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Limitations

The following study draws on pre-existing hydrological modeling 
and flood management studies, but does not create any new modeling. 
The consultants responsible for this study are not hydrological 
engineers or modelers. Many assumptions and estimates have been 
made throughout the course of this study. This study provides high 
level analysis and estimates of economic impacts, but is not intended 
to replace detailed, site-specific flooding impacts analysis. The authors 
of this study accept no liability for consequences arising from the use 
of information contained in this report.
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Introduction

In 2013, the BC Agriculture and Food Climate Action 
Initiative completed a pilot project to develop regional 
climate change adaptation plans with local government 
and agriculture sector partners in three areas of BC. 

Delta was one of the pilot locations.1 The planning 
process included prioritization of projected climate 
changes and their associated impacts on agriculture. 
During two workshops with Delta’s agricultural 
producers, the risks associated with coastal flooding 
(driven by sea-level rise and storm surge) 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 potential 
magnitude and severity of the associated impacts. 
Although government and academic studies have 
evaluated the risks associated with coastal flooding in 
the Lower Mainland, there is a gap in the information 
regarding the economic and production implications 
for agriculture. Taking a step toward filling this 
information gap is the primary purpose of this study, 
specifically to evaluate how climate change-related 
flooding may impact the low-lying (vulnerable) 
agricultural land base in the Fraser delta.

Although the adaptation planning pilot project was 
focused on Delta, the case studies developed for 
this report broaden the scope to include the flood 
vulnerable agricultural areas of Surrey and Richmond. 
The study also incorporates the range of different 

types of flood risks associated with climate change. 
Including all three municipalities, and the spectrum 
of potential flooding events, creates a more complete 
picture of flood risk to the agricultural land base and 
production of the Fraser delta region.

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 
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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.

photo by Don Schuetze, cornfield, Ladner, Delta
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Background

Agriculture & Flooding in the 
Fraser Delta Region

British Columbia’s Fraser River delta lies at the 
mouth of the Fraser River and includes the 

municipalities of Delta, Surrey, and Richmond, BC. 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 
agricultural area with Richmond, Delta and Surrey 
producing 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 
infrequently drops below zero degrees Celsius. In 
addition to an ideal climate for agriculture, these 
fertile lands are located adjacent to the largest 

Figure 1 Fraser delta Region Map
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metropolitan 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.

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 (Figure 1).

The region has a history of flooding, both from the 
rivers, due to the Fraser River spring freshet, and 
from the sea during storm surge events. The largest 
floods on record occurred in 1894 and 1948, both as a 
result of the spring freshet on the Fraser River.4 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. There is a history of storm surge flooding 
in the region at current high tide/storm surge water 
levels. Localized flooding of agricultural lands also 
occurs regularly in the region as the result of intense 
rainfall events and, in some locations, exacerbated by 
runoff from surrounding urbanized areas.

Climate Change  
& Flooding Impacts

While the region has a history of exposure to flood 
risk, climate change is likely to increase this risk due 
to three distinct shifts: rising sea levels, increasing 
frequency and intensity of extreme precipitation 
events and changing timing and intensity of the 
Fraser River freshet. Each of these projections is 
described in more detail below.

As the global climate changes, warming in the upper 
ocean and accelerated melting of ice caps and glaciers 
on land is contributing to rising ocean levels. Since 
1899, global sea levels have risen about 20 cm.5 For 
the Fraser River delta specifically, projections are for 
up to 1m of sea level rise by the year 2100, coupled 
with a 0.2m subsidence of the delta, for a combined 
1.2m of sea level rise.6 For the 2050s, the projections 
are for approximately 0.6m of sea level rise. However, 

these 2008 generated projections are now regarded 
to be conservative, as the actual rates of sea level rise 
are tracking at the higher end of projections.8 The rise 
in sea level means that there will be an increasing risk 
of coastal flooding during high tide and storm surge 
events, particularly if diking systems are not upgraded 
to protect against higher water levels.

In addition to driving sea level rise, climate change 
is projected to increase the intensity, frequency and 
magnitude of precipitation events which will, in turn, 
increase the risk of storm water driven flooding.9 
Extreme precipitation events may overwhelm current 
drainage and stormwater management systems 
and cause flooding, particularly in agricultural 
areas downstream of urbanized areas (as in Surrey, 
for example). If this rainfall is significant enough 
to overwhelm drainage systems, it can result in 
substantial crop losses. The precipitation that 
occurred in the Lower Mainland in the fall of 2010 
provides an example of this.

Climate change may also impact freshet flooding 
in the region. Much of the historical flooding in 
the region has been caused by the spring freshet 
(snowmelt-driven river discharge). Climate change 
is anticipated to lead to more rapid snowmelt earlier 
in the season, which could result in an earlier, shorter, 
and higher-volume Fraser River freshet. This may 
also alter the severity of freshet flooding along the 
Fraser River.10 While a shorter and earlier freshet has 
the potential to reduce flood risk for agriculture, the 
impact of increased flow volumes is not known, but 
may result in higher river levels and a higher risk of 
flood events occurring.

2010 Extreme Precipitation Event

In October of 2010, extreme precipitation right 
before harvest resulted in substantial crop losses 
for vegetable producers in the Fraser Valley/
Metro Vancouver. An estimated $6.3 million 
in crop insurance and Agri-Recovery was 
paid for compensation/return to production.7 
Extreme precipitation events such as this one 
are anticipated to become more common with 
climate change.
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Overall, 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. While the analysis provided 
in this report evaluates the impacts of individual 
modeled flooding events based on the projections 
outlined above, it does not contemplate the 
cumulative impacts that would result from multiple 
events. The potential for the individual events 
outlined in the case studies to become more frequent, 
underscores the importance of flood management 
planning and infrastructure to the region.

Provincial Approaches to 
Adaptation & Flood Management

In 2004, the BC government transferred 
responsibility for flood protection to local 
governments who are now fully responsible for dike 
maintenance and upgrades, drainage improvements, 
and flood management planning. However, the 
provincial government still provides guidance and 
inspections for dike upgrades and infrastructure 
projects. Prior to 2011, dike design guidelines used 
the 1-in-200-year flood event as a desired level of 
protection11 and added a certain allowance for 
freeboard. These guidelines were developed in the 
1970s and 1980s and therefore, did not incorporate 
climate change projections.

In 2010, the BC government undertook a process 
to review and update its sea dike design guidelines 
with climate change in mind.12 At the same time 
as undertaking the diking guidelines, the Province 
also updated guidelines for flood hazard area land 
use management, and developed a policy paper to 
explore different hazard management options. In 
one example for a Boundary Bay dike, the new 2100 
guideline crest height is 6.9m, compared to a current 
dike height of around 3m. This significant increase in 
height has not only cost implications, but land use 
management implications as well. Local governments 
will need to both raise the dike heights and acquire 
additional lands to accommodate the widened dike 
footprints. Following the completion of the updated 
guidelines, the BC government published a study that 

valued the potential cost of upgrading the flooding 
infrastructure in Metro Vancouver at approximately 
$9.5 billion.13 This study also explored different 
approaches to flood management (e.g., managed 
retreat) in certain areas.

While the provincial government has undertaken 
this overarching approach to the guidelines and cost 
estimates, local governments are well aware that sea 
level rise will impact future flood risk in low-lying 
communities. Individual local governments have 
been working (some for many years) on their own 
assessments of flood risk and in some cases have 
undertaken quite extensive studies and planning. 
Richmond, Delta and Surrey each have their own 
approaches to flood planning and management and 
the implementation of infrastructure upgrades. More 
details about these approaches are presented in the 
case studies that follow.

Flood Management Definitions:

The 1 in 200-year return period storm/flood 
event is the event so large that it will occur 
only once every 200-years. This is the level of 
protection to which most current dikes are 
built. This means that for every year, there is 
a 0.5% chance of a flood event occurring that 
would overtop the dike system.

Freeboard is an additional height of dike above 
the flood level to which the dike is designed 
to protect. This acts as extra insurance against 
extremely high waters. 0.6m is a commonly 
used allowance for freeboard. 
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Part I : Fraser Delta Analysis

Defining the Vulnerable Area

To determine the potential economic and 
agricultural production impacts associated with 

flooding, it is necessary to first define the agricultural 
areas at risk. Although a system of perimeter dikes 
currently protects lands in Delta, Surrey and 
Richmond from flooding, failure of these dikes would 
leave land vulnerable to inundation. Dike failures 
could occur due to overtopping from elevated water 
levels as a result of sea level rise, storm surge, or 
freshet flooding, as well as structural failures (e.g., 
seepage or an earthquake). In addition, extreme 
precipitation events may result in flooding from 
behind the dikes.

Existing floodplain maps for BC are decades old 
and do not take into account sea level rise or flood 
protection infrastructure.14 More recent efforts to 
update these maps and incorporate climate change 
have been high level and detailed (provincially 
generated) mapping information was not available at 
the time of this study.15 As a result, the 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.

In Delta, 2007 flood management studies16 modeled 
a series of dike breach events in a range of locations 
around Delta’s dike system. In combination, the 
modeled breaches encompass the entire low-lying 
area of Delta, including all of Delta’s farmland. While 
no single flooding event would result in simultaneous 
inundation of this entire area, this is the scope of the 

agricultural area that is vulnerable to flooding due to 
climate change. (Figure 2).

The City of Surrey has a defined 200-year floodplain 
(the area that would flood in a 1 in 200-year storm 
event) (Figure 3). A recent report on climate change 
impacts on flooding in Surrey found that the extent 
of the flooded area wouldn’t expand with climate 
change, but that flooding depth and frequency 
would increase. As such, the 200-year floodplain — 
representing approximately 64% of Surrey’s farmland 

— provides the parameters for the vulnerable area 
included this analysis.

In a study undertaken in 2003, dike breaches were 
modeled at three locations around Richmond’s Lulu 
Island to evaluate a series of internal dike scenarios. 
Two freshet-driven breaches on the east side of Lulu 
Island adjacent to Richmond’s agricultural land, were 

Figure 2 Delta vulnerable area resulting from combined 
dike breaches
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included in the modeling.17 One of these breaches 
occurs in the residential area, and the second adjacent 
to the agricultural land base. The latter results in 
flooding of the entire low-lying area of Lulu Island 
(including 83% of Richmond’s farmland) over the 
course of the modeled breach event and therefore 
this area was taken as the extent of lands vulnerable 
to flooding in Richmond (Figure 4).

Combined, the three areas described above 
constitute the agricultural area of the Fraser delta 
that is vulnerable to flooding due to dike breach or 
failures (Figure 5). While this total area will never 
be flooded via a single flooding 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.

Agricultural Production in the 
Vulnerable Area

The agricultural impacts associated with flooding 
will always be specific to the flooding event and 
the agricultural operations that are within harm’s 
way. While the three flooding case studies (Part II) 
estimate the impacts associated with specific flooding 
events, summarizing the broader vulnerability 
provides perspective on the relationship of this area 
to the province’s overall agricultural land base and 
food production capacity.

The total area vulnerable to flooding encompasses 
some 12,409 hectares of agricultural land in 
production.18 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.

In 2010, the BC Ministry of Agriculture conducted 
detailed agricultural land use inventories in Surrey, 
Delta, and Richmond. These inventories provide data 
on agricultural land uses on a parcel basis.19 Utilizing 
this data, Table 1 summarizes the area of various 
production types across the land base defined as 
vulnerable to flooding.

Figure 3 Surrey vulnerable area from 200-year 
floodplain

Figure 4 Richmond vulnerable area from modeled 
dike breach

Figure 5 Lands vulnerable to flooding in the Fraser 
delta region
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Table 1 Area of crops and land uses in the vulnerable area, by municipality (hectares)

Agricultural Activity Delta (Ha) Surrey (Ha) Richmond (Ha) Total (Ha)

Structures 207 187 161 555

Horses 275 95 133 503

Forage 1,428 814 203 2,445

Forage Corn 362 577 108 1,046

Grains / Cereals / Oilseeds 399 66 33 497

Vegetables 517 497 421 1,435

Potatoes 1,117 19 125 1,261

Beans 614 0 6 620

Poly greenhouse / Floriculture / Turf 58 6 10 74

Annual Crops, Total 2,705 588 595 3,888

Blueberries 803 1,267 379 2,449

Cranberries 165 10 836 1,011

Other berries 74 18 69 161

Ornamentals, Shrubs & Trees / 
Nursary / Other perennial crops

10 103 75 339

Perennial Crops, Total 1,052 1,398 1,360 3,810

Greenhouse vegetables 143 0 3 146

Nursery, Floriculture, Mixed 0 14 10 24

Non-Soil-Based, Total 143 14 13 170

Total affected land in production 6,173 3,671 2,564 1,2409

N.B.: Crops that cover a relatively large area have been broken out from general categories (e.g., beans are listed separately from vegetables). 
Horses are a separate category to enable their removal from the impact analysis. Other livestock (dairy and poultry primarily) are included 
in the data for structures and/or forage, depending on the land cover for each specific parcel. Further work is needed to estimate livestock 
impacts in detail. Structures include farm and residential buildings, and other (e.g., commercial buildings on agricultural lands).

Table 1 illustrates that the vulnerable agricultural 
area has a broad range of annual and perennial crops. 
(Figure 6 provides a visual representation of this data 
through a colour-coded map.) Annual crops require 
replanting annually, whereas perennial crops produce 
year-after-year. Blueberries, forage, potatoes, and 
cranberries are the major commodities by area. Delta 
is home to most of the forage, potato, and greenhouse 
vegetable production while the majority of the 
affected area’s blueberry production is in Surrey, and 
most of the cranberries are grown in Richmond. 

The proportion of cultivated area of each major 
crop is compared with BC’s overall production in 
Table 2. The vulnerable area includes a significant 
proportion of the province’s agricultural production 
for the predominant crops. Although it accounts for 
just 2% of BC’s total agricultural land base, this area 
also contributes approximately 14% of the province’s 
overall farm receipts.20
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Figure 6 Agricultural land uses (by category) in areas vulnerable to flooding

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).
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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. Please see Appendix A for 
an 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.21 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).

Table 3 Annual economic value of agricultural production 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
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Part II : Case Studies

Each of the three case studies (Delta, Surrey and 
Richmond) provides a different flooding scenario, 

and then evaluates the impacts of the flood event for 
the agriculture sector within the modeled flood area. 
The impact evaluation focuses on economic impacts, 
but a number of factors influence the ways in which 
flooding will affect agriculture including crop types, 
seasonality and existing drainage infrastructure. Not 
all of these variables can be effectively incorporated 
into the economic impacts analysis, but all are helpful 
for understanding the potential flooding impacts, not 
only economic but also agronomic. In the following 
section, the factors that influence flood-related 
damage and losses are outlined and following this, 
the methodology for the economic impacts analysis 
is provided.

