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Introduction & Framework 
for Analysis
In 2013, a climate change adaptation plan was 
completed for Delta’s agriculture sector.1 During two 
workshops with Delta’s agricultural producers, the 
risks associated with coastal flooding emerged as one 
of the highest adaptation priorities. While producers 
identified salt water flooding on agricultural lands as 
a significant challenge, there was little information 
available to assess the magnitude and severity of 
the potential impacts for agriculture. This study 
was initiated to address this gap and to strengthen 
understanding of the range of climate change-related 
flood risks for agriculture in the Fraser delta region.

In Part I of the study, the full extent of agriculturally 
productive land that could be vulnerable to flooding 
is defined, and an estimate is provided for the total 
value of agricultural production in that area. However, 
the factors and circumstances that determine actual 
agricultural and economic impacts in a particular 
flood event are highly complex.

In order to provide deeper insight into the range of 
plausible flood risk scenarios and types of impacts 
that could be expected, a series of three case stud-
ies — in Delta, Surrey, and Richmond — is presented 
in Part II. Each case study models a distinct type of 
flood risk, combined with the particularities of the 
setting. The resulting analysis furthers understanding 
of a potential range of flood risks, in ways that can 
inform decision-making about climate change-related 
flood management and agricultural production in 
this region.

This document is a summary version of the full 
report, Potential economic & agricultural production 
impacts of climate change related flooding in the Fraser 
delta, and is intended to provide an introduction to 
the study. The full report contains greater detail on 
the context, methodology, analysis and results of 
this study. Please consult the full report directly at 
www.BCAgClimateAction.ca/discuss-doc-delta-impact-
flooding-full to ensure understanding and accuracy 
when referencing this work for decision-making or 
other uses.

Agriculture in the  
Fraser Delta Region

BC’s Fraser River delta lies at the mouth of the Fraser 
River and includes the municipalities of Delta, Surrey 
and Richmond. It contains some of the most fertile 
agricultural soils in the province, largely due to its 
natural function as a floodplain.

The Fraser delta is a provincially significant agricul-
tural area with Richmond, Delta and Surrey produ-
cing 14% of BC’s total farm gate receipts on only 2.2% 
of the farmed land.2 The primary crop production in 
this area includes potatoes, cranberries, blueberries, 
greenhouse vegetables, and field vegetables.

The Fraser delta’s climate is characterized by mild 
winters, warm summers and a relatively narrow range 
of temperatures.3 The region has one of the longest 
frost free periods in Canada and the temperature 
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infrequently drops below zero degrees Celsius. In 
addition to an ideal climate for agriculture, these 
fertile lands are located adjacent to the largest metro-
politan market in the province, and also close to 
shipping and export facilities. All of these factors 
combine to reinforce the area’s importance to BC’s 
agriculture sector.

Climate Change & Flood Risk  
in the Study Area

The Fraser delta is bordered to the west by the 
Georgia Strait, and is crisscrossed by the Fraser River 
(separating Richmond from Vancouver and Delta), 
and the Serpentine and Nicomekl Rivers in Surrey.

The region has a history of flooding, both from 
the rivers (including the Fraser, Serpentine and 
Nicomekl) and from the sea during storm surge 
events. Most coastal flooding is driven by winter 
storms that create elevated water levels as a result 
of low atmospheric pressure (a storm surge), and 
associated wave action. When storm surges coincide 

with high tides (which are highest in the winter), 
there is potential for flooding. Localized flooding of 
agricultural lands also occurs regularly in the region 
as the result of rainfall events and, in some locations. 
This is exacerbated by runoff from surrounding 
urbanized areas.

While agricultural land in this area has always been 
subject to flood risk, climate change is projected 
to increase the intensity and frequency of flooding 
events associated with extreme precipitation and 
sea level rise. The impacts on freshet flooding are 
less clear but with the variability that accompanies 
climate change, rapid melts and earlier (and more 
intensive) peak flows are a strong possibility.

Defining Vulnerability of 
Agricultural Production to 
Flooding Impacts

Vulnerability to impacts associated with flooding is in-
fluenced by a range of factors. Table 1 provides an over-
view of key agronomic, flood risk, land management 

Table 1 Key factors affecting the degree of agricultural impact associated with flooding

Agronomic Factors

 ■ Production type 
Annual or perennial crop; forage; livestock; farm buildings; etc. 

 ■ Seasonality 
Conditions and growth at different stages of the year (winter, early spring, late spring) — potential impacts/
costs increase as season progresses

Flood Risk Factors

 ■ Duration of flooding 
Amount of time flood water remains on land base, depth of flood waters

 ■ Type and magnitude of flood event 
Coastal / storm surge; freshet flooding; extreme rainfall events; salt or freshwater

 ■ Timing of event 
In relation to seasonality (above)

Management & Infrastructure Factors

 ■ Capacity and condition of drainage system 
On-farm and surrounding regional drainage system (including ditches, pumps, spillways, flood boxes, etc.)

