ice jams in Grand Bank, Frenchman’s Cove,
and Garnish. Anthropogenic activity appears to enhance flooding in the larger
community (Marystown, Grand Bank, and St. Lawrence) resulting from restriction of

waterways.
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Increasing intensity of easterly winds may result in greater damage. Increased

snowpacks may increase vulnerability to rain-on-snow events.

9.2 Summary of the costs of flooding

The costs that are quoted by the media or covered by financial assistance (EMO and
PSEPC) do not include all losses sustained by communities and individuals during a
flood. The costs recorded usually consist of the cost of physical infrastructure, buildings,
and roadways. Not included is the indirect cost due to loss of businesses and individuals,
insured losses, and social losses. Therefore, the actual cost of a flood may be more than
twice the quoted estimate. Other means must be developed to accurately assess the cost

of floods.

Several factors are taken into account when assessing economic losses associated with
flooding events: the amount of risk and vulnerability associated with a hazard; frequency
and severity of flooding; and the direct and indirect monetary cost of floods, which
include direct costs of infrastructure incurred by government (other than municipal),
direct costs incurred by municipal governments, direct costs related to housing, indirect
costs related to businesses, and indirect costs incurred by individuals. The costs that are
quoted by the media or covered by financial assistance do not include all economic losses
sustained. By weighing these factors between study sites, the site most vulnerable to
serious economic loss due to floods can be identified. The source of the loss may be

identified and mitigated.
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Corner Brook appears to be the most vulnerable area to extensive economic costs
associated with flooding. High costs are associated with the high value of infrastructure,
high density of houses and critical infrastructure in flood prone areas, varying hazards
that occur simultaneously (river flooding, water build-up, slope failure), and frequency
and probability of flooding events. Costs may increase in the future due to the increasing
precipitation (i.e. rainfall) during winter inducing rain-on-snow events, and the
continuation of upslope activity. Torbay, the Burin Peninsula, and the remainder of the
Humber Arm region are subject to lesser economic costs related to indirect and direct
damages. The areas are less prone to flooding events that result in extensive damage (e.g.
Torbay) or the cost of infrastructure and property is of lower value (e.g. Burin Peninsula

and Humber Arm region).

Several factors can be measured to assess the vulnerability of communities to social
losses related to flooding: the amount of risk and vulnerability associated with a hazard,
frequency and severity of flooding, population dynamics, location of the residential
developments and critical infrastructure, resiliency of transportation, presence of hazard
limiting infrastructure, and the presents of a community development plan. Population
dynamics include the age group of residents the median income, employment rate, and
the percentage of income derived from earning or government assistance; and the social
fabric or the ability for a community to work together to recover emotionally and
physically. Social factors are not usually incorporated in the losses incurred during a

flooding event, even though these losses may continue months or years after the disaster.
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The most vulnerable sites to flooding hazards associated with social factors are located
on the Burin Peninsula and the Humber Arm region (excluding Corner Brook and
Massey Drive). The greatest vulnerability is related to the financial situation of the
residents and the communities. Both areas have lower employment rates and incomes
than do Torbay, Corner Brook, and Massey Drive. The communities surrounding the arm
and the peninsula may be only able to provide minimal flood protection services, such as
ditch clearing. From personal communications, flood damage repair rather than flood

mitigation is common practice. Therefore, flooding may be repeated in those locations.

The lack of a community plan and flood zoning also increases the social vulnerability of
families. The families may unknowingly construct their homes in flood prone areas.
When severe or frequent flooding occurs, the family may be emotionally or financially

unable to move to another location, and therefore have “to live” with the hazard.

In the Humber Arm communities, disconnection of transportation routes has a great
social impact. The overall economic impact of traffic interruptions may be minimal, but
the loss of security was prevalent among municipal officials in the communities affected

(e.g. York Harbour).
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9.3 Methods to increase efficiency of flood risk and vulnerability assessment
To improve the efficiency of prediction and identification of flood hazards and
vulnerability in the communities studied and other communities in the province, physical

infrastructure and conceptual approaches should be implemented.

9.3.1 Monitoring stations

Long term climate monitoring stations are limited within the province. Analysis of long
term trends of precipitation, wind direction, temperature, etc. can not be created with
accuracy for many regions. Therefore, changes in the mechanism underlying flood
hazards cannot be identified, nor can possible increases in particular flood hazards be
predicted. For example, increases in winter rain-to-snow ratios may indicate increases in
rain-on-snow events, which may be predicted and mitigation procedures put in place if
the trend is identified. Assessment of future flood risk could be made more efficient if
additional monitoring stations to record weather data (precipitation amounts and hourly
intensities) were established. Alternattvely, the existing network of stations should at

minimum be maintained.

The weather stations in Corner Brook (2004) and St. Lawrence (1998) have been refitted
to measure only the total weight of precipitation. Consequently, no differentiation
between precipitation types can be made. Any changes in the rain:snow ratio cannot be
identified; therefore, future flooding events dependent on precipitation type may not be

readily predicted.
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9.3.2 Combined hazard assessment

The assessment of various geological, meteorological, and anthropologically-induced
flooding mechanisms are usually assessed independently from one another by various
groups (Liverman et al., 2001; Thomas, 1996; Ballantyne, 2000). However, the effect of
one flooding mechanism may induce flooding caused by another mechanism. A more
efficient assessment of the frequency and prediction of hazards should include an
investigation of the relationship between mechanisms (Thomas, 1996; Ballantyne, 2000).
In the Humber Arm region both heavy rainfall (meteorological in nature) and slope
failures (geological in nature) impact communities. If the two hazards are studied in
unison, the timing of damage, the frequency, and vulnerable areas can be identified.

Economic and social costs can then be minimized.

9.3.3 Additional mapping

Many of the communities in Newfoundland and Labrador have not been mapped for
flooding hazards. Some hazards may be unknown to residents, particularly hazards of
low frequency mapping of these hazards may enable residents to prepare physically or
mentally for future damage. In the case of growing communities, infrastructure may be
placed in vulnerable locations. With mapping of the hazard and zoning, economic and

social costs resulting from flooding would be avoided or minimized.
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Appendix A

Torbay: Areas of Flooding and Concern

Map in pocket of thesis
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Appendix B

Corner Brook: Areas of Flooding and Concern

Map in pocket of thesis
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