Flooding Impacts  
on Agriculture

Flooding can have significant impacts on agricultural 
production processes. Submersion of plant roots over 
an extended period leads to a reduction in oxygen 
levels in the soils and impedes root respiration, 
eventually leading to suffocation of the plant.22 High 
soil moisture, particularly in early growth stages, 
allows soil borne pathogens a greater opportunity 
to cause damage. Flooding on well-drained soils 
will leach the nitrate (NO3) form of nitrogen from 
the root zone. If the soil remains water-logged the 
nitrification processes that replenish the nitrate 
nitrogen will be reduced and the de-nitrification 
process will be encouraged. More details regarding 
de-nitrification and leaching are provided in 
Appendix B.

The level of crop damage and loss associated with 
flooding depends on a combination of factors, 
including:

 → Amount and types of agricultural activities in 
the affected area

 → Seasonality of the event (closely related to 
above factor, which determines whether some 
crops are in the ground)

 → Duration of the event (how long the water is on 
the land)

 → Level of salinity of the flood waters

Each of these factors is considered in more detail 
below, as well as the specifics of agricultural 
production in Delta, Surrey and Richmond.

Flooding Vulnerability  
of Key Crop Types

The breadth of agricultural production across the 
Fraser delta area that is vulnerable to flooding has 
been described and mapped in Part I. However, when 
it comes to an actual flooding event, the specifics of 
the inundated area (as well as the flooding event) 
will determine the impacts. The economic impacts 
evaluation provided through this study is relatively 
coarse, grouping production into categories (annuals, 
perennials, forage, greenhouse) because it is difficult 
to estimate the impacts of the flooding scenarios 
for each individual cropping system. Nonetheless, 
crops do differ in their susceptibility to flood related 
impacts and losses. Although this level of detail is 
not incorporated into the economic impacts analysis, 
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more detail about the key production systems within 
the study area, along with their specific vulnerabilities, 
are outlined here.

Blueberries (highbush)

Blueberries have become the dominant crop 
across the vulnerable land base (with much of 
this production occurring in Surrey). Highbush 
blueberries are a high value and long-term investment 
crop, taking up to five years to become established 
with peak productivity generally beginning within 
8 to 10 years. In much of the study area, blueberry 
plantings are mounded up in raised plantings, partly 
due to the sensitivity of plants to excessive moisture. 
Flooded soils are problematic for blueberry plants 
because they reduce the gas exchange rate between 
soils and the atmosphere, and water-logged soils can 
result in conditions such as Phytopthora root rot.23 It 
is estimated that blueberries can tolerate a maximum 
of four days of flooding in the winter and one day 
in the spring or fall.24 Blueberries are also very 
sensitive to salt.25 Due to the length of time to reach 
productivity, loss of blueberry plants would mean a 
number of years of subsequent lost production (so 
economic impacts would carry on for many years 
after plants were replaced).

Forage (pasture)

Due to the relatively wet growing conditions in the 
Lower Mainland, perennial forage crops are mostly 
limited to grasses and predominantly perennial 
ryegrass, orchardgrass, and tall fescue. All three 
species have a low anaerobic tolerance (they do 
not withstand submersion in water for an extended 
period). Compared to other forage species, perennial 
ryegrass has a high flooding tolerance; it will 
withstand wet soils with good surface drainage, but 
not standing water for extended periods of time. 
Orchardgrass has as a moderate tolerance to spring 
flooding of up to one week with excess moisture in 
the root zone. However, it does not do well with a 
saturated root zone during growing season. Both 
perennial ryegrass and orchardgrass are relatively 
tolerant of salinity. Tall fescue will tolerate poorly 
drained conditions and is able to survive in standing 
water over long periods of time during the winter 
(when semi-dormant) but may be susceptible to 
damage if flooding occurs during peak growth.26 

Potatoes

Potatoes, along with other annual vegetable crops, 
are not vulnerable to flooding in the winter months 
prior to planting. However, for operations that have 
post-harvest storage on-farm, there is potential 
for a winter flooding to destroy these stored crops. 
Spring flooding has the potential to negatively 
influence planting schedules which may, in turn, 
have consequences for harvest timing; narrowing 
the production window and creating more potential 
for vulnerability to excessive moisture and flooding 
prior to crop harvest. Once potato crops are relatively 
established they are highly vulnerable to flooding 
and good drainage in important. Potatoes are 
also — compared with some other vegetable crops — 
moderately sensitive to salinity.

While autumn flooding potential is not specifically 
discussed in the case studies, it is important to 
note that the 2010 precipitation based flooding 
was devastating for potato producers in Delta and 
Richmond and this event highlighted the extent of 
potential annual cropping losses associated with 
shoulder season flooding.

Cranberries

Cranberries have very specific growing requirements 
involving significant up front investment to create 
the appropriate conditions. Like blueberries, optimal 
production takes some time, occurring about 
five years after planting. Although cranberries are 
tolerant of flooded soils, good drainage is required 
for optimum root growth and function during the 
growing season; most producers utilize ditching 
and/or drainage under plantings.27 Cranberry plants 
are relatively tolerant of salt injury but salts must be 
flushed out of their root zones. “Insufficient oxygen 
in winter flood water can severely injure cranberry 
plants and indirectly reduce subsequent yields. When 
the oxygen content falls to below 40% of normal, 
injury to plants will occur within two to three days.”29 
As with blueberries, loss of cranberry plantings would 
require several years to regenerate back to previous 
economic production levels.
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Greenhouse vegetables

Greenhouses are generally out of production, clean-
ing out old crops and preparing to replant during 
the winter storm period. However, depending on 
flooding depth, greenhouse production infrastructure 
could be damaged by flooding at any time of year 
(e.g., shifting of the greenhouse structures, damage to 
boilers/heating systems etc.).

Even within the greenhouse context, the specifics of 
cropping systems will affect losses in the spring. In 
early spring, replanting may be required leading to 
yield reductions for all crops. Replanting may be a 
challenge since transplants must be ordered months 
ahead of time from propagators. In later spring, flood-
ing would be more serious for established tomato and 
pepper crops than for cucumbers, because cucum-
bers are replanted several times per year.

Seasonality

As is evident in the crop-specific flooding 
vulnerability descriptions above, the time of year 
when flooding occurs has a substantial influence on 
the degree of economic impact. In winter, perennial 
crops are largely dormant (from mid-November to 
late February), annual crops have not been planted 
(with the exception of those using season extension 
or intensive market gardens), and greenhouse 

vegetable operations are in crop rotation and clean-
out mode from November through January. As such, 
impacts to crop yields from a winter flood will be less 
significant than those associated with spring flooding.

In early spring, crop losses are likely to increase 
slightly. Annual crops generally have not yet been 
planted, but perennial crops are beginning to emerge 
from dormancy and a flood event after February 
will reduce growth and plant vigor, resulting in yield 
losses. For greenhouses, a flood event after January 
will require replanting and delay the crop, resulting in 
reduced annual yields (assuming new transplants can 
be obtained).

Annual crops are not planted until May. A flood after 
planting will likely kill the plants and the field will 
need to be replanted. There is also the potential for 
challenges with replanting if conditions are extremely 
wet. Perennials will be growing and greenhouse 
vegetables will be in production. A late spring flood 
of one week or more could damage forage fields to 
the point where they need to be replanted. Overall, 
crop losses will be highest from a late spring flood.

Horses can be moved to higher ground so it is as-
sumed that a flooding event will not impact farm gate 
revenues for horse production. For dairy operations, 
disruption in milking is a function of flood duration, 
so the loss of farm gate receipts will be the same 
regardless of time of year or salt concentration.

Figure 7 Chart showing seasonality of plant growth and flood events
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onward
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Figure 7 shows when different crops are actively 
growing. Dark green represents times of active 
growth, light green the time of low plant activity, 
and white a time when plants are dormant/not in 
production.

For the purposes of this study, three different times 
will be considered in estimating the economic 
impact of a storm event. A winter storm (from late 
November until the end of February) an early spring 
storm (from March 1 to May 15) and a late spring 
storm (after May 15). Red vertical lines indicate the 
break between what is considered a winter, early 
spring or late spring flooding event.

Flooding Duration  
& Local / Farm Drainage Systems

Dike breaches may result in variable flooding volume, 
depth, and duration but sea level rise is likely to result 
in an increase in all of these elements. In the case 
of freshet flooding, it is the amount of time water 
remains on the land that leads to greater associated 
impacts and costs. In general, the longer floodwater 
is on the land, the greater the agricultural losses. If 
floodwaters can be cleared relatively quickly through 
adequate drainage and pumping systems, impacts to 
agricultural production and assets may be minimized. 
One of the primary distinctions among the various 
types of flooding described in the case studies is the 
duration of flooding.

Local drainage systems

In 1972, the Agriculture Rural Development 
Subsidiary Agreement (ARDSA) — between the 
provincial and federal governments — established 
drainage standards to guide jointly funded drainage 
infrastructure projects. The ARDSA standards have 
remained the benchmark for evaluating drainage 
infrastructure related to farmland.28 The criteria 
provide broad guidance for drainage systems, and are 
utilized in developing or evaluating regional drainage 
systems that support farm drainage systems.

The ARDSA standards were established based on 
forage production as this was the dominant crop 
at the time. In addition, assumptions about climate 
form the backbone of the ARDSA standards. A 1-in-10 

year storm event is used as a guideline, but these 
storm events were defined prior to contemplation of 
climate change. In order to ensure that infrastructure 
is sufficient in the future, “projected impacts on 
precipitation and the number of extreme events will 
need to be incorporated into new drainage designs.”30

Beyond the issue of the appropriate standards for 
drainage systems to effectively remove water from 
agricultural lands, it is also very difficult for engineers 
to estimate the time water will be on the land 
following a flood event — even in their modeled 
events. In Delta, for example, this will depend not 
only on the discharge capacity of the pumping system, 
but also on tidal cycles and sea levels as flood boxes 
rely on gravity to function and cannot operate if 
water levels outside the dikes are above the point of 
discharge. In Delta and Surrey, engineers are not able 
to ascertain whether the local drainage and pumping 
systems would be able to meet ARDSA standards in 
the event of a flood.31 Richmond’s drainage system 
currently meets ARDSA standards.32

Farm-level drainage systems

Agricultural producers have applied three primary 
strategies to improve drainage in the Surrey, Delta 
and Richmond lowlands:

 → Subsurface drainage;

 → Laser leveling; and

 → Cover crops.

Subsurface drainage, consisting of drain tile 
installation, is the most effective and is enhanced 
when cover crops also limit the potential for crusting 
on the surface of bare fields. Laser leveling assists 
with reduction in ponding and increases surface 
run-off. Many producers across the vulnerable area 
have invested in infrastructure or undertaken efforts 
to improve their drainage.

In Delta, it is estimated that about 50% of the 
farmland has been laser leveled, a practice that 
(because it supports winter crops that enhance bird 
habitat) is also encouraged through incentives and 
programming of the Delta Farmland and Wildlife 
Trust. It is difficult to estimate the amount of 
subsurface drainage installed across the vulnerable 
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land base and more difficult still to determine its 
age and condition. A recent study conducted by the 
BC Ministry of Agriculture estimates that about 
20% of this area likely has subsurface drainage.33 
These systems also require regular cleaning and 
maintenance for effective function and in some 
cases are in need of upgrading or replacement. The 
condition and upkeep of the surrounding local 
drainage system is equally critical, particularly in 
a flooding scenario where if the broader system is 
unable to cope, individual farm drainage systems will 
also cease to function (as there will be nowhere for 
flood water to go).

Soil Salinity  
& Salinity Management

Soil salination problems can arise from storm surge 
flooding in two principal ways:

 → Salt water that remains on the land for more 
than a few days will leave some salt in the soil 
root zone, and/or

 → Clay and silt sediment left behind by the storm 
will have high concentrations of salt.

Salt is removed from the soil root zone by flushing 
with rainwater or clean irrigation water. Salt will 
only be flushed out if water can move through the 
root zone. If soil becomes sodic (characterized by a 
disproportionately high concentration of sodium) 
the soil surface forms a crust and must be broken 
up; adding gypsum is necessary for flushing to be 
effective.34 Following a salt water flood, poorly 
drained fields will generally have higher salinity levels 
in the root zone, over a longer period of time, than 
well drained fields. Clay and silt deposits left by a 
storm surge will have high levels of salt and will be 
harder to flush clean.

Soils in the Fraser River delta are typically fine 
textured soils with poor natural drainage and a 
tendency toward ponding. A detailed table of soil 
types present across the vulnerable area is provided 
in Appendix C. Sub-surface drainage can help with 
flushing salt from the root zone and reduce potential 
salinity challenges. Ponding will lead to higher salt 
concentrations in the areas where it has occurred, 
and uneven concentrations of salt throughout a field. 

Laser leveling can assist with reducing or eliminating 
ponding. If the soil is already saturated at the time 
of a salt water flood, salt water is likely to run off 
the surface of a laser leveled field with very little 
penetration of soils. The amount of water needed 
to flush out the salt depends on the quantity of 
salt present, the type of soil, the amount of subsoil 
drainage, and the topography of the land. Lighter, 
well-drained soils will flush more quickly than heavier 
and poorly drained soils.

Both background research regarding salinity impacts, 
and local experience and research, (see Appendices 
D & E) suggest that winter and spring precipitation 
in Delta is likely to be sufficient to flush from the root 
zone salt left by a winter salt water or salt/fresh water 
flooding event — provided the soils are well-drained.35 
This means that winter flooding is likely to cause 
minimal salinity-related challenges. However, a salt 
water flood later in the year — particularly in late 
spring — will impact the current year yields, because 
there is insufficient rain to flush the root zone over 
the summer months.

Methology:  
Economic Impacts Estimation

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 this reason, a considerable effort has 
been invested in defining the flooding vulnerability 
parameters, as well as how to determine the 
economic impacts to the agricultural sector.

For the purposes of this study, economic impact 
of farm gate losses is a measure of the community 
impacts associated with flooding losses for 
agriculture. 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 
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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). As 
it is difficult to predict how flooding would affect 
agricultural jobs, no estimate of employment impacts 
has been included. For more details regarding 
estimating secondary economic benefits associated 
with agriculture please see Appendix E.

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.

Losses to farm gate receipts is a loss to both the 
farmer and to the community. However, farm gate 
revenue losses have secondary impacts in the com-
munity that don’t impact the farmer, and similarly 
there may be costs of flooding for the farmer that 
don’t necessarily impact the community. For example, 
if a forage corn crop is damaged, the farmer will 
incur costs to replace the feed for his cows and while 
this will reduce the farm profits, it won’t necessarily 
reduce the farm gate sales (production of milk).