 ■ Condition and standard of flood protection infrastructure 
Status of upgrades, height of dikes relative to SLR over time, maintenance

 ■ Management techniques & systems 
Farm practices, farm infrastructure
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and agricultural system characteristics that contribute 
to the degree of vulnerability of agricultural land to the 
impacts of flooding.

Study Structure & Approach

This study is divided into two parts. Part 1 of the study 
is an overarching analysis across the Fraser delta 
region. This analysis does not include a modeled 
flooding event because no single flood would impact 
this entire area simultaneously. Instead, this section 
includes all of the agricultural land that is vulnerable 
to flooding and estimates its current agricultural 
production value.

Part 2 of the study is made up of three distinct case 
studies, each of which evaluates the agricultural 
impacts of a different modeled flooding event (one 
in each municipality). The modeled events are 
drawn from previous studies contracted by the 
respective municipalities. Each modeled flood 
incorporates a distinct type of flood risk with the 
intent of deepening the understanding of the range 
of flooding risks for agriculture across the vulnerable 
land base. This approach reflects the initial findings of 
this study, particularly input from local government 
staff, which made clear that although Delta, Surrey, 
and Richmond may appear to be similar contexts, 
the flood risks to agriculture are location specific 
and, particularly for effective risk management and 
adaptation measures, require further consideration 
and analysis.

The first case study is in Delta with a focus on 
sea-level rise and storm surge flooding in the winter. 
Over time, climate change will increase sea levels and, 
as such, the risk of dike overtopping and breaching 
during storm surges. In Surrey, the greater flooding 
risks are linked to the Serpentine and Nicomekl 
Rivers. Within this system, precipitation and storm 
water-driven flooding is likely to be exacerbated by 
sea-level rise and tidal cycles that impede drainage of 
floodwaters into the ocean. In Richmond, sea-level 
rise flooding is primarily a concern for the urban 
areas on the western side of Lulu Island. A spring 
freshet-driven breach event on the east side of Lulu 

Island is a more significant risk for Richmond’s 
agricultural land base, and could also be exacerbated 
by climate change. 

Projecting and modeling flooding events associated 
with climate change involves numerous assumptions 
and estimates. Devising estimates of the associated 
agricultural impacts involves additional assumptions 
and estimates. However, grounding this evaluation 
in specific modeled flooding events in particular 
locations allows greater clarity to emerge around 
the flooding vulnerability for agriculture. This, in 
turn, supports a fuller understanding of the range of 
possible agricultural impacts and therefore, a stronger 
basis for dialogue about effective adaptation and 
management options.
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Part I : Fraser Delta Analysis
Part I of the study provides an overall estimate 
of the agricultural production and economic value 
at risk in the area defined as vulnerable to climate 
change related flooding in this study. Detailed dike 
breach and flood management studies that have been 
conducted in each of the three study municipalities 
provide the primary sources for defining the 
floodplain areas for this analysis.

The total area vulnerable to flooding encompasses 
some 12,409 hectares of agricultural land in 
production.4 The largest proportion, 6,173 hectares, 
is located in Delta. In Surrey there are 3,671 hectares 
of agricultural land vulnerable to flooding and in 
Richmond, 2,564 hectares. Almost all of Delta’s 

Agricultural Land Reserve area is affected and 77% of 
the ALR across the three municipalities is within the 
vulnerable area.

Figure 1 illustrates the extent of agricultural area, and 
specific production types, that are subject to the 
range of flood risks described in the Introduction. 
While this total area will never be flooded via a single 
event, parts of this agricultural area are likely to be 
affected by flooding in the future, particularly if flood 
planning and protection measures are not sufficient. 
Further details of production types in the overall area 
are provided in the full report. Table 2 provides an 
estimate of the proportion of the production of key 
BC crops that is within the vulnerable area.

Figure 1 Agricultural land uses (by category) in areas vulnerable to flooding.  
(Data: BC Ministry of Agriculture, Agricultural Land Use Inventory.)5
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Table 3 Value of capital investments and annual agricultural activities in the vulnerable area ($ millions)

Agricultural Activity  Value

Delta Surrey Richmond Total

Pro-rated farm receipts 169.5 106.9 40.3 316.7

Secondary benefits 169.5 106.9 40.3 316.7

Total economic value of agriculture in 
vulnerable areas

339.0 213.8 80.7 633.4

Pro-rated equipment and machinery 51.4 38.5 22.2 112.0

Calculated value of buildings (incl. 
greenhouses)

406.3 111.0 46.0 563.3

Total value of capital investments in 
vulnerable area

457.7 149.5 68.2 675.3

Table 2 Percentage of BC’s production area in vulnerable area for selected crops

Agricultural Activity  Vulnerable Area 
(Ha) Production

Cultivated BC 
Production Area 

(Ha)