How an individual farmer spends the revenue the 
farm receives can impact the profitability of the 
farm, but not necessarily the level of expenditures 
in the community. For this reason, summary impact 
tables presented in the case studies [Table 10, Table 
15 and Table 21] include farm gate losses in both the 
economic impacts of farm gate losses and in the total 
farmer costs.

Estimating Crop Losses

Taking into account all of the factors affecting crop 
loss, estimates of crop loss have been made by season 
and by type of flood event. Table 4 provides estimates 
of percentage of crop loss for the different crop 
groups (forage, annuals, perennials, greenhouses) 
over different seasons and under different salinity 
conditions. More details regarding how crop loss 
estimates were derived are provided in Appendix F. 
It is important to note that these crop loss estimates 
are an average over a flooded area. Specific farms will 
experience higher or lower levels.

There are a number of issues that will influence the 
specific losses for an individual farm. This study 
has taken a high level approach (dictated by study 
scope and scale) that does not incorporate those 
factors that might result in greater losses for a specific 
production system. For example, for some commod-
ities, in some locations, on-farm post-harvest storage 
would result in significant losses under flooding 
conditions. An example of this would be field 
vegetable crops in Delta. However, information about 
how many farms this might affect, what percentage 
of the crop is stored and when it is transported off 
the farm is not readily available. A more detailed 
farm-by-farm analysis would be required to estimate 
the potential losses associated with flooding of stored 
post-harvest product (and other production system 
specific 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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Calculating Economic Impact of 
Farm Gate Losses

As defined above, economic impact of farm gate losses 
is equal to direct farm gate losses plus secondary 
impacts. For the purposes of this analysis, secondary 
impacts are estimated to be equal to farm gate losses. 
Average revenues per hectare by crop category have 
been estimated using prevailing farm gate values and 
crop yields.36

Applying the average revenues per hectare to the area 
of crop coverage provides an estimate of the farm 
gate receipts for the specific crop types. Applying the 
estimated percentage of crop losses (Table 4) to the 
estimate of the weighted average revenues per hectare, 
provides an estimate of the total farm gate losses.

This approach was used for the respective flood 
scenarios in the case studies, and then divided by 
the affected farming area to determine an estimate 
of the economic impact per hectare in a one-week 
flood event. Calculations for Richmond and Surrey’s 
200-year floodplain event are based on fresh water 
crop loss percentages, calculations for Delta are based 
on fresh/salt water percentages, and percentages for 
Mud Bay (Surrey) are based on salt water crop losses.

Calculating Additional  
Farmer Costs

Flooding will involve costs for agriculture that are addi-

tional to lost farm gate receipts. These costs include 
damage to buildings and machinery, loss of livestock 
feed, and the cost of replanting. Damages to buildings 
and machinery are consistent regardless of the season. 
Livestock feed loss and replant costs increase when 
flooding occurs later in the growing season.

Statistics Canada’s 2011 Census of Agriculture pro-
vides accurate numbers for the value of machinery 
and equipment owned by farmers in each municipal-
ity. The value of agricultural machinery and equip-
ment (in each case study) is estimated by prorating 
the total value for the municipality over the portion 
of farmland in the flood scenario area. Equipment 
and machinery losses are estimated at 5% of value for 
most cases, 7.5% for the 1.2 m sea level rise scenario 
in Delta (because the flood water will be higher in 
some areas under that scenario), and at 7% for a two 
week freshet flood event in Richmond (because the 
extended duration of flooding was assumed to result 
in slightly higher losses).

Buildings and greenhouse values are estimated to be 
$2.14 and $1.25 million/hectare respectively. Loss rates 
were estimated at 5% for all one week flood events, and 
7% for the 14 day Richmond freshet flood scenario.

For replanting, it is assumed that 50%37 of the 
forage in the affected area and all of the forage corn 
was grown for livestock feed on the farm. Replant 
costs for forage were estimated at $300/ha, and for 
greenhouse vegetables at $5,000/ha. Replant and 
livestock feed losses are seasonally dependent.

Table 4 Estimated crop losses by seasonality and type — 1-week flood event

Water Type Flood Type Forage Annuals Perennials Greenhouses

Fresh Water Winter

Early Spring

Late Spring

0%

10%

50%

0%

0%

40%

5%

10%

30%

0%

20%

60%

Salt / Fresh Water Winter

Early Spring

Late Spring

5%

20%

60%

0%

10%

80%

10%

20%

40%

0%

30%

60%

Salt Water Winter

Early Spring

Late Spring

10%

30%

70%

5%

20%

85%

15%

30%

50%

0%

30%

60%
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Case study 1 : Impact of Sea Level Rise on 
Dike Breach Flooding in Ladner, BC

This case study analyzes the impact of a coastal 
dike breach with varying sea level rise scenarios. 
Because modeling data was already available, this 
presents an opportunity to evaluate the impacts 
of rising sea level to the same hypothetical breach 
scenario. The results provide a comparison of how 
the increasing extent and depth of a flooding event 
influences the impacts on agriculture. This coastal 
flooding scenario also assumes a higher level of salin-
ity (a mix of salt and fresh water). The initial section 
below describes the flooding and agricultural context 
in Delta, as well as approaches to flood management 
to date. This is followed by the detailed description 
of the flooding scenarios to be applied to the evalua-
tion. Finally, a description of the current agricultural 
land uses is provided, along with the agricultural and 
economic impact analysis. Key findings from the case 
study are summarized at the end.

Background

Agriculture in Delta

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), with the residential areas of Tsawwassen, 
North Delta, and Ladner comprising the bulk of non-
agricultural land. Of the ALR lands, 69% (6,496Ha) 
are actively farmed.38

Delta has highly productive agricultural land with 
predominantly lowland soils formed from deltaic 
deposits of the Fraser River. As the soils are prone 
to ponding in the winter, necessary improvements 

Figure 8 Cultivated field crops in Delta. Source: BC Ministry of Agriculture 2010 Land Use Inventory
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for agricultural production in Delta often include 
drainage and water table control. 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. 

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).39

Livestock-related agriculture in Delta includes 
numerous operations with horses. There are also 11 
medium to large-scale dairy operations and 10 small-
scale poultry operations.40 In 2011, Delta contained 
40% of the vegetable greenhouse production area for 
the province and 15% of the province’s field vegetable 
acreage.41 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.42

History of Flooding in Delta

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. This results in increased flow 
volumes in the Fraser River that can overwhelm 
the dike system and cause flooding. The area’s two 
major historical flooding events, in 1894 and 1948, 
were freshet-driven and began in late May. Due to 
relatively limited development on the floodplain, 
damages were minimal in 1894 but when the dikes 
breached in 1948, 22 homes were destroyed, ten lives 
were lost and 16,000 residents were evacuated from 
the affected areas in the Fraser Valley. If this same 
event were to occur today, it is estimated that it would 
cause $1.8 billion in damages throughout the Fraser 
Valley.43

Winter storms are the second major potential cause 
of flooding in Delta. This type of flooding occurs 
when a low-pressure 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. In 1895, Ladner was flooded due to 
high tide and storm surge, an event that led to dike 
improvements.44 In 2006, extreme high tides coupled 
with a storm surge resulted in a significant flood event 
in the Boundary Bay area. This event flooded homes 
in the Beach Grove neighbourhood to a substantial 
depth.45 In December of 1982, a dike breach on 
Westham Island flooded an agricultural area (see text 
box). Because of Delta’s setting close to the Strait of 
Georgia, in this location the water levels associated 
with winter storms typically exceed the Fraser River 
freshet levels46 and thus are of greater concern.

A Case Study: Westham 
Island Dike Breach, 1982

In December 1982 there was a dike breach 
on Westham Island that flooded the Gordon 
Ellis farm. The breach was repaired before the 
next high tide, and the flood boxes and pumps 
were able to drain the water in approximately 
one week.

The water covered the farm with 6″ to 18″ of 
water but did not reach the homesite that was 
about 2′ higher than the lowest farmland. The 
salinity of the flood water was 11.5 dS/m. The 
salinity of salt water is 45.0 dS/m. At the time 
of the breach, the soil was already saturated by 
heavy rains that had preceded the flood.

Salinity testing the following January indicated 
that most of the salt had been flushed from the 
root zone. There was 70 mm of rainfall from 
the day of the flood to the sampling day. Crops 
were planted in 1983 and no yield reductions 
were noted (See Appendix E for additional 
details.) 
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Flood Management in Delta

Delta’s system of protective dikes was constructed 
prior to the 1894 flood, rebuilt after the 1948 event, 
and upgraded in the 1970s and 1980s, to protect 
lowland areas from flooding. The dikes surround the 
entire lowland area and consist of over 61 kilometers 
of river and sea dikes.47 River dikes protect areas 
adjacent to the Fraser River that may face flooding 
from high tides, storm surge, or flood flows. Sea 
dikes and seawalls protect against high tides, storm 
surge, waves and debris.48 At present, most of Delta’s 
dike system meets the older provincial guidelines 
that were designed to protect at the level of the 1 in 
200-year flooding event. This means that — under 
current conditions — the risk of flooding is estimated 
to be 0.5% in a given year, or that there is a 99.5% 
chance that flooding from high water will not occur.49 
However, the earlier guidelines were developed prior 
to climate change impacts being well known, and 
recently revised sea dike design guidelines call for 
much higher dikes than Delta’s current system.50

In addition to the dikes, the Corporation of Delta 
has responsibility for an extensive local drainage and 
irrigation system across much of the municipality. 
This network of ditches runs throughout Delta’s 
agricultural lands and serves to drain the land in 
winter and to provide irrigation water in summer. 
Over 30 pump stations and floodboxes control the 
flow of water in the ditches to maintain acceptable 
levels. Floodboxes can only operate during times of 
low water outside the dikes. When the water levels 
outside the dikes are high, pump stations must be 
used to remove water from the diked area and the 
pumps have a finite capacity. During a flood, the 
degree of inundation depends on both the protection 
afforded by the dikes, and the capacity of the 
drainage system relative to flood volumes. These 
factors combined, will have a substantial influence on 
the extent, depth, and duration of a given flood event.

Responsibility for the maintenance and upgrading 
of the dike and drainage systems rests with the 
Corporation of Delta. The Corporation is aware that 
sea level rise will stress these systems and increase the 
risk of flooding and plans, over time, to adapt dike 
height in accordance with sea level rise projections. 
The Corporation invests in annual upgrades and 

maintenance of its drainage and pumping system. 
Budgeting strategies involve using existing funds 
to leverage matching money from other levels of 
government, and the Corporation is interested 
in researching and adopting alternative funding 
mechanisms. The recently completed Delta Irrigation 
Enhancement Project upgrades should also support 
improved drainage through installation of additional 
lift stations and control structures and approximately 
19 kilometers of enhanced ditching and culverts.

In addition to infrastructure improvements, the 
Corporation of Delta has commissioned numerous 
studies on the subjects of flooding and sea level rise. 
These include the 2007 Delta Flood Management 
Study,51 which modeled a series of seven dike 
breaches at various locations around the dike system, 
but did not account for climate change or sea level 
rise. The 2010 Delta Flood Risk & Consequence Study52 
built upon the previous study to estimate damages 
and costs associated with the modeled breach events. 
In 2011, the Corporation of Delta commissioned 
the Technical Memo on Sea Level Rise Dike Breach 
Analysis,53 to assess the impacts of sea level rise on 
two of the modeled dike breaches from the Flood 
Management Study. This analysis repeated the breach 
models with 0.6m and 1.2m of sea level rise to 
improve understanding of how the extent and depth 
of flooding from these events would be affected by 
changing sea levels. The latter document is the basis 
for the scenarios utilized in this case study.

Flooding Scenario

This case study examines the impact (to Ladner’s 
agricultural land) of a hypothetical dike breach at 
Chisolm St. for three different sea level rise scenarios. 
The three different scenarios are:

1 The 200-year return-period storm (our “baseline” 
or current condition)

2 The 200-year return-period storm + 0.6m of sea 
level rise (2050s projection)

3 The 200-year return-period storm + 1.2m of sea 
level rise (2100 projection)
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Common to all three modeled scenarios is the 
assumption of a storm/breach event occurring in 
December. To incorporate consideration of the 
role that the season of a flooding event plays on 
agricultural impacts, this analysis also includes an 
early spring and late spring flood event. It should also 
be noted that for all three modeled flood scenarios, 
the critical assumption has been made that the dikes 
have been raised to 0.6m above peak water levels to 
prevent overtopping. If the dikes were not raised to 
this level and any of the projected scenarios occurred, 
there would be sustained overtopping and breaching 
would occur all around the dike system as water 
levels rose, effectively inundating all low-lying land 
in Delta. Sea level rise increases the inundation due 
to the greater volume of water flowing through the 
modeled breach in higher water scenarios.

It is also important to note that the flood models 
do not include recovery time, as it is difficult to find 
reliable information to estimate the length of time it 
would take to remove floodwaters from the land in 
each scenario. As a result, a standard one-week flood 
event has been assumed, based on the experience 
of the 1982 Westham Island dike breach (Appendix 
E). In that case, the dike breach was repaired 
before the next high tide, and the flood boxes and 
pumps removed the water in approximately one 
week (farmer estimate). In reality this is likely a 
conservative estimate. The drainage 
depends on the depth of flooding, 
the type of breach and the frequency 
and duration of subsequent storms. 
Following a major flood event it may 
take from several days to weeks, to 
remove flood water and return the 
system to more normal operation.54 
Crop losses and economic impacts 
would increase if repairs and/or 
removal of flood water took longer 
than in this scenario, and the sea level 
rise scenarios increase both flooding 
area and depth.

In the first breach scenario, water 
levels are at the anticipated levels for 
the 1 in 200-year flood event. Peak 
water levels for the 1 in 200-year storm 
event are determined to be 2.96m. 

Dikes are assumed to meet the current standard 
(3.56m in this specific instance, allowing for 0.6m 
of freeboard above peak water level). Within these 
parameters, a breach was modeled, and the resulting 
inundated area is presented in Figure 9 below. 
Flooding is contained by 41b Street to the west, 
Arthur Drive to the east, and Deltaport Way to the 
south. These roadways act as internal dikes to limit 
flooding locally. Flood depths in this scenario range 
from 0.5 to 2m (depending on local topography and 
water flow).

In the breach scenario with 0.6m of sea level rise, 
the peak water level is 3.56m, and it is assumed that 
the dikes have been raised to 4.16m. The resultant 
modeled breach and flood event extent can also be 
seen in Figure 9. In this scenario, flooding breaches 
the internal barriers of 41b Street and Arthur Drive, 
and is only contained by Deltaport Way to the 
south. Flooding partially inundates the area between 
Arthur Drive and Highway 17. Flood depths in this 
scenario range from 0.5 to 2.5m (depending on local 
topography and water flow).

For the final breach scenario with 1.2m of sea level 
rise, peak water level is 4.16m, and it is assumed that 
the dikes have been raised to 4.76m. The resultant 
modeled breach and flood extent can also be seen in 
Figure 9 above. In this last scenario, flooding breaches 

Figure 9 Three modeled flood scenarios for Chisolm St. breach, 
showing increasing extent as sea levels rise. Data: Delcan, 2011
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all internal barriers and completely inundates the 
area between the dikes, Deltaport Way and Highway 
17. Flood depths in this scenario range from 1 to 2.5m 
(depending on local topography and water flow).

The increasing extent and depth in these three 
scenarios (as a result of sea level rise) is summarized 
in Table 5. The scenario including 1.2 m of sea level 
rise triples the inundated area and raises flood depths 
by 0.5m.

Agricultural Impact Analysis

Prior to evaluating the agricultural and economic 
impacts of the modeled flood events, a more detailed 
description of the agricultural production in the 
modeled areas is provided. The economic analysis of 
the flooding event follows, including consideration 
of both the farm gate losses and economic impact 
to the community, as well as additional farmer costs. 
Please see the Methodology section for the detailed 
description of how economic impacts were calculated.

Agriculture in the Inundated Areas

The proportion of Delta farmland that falls within 
the modeled flood zones is calculated using the BC 
Ministry of Agriculture’s land use inventory55 and is 
summarized in Table 6.

The land base inundated in the three flooding 
scenarios includes some residential and commercial 
areas of Ladner, as well as a significant portion of 
agricultural land. In all three scenarios, the majority 
of affected crop area is made up of annual crops (and 
potatoes are the primary annual crop), with smaller 
proportions of forage and perennial crops (Table 
7). Forage areas are primarily grass/pasture and the 
perennials are predominantly berries (particularly 
blueberries). Greenhouses (non-soil-based 

agriculture) are present in all three affected areas, 
almost exclusively producing vegetables.

Residential buildings, barns and accessory buildings 
and several horse operations are also present within 
the modeled area. In the sea level rise (0.6m and 
1.2m) scenarios, a large dairy is also affected. The 
flooded lands outside of agricultural production, 
consisting of road rights-of-way, railways, vegetated 
areas, playing fields, pump stations, and parking areas, 
have not been included in the agricultural impacts 
analysis.

Table 6 Proportion of Delta farmland in modeled flood 
areas

Area (Ha) %

Land Farmed in Delta 6,691.0 100.0%

Base flood area 412.6 6.2%

Base + 0.6 flood area 1,115.6 16.6%

Base + 1.2m 1,277.8 19.1%

Table 5 Area and depth of flood scenarios

Water Type Baseline  
(1/200yr)

Baseline  
+ 0.6m SLR

Annuals

Area Inundated (Ha, from GIS analysis) 604 1,538 1,836

Flood Depth Range (m) 0.5–2.0 0.5–2.5 1.0–2.5

Figure 10 Categorized agricultural land uses in Chisolm 
St. 1.2m sea level rise flood scenario area
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Figure 10 shows the broad categories of agricultural 
land uses in the inundated areas (here showing the 
full extent of the breach event with 1.2m of sea level 
rise).

Economic Impact Analysis

In the economic analysis below, the economic impact 
of farm gate losses of the modeled events is provided 
first. The economic impact of farm gate losses is an 
estimate of the loss to the community’s economy due 
to the flooding event including lost farm gate sales 
and the loss in spin-off benefits in the community, 
resulting from this reduction in farm gate revenue. 

In addition to these economic impacts, farmers will 
bear additional costs (that are not encompassed 
in the economic impact of farm gate lossess). The 
additional farmer costs are discussed separately. Both 
community economic impact and farmer costs are 
summarized at the end of this section.

Economic Impact of Farm Gate Losses

The economic impact of farm gate losses is composed 
of farm gate losses and secondary impacts (due 
to reduced farm gate revenue). Farm gate losses 
consist of loss or damage to crops and these are 
dependent upon the season and the specific area 
of crops flooded in each scenario. In addition to 

Table 7 Area of crops in flood scenario areas (hectares)

Agricultural Activity  Area (Ha)

200-year flood 
event (baseline)

200-year flood 
event + 0.60m SLR

200-year flood 
event + 1.20m SLR

Structures 18 38 48

Horses 43 60 83

Forage 47 178 228

Forage Corn 27 34 34

Grains / Cereals / Oilseeds 27 164 167

Mixed Vegetables 14 67 73

Potatoes 79 243 269

Other Vegetables 43 154 166

Turf 11 11 11

Annual Crops, Total 175 638 685

Blueberries 59 98 120

Other berries 0 15 15

Ornamentals & Shrubs 1 1 1

Perennial Crops, Total 60 114 136

Greenhouse vegetables 43 53 62

Non-Soil-Based, Total 43 54 62

Total affected land in production 412 1,115 1,280

N.B.: Crops that cover a relatively large area have been broken out from general categories (e.g., potatoes are listed separately 
from vegetables). Horses are a separate category to enable their removal from the impact analysis. Other livestock (dairy and 
poultry primarily) in this data are included in structures and/or forage, depending on the land cover for each specific parcel. 
Further work is needed to estimate livestock impacts in detail. Structures include farm and residential buildings, and other 
(e.g., commercial buildings on agricultural lands).
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farm gate losses, the economic impact of farm 
gate losses calculation also integrates the impacts 
to the secondary or spin-off benefits associated 
with agriculture within the community. Secondary 
economic impacts are assumed to be equal to 
crop losses for the purposes of this analysis. Table 
8 summarizes the community economic impact 
associated with each scenario.

As indicated in Figure 11, the economic impact of a 
flood increases as the production season progresses. 
The economic impact increases with sea level rise 

primarily because more land area is flooded with 
higher sea levels. It is assumed for all three sea level 
scenarios, that the capacity is present to repair the 
breach and remove water from the agricultural land 
base within one week. As stated previously, this 
results in what is likely to be a conservative estimate 
of losses, because with water standing longer on the 
land base, additional levels of loss and damage would 
likely be incurred.

Additional Farmer Costs

Farmers will incur costs and losses over 
and above lost farm gate revenue due 
to damage to buildings, equipment, 
crops for livestock feed, and replanting 
costs. The method used to calculate 
these losses has been outlined in the 
Methodology section preceding this 
case study.

Table 9 summarizes the estimated costs 
associated with damage and losses to 
equipment, machinery and buildings as 
well as livestock feed losses and replant 
costs (i.e., “Additional Costs”) in the 
modeled flood area.

Table 10 summarizes the overall 
agricultural economic impacts 
estimated to result from each of the 
three different flooding scenarios. In 
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Figure 11 Economic impact of a fresh/salt water mix flood in Ladner 
for all scenarios

Table 8 Economic impact of farm gate losses of a fresh/salt water mix flood in Ladner for all scenarios ($ millions)

Winter Early Spring Late Spring

Baseline Farm Gates Losses 0.17 14.26 29.18

Secondary Impacts 0.17 14.26 29.18

Total 0.34 28.51 58.37

Base + 0.6m SLR Farm Gate Losses 0.33 18.42 39.31

Secondary Impacts 0.33 18.42 39.31

Total 0.66 36.82 78.61

Base + 1.2m SLR Farm Gate Losses 0.39 21.06 44.29

Secondary Impacts 0.39 21.06 44.29

Total 0.78 42.12 89.60
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this table, farm gate losses have been incorporated 
into Total Farmer Costs because — along with the 
community — farmers will also carry the cost of 
the lost farm gate revenue. Incorporated into this 
evaluation is the potential for flooding to occur 
at various points in the production season, and 
this is reflected in the estimates. The further into 
production season the flood occurs, the greater the 
economic impact. Similarly, the greater the sea level 
rise, the greater the economic impact.

Key Findings

The sea-level-rise flooding scenarios in Ladner 
indicate that sea level rise increases both the extent 
(triples) and depth of flooding, and by extension, the 
flood duration (more extensive, deeper waters will 
take longer to remove from the land). Seasonality 
also plays a large part in the degree of economic 
impact associated with flooding, which increases 
substantially between winter and spring. It is notable 

however, that winter flooding still involves substantial 
costs for individual farmers (due to damage to 
buildings and equipment), but the economic impact 
of farm gate lossess in the winter are much lower.

Although the analysis incorporates the impacts 
associated with seasonality and extent, it does not 
take into account potential increases in flood depth 
and therefore duration. It is quite likely that in the 
case of flooding events with increased depth and 
duration (i.e., the two sea level rise scenarios) it 
would take longer to remove flood waters from the 
land base and would result in greater losses and 
impacts than portrayed in this evaluation. This gap in 
the available data significantly influences the findings 
of this study and therefore, the ability for planning 
decisions that reflect the capacity to plan and manage 
flooding impacts. Improving the data available about 
how flooding extent and depth affect local capacity 
to remove floodwaters would enable a more nuanced 
and relevant analysis as far as agricultural impacts are 
concerned.

Table 10 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

Table 9 Estimated additional farmer costs in scenario areas ($ millions)

Sea Level Additional Farmer Costs

Buildings & 
Equipment

Replant Costs Lost Livestock Feed Total Additional 
Farmer Costs*

Winter Early 
Spring

Late 
Spring

Winter Early 
Spring

Late 
Spring

Winter Early 
Spring

Late 
Spring

Base 1.47 0 0.32 0.34 0.01 0.04 0.10 1.48 1.83 1.19

Base + 0.6m 3.99 0 0.40 0.45 0.01 0.07 0.19 4.00 4.46 4.63

Base + 1.2m 5.63 0 0.47 0.53 0.02 0.08 0.22 5.65 6.18 6.39

* Does not include lost farm gate revenue.
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The degree of impact also depends heavily on the 
agricultural activities in the affected area. In general, 
higher-intensity agricultural activities in an affected 
area (like greenhouse vegetable production) result 
in greater economic losses. This is the case for the 
Ladner case study, which has a number of large 
greenhouses that result in very high losses due to 
their high yield/area.

The impact of winter saline flooding on agricultural 
land may be minimized so long as flushing of soils 
occurs with winter rains. Studies suggest that in areas 
with high precipitation (such as the Fraser delta), 
there is likely to be sufficient winter rainfall to flush 
most salt left by floodwaters from a winter salt water 
flood event. However, the condition and capacity of 
both on-farm and local drainage systems is critical to 
the effectiveness of this flushing process. The extent 
and condition of on-farm drainage is currently not 
well understood, and also depends upon the function 
of the broader local drainage system to allow water 
to drain off the farm. Both individual farm and local 
drainage systems are likely to require improvements 
to be sufficient in the face of projected extreme 
events and flooding. In Delta, some upgrades have 
been completed as part of the South Fraser Perimeter 
Road irrigation upgrades. However, the new system 
requires monitoring that incorporates consideration 
of future capacity and needs under climate change.

The impact of saline flooding is likely to increase later 
in the production season as plant growth becomes 
more active and there is insufficient time and 
precipitation to flush the soils prior to the growing 
season. In addition, studies in Delta56 suggest that 
saltwater intrusion from groundwater to the root 
zone during the summer growing season may be a 
potential problem, and might be affected by changes 
to the salt wedge in the Fraser River and/or sea 
level rise.57 This increasing intrusion may prove 
to have a greater impact on agricultural soils than 
overland saline flooding. Further study is required to 
understand the potential for this to become a greater 
challenge as the climate changes.

Underlying this entire analysis, is the assumption 
that Delta’s dike system will be upgraded to keep 
pace with rising sea levels. If the upgrades do not 
occur, or they are not completed in advance of 
changing sea levels, floods such as those modeled 
will almost certainly occur with increasing frequency 
and severity, at points all around the Corporation 
of Delta’s boundary. This will lead to repeated and 
incremental flooding damage to the agricultural land 
base, something that is not evaluated or discussed in 
this analysis.
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Case study 2 : Impact of Stormwater and 
Precipitation Flooding in Surrey, BC

This case study focuses on agriculture and flooding 
in Surrey, analyzing the impact of a primarily 
stormwater and precipitation–driven flood event, 
which is quite distinct from the flooding scenarios 
evaluated for Delta and Richmond. Projections 
associated with this type of flooding in Surrey, 
indicate the potential for much more frequent 
flooding of this kind in the future. Urban and 
suburban development in the area surrounding 
Surrey’s lowlands impact stormwater management 
issues if development guidelines are not followed. 
As well, agricultural land management practices 
in lowland areas have a large impact on drainage 
effectiveness and flood risk.

 The initial section below describes the flooding and 
agricultural context in Surrey, as well as approaches 
to flood management to date. This is followed by a 
detailed description of the flooding scenarios utilized. 
Finally, a description of the current agricultural land 
uses is provided, along with the agricultural and 
economic impact analysis for the flooding scenarios. 
Key findings from the case study are summarized at 
the end.

Background

Agriculture in Surrey

The City of Surrey is located to the east of Delta 
and is bordered by 22 km of shoreline along the 
Fraser River to the north, and 32km of shoreline 
along Boundary Bay to the south. Surrey is also 
a key contributor to the province’s agricultural 
industry. Over a third of Surrey’s landbase (or 9,290 
hectares) is within the Agricultural Land Reserve 
(ALR), and an additional 1,000 hectares of land are 
zoned agricultural. Of the ALR lands, 61% are actively 
farmed. 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.58

Due to its fertile soils, mild climate and long growing 
season, Surrey has highly productive agricultural land. 
Contributing to the productivity of agriculture in 
Surrey is an extensive drainage network that improves 
agricultural capability on river delta and estuarine 
soils. The most productive lands in Surrey lie in the 
floodplain of the Serpentine and Nicomekl Rivers. 
Lands in these areas are currently at risk of flooding 
when there are changes in river flow volumes, and 
this risk of flooding will increase with sea level rise.

Surrey’s agricultural production is focused on forage 
and pasture (2,362 hectares) as well as berries (1,407 
hectares) and vegetables (585 hectares). Figure 12 
shows the cultivated field crop area in Surrey.