% of BC 
Production Area

Blueberries 2,449 7,485 33%

Potatoes 1,261 2,962 43%

Cranberries 1,011 2,498 40%

Greenhouse Vegetables 146 271 54%

Economic Value of Agriculture  
in Vulnerable Area

Assessing the economic value of agricultural activity 
across the area vulnerable to flooding does not 
correlate to losses associated with potential flooding 
events (evaluating losses associated with individual 
flooding events is the purpose of the three case 
studies in Part II). However, estimating the economic 
value of agricultural activity creates a fuller picture 
of what is encompassed within the area at risk of 
flooding. This, in turn, supports more informed 
decision-making regarding the value of adaptation 
(and the risks associated with failing to adapt).

To analyze the annual economic value of agricultural 
activity, annual farm gate receipts are the simplest 
measure for gross farm revenues. To estimate farm 
gate revenues in the vulnerable area, total annual 
farm gate receipts for each community from the 2011 

Agricultural Census were pro-rated to the vulnerable 
area. The annual economic value of agriculture in 
this area also includes the secondary economic 
benefits attributable to the sector. Appendix A of the 
full report provides a more detailed explanation of 
secondary benefits and how they were estimated.

There is also capital investment in the form of 
buildings, equipment, and machinery. Census data 
has been pro-rated to obtain an estimate of the value 
of agricultural machinery within the vulnerable area. 
Buildings and greenhouse values are estimated to 
be $2.14 and $1.25 million/hectare respectively.6 The 
resulting rough estimate, values annual agricultural 
activities in flood vulnerable area of the Fraser delta 
region at over $633 million annually, with capital 
investments of $675 million (Table 3).
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Part II : Case Studies
The three separate case studies for Delta, Surrey 
and Richmond explore the potential economic 
impacts associated with different modeled flooding 
scenarios. Although each case study focuses on a 
particular type of flood risk in a particular location, 
all three municipalities could conceivably experience 
any of the various flood types within their boundaries 
(with varying degrees of impact to agriculture). The 
lessons learned in one case study, are likely to be 
applicable for similar flood events across the Fraser 
delta area. Table 4 contrasts the three case studies 
profiled in this study, providing an overview of the 
types of factors that each case study explores, which 
can be taken into consideration to inform decision-
making across the region.

It is important to note that each municipality has a 
distinct set of circumstances and ways of planning 

for and managing flood risk, and this detail has not 
been included in this summary document. For more 
information on the ways that flood risk is being 
managed in the study area, please refer to the case 
study sections of the full report.

Estimation of Economic Impacts 

It is challenging to calculate the potential economic 
impacts associated with projected flooding events. 
There is a broad range of variables that are uncertain 
and numerous assumptions must be made to develop 
estimates.

For the purposes of this study, economic impact of 
farm gate losses is a measure of the community im-
pacts associated with flooding losses for agriculture. 

Table 4 Comparison of case study scenarios for Delta, Surrey and Richmond

Delta Surrey Richmond

Types of flood risk modeled Dike breach during a 
200-year-return-period 
storm, under three 
different sea level rise 
scenarios (1-week)

1-in-200-year-return-
period storm event, 
combined with SLR of 
1.2m (1-week)

Dike breach during 
freshet flooding (1-week 
and 2-week)

Modeled events 1) baseline

2) +0.6m SLR

3) +1.2m SLR

1) 200-year floodplain 
of Serpentine & 
Nicomekl rivers

2) “Colebrook/Mud 
Bay” sub-section of 
floodplain

1) 1-week freshwater 
flood

2) 2-week freshwater 
flood

Extent of vulnerable agricultural 
land area in modeled events

1) 412.6 Ha

2) 1,115.6 Ha

3) 1,277.8 Ha

1) 5,905 Ha

2) 962 Ha

1) 3,991 Ha

2) 3,991 Ha

Key factors affecting agricultural 
impacts, highlighted in this case 
study

Timing, drainage 
capacity, salinity effects, 
and sea level rise

Interactions of upland 
and lowland drainage 
& flooding; increased 
frequency of flood events

Effect of duration and 
extent; impacts due to 
perennial crops



Discussion Document Summary : Potential economic & agricultural production impacts of climate change related flooding in the Fraser delta 7

This includes both the agriculture sector’s direct farm 
gate losses and the secondary impacts associated with 
these losses. Farm gate receipts have been used to 
measure the direct economic activity generated by 
farms within impacted flood areas, and losses to farm 
gate receipts are used as the indicator of the direct 
economic impact of a flood event.