Livestock-related agriculture in Surrey includes 
numerous horse operations, 12 intensive dairy 
operations, as well as poultry (57 operations) and a 
small amount of beef production.59

About 13% of British Columbia’s agricultural land 
base dedicated to blueberry production is located 
in Surrey and 18% of the overall land producing 
vegetables (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.60

History of Flooding in Surrey

Historically, the City of Surrey has had a number of 
flooding events. While the urban lands in the north 
adjacent to the Fraser River are at risk of freshet 
flooding, much of the flood risk for agriculture exists 
in the Serpentine and Nicomekl River floodplains. 
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Figure 12 Cultivated field crops in Surrey. Source: BC Ministry of Agriculture 2010 Land Use Inventory
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Combined, these rivers drain over 300km2 and 
discharge into Mud Bay. As a result of the relatively 
flat topography and fertile soils, much of Surrey’s 
agricultural land lies within this combined floodplain. 

There have been regular floods on the Serpentine and 
Nicomekl River systems over the past century with 
the worst flooding typically occurring during the 
period of November to February.61 The most recent 
severe flooding events occurred in October 2003, 
December 2007 and January 2009. The 2003 and 2009 
events flooded much of the Serpentine and Nicomekl 
agricultural lowlands.62

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 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.63

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.

Flood Management in Surrey

Currently, Surrey’s flood management infrastructure 
in the lowland area includes over 100km of dikes, over 
100km of ditches, two sea dams, 30 pump stations, 10 
spillways and 170 floodboxes.64 The diking system has 
been improved over time, but does not meet previous 
provincial guidelines (to protect at the 1-in-200 year 
storm level),65 and those guidelines do not account 
for climate change. During times of high water, 
pumps that drain the agricultural lands are gradually 

shut off and spillways enable flooding of agricultural 
lands behind the dikes to reduce the pressure on the 
structural integrity of the diking system and prevent a 
major breach.

Historically, most dikes across the province were 
constructed by farmers who formed diking districts. 
Under the previous Dyke Maintenance Act, groups 
could form a management district that also had the 
ability to charge benefiting properties annual fees 
for the maintenance and upgrades of the dike system. 
Surrey’s first diking district was incorporated in 1911, 
with the mandate to install dikes and sea dams to 
control flooding on the Serpentine and Nicomekl 
rivers. The Serpentine and Nicomekl sea dams were 
constructed in 1913 by the Surrey Diking District.66

There were originally five diking districts in Surrey, 
however two defaulted to the City of Surrey in the 
1920s and 1970s. With the Province repealing the 
diking districts and delegating control to the local 
governments in 2008 (with takeover by 2016), two 
of the remaining diking districts folded and reverted 
to Provincial oversight. The remaining Surrey diking 
district will be taken over by the City of Surrey. In 
Mud Bay, the diking district (incorporated under 
different legislation and actually an “improvement 
district”) could potentially be taken over by the 
City of Surrey once the Mud Bay dikes are upgraded 
and rights-of-ways obtained.67 In addition, the City 
of Surrey is responsible for dike maintenance and 
upgrading on the south bank of the Nicomekl River.

Surrey also has a drainage utility, established in 1998, 
that charges each property owner a flat fee based on a 
ten year plan and operating costs. This, together with 
drainage development cost charges, funds drainage 
and dike infrastructure in Surrey.

In response to repeated flooding of the agricultural 
areas, in 1997 the City of Surrey undertook a program 
of drainage and dike upgrades to bring consistent 
drainage standards to agricultural lands, and to 
ensure that drainage infrastructure functioned to 
these standards even after full upland development. 
This lowlands strategy is still being implemented 
and has a total cost of $70 million. In addition, the 
takeover of the Surrey diking district has seen many 
flood box replacements and the City has been 
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upgrading bridges, installing pump stations, raising 
dikes, constructing flood spill areas, and buying land 
for future improvements. The City also has several 
additional studies underway regarding sea dam 
replacements, dike upgrades, and more detailed sea-
level rise / climate change work including the effects 
of subsidence, changes in rainfall patterns, and dam 
and dike breach scenarios.68

Flooding Scenarios

In 2012, the City of Surrey commissioned a study to 
assess climate change impacts to future flood risk. 
The Serpentine, Nicomekl and Campbell Rivers Climate 
Change Floodplain Review Final Report (from hereon 

“Floodplain Review”) models the impacts of sea level 
rise to flooding in these basins, including changes to 
the frequency and depth of flood events. The report 
concludes that (with projected conditions) dike 
crest elevations would need to be 1.76 to 3.61m above 
existing elevations to protect against flooding in 2100.

Surrey’s Floodplain Review assumes precipitation 
amounts consistent with current heavy rain 
conditions, current tidal cycles and sea level rise 
of 1.2m (the projection for 2100). Surrey’s Official 
Community Plan has been used to determine future 
land use build-out. As well, future runoff flows 
consistent with increased future development are 
considered. The study findings indicate that climate 
change increases the frequency and depth of flood 
events in the floodplain, but not the extent of the 
flooded area. The study’s calculations show that in 
the lower floodplain the present 200-year flood level 
will have a return period of approximately every 2 
years by 2100. In the upper Nicomekl the present 
200-year flood level will have a return period of 
roughly 110 years and in the upper Serpentine the 
present 200-year flood level will have a return period 
of roughly 30 years.69 By 2100, the 200-year flood 
levels also increase resulting in an additional 0.1 to 
1.2 m in depth, depending upon the location in the 
floodplain. 70

Utilizing the flooding scenarios described above, two 
case studies have been developed here to estimate 
the economic impacts of climate change flooding 
in Surrey. The first case study includes the large 

floodplain area vulnerable to freshwater flooding. 
The topography is such that in a large flood event the 
entire area is likely to become inundated to some 
degree.71 As such, this case study uses the current 
200-year floodplain area for the Serpentine and 
Nicomekl rivers as the flood extent, and assumes a 
one-week freshwater flood (Figure 13).

The second case study focuses on one sub-section of 
the floodplain (Figure 14) — the Colebrook Road 
/ Mud Bay portion of the floodplain (between King 
George Highway and Boundary Bay) — as this is 

Figure 13 200-year floodplain area in Surrey

Figure 14 Colebrook Road / Mud Bay area in Surrey
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Figure 15 Agricultural activities by category in Surrey’s 200-year floodplain

Figure 16 Agricultural activities by category in Surrey’s Colebrook Road / Mud Bay area
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the area likely to see the greatest increase in flooding 
frequency. In addition, according to the 2012 report 
Cost of Adaptation: Sea Dikes and Alternative Strategies, 
72 this is a possible location for a managed retreat 
strategy as an alternative to raising the currently 
non-standard dikes to adequate flood protection 
levels. While this report assumes the cost of managed 
retreat to be equal to the purchase price of lands in 
the retreated area, it does not take into account the 
contributions of agricultural activities in these areas. 
The analysis for the Colebrook Road / Mud Bay area 
assumes a one-week, saltwater flood event.

Agricultural Impact Analysis

Prior to evaluating the agricultural and economic 
impacts of the modeled flood events, a more detailed 
description of the agricultural production in the 
modeled areas is provided. The economic analysis of 
the flooding event follows, including consideration 
of both the farm gate losses and economic impact 
to the community, as well as additional farmer costs. 
Please see the Methodology section for the detailed 
description of how economic impacts were calculated. 

Agriculture in the Inundated Areas

The proportion of Surrey farmland that falls within 
each of the two modeled flood zones is summarized 
in Table 11.

About 40% of the agricultural land base in the 200-
year floodplain area is in perennial cropping systems 
with about 91% of this area in blueberries. Forage and 
forage corn comprise about 40% of the agricultural 
land base and 15% produces annual crops (most 
of which is mixed vegetables). Figure 15 shows the 
breakdown of agricultural activities in the floodplain 
area. A relatively large proportion of the agricultural 
land in this affected area (some 2,200 hectares) is 
not in active production, instead consisting of treed 
areas, golf courses, dikes, railroads and other non-
agricultural uses.

In the Colebrook Road / Mud Bay sub-section of the 
study area, agricultural activities focus primarily on 
forage and forage corn production, as well as a large 
dairy operation and some large equestrian facilities. 

Table 11 Proportion of Surrey farmland in the modeled 
flood areas

Area (Ha) %

Land Farmed in Surrey 9,290 100%

200 year Floodplain 5,905 64%

Colebrook / Mud Bay 962 10%

Table 12 Area of crops in flood scenario areas

Agricultural Activity  Area (Ha)

200-year 
Floodplain

Colebrook 
/ Mud Bay

Structures 187 30

Horses 95 49

Forage 814 249

Forage Corn 577 214

Grains / Cereals / Oilseeds 66 15

Mixed vegetables 365 3

Potatoes 19 0

Other vegetables 132 1

Poly greenhouse 
/ floriculture

6 0

Annual Crops, Total 587 18

Blueberries 1,267 115

Other berries 28 12

Nursery 63 1

Ornamentals, 
shrubs & trees

21 1

Other perennial crops 18 0

Perennial Crops, Total 1,397 129

Nursery & Floriculture 14 0

Non-Soil-Based, Total 14 0

Total affected land 
in production

3,671 689

N.B.: Crops that cover a relatively large area have been broken 
out from general categories (e.g., potatoes are listed separately 
from vegetables). Horses are a separate category to enable their 
removal from the impact analysis. Other livestock (dairy and 
poultry primarily) in this data are included in structures and/
or forage, depending on the land cover for each specific parcel. 
Further work is needed to estimate livestock impacts in detail. 
Structures include farm and residential buildings, and other 
(e.g., commercial buildings on agricultural lands).
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There are also a number of blueberry operations in 
the northern part of the sub-study area (Table 12 
and Figure 16). The area of agricultural land uses and 
activities in the two case study areas is summarized in 
Table 12.

The overall agricultural land area (shown in Table 11) 
is greater than the agricultural area defined in Table 
12, because Table 12 only includes agricultural land 
surveyed that is currently in active agricultural use.

Economic Impact Analysis

In the economic analysis below, the economic impact 
of farm gate losses of the modeled events is provided 
first. The economic impact of farm gate losses is an 
estimate of the loss to the community’s economy due 
to the flooding event including lost farm gate sales 

and the loss in spin-off benefits in the community, 
resulting from this reduction in farm gate revenue. 
In addition to these economic impacts, farmers will 
bear additional costs (that are not encompassed 
in the economic impact of farm gate lossess). The 
additional farmer costs are discussed separately. Both 
community economic impact and farmer costs are 
summarized at the end of this section.

Economic Impact of Farm Gate Losses

The economic impact of farm gate losses is composed 
of farm gate losses and secondary impacts. Farm gate 
losses consist of loss or damage to crops and these 
are dependent upon the season and types and area 
of crops flooded in each scenario. In addition to farm 
gate losses, the economic impact of farm gate losses 
calculation also integrates the impacts to the second-
ary or spin-off benefits associated with agriculture 

Table 13 Economic impact of farm gate losses of a one-week flood event in the Surrey scenario areas ($ millions)

Flood Type Area Impact

Winter Early 
Spring

Late 
Spring

1 week  
fresh water

200-year Floodplain Farm Gate Losses 2.07 9.46 24.50

200-year Floodplain Secondary Impacts 2.07 9.46 24.50

200-year Floodplain Total 4.14 18.92 48.99

1 week  
salt water

Colebrook Road / Mud Bay Farm Gate Losses 0.64 1.78 2.98

Colebrook Road / Mud Bay Secondary Impacts 0.64 1.78 2.98

Colebrook Road / Mud Bay Total 1.28 3.55 5.97

Table 14 Estimated additional farmer costs in Surrey scenario areas73 ($ millions)

Area Additional Farmer Costs

Buildings & 
Equipment

Replant Costs Lost Livestock Feed Total Additional 
Farmer Costs

Winter Early 
Spring

Late 
Spring

Winter Early 
Spring

Late 
Spring

Winter Early 
Spring

Late 
Spring

200-year 
Floodplain

7.86 0 0.19 0.50 0.00 0.44 1.45 7.86 8.49 9.81

Colebrook Road 
/ Mud Bay

1.41 0 0.03 0.09 0.09 0.28 0.65 1.50 1.72 2.15
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within the community. Secondary economic impacts 
are assumed to be equal to crop losses for the purpos-
es of this analysis. Table 13 summarizes the economic 
impact of farm gate losses.

Additional Farmer Costs

Farmers will incur costs and losses over and above 
lost farm gate revenue due to damage to buildings, 
equipment, crops for livestock feed, and replanting 
costs. The method used to calculate these losses has 
been outlined in the Methodology section.

Table 14 summarizes the estimated costs associated 
with damage and losses to equipment, machinery and 
buildings as well as livestock feed losses and replant 
costs (i.e., “Additional Costs”) in the modeled flood 
area.

Table 15 summarizes the overall agricultural economic 
impacts — estimated to result from the two flooding 
scenarios. In this table, farm gate losses have been 
incorporated into Farmers costs because — along 
with the community — farmers will also carry the 
cost of the lost farm gate revenues. Incorporated into 
this evaluation is the potential for flooding to occur 
at various points in the production season, and this is 
reflected in the estimates. As already indicated in the 
broader Fraser delta analysis (Part I) and in the Delta 
case study, the further into production season the 
flooding occurs, the greater the economic impact.

It is assumed for both scenarios that the capacity is 
present to repair the breach and remove water from 
the agricultural land base within one week. This 

results in what is likely to be a conservative estimate 
on losses, because if the water were to stand for 
longer on the land base, additional losses and damage 
would be incurred.

Key Findings

Throughout the case studies in this document, the 
potential impacts of single flooding events are being 
evaluated. However, Surrey’s flooding scenarios 
incorporate projections for flooding events to 
become considerably more common in the future, 
and this is a critical element of understanding the 
potential impacts on agriculture.

Climate change will increase not only the severity (in 
depth and extent) of floods, but also the frequency. 
Surrey’s Floodplain Review report estimates that 
in the lower reaches of the floodplain, the 1-in-200 
year event could have a return period of 1-in-2 years 
in 2100. This means that an event so severe that it 
would currently happen only once in 200 years, in 
the future could happen every other year. In the 
upper Nicomekl the 2100 return period is 110 years, 
and in the upper Serpentine, 30 years. Although not 
explicitly modeled in Delta or Richmond, a similar 
trend is likely to apply in other areas vulnerable to 
flooding.

As the Serpentine and Nicomekl drainages illustrate, 
a number of factors can combine to increase the 
challenges associated with flooding impacts and 
management. In this case, sea level rise prevents 
floodwaters from upper basins from draining, causing 

Table 15 Economic impact of farm gate losses and total farmer costs in Surrey scenario areas ($ millions)

Winter Early Spring Late Spring

Economic Impact of Farm Gate Losses

200-year Floodplain Economic Impact 4.14 18.92 48.99

Colebrook Road / Mud Bay Economic Impact 1.28 3.55 5.97

Total Farmer Costs

200-year Floodplain Farmer Costs 9.93 17.95 34.31

Colebrook Road / Mud Bay Farmer Costs 2.14 3.5 5.13
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flooding behind the sea dikes. The model utilized for 
this analysis, assumes current rates of precipitation. 
However, because the intensity and frequency of 
precipitation events is anticipated to increase with 
climate change,74 it is conceivable that flood events 
could become even more frequent than models 
currently predict.

More frequent and intensive flooding events 
significantly multiply the estimated impacts in this 
report. With increased flooding frequency, the 
chances for quick recovery are reduced as costs and 
impacts become cumulative and fewer agricultural 
operations have the resources to reinvest. However, 
the potential for flooding events to become more 
common, also significantly alters the cost-benefit 
ratio associated with adaptive measures and 
investments.

Another valuable finding associated with Surrey’s 
flood risks is the interrelationship between urban 
development and agricultural flood risk. Surrey’s 
Floodplain Review incorporated trends of 
increasing urbanization in the watersheds, and the 
impacts of urban stormwater runoff have been felt 
by agricultural operations downstream of these 
developments. This highlights the importance 
of runoff management and effective drainage 
infrastructure — such as that undertaken by the 
City of Surrey — for maintaining agricultural 
land management practices in the flood-prone 
area. It should also be noted that agricultural land 
management practices in the flood-prone areas 
has as much or more impact on flood risk than 
upland development. The City of Surrey has already 
undertaken drainage improvements and it is likely 
that similar programs and continued upgrades will be 
necessary to support Surrey’s agricultural production 
in the future.

Finally, it should be noted that the specifics of the 
agricultural production systems are more important 
when smaller geographic areas are being analyzed. 
The method used to estimate impact in this study 
does not scale well to smaller areas, as it was intended 
to enable estimates over a larger and more diverse 
land base (such as the 200 year floodplain area). As 
a result, the Colebrook Road/Mud Bay sub-study 
requires further detailed study in order to draw 
conclusive results.
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Case study 3 : Impact of Freshet 
Flooding in Richmond, BC

Background

Although the City of Richmond faces the same 
flood threats as neighbouring Delta and Surrey (sea 
level rise and storm surge, as well as precipitation 
and stormwater), studies have identified a freshet 
flood event as potentially more impactful due to 
the potential for increased duration. In addition, 
exploring freshet flooding in Richmond provides 
a broader perspective on the range of flood risks 
presented in this study. Climate change has the 
potential to change freshet risk, resulting in an earlier 
freshet and shorter, more intense peak. The exact 
impacts of these changes are not well understood, 
but they may increase the risk of flooding. As such, 
consideration of a freshet flood is warranted.

The initial section below describes the flooding 
and agricultural context in Richmond, as well as 
approaches to flood management to date. This is 
followed by a detailed description of the flooding 
scenarios to be applied to the evaluation. Finally, a 
description of the current agricultural land uses is 
provided, along with the agricultural and economic 
impact analysis. Key findings from the case study are 
summarized at the end.

Agriculture in Richmond

Richmond is located on Lulu Island at the mouth 
of the Fraser River. Delta is directly to the south 
on the other side of the Fraser River, and the Strait 
of Georgia runs along Richmond’s western border. 
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.

Richmond’s soils were formed from the fluvial 
(river) deposits of the Fraser River, and tend to 
be very fine and free from stones. This makes 
them well-suited for agriculture and the historical 
importance of agriculture in Richmond reflects its 
prime agricultural land and climate. The primary 
agricultural limitations in Richmond are a high 
water table, poor drainage and highly acidic muck 
soils (which are well-suited to some crops such as 
berries, but not to others without improvements). 
However, with effective drainage, all of Richmond’s 
land is highly productive with many areas particularly 
well suited to the production of cranberries and 
blueberries.75

In 2011, cranberries were the primary crop in 
Richmond followed by blueberries. Other key 
agricultural activities include forage and field 
vegetable production.76 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.77 In 
2010, Richmond’s agricultural production included 
about 33% of the cranberry acreage in BC. The 
municipality is also home to 2% of the province’s 
vegetable producing land base. Agriculture in 
Richmond grossed $48.6 million in farm receipts 
in 2011, approximately 6% of Metro Vancouver farm 
receipts.78

History of Flooding in Richmond

Like Surrey and Delta, Richmond is located on 
low-lying land with flat topography. Richmond is 
bordered by the Fraser River, with an ocean coastline 
on its western edge. As such, Richmond is subject to 
both coastal flooding (from winter storm surge and 
sea-level rise on its western side) and spring freshet 
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flooding (from the Fraser River to the east). The 
urbanized areas on the west side of Lulu Island are 
most susceptible to winter storm surge flooding due 
to their exposure to wind and wave action and their 
proximity to the ocean. 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.

Major Fraser River freshet floods occurred in the 
Lower Mainland in 1894, 1948 and 1972. Lulu Island 
was spared flooding during all of these events perhaps 
due to the river’s width at Richmond which, relative 
to narrow areas upstream, disperses the water so 
levels are not as high during a freshet. To date there 
have been no recorded dike breaches in Richmond.79

Flood Management in Richmond

After the 1894 flood, a 49km system of dikes was 
constructed to protect Richmond from flooding 
during high tides and storm surges. Upgrades were 
made in the 1970s and 1980s to raise the dikes to the 
1-in-200 year storm level (the level at which there is a 
0.5% chance of a flood in any given year), consistent 
with the provincial guidelines of that time. The City 
of Richmond is responsible for the maintenance and 
upgrades of the Lulu Island dikes, and has a program 
for regular maintenance and upkeep. In addition, the 
City has drainage infrastructure including: 600km 
of drainage mains, 39 pump stations, and 320km of 
ditches, canals and sloughs.80 This drainage system 
is designed to accommodate a 1-in-10 year storm 
event. Limited localized flooding has taken place on 
occasions where a greater than 1-in-10 year storm 
event (with localized heavy rainfall) has occurred.

In 2005, the Richmond City Council created a dike 
utility to fund dike upgrades. This approach is unique 
in the region and enables annual, dedicated capital 

Figure 17 Cultivated field crops in Richmond. Source: BC Ministry of Agriculture 2010 Land Use Inventory
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funding for dike upgrades and improvements. In 
addition, as re-development in diked areas occurs, 
the City is working with land developers to improve 
dikes to levels well above current standards, as in 
the case of the Middle Arm Dike.81 While the dike 
system is well-maintained and designed to the 
1-in-200 year flood level, Richmond also has a Dike 
Master Plan (2013) that guides upgrades to flood 
protection infrastructure to address sea level rise and 
storm surge risk. The proposed upgrades in the Plan 
include new dike alignments, and offshore barrier 
islands to dissipate wave action and reduce the need 
for increased dike heights.82

The City also has a flood protection and management 
strategy that examines impacts and adaptation 
options in the event of a dike breach (which could 
be caused by sustained high water levels and 
overtopping, or by structural failures in the dike) 
at various locations around Richmond. This study 
concludes that a dike breach on the eastern side of 
Lulu Island during a spring freshet, would likely have 
greater impact than a coastal breach. Freshet water 
levels do not fluctuate very much with tidal levels 
which, in comparison with a coastal breach, reduces 
the opportunity for breach repair. This means the 
duration of such a flood event could be as long as 
the freshet, potentially lasting multiple weeks. The 
resultant flooding could impact the whole of Lulu 
Island.83 This modeled breach event serves to define 
the area of agricultural land vulnerable to flooding in 
the case study below.

Flooding 
Scenarios

In 2003, as part of the 
input to Richmond’s flood 
management strategy, dike 
breaches were modeled 
at three locations around 
Lulu Island. This study 
evaluated a series of 
internal dike breach 
scenarios. A coastal breach 
at No. 1 road was modeled, 
as well as a combined 
tidal/freshet breach event 
at Triangle Road, and 

two freshet-driven breaches on the east side of Lulu 
Island in the Hamilton neighbourhood, adjacent to 
Richmond’s agricultural land.84

As noted in the case study introduction, a freshet 
flood scenario will be discussed here to incorporate 
consideration of the range of flood risks for the 
agricultural land base across the three municipalities. 
It is important to note that this flooding scenario is 
an extreme one (Figure 18), and that such an event 
would only occur if the river dikes failed, and the 
velocity of floodwaters prevented a repair of the 
breach. In the event of an actual breach, the City’s 
pump system would remove water from the flooded 
areas, and other mitigation actions not included in 
this model (such as sandbagging) would also occur.

The breach model incorporates several assumptions, 
including:

 → The freshet and breach occurs in early June

 → The breach occurs over a period of 5 hours, after 
which it is 300m long

 → River levels during the event are 25% greater 
than the 1894 flood

 → The breach is not repaired during the simulation 
and no other mitigation actions are undertaken

 → Pump stations are not included in the model

 → Cranberry dikes are not included in the model

Figure 18 Selected Richmond breach scenario at maximum extent85
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In the model simulation, within 7 days, nearly the 
entire area of Lulu island is inundated. Maximum 
flood depth is greater than 2.5m in areas, with the 
average depth around 1.4m.86

For the agricultural impact analysis in this study, 
the modeled inundated extent is used to generate 2 
scenarios: a one-week freshwater flood, and a two-
week freshwater flood. The latter scenario would be 
plausible if the breach could not be repaired during 
the freshet peak. Utilizing the two scenarios enables a 
comparison of flood duration on agricultural impacts. 
This is information to also applicable to longer 
duration flooding events that could occur in any of 
the three municipalities.

Agricultural Impact Analysis

Prior to evaluating the agricultural and economic 
impacts of the modeled flood events, a more detailed 
description of the agricultural production in the 
modeled area is provided. The economic analysis of 
the flooding event follows, including consideration 
of both the farm gate losses and economic impact 
to the community, as well as additional farmer costs. 
Please see the Methodology section for the detailed 
description of how economic impacts were calculated. 

Agriculture in the Inundated Areas

The proportion of Richmond farmland that falls 
within the modeled flood zone is shown in Table 16.

It is notable that nearly all of Richmond’s ALR land 
on Lulu Island is potentially at risk in the modeled 
flood event. More than half of the agricultural land 
in the modeled breach area is covered in perennial 
crops (62% cranberries, 28% blueberries) and about 
a quarter of the land base is in annuals (50% of this 
in mixed vegetables and 20% in potatoes). The 
remainder of the agricultural land includes horses, 
forage, forage corn, non-soil based agriculture 
(vegetables and floriculture greenhouses) and 
structures/livestock. Table 17 shows the various 
agricultural uses of the land within the breach area. 
The agricultural area in Table 17 excludes the 600 
hectares of agricultural land that is not in active 
production.

Table 16 Proportion of Richmond farmland in the 
modeled flood area

Area (Ha) %

ALR Land Farmed in 
Richmond (excluding Sea 
Island and Mitchell Island)

4,850 100%

Richmond breach scenario 3,991 82%

Table 17 Area of crops in flood scenario areas (hectares)

Agricultural Activity  Area (Ha)

Homesite 109

Farm structures 14

Other structures 38

Horses 133

Forage 203

Forage corn 108

Grains / Cereals / Oilseeds 33

Mixed vegetables 297

Potatoes 125

Sweet corn 57

Other vegetables 72

Poly greenhouse / floriculture 7

Turf 3

Annual Crops, Total 595

Blueberries 379

Cranberries 836

Other berries 69

Tree fruits and grapes 4

Nursery 60

Ornamentals, shrubs & trees 10

Perennial Crops, Total 1,360

Greenhouse vegetables 3

Floriculture 2

Non-soil-based, Total 5

Total affected land in production 2,564
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Economic Impact Analysis

In the economic analysis below, the economic impact 
of farm gate losses of the modeled events is provided 
first. The economic impact of farm gate losses is an 
estimate of the loss to the community’s economy due 
to the flooding event including lost farm gate sales 
and the loss in spin-off benefits in the community, 
resulting from this reduction in farm gate revenue. 
In addition to these economic impacts, farmers will 
bear additional costs (that are not encompassed 
in the economic impact of farm gate lossess). The 
additional farmer costs are discussed separately. Both 
community economic impact and farmer costs will 
be summarized at the end of this section.

Economic Impact of Farm Gate Losses

Crop losses during a flood are also dependent on the 
duration of the flood. In both of the previous case 
studies (Surrey and Delta) the economic impact 
estimates are based on the assumption of a 7-day 
flood event. This is because storm surge events are 
generally short in duration and, in a sea water flood, 
floodwaters at a breach will recede on the tidal cycle, 
providing opportunities to repair the breach. With 
a freshet breach, the water level remains high for a 
more extended period of time (approximately 14 
days). Therefore, to estimate the economic impact of 

a dike breach during freshet, the crop loss estimates 
used for a 7-day event need to be increased. Most 
of the forage and forage corn would need to be 
replanted following a 14 day flooding event. Perennial 
crop yields would be further reduced and more fields 
with annuals would not be able to be replanted.

A longer duration flood during the production season 
would also be likely to cause losses of perennial 
plants. No additional losses have been incorporated 
to reflect this impact but it would be significant and 
longer-term because blueberries and cranberries 
take several years to establish and reach economic 

Table 18 Crop losses for a late spring flood event

Estimated Crop Losses 
Late Spring Flood Late

7 day 
flood

14 day 
flood

Forage 50% 70%

Silage Corn 60% 80%

Annuals 40% 50%

Perennials 30% 50%

Greenhouse 60% 70%

Figure 19 Agricultural activities by category in Richmond’s scenario area
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production levels. The crop losses from a 14 day flood 
are summarized in Table 18.

In addition to more severe crop losses, dairy cows 
would have milking patterns disrupted for a longer 
period, and this compounds the time it takes the 
cows to get back into their normal lactating schedule. 
The estimated loss for a 14 day flood for dairy cows is 
three weeks of production.

The economic impact of farm gate losses is composed 
of both direct impacts and secondary impacts. Farm 
gate receipts, a commonly reported measure of 
farming activity, are a good measure of the direct 

economic activity generated by farms in a community. 
Farm gate losses consist of loss or damage to crops 
and these are dependent upon the season and the 
specific area of crops flooded in each scenario. In 
addition to farm gate losses, the economic impact 
of farm gate losses calculation also integrates the 
impacts to the secondary or spin-off benefits associ-
ated with agriculture within the community. For this 
study, the secondary benefits are estimated as equal 
to the farm gate losses. Table 19 shows the breakdown 
of economic impacts of flooding into these two com-
ponents. As indicated by the numbers, the economic 
impact increases by 52% when the flood duration is 
extended from 1 to 2 weeks.