The secondary or spin-off benefits associated with 
agriculture within the community are those that 
occur when farm workers or farm businesses use their 
wages or revenues to purchase goods and services 
within the community. For this study, the impacts 
to secondary benefits are estimated as equal to the 
direct economic activity (lost farm gate receipts). 
For more details regarding estimating secondary 
economic benefits associated with agriculture please 
see the full study.

The economic impact of farm gate losses does not 
include the value of the utility, road, irrigation and 
infrastructure network that local governments have 
invested in for the purpose of agriculture and flood 
hazard management. These types of broader impacts 
are beyond the scope of this study.

Flooding can also cause damage to farm equipment, 
buildings and livestock feed crops, and while these 
are additional costs to the producer, they may not 
reduce crop yields. For this reason, damage to farm 
equipment, buildings and feed crops is defined as 
additional farmer costs and is considered separately 
from the economic impact to the community (i.e., 
economic impact of farm gate losses). Total farmer 
costs include farm gate losses, along with additional 
farmer costs.

Detailed explanations regarding how the calculations 
were derived for crop losses, economic impact of farm 
gate losses and additional farm costs are provided 
in the full report. In all cases, estimates are based 
on an average over a flooded area and, depending on 
their specific circumstances, individual farms will 
experience higher or lower levels of losses.

Economic Impact 
Methodology Definitions

 ■ Economic Impact of Farm Gate Losses =  
lost farm gate receipts + secondary impacts

 ■ Additional Farmer Costs =  
damage to buildings and equipment + livestock 
feed losses + replanting costs

 ■ Total Farmer Costs =  
additional farmer costs  
+ lost farm gate receipts 
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Case study 1 : Impact of Sea Level Rise on 
Dike Breach Flooding in Ladner, BC

Context

Situated at the mouth of the Fraser River, the 
Corporation of Delta has just over 200 farms and 
about 8,000 hectares of agricultural land, mostly 
in active production. Almost 53% of the land area 
of the municipality is in the Agricultural Land 
Reserve (ALR). Of the ALR lands, 69% (6,496 Ha) 
are actively farmed.7 Because almost all of Delta’s 
agricultural land is located on the low-lying, fertile 
soils of the Fraser delta, they are particularly at risk of 
flooding should the protective dike system fail.

The primary drivers of potential flooding in Delta are 
winter storms and the Fraser River freshet. Freshet 
flooding is most likely to be caused by elevated 
snowpack levels in the Fraser basin, combined with 
cool spring temperatures, followed by a spell of very 
warm weather. Winter 
storm-driven flooding 
occurs when a low-pres-
sure storm system (a 

“storm-surge”) coincides 
with high tides, or 
when sustained rain 
and southwest winds 
combine. In both cases, 
protective dikes can be 
overtopped or breached, 
causing coastal flooding. 
Because of Delta’s set-
ting close to the Strait of 
Georgia, the water levels 
associated with winter 
storms typically exceed 
the Fraser River freshet 
levels8 and thus are of 
greater concern.

Field vegetables cover 38% of Delta’s cultivated area, 
with potatoes (the largest vegetable crop) accounting 
for 19% of this total. Forage and pasture comprise 
another 34% of the area under production and berries 
make up 19%, the majority of which is blueberries. 
Although covering just 2% of the ALR land in Delta, 
greenhouse production accounts for 73% of Delta’s 
total farm receipts (in 2005).9 There are also 11 
medium to large-scale dairy operations and 10 small- 
scale poultry operations.10

In 2011, Delta contained 40% of the vegetable 
greenhouse production area for the province and 
15% of the province’s field vegetable acreage.11 Annual 
gross farm receipts in Delta total almost $170 million, 
about 22% of the Metro Vancouver farm receipts and 
almost 6% of total provincial receipts.12

Figure 2 Three modeled flood scenarios for Chisolm St. breach, showing increasing 
extent as sea levels rise. Data: Delcan, 2011
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Table 5 Summary of modeled flood events in the Delta case study, based on three different sea level rise scenarios

Flood Scenario Dike breach during 200-
year return-period storm 
“baseline”

Dike breach during 200-
year return-period storm 
“baseline” + 0.6m of SLR 

Dike breach during 200-
year return-period storm 
“baseline” + 1.2m of SLR

Type of flood event Saltwater flooding Saltwater flooding Saltwater flooding

Duration 1 week 1 week 1 week

Extent of agricultural 
land flooded

412.6 Ha 1,115.6 Ha 1,277.8 Ha

Depth 0.5—2.0 m 0.5—2.5 m 1.0—2.5 m

Timing  
(for economic analysis)

Winter, early spring, and late 
spring

Winter, early spring, and late 
spring

Winter, early spring, and late 
spring

Agricultural 
production at risk

Mostly annual crops, with 
some forage and perennial 
crops. Greenhouses affected

Mostly annual crops, with 
some forage and perennial 
crops. Greenhouses and 
large dairy affected

Mostly annual crops, with 
some forage and perennial 
crops. Greenhouses and 
large dairy affected

Key assumptions Dikes have been raised to 
0.6 m above peak levels for 
baseline; breach is repaired 
and flood water removed 
within one week; thus, flood 
depth & effect on duration is 
not considered in economic 
analysis

Dikes have been raised to 
0.6 m above peak levels for 
2050; breach is repaired 
and flood water removed 
within one week; thus, flood 
depth & effect on duration is 
not considered in economic 
analysis

Dikes have been raised to 
0.6 m above peak levels for 
2100; breach is repaired 
and flood water removed 
within one week; thus, flood 
depth & effect on duration is 
not considered in economic 
analysis

Overview of Flood Scenarios  
& Economic Analysis Results

This case study examines the impact of a modeled 
dike breach at Chisolm Street, for three different sea 
level rise scenarios. The results provide a comparison 
of the impacts of different extents of flooding, and 
of the impacts of saltwater flooding for agricultural 
production in this area.

The modeled flood events for this analysis were 
taken from the Technical Memo on Sea Level Rise 

Dike Breach Analysis13, produced in 2011 for the 
Corporation of Delta. Figure 2 shows the extent 
of flooding in the modeled event used in this case 
study. Table 5 provides details of the flood scenarios 
used, and the agricultural production at risk in the 
modeled events.

Table 6 summarizes the economic impact of farm 
gate losses (lost farm gate receipts and secondary 
impacts), and total farmer costs (farmgate losses, 
damage to buildings and equipment, replant costs, 
lost livestock feed) for the three scenarios.

Table 6 Economic impact of farm gate losses and total farmer costs of a fresh/salt water mix flood in Ladner  
for all scenarios ($ millions)

Economic Impact of Farm Gate Losses Total Farmer Costs

Winter Early Spring Late Spring Winter Early Spring Late Spring

Baseline 0.34 28.51 58.37 1.65 16.09 31.09

Base + 0.6m SLR 0.66 36.82 78.61 4.33 22.88 43.94

Base + 1.2m SLR 0.78 42.10 89.60 6.04 27.24 50.68
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Key Findings

 ▶ The scenario with 1.2m of sea level rise triples the 
inundated area and raises flood depths by 0.5 m.

 ▶ Economic impacts are significantly affected by 
timing (the further into the production season 
the flood occurs, the greater the impact), and sea 
level rise.

 ▶ Farmer costs during winter events would still 
be substantial (due to damage to buildings and 
equipment), but the impact to the economy is 
much lower in winter.

 ▶ The degree of impact in these scenarios is higher 
due to the presence of high intensity greenhouse 
production in the affected area.

 ▶ Potential increases in flood depth, and therefore 
duration of events, has not been taken into 
account in this analysis. Therefore, impacts and 
losses are likely to be greater than these estimates.

 ▶ Crop losses due to saltwater flooding in winter are 
estimated to be lower than later in the production 
season, due to the potential for sufficient rainfall 
to flush saltwater from soils after flooding. 
This mitigating factor depends heavily on the 
condition and capacity of both on-farm and 
surrounding drainage systems — both of which 
are likely to require upgrades to deal effectively 
with future conditions.

 ▶ Underlying the entire analysis in this case study, 
is the assumption that Delta’s dike system will be 
upgraded to keep pace with rising sea levels.
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Case study 2 : Impact of Stormwater & 
Precipitation Flooding in Surrey, BC

Context 

Due to its fertile soils, mild climate and long grow-
ing season, Surrey has highly productive agricultural 
land. Contributing to the productivity of agriculture 
in Surrey is an extensive drainage network that 
improves agricultural capability. The most productive 
lands in Surrey lie in the floodplain of the Serpentine 
and Nicomekl Rivers.

Agriculture in Surrey generated 22% of the annual 
farm receipts in Metro Vancouver in 2010, primarily 
through poultry, dairy, berry, field vegetable and 
greenhouse vegetable production.14 Surrey’s agricul-
tural production is focused on forage and pasture 
(2,362 hectares) as well as berries (1,407 hectares) and 
vegetables (585 hectares). Livestock-related agricul-
ture in Surrey includes numerous horse operations, 
12 intensive dairy operations, as well as poultry (57 
operations) and a small amount of beef production.15 
About 13% of British Columbia’s agricultural land 
base dedicated to blueberry production is located in 
Surrey and 18% of the overall land producing vege-
tables (including 49% of the carrot and 52% of the 
spinach areas). Annual gross farm receipts in Surrey 

total almost $167,171,249, almost 6% of total annual 
provincial farm receipts.16