Table 19 Economic impact of farm gate losses of scenarious in Richmond ($ millions)

Scenario Impact

Farm Gate 
Losses

Secondary 
Impacts

Economic 
Impact of Farm 

Gate Losses

Richmond Breach Farm Gate Losses — 1 week flood 14.7 14.7 29.3

Richmond Breach Farm Gate Losses — 2 week flood 22.3 22.3 44.5

Table 20 Estimated additional farmer costs in Richmond scenario area ($ millions)

Scenario Additional Farmer Costs Total Farmer 
Costs

Buildings & 
Equipment

Replant Costs Lost Livestock 
Feed

Richmond Breach — 1 week flood 3.56 0.17 0.29 4.02

Richmond Breach — 2 week flood 4.99 0.20 0.39 5.58

Table 21 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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Additional Farmer Costs

Farmers will incur losses over and above loss in farm 
gate revenue due to damage to buildings, equipment, 
crops for livestock feed, and replant costs. In the 
last Statistics Canada Census, Richmond farmers 
reported owning $26.72 million in machinery and 
equipment.87 Proportioning this to the modeled area 
provides an estimate of the amount of equipment 
and machinery in the flood zones. Equipment and 
machinery loss is very site specific and difficult to 
estimate. Some farmers may have contingency plans 
and others can move equipment to roads or high 
points on their farm. Equipment and machinery 
losses were estimated at 5% of value for the 1 week 
flood scenario, and 7% for the two week flood 
scenario. These losses (equipment, machinery and 
buildings) are not seasonally dependent.

It was assumed that 50% of the forage and all of the 
forage corn was grown for livestock feed on the farm. 
The proportion of the crop that needs to be replanted 
depends on the crop loss and is season and duration-
dependent. Replant costs for forage were estimated at 
$300/ha, and for greenhouse vegetables at $7,500/ha. 
These estimates were made using average costs for 
seed and plants locally. Replant and livestock feed 
losses are seasonally dependent.

Table 20 summarizes the estimated equipment, 
machinery and building, livestock feed losses and 
replant costs to farmers (i.e., “Additional Costs”) in 
the modeled flood area.

Table 21 summarizes both the economic impact of 
farm gate losses and farmer costs associated with the 
two flooding scenarios. In this table, farm gate losses 
have been incorporated into Farmer costs because  — 
along with the community — farmers will also carry 
the cost of the lost farm gate revenues.

Key Findings

The Richmond case study illustrates that freshet 
flooding may be more damaging to agriculture than 
any other flood type, largely due to the probable 
timing of such an event and its extended duration. 
The extended duration may increase damages by up 

to 50%. The total impact of a two week freshwater 
freshet flood in Richmond is estimated to be $44.5 
million, with additional farmer costs of $27.88 million.

Richmond is unique among the three case study 
communities for its dike utility. With its significant 
urban population, Richmond can raise considerable 
revenue for dike upgrades and improvements. 
Richmond’s proactive approach to flood protection 
and funding could inform other municipalities facing 
similar flood risk.

Climate change studies of Fraser River hydrology 
have projected a potential change in the timing 
of the spring freshet, shifting to an earlier peak of 
snowmelt-driven discharge, and increased winter and 
spring runoff with decreased summer flows.88 The 
potential shift of peak freshet earlier in the season, 
and the shorter peak could be a positive trend as far 
as agricultural impacts are concerned. This is because 
impacts are much lower in winter or early spring than 
the current late spring event, and impacts increase 
with event duration. The impact of an increased 
volume of runoff on communities at the river mouth 
(like Richmond and Delta) is unclear. It is possible 
that these greater volumes could increase the risk of 
freshet flooding and breaches, but more study would 
need to be undertaken to determine this.

Freshet flooding by its nature tends to happen during 
the growing season. Extended spring flooding has the 
potential to do damage that is not only costly at the 
immediate time of the event, but also over the long 
term. For example, berry crops take several years to 
reach maturity and peak production (8–12 years in 
the case of blueberries). Any loss to blueberry plants 
is therefore going to affect production margins well 
into the future. Repeated flooding may affect these 
high-value perennial systems to such a degree that 
their viability may become questionable. In the 
scenario just outlined, annual crops may ultimately 
result in fewer cumulative losses as impacts will 
be less long-term, with adaptive measures such as 
drainage. Given this, the importance of adaptation 
measures for these high-value plantings becomes 
clear, and the cost-benefit calculation for undertaking 
such measures may become more favourable.
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Conclusions & Next Steps: 
Considerations for Adaptation

The three separate case studies for Delta, Surrey 
and Richmond explore the potential economic 

impacts associated with different modeled flooding 
events. 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). So 
the lessons learned in one case study, are likely to be 
applicable for similar flood events across the Fraser 
delta area.

It is hoped that the following conclusions provide 
a valuable starting point for further dialogue about 
agricultural flood risk and adaptation measures in the 
Fraser delta.

Return Periods & Flooding

As was noted in the Surrey case study, climate change 
is likely to not only increase the extent and depth 
of flood events, but also their return periods. In the 
Colebrook Road/Mud Bay area, the return periods 
were expected to increase such that the current 1 in 
200-year flood event would have a return period of 
2 years in 2100. This trend is likely to apply across 
the region, and means that the impacts of flooding 
will be cumulative over time. Where previously an 
agricultural operation may have been able to recover 
from a one-off flood event, the same operation may 
not be able to recover from repeated flood events. 
These increases in frequency have not been quantified 

in this report, but this trend should be considered 
when interpreting the results.

Seasonality & flooding

Common to all case studies, the later in the growing 
season a flood event occurs, the higher the economic 
impacts. In winter flood events, economic impact is 
minimal but farmer costs are significant, meaning 
that the farming community bears the bulk of the 
impacts from a winter flood. In early and late spring 
however, economic impact of farm gate lossess rise as 
farm gate receipts are increasingly impacted by crop 
losses.

Salinity Impacts

In general, impacts to crops increase with increasing 
salinity of floodwater. Various factors affect the 
degree of impact however, including soil saturation 
at the time of flooding (which can prevent salts from 
penetrating into the soils), on-farm and regional 
drainage practices and infrastructure (which can 
prevent ponding in the case of laser leveling and 
assist flushing of salts from the root zone, in the case 
of subsurface drainage), and timing, since there will 
likely be adequate rain and time to flush salts from 
the soil in the case of a winter flood, but less so for 
early or late spring floods.
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The potential for saline seepage from groundwater, 
and the effects of climate change on the Fraser River 
salt wedge require further study. Associated salinity 
issues have the potential to have a significant and 
increasing impact on agricultural activities in the 
region.

Potential Development Impacts

As the Surrey context and case study illustrates, 
urban development decisions have the potential 
to exacerbate flood impacts on agriculture in the 
region. Initially, increasing upland development 
in Surrey contributed to downstream runoff and 
flooding impacts in the agricultural lowlands. Given 
the potential for climate change to increase the 
magnitude and intensity of extreme precipitation 
events in the future, these stormwater impacts could 
worsen over time if agriculture is not included in 
stormwater management planning processes and 
improvements. The City of Surrey has already 
implemented many of these improvements in upland 
areas and invested millions of dollars in drainage 
system improvements, and it should also be noted 
that agricultural land management and practices in 
the lowland areas (e.g., modifying drainage channels) 
also have a substantial impact on flood risk in 
lowland areas.

Case Study Comparison: Per-
Hectare Impact

Converting the economic impact from each flood 
scenario to a per-hectare impact enables comparison 
across the three case studies. These per-hectare 
impacts are summarized in Table 22.

The Table shows that Ladner’s baseline area (pre-sea 
level rise) has the highest per-hectare impact values. 
This is largely attributable to the high intensity and 
capital-intensive agricultural production in this 
specific area, particularly the greenhouse operations. 
With a greater flooding extent in Ladner, the per 
hectare values actually drop because there is less 
intensive agriculture across the broader agricultural 
area.

Table 22 also illustrates the increased impact of flood 
duration in comparing the Richmond one week and 
two week scenarios. Due to lack of data about flood 
duration (and capacity to remove water from the 
land base) it is difficult to estimate the duration of 
the modeled flooding events. As a result, a one-week 
flood event was assumed for all but the two-week 
Richmond scenario. In reality other flooding events 
could last longer than a week and the Richmond 
estimates provide a reference point, indicating that 
doubling of flood duration results in an increased 
impact of approximately 50% more damages and 
losses for agriculture.

Table 22 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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Approaches to Flood Management 
& Funding

All three of the case study municipalities are aware 
of the potential for increased flood risk as a result of 
climate change, and all have commissioned studies to 
inform flood management planning. Additionally, all 
three governments play a significant role in dike and 
drainage maintenance and upgrades. However, each 
of the three municipalities has a different approach 
to flood planning and management. Delta and 
Richmond’s model of sole responsibility resting with 
the municipality, enables centralized coordination, 
standardization and resourcing but removes the 
immediate connection to agricultural producers 
that is present with the diking districts. Given the 
province’s legislation that devolves flood protection 
responsibilities to local governments however, the 
diking district model is not likely to continue in the 
future.

For all of the municipalities, dike improvements will 
be very costly. The “Cost of Adaptation” report89 
estimated the cost of improvements to be $1.9 billion 
for Delta, $1.6 billion for Surrey and $2.2 billion for 
Richmond. In the future there may be opportunities 
for local governments to apply for funding support 
from higher levels of government. However, it 
is likely that at least a portion of the necessary 
infrastructure improvements will need to be funded 
locally. Creative funding mechanisms may be 
required and Richmond’s Dike Utility, and Surrey’s 
Drainage Utility are two examples. With their more 
intensive urban populations (and larger tax base), this 
approach works well for Richmond and Surrey but 
may be less plausible for municipalities with lower 
urban land to agricultural land ratios (like Delta).

Drainage & Salinity Management

Effective flood management for agricultural areas 
requires not only dike improvements but also 
effective capacity to remove water efficiently from the 
land base. This infrastructure is required to limit the 
damage caused when flooding occurs and to prevent 
longer-term harm associated with salinity impacts 
(effective drainage is key for moving salt through the 
soil and out of the root zone).

Improving knowledge of the state of farm-level 
drainage in the vulnerable areas would be a valuable 
step. Given the costs associated with flood protection, 
adaptation through improvement of drainage systems 
and emergency planning and flood mitigation 
measures will assist in reducing risk and speeding 
recovery for agricultural operations.

In addition, improving knowledge of regional 
drainage capacity (for example by improving 
estimates of pumping capacity and the ability to 
remove water from the land base) would also be 
helpful for guiding approaches to agricultural 
adaptation.

Provincial Significance

While flooding impacts evaluations have tended to 
focus on urban and residential impacts associated 
with climate change flooding, the municipalities 
of Richmond, Surrey and Delta are significant 
contributors to the food production capacity of 
the province. The overall value of the agricultural 
production across the vulnerable study areas is 
substantial, not just with respect to economic 
contribution but in terms of BC’s limited arable 
land base and high value crop production. Flood 
management and adaptation for the agriculture sector 
in the region is therefore not only an investment in 
the future economic viability of the sector, but also in 
the future food security of the province.
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Key Findings
 ▶ Richmond, Surrey and Delta are significant 

contributors to the food production capacity of 
the province

 ▶ Climate change is likely to not only increase the 
extent and depth of flood events, but also their 
return periods

 ▶ With more frequent return periods, flooding 
impacts will become cumulative and the 
economics of adaptation will shift

 ▶ The later in the growing season a flood event 
occurs, the higher the economic impacts for 
agriculture

 ▶ Impacts to crops increase with increasing salinity 
of floodwater; however, various factors affect 
the degree of impact however, including soil 
saturation at the time of flooding

 ▶ The potential for saline seepage from groundwater, 
and the effects of climate change on the Fraser 
River salt wedge require further study; impacts on 
agricultural production could be substantial

 ▶ Urban development decisions have the potential 
to exacerbate flood impacts on agriculture in 
the region; agricultural land management and 
practices in the lowland areas (eg. modifying 
drainage channels) also have a substantial impact 
on flood risk in lowland areas

 ▶ Flooding duration has a direct influence on the 
degree of impact for agriculture; when flood 

waters remain on the land base for longer, losses 
are likely to be far greater

 ▶ Improving estimates of pumping capacity and 
ability to remove water from land base would 
be helpful for appropriate adaptations (i.e., 
knowledge of regional drainage capacity needs to 
be improved)

 ▶ For all of the municipalities, dike improvements 
will be very costly; creative funding mechanisms 
may be required

 ▶ Effective flood management for agricultural areas 
requires not only dike improvements but also 
effective capacity to remove water efficiently from 
the land base

 ▶ Adaptation through improvement of drainage 
systems and emergency planning and flood 
mitigation measures will assist in reducing risk 
and speeding recovery for agricultural operations
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Appendix A 
Secondary Economic Benefits

Economic impact studies try to measure the 
impact of an industry to a community. They try 
to answer the question: If the industry suddenly 
disappeared tomorrow, what would the impact be 
on the community in terms of expenditures and 
jobs? Answering this question requires a look at the 
industry itself and also the impacts of expenditures 
in wages and materials that the industry has on other 
businesses in the community. These are termed 
secondary benefits.

There are many detailed studies that track 
expenditures through a community. In general they 
find that the more an industry pays in wages and the 
more they purchase goods in the community the 
greater the secondary benefits. Studies on agriculture 
suggest the secondary benefits are high because farms 
tend to be relatively labour intensive, farmworkers 
tend to live in the community and farms tend to buy 
as much as possible in the community.

Secondary benefits are estimated as a multiple of 
primary benefits. For agriculture, estimates for 
secondary benefits have ranged from .8 of the primary 
economic activity to 1.5 times the primary economic 
activity.

Some farmers in Delta, Surrey and Richmond need 
to go to other communities for farm equipment and 
processing. Therefore, a multiple of 1.0 was used to 
estimate secondary economic benefits from primary 
economic benefits for both expenditures and jobs.
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Appendix B 
Impacts of De-Nitrification 
& Leaching on Crops

The nitrate form of nitrogen (the form the plant 
uses) can be leached from the soil by heavy rains or 
flooding. In addition, when soils are saturated, the 
nitrate form of nitrogen is converted to the gaseous 
form (N2 + NO2) and volatilizes. This process, 
termed de-nitrification, is the result of microbial 
action that only occurs under anaerobic (without 
oxygen) conditions that are present in waterlogged 
soils.90, 91

Optimum conditions for de-nitrification are pH 
of 6.0–6.5 and soil temperature of 2o–25°C.92 The 
warmer the soil, the faster the rate of de-nitrification. 
A rule of thumb offered for Manitoba’s Red River 
Valley is that at 5°C de-nitrification losses are 2–4lb of 
Total N per acre per day.93

The University of Nebraska estimated the amount of 
nitrate nitrogen lost to de-nitrification under different 
temperatures and different soil saturation periods 

as summarized in the table below. It is important to 
note that this is loss of the nitrate form of nitrogen, 
not total nitrogen.