Surrey’s key drivers of flood risk differ from those in 
Delta. Severe flooding in the river basins has been 
caused by heavy rain, rain-on-snow, high tides at the 
same time as storm surges, or some combination of 
these conditions. The risk level within the floodplain 
differs depending upon specific location. Rain-on- 
snow events typically cause flooding in the upper 
basins, and high tides coupled with storm surge are 
the main driver in the lower basins. For the land base 
located in the middle, both drivers can combine to 
cause flooding. An additional contributing factor (if 
not properly managed) is that as urban development 
progresses, stormwater runoff from residential areas 
in the upper basins may potentially increase flood 
risk in the agricultural lowlands.17 In Surrey, sea-level 
rise not only has the potential to contribute to 
inundation in the lower reaches of the floodplain 
but, in combination with tidal cycles, could prevent 
the floodboxes and pump stations from effectively 
removing excessive water from the floodplain, 
exacerbating precipitation-driven flooding in the 
upper areas.

Figure 3 200-year floodplain area in Surrey Figure 4 Colebrook Road / Mud Bay area in Surrey
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Overview of Flood Scenarios  
& Economic Analysis Results

The modeled flood events for this analysis were taken 
from the Serpentine, Nicomekl and Campbell Rivers 
Climate Change Floodplain Review Final Report18 
produced in 2012 for the City of Surrey. Table 7 
provides details of the flood scenarios used, and 
the agricultural production at risk in the modeled 
events. The topography is such that in a large flood 
event the entire area is likely to become inundated 
to some degree. As such, the first case study uses the 
current 200-year floodplain area for the Serpentine 
and Nicomekl rivers as the flood extent, and as-
sumes a one-week freshwater flood (Figure 3). The 
second case study focuses on one sub-section of 

the floodplain (Figure 4) — the Colebrook Road / 
Mud Bay portion of the floodplain (between King 
George Highway and Boundary Bay) — as this is 
the area likely to see the greatest increase in flooding 
frequency. This case study provides an example 
of impacts due to a primarily stormwater- and 
precipitation-driven flood event.

Table 8 summarizes the economic impact of farm gate 
losses (lost farm gate receipts and secondary impacts) 
and total farmer costs (farm gate losses, damage to 
buildings & equipment, replant costs, lost livestock 
feed) for the two scenarios.

Table 7 Summary of modeled flood events in the Surrey case study

Flood Scenario 200-Year Floodplain of Serpentine & 
Nicomekl Rivers

Colebrook Road / Mud Bay

Type of flood event Freshwater flooding Saltwater flooding

Duration 1 week 1 week

Extent of agricultural 
land flooded

5,905 Ha 962 Ha

Timing  
(for economic analysis)

Winter, early spring, late spring Winter, early spring, late spring

Agricultural 
production at risk

~40% of affected ag land is perennial crops 
(mostly blueberries); forage & forage corn 
(~40%); annual crops (~15%). Also contains 
some greenhouse, structures and livestock

Mostly forage & forage corn; large dairy 
operation; equestrian facilities; some 
blueberry operations

Key assumptions Precipitation amounts remain consistent with current day heavy rain conditions (ie: don’t reflect 
climate change projections for rainfall); current tidal cycles; 1.2 m SLR; runoff flows consistent 
with increased future development

Table 8 Economic impact of farm gate losses and total farmer costs in Surrey scenario areas ($ millions)

Economic Impact of Farm Gate Losses Total Farmer Costs

Winter Early Spring Late Spring Winter Early Spring Late Spring

200-year 
Floodplain

4.14 18.92 48.99 9.93 17.95 34.31

Colebrook Road / 
Mud Bay

1.28 3.55 5.97 2.14 3.50 5.13
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Key Findings

 ▶ Climate change will increase not only the 
severity (in depth & extent) of floods, but also 
the frequency. Surrey’s Floodplain Review report 
estimates that in low-lying areas, the 1-in-200 year 
event could have a return period of 1-in-2 years 
by 2100. This means that over a 200-year period, 
an event so severe that it would currently happen 
only once, could be happening every other year. In 
the upper Nicomekl the return period is projected 
to be 110 years, and in the upper Serpentine, 30 
years. In addition, because the intensity and 
frequency of precipitation events is projected to 
increase due to climate change19, flood events 
could become even more frequent than this 
model currently suggests. The cumulative impact 
of more frequent severe floods is not included in 
this study.

 ▶ With increased flood frequency, recovery and 
reinvestment may be reduced due to cumulative 
impacts of losses. However, this also shifts the 
cost-benefit ratio in the direction of adaptive 
measures and investments.

 ▶ Impacts of urban stormwater runoff and 
agricultural land management practices in the 
flood-prone areas are key factors impacting 
the degree of impacts flooding may have for 
agricultural operations. This highlights the 
importance of runoff management and effective 
drainage infrastructure (on-farm and regionally), 
for maintaining agricultural productivity. The 
City of Surrey has been taking this into account in 
current drainage plans and upgrades.
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Case study 3 : Impact of Freshet 
Flooding in Richmond, BC

Context

Richmond is located on Lulu Island, at the mouth 
of the Fraser River. Agricultural lands in Richmond 
are predominantly located in the easternmost half 
of Lulu Island, in close proximity to the Fraser River. 
Approximately 39% (or 4,993 hectares) of Richmond’s 
land base is in the Agricultural Land Reserve (ALR).

Richmond has prime agricultural land and climate 
conditions. With effective drainage, all of Richmond’s 
land is highly productive with many areas particularly 
well suited to the production of cranberries and 
blueberries.20 In 2011, cranberries were the primary 
crop in Richmond followed by blueberries. Other 
key agricultural activities include forage and field 
vegetable production.21 Livestock-related agriculture 
in Richmond includes numerous non-intensive horse 
operations (about half of all livestock activity), three 
intensive dairy operations, as well as about a dozen 
poultry operations of various sizes.22 In 2010, Rich-
mond’s agricultural production included about 33% 
of the cranberry acreage in BC. The municipality is 
also home to 2% of the province’s vegetable pro-
ducing land base. Agriculture in 
Richmond grossed $48.6 million 
in farm receipts in 2011, approxi-
mately 6% of Metro Vancouver 
farm receipts.23

Like Surrey and Delta, Richmond 
is located on low-lying land with 
flat topography. Richmond is bor-
dered by the Fraser River, with an 
ocean coastline on its western edge. 
As such, Richmond is at risk of 
both coastal flooding (from winter 
storm surge and sea-level rise on 
its western side) and spring freshet 
flooding (from the Fraser River to 

the east). While agricultural lands on the east side of 
the Island could conceivably be impacted by winter 
storm surge flooding, freshet flooding from the Fraser 
River is of greater concern both due to proximity of 
the river and the potential for a flooding event with a 
longer duration. Lands in Richmond are, on average, 
one metre above sea level. Dikes currently protect 
Richmond from both river and coastal flooding, and 
Richmond’s Dike Master Plan (2013)24 and flood 
protection & management strategy25 incorporate sea 
level rise and storm surge risk.

Overview of Flood Scenarios  
& Economic Analysis Results

The modeled flood events for this analysis were taken 
from a study produced in 2003 as part of the input 
to Richmond’s flood management study26. Table 
9 provides details of the flood scenarios used, and 
the agricultural production at risk in the modeled 
events. In this case study, a freshet-driven dike breach 
scenario on the east side of Lulu Island is used as the 
basis for the analysis. Because floodwaters may not 
recede for a sustained time while the freshet is high, 

Figure 5 Selected Richmond breach scenario at maximum extent27
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this analysis considers the effects of both a 1-week 
and 2-week flood scenario. This flooding scenario is 
extreme; such an event would only occur if the river 
dikes failed and the velocity of floodwaters prevented 
a repair of the breach. This case study enables 
comparison of flood duration for agricultural impacts.

Table 10 summarizes the economic impact (farmgate 
losses + secondary impacts), and total farmer costs 
(farmgate losses, damage to buildings and equip-
ment, replant costs, lost livestock feed) for the two 
scenarios.

Key Findings

 ▶ The economic impact increases by 52% when the 
flood duration extends from 1 to 2 weeks

 ▶ Freshet flooding may be more damaging to 
agriculture than any other modeled event, due 
to the likely timing (late spring) and extended 
duration of flooding

 ▶ Longer duration flooding during the production 
season would also be likely to cause losses of 
perennial plants. These additional (multi-year) 
losses have not been incorporated into the 
economic analysis here, but would be significant 
and longer-term as blueberry and cranberry plants 
take several years to establish and reach economic 
production levels.

 ▶ The potential shift of peak freshet to earlier in the 
season, and the shorter peak, could be positive for 
agricultural impacts.

Table 9 Summary of modeled flood event in the Richmond case study

Flood Scenario 1-week 2-week

Type of flood event Freshet flooding Freshet flooding

Extent of agricultural 
land flooded

3,991 Ha 3,991 Ha

Depth Average of 1.4 m, up to 2.5 m in areas Average of 1.4 m, up to 2.5 m in areas

Timing  
(for economic analysis)

Early June Early June

Agricultural 
production at risk

82% of actively farmed ALR land in Richmond is at risk of flooding in these scenarios. More 
than half of the area is perennial crops (2/3rd of this in cranberries, 1/3rd blueberries), and 
around a quarter is annuals (50% of this is mixed vegetables, 20% potatoes). The area also 
includes horses, forage, forage corn, greenhouses, structures & livestock.

Key assumptions Breach occurs over a period of 5 hours, after which it is 300m long; river levels during the 
event are 25% greater than 1894 flood; breach is not repaired and no mitigation actions are 
undertaken; pump stations and cranberry dikes are not included

Table 10 Economic impact of farm gate losses and total farmer costs of a late-spring Richmond freshet flood ($ millions)

Scenario Economic Impact of Farm 
Gate Losses

Total Farmer Costs

Richmond Breach Scenario Agricultural 
Economic Impact — 1 week flood

29.31 18.72

Richmond Breach Scenario Agricultural 
Economic Impact — 2 week flood

44.53 27.88
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Summary of Key Findings

In order to provide a comparison across the 
modeled events, the impact per hectare was 

calculated for the late spring event. This is presented 
in Table 11, which highlights the implications of 
different factors present in the case study scenarios. 
For example:

 ▶ The impacts in the Delta (Ladner baseline) 
scenario is by far the highest, particularly due to 
high intensity and capital-intensive agricultural 
production in this area (e.g., greenhouse 
operations)

 ▶ The economic impact of a 2-week event in the 
Richmond case study was 52% more costly than a 
1-week event

Key Factors Affecting Degree 
of Impact to Agricultural 
Production

 ▶ Extent & Depth of Flooding – Projections 
and modeled events suggest that climate change 
will increase the extent (area) and depth of 
flooding, in general.

 ▶ Frequency – Projections suggest that flooding 
events will not only be larger, but will also occur 
more frequently.

 ▶ Timing – Economic impacts for agriculture 
increase as the growing season progresses. 
Modeled events in this study compared winter, 
early spring, and late spring flood events. While 
economic impacts in the winter are minimal, costs 
to farmers are still significant.

Table 11 Impact of case study flood scenarios ($ thousands per hectare)

Flood Type Impact for a Late Spring 
Flood

Economic 
Impact

Farmer Costs

Ladner Baseline Sea-level rise breach (mix salt-fresh water) 165.40 88.12

Ladner Baseline + 0.6m Sea-level rise breach (mix salt-fresh water) 77.22 43.17

Ladner Baseline + 1.2m Sea-level rise breach (mix salt-fresh water) 78.00 44.56

Surrey 200yr floodplain Precipitation (fresh water) 14.44 10.12

Surrey Colebrook Road/Mud Bay Coastal (salt water) 9.03 7.80

Richmond 1 week Freshet (fresh water) 12.91 8.23

Richmond 2 week Freshet (fresh water) 19.62 12.26
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 ▶ Duration – The duration of flooding 
significantly increases the degree of impact 
on agriculture, and is affected by drainage, 
management and type of flooding. A dike breach 
during freshet would likely lead to an extended 
duration of flooding since water does not subside 
to allow for dike repairs. The modeled impact of a 
2-week freshet flooding event showed impacts 52% 
higher than a 1-week event.

 ▶ Salinity – Impacts to crops increase with 
increasing salinity of floodwater. The degree of 
impact of saltwater flooding is generally lessened 
by: 1) soil saturation at time of flooding (reduces 
penetration of saltwater into soils), 2) how quickly 
soils can drain, and 3) sufficient rainfall to flush 
saltwater from soils more quickly (e.g., in winter).

Factors Not Addressed in this Study

 → The potential for saline seepage from 
groundwater, and the effects of climate change 
on the Fraser River salt wedge require further 
study.

 → The longer-term economic impacts of recovery 
from damage to perennial crops (due to 
lost production over several years) were not 
quantified and require further consideration.

 → Cumulative impacts of repeated flooding would 
reduce the capacity of producers to recover over 
time, thereby shifting the cost-benefit rationale 
for various potential adaptation options. 
Cumulative impacts should be considered when 
interpreting this report.

Management & Infrastructure 
Considerations

 ▶ Flood Planning & Management – Each of 
the case study municipalities have commissioned 
studies on potential climate change flood risk to 
inform flood management planning. Different 
models of governance and approaches to planning 
exist in each jurisdiction for flood mitigation & 
drainage systems.

 ▶ Land Use & Management – Urban 
development decisions have the potential to 
exacerbate flood impacts on agriculture in the 
region, while agricultural land management and 
practices can also substantially impact overall 
risk. Including agricultural systems in regional 
stormwater planning & management is essential 
for managing flood risk.

 ▶ Dike Infrastructure – Improvements to the 
dike infrastructure in the region will be costly. 
Creative funding mechanisms may be required, 
such as Richmond’s dike utility, or Surrey’s 
drainage utility. 

 ▶ Drainage Infrastructure & Management – 
Effective flood management for agricultural areas 
depends heavily on the capacity to remove water 
efficiently from the land base. Improving the 
information available on drainage capacity and 
management in the region (and pumping capacity 
in particular) would help to make informed 
decisions. 

 ▶ Adaptation – Improving and adapting drainage 
systems, continuing to improve flood mitigation 
measures and approaches, and enhancing 
emergency planning and preparedness are among 
the approaches needed to manage risk and speed 
recovery from flood events
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