In the western Fraser Valley, winter rains leach 
most of the nitrate nitrogen from the soil before 
the soils warm up and plant growth starts. In the 
spring the nitrification process replenishes nitrate 
nitrogen lost over the winter. De-nitrification is not 
a concern during the rainy season, however, if soils 
become saturated in the spring leaching and the de-
nitrification process will reduce nitrate nitrogen levels 
in the root zone enough to limit plant growth.

If soils become saturated in late spring additional 
nitrogen may need to be added to ensure crop yields 
are maintained.

Table 23 Impact of Flood Duration and Temperature on Nitrate Loss

Soil Temperature 13–15°C Soil Temperature 24–26°C

Duration of Saturated 
Soil Condition

% of available 
nitrate lost

Duration of Saturated 
Soil Condition

% of available 
nitrate lost

5 days 10% 3 days 60%

10 days 25% 5 days 75%

7 days 85%

9 days 95%
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Appendix C 
Soils & Drainage in the Fraser Delta

Soils in the Surrey-Richmond-Delta lowlands can 
be characterized as being fine to moderately fine in 
texture, sometimes covered with a layer of organic 
matter and almost all exhibiting poor drainage. 
There are very small pockets that may have different 
characteristics and drainage capability, however, for 

general analysis purposes it is reasonable to assume 
all the soils exhibit poor drainage capability.

A detailed list of the main soil types in specific areas 
with the corresponding characteristics and drainage 
rating is included below.

table continued on next page →

Table 24 Main Soil Types in Specific Areas

Soil Type Chracteristics Drainage

Delta
Westham Island Westham Moderately fine to medium texture Poor to moderately poor

Cresent Medium to moderately fine texture Moderately poor to poor

West Delta Cresent Medium to moderately fine texture Moderately poor to poor

Blundel Organic matter over medium texture Poor to very poor

Ladner Moderately fine to fine texture Moderately poor to poor

Delta Medium to moderately fine texture Poor

Spetifore Medium texture Poor to very poor

Guichon Medium to moderately fine texture Poor to moderately poor

Boundary Bay Delta Medium to moderately fine texture Poor

Spetifore Medium texture Poor to very poor

Ladner Moderately fine to fine texture Moderately poor to poor

Benson Moderately course texture Poor to very poor

Guichon Medium to moderately fine texture Poor to moderately poor

Embree Medium texture with organic strata Poor to very poor

Sandel Medium texture Poor to very poor

Kitter Medium texture Moderately poor

Deas Medium to moderately fine texture Poor

Richmond Organic matter over moderately fine texture Very poor

Goudy Organic matter over moderately fine texture Very poor
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Soil Type Chracteristics Drainage

(Delta continued)
(Boundary Bay  
continued)

Delta Medium to moderately fine texture Poor

Spetifore Medium texture Poor to very poor

Ladner Moderately fine to fine texture Moderately poor to poor

Benson Moderately course texture Poor to very poor

Guichon Medium to moderately fine texture Poor to moderately poor

Embree Medium texture with organic strata Poor to very poor

Sandel Medium texture Poor to very poor

Kitter Medium texture Moderately poor

Deas Medium to moderately fine texture Poor

Richmond Organic matter over moderately fine texture Very poor

Goudy Organic matter over moderately fine texture Very poor

Burns Bog Cresent Medium to moderately fine texture Moderately poor to poor

Westham Moderately fine to medium texture Poor to moderately poor

Blundel Organic matter over medium texture Poor to very poor

Embree Medium texture with organic strata Poor to very poor

Richmond Organic matter over moderately fine texture Very poor

Sandel Medium texture Poor to very poor

Goudy Organic matter over moderately fine texture Very poor

Lumbum > 160 cm organic matter Very Poor

Lulu Organic matter over moderately fine texture Very poor

Richmond
Lulu Island South Cresent Medium to moderately fine texture Moderately poor to poor

Westham Moderately fine to medium texture Poor to moderately poor

Blundel Organic matter over medium texture Poor to very poor

Lulu Island North Lulu Organic matter over moderately fine texture Very poor

Triggs > 160 cm organic matter Very Poor

Blundel Organic matter over medium texture Poor to very poor

Lumbum > 160 cm organic matter Very Poor

Richmond Organic matter over moderately fine texture Very poor

Delta Medium to moderately fine texture Poor

Kitter Medium texture Moderately poor

table continued on next page →
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Soil Type Chracteristics Drainage

Surrey
Mud Bay Goudy Organic matter over moderately fine texture Very poor

Embree Medium texture with organic strata Poor to very poor

Sandel Medium texture Poor to very poor

Kitter Medium texture Moderately poor

Lumbum > 160 cm organic matter Very Poor

Nicomekl North Sandel Medium texture Poor to very poor

Nicomekl Medium to moderately fine textured Poor 

Kitter Medium texture Moderately poor

Embree Medium texture with organic strata Poor to very poor

Goudy Organic matter over moderately fine texture Very poor

Nicomekl South Lumbum > 160 cm organic matter Very Poor

Richmond Organic matter over moderately fine texture Very poor

Lulu Organic matter over moderately fine texture Very poor

Goudy Organic matter over moderately fine texture Very poor

Mclellan Fine to moderately fine Poor to moderately poor

Serpentine Sandel Medium texture Poor to very poor

Richmond Organic matter over moderately fine texture Very poor

Banford Organic matter over moderately fine texture Poor to very poor

Vinod Organic matter over moderately fine texture Poor to very poor

Ross Medium to moderately fine textured Very poor

Mclellan Fine to moderately fine Poor to moderately poor

Annis Organic matter over moderately fine texture Poor to very poor
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Appendix D 
Soil Salinity & Salt Tolerance

Background

Plants are able to absorb water and nutrients in the 
root zone because water moves from a region of low 
nutrient concentration (in the soil) to a region of 
higher nutrient concentration (in the plant). This 
process is termed osmosis. As the salinity of the 
moisture in the root zone increases, the osmotic 
gradient from the soil to the plant roots decreases, 
and movement of water and nutrients into the 
root slows. The plant is deprived of the water and 
nutrients it needs to grow. If soil salinity in very 
high, water moves from the plant into the soil and 
the plant wilts and dies. Plant symptoms in high 
saline soils are similar to plant symptoms in drought 
conditions.94,95,96

Sodic soils are characterized by a disproportionately 
high concentration of sodium (Na) cations. If 
the concentration of sodium ions is high, and not 
balanced with calcium(Ca) and magnesium (Mg) 
ions, the soil tilth may be effected. Positively charged 
sodium cations attach to negatively charged clay 
particles in the soil causing the soil to be sticky when 
wet and hard and impermeable when dry. Soils 
are termed sodic when the exchangeable sodium 
percentage is greater than 15%.97,95

Soil salinity is a challenge to agriculture production 
in many arid and semi-arid regions of the world. Use 
of irrigation water has, over time, left salt deposits 
that can raise the soil salinity in the root zone to a 
level that reduces the yield of many crops.

Soil salinization can also occur as the result of salt 
water flooding from a storm surge or tsunami.

Soil salinization problems can arise from a storm 
surge flood in two ways:

 ■ Salt water that remains on the land for more than 
a few days will leave some salt in the soil root zone, 
or

 ■ Clay and silt sediment left behind by the storm will 
have high concentrations of salt.

Following a salt water flood, poorly drained fields will 
generally have higher salinity levels in the root zone, 
over a longer period of time, than well drained fields.

Clay and silt deposits left by the storm surge will have 
high levels of salt and will be harder to flush clean.

Solutions to Soil Salinity

Salt is removed from the soil root zone by flushing 
with rainwater or clean irrigation water. Salt will 
only be flushed out if water can move through the 
root zone. If a soil becomes ‘sodic’ the soil surface 
will form a crust and will need to be broken up and 
possibly ‘gypsum’ added, before flushing will be 
effective.98

Soils in the Fraser River delta are typically fine 
textured soils with poor natural drainage. Sub-
surface drainage will help flush salt from the root 
zone and reduce potential salinity challenges. Soil 
characteristics are outlined in Appendix C.

Ponding will lead to higher salt concentration in 
the ponding area and uneven concentrations of salt 
throughout a field. Laser leveled fields reduce salinity 
problems by reducing or eliminating ponding. If the 
soil is saturated at the time of the salt water flood, the 
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salt water will run off the surface of a laser leveled 
field with very little penetrating into the soil.

The amount of water needed to flush out the salt 
depends on how much salt is present, the type of soil, 
the level of subsoil drainage, and the topography of 
the land. Lighter, well drained soils will flush quicker 
than heavier, poorly drained soils

As shown in Table 25, the FAO Field Guide95 
provides an estimate of the quantity of rain or 
irrigation water needed to flush the salt from well-
drained fields in the ACEH province of Indonesia. 
The 3rd column is added to show the proportion of 
salt removed by flushing.

The University of California offers a rule of thumb 
for flushing salt from the soil. They suggest that 
intermittently flushing one acre foot of water will 
eliminate 80–90% of the salinity in the soil. However, 
localized conditions will determine the quantity of 
water needed to flush salt from any specific farm site:

 ■ Work done in Sri Lanka following the 2004 
Tsunami found that 100–300 mm of rain was 
sufficient to clean soils in the normally dry 
Trincomalee and Batticaloa regions.98

 ■ Sampling done in Louisiana following Katrina 
found that some specific areas, that received 
400mm after flooding had subsided, had little 
reduction in salt concentrations.99

 ■ In February, following the 2004 Tsunami, FAO 
found that 78% of the land had been replanted. 
Much of the land that had not been replanted was 
damaged by erosion or debris deposited by the 
Tsunami.98

 ■ McLeod et al found that ‘soil salinity in AECH 
province (Indonesia) after the tsunami was highly 
variable. Soil salinity tended to be higher in rice 
paddy areas that trapped tsunami sediments and 
held seawater for longer periods.’100

Salt Tolerance

The ability of plants to maintain yields in saline soils 
is referred to as their salt tolerance. Plant species vary 
in how well they tolerate salt affected soils. There is a 
large body of work around salt tolerance in plants and 
plant breeding to improve salt tolerance.

Soil salinity is commonly measured by determining 
the electrical conductivity of the soil moisture. 
The more saline the water the more easily it will 
conduct electricity. The units of measure for electro 
conductivity are decisemens/meter (dS/m). Parts 
per million (ppm) measurements of salinity can be 

Table 25 Impact of Flood Duration and Temperature on 
Nitrate Loss

EC value in 
soil (dS/m)

mm of clean 
water to reach 
EC=4 in root 
zone (20 cm 
depth)

% Reduction 
in EC Value

10 315 60%

15 430 73%

20 540 80%

25 650 84%

30 765 87%

Table 26 EC readings for soil salinity to plant salt tolerance

EC(dS/m) Reading Salinity Plant Salt Tolerance

< 2 Very Low few plants impacted

2–4 Low some highly sensitive plants impacted

4–8 Medium High

> 8 High
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Table 27 Salt tolerances for specific commodities

Commodity Ct C50

(EC ds/m) (EC ds/m)

Alfalfa 1.3 8.49

Barley 6.0 17.53

Ryegrass, perennial 5.6 11.78

Clover 1.5

Fescue 3.9 7.97

Asparagas 4.1 28.5

Bean 1.0 3.34

Beet 4.0 9.19

Broccoli 2.8 7.88

Carrot 1.0 4.26

Celery 1.8 9.49

Corn 1.8 5.54

Cucumber 2.5

Lettuce 1.3 4.83

Onion (bulb) 1.2 4.02

Pea 3.4 7.77

Pepper 1.5

Potato 1.7 5.54

Radish 1.2 4.73

Tomato 2.5 7.21

Turnip 0.8 6.13

Blackberry 1.5

Sugarcane 1.7

Ct = EC reading above which salinity starts having an impact 
on yield

C50 = EC reading where yield is approximately 50% of normal 
yield

Forages are generally more salt tolerant than vegetables. 
Manitoba Agriculture Extension offers some pasture mixes 
designed for saline soils.94

converted to (dS/m) readings by dividing the ppm 
reading by 640. 640 ppm = 1 dS/m

Table 26 is a very general guide to connecting EC 
readings for soil salinity to plant salt tolerance.101 Salt 
tolerances for specific commodities are offered in 
Table 27. They are a compilation of two studies that 
collected data from a large number of studies.98,102,103 
The local soil conditions will impact the salt tolerance 
estimates so the thresholds offered should be 
considered as a rough guideline.
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Appendix E 
Local Research

Research has been conducted in the Fraser delta 
region on flooding and salinity management. This 
appendix outlines relevant local research and 
resources.

A Case Study:  
Westham Island Dike Breach, 1982

In December 1982 there was a dike breach on 
Westham Island that flooded the Gordon Ellis farm. 
The breach was repaired before the next high tide, 
and the flood boxes and pumps were able to drain 
the water in approximately one week. The water 
covered the farm with 6–18″ of water but did not 
reach the homesite that is about 2′ higher than the 
lowest farmland. The salinity of the flood water was 
11.5 dS/m. The salinity of salt water is 45.0 ds/m. At 
the time of the breach, the soil was saturated by heavy 
rains preceding the flood.

Salinity testing the following January, indicated 
that most of the salt had been flushed from the root 
zone.104 There was 70 mm of rainfall from the day of 
the flood to the sampling day. Crops were planted in 
1983 and no yield reductions were noted.

Table 28 is a general representation of the readings (in 
dS/m).

Analysis of the soil profile indicated that the fields 
with sub soil drainage had lower salt concentrations 
in the root zone but higher salt concentration at 
lower depths. Fields with no sub-soil drainage had 
slightly higher salt concentrations in the root zone 
and the concentrations were more consistent through 
the soil profile.

Local Research on Salinity 
Management

In 1992 and 1993 Dr. Art Bomke of the UBC 
Department of Soil Science worked with the Delta 
Farmers’ Soil and Water Conservation Group to 
evaluate conservation farming systems in fields 
located at 33a Ave and 34 Street in Delta.105

Soil salinity in the 0–15 cm zone was measured over a 
3 year period as part of the evaluation of the benefits 
of land cover, land leveling and sub-soil drainage. No 
irrigation was applied during the growing season. The 
results are shown in Table 29.

Table 28 Readings from January 1983 salinity testing (G. Ellisfarm)

Field 0–15 cm 15–30cm 30–45cm 45–60cm

1 — Grass Legume / Drainage .33 .39 .51 .60

3 — Bare Soil / Drainage .17 .28 .45 .50

2 — Fall Rye / No drainage .35 .31 .39 .43

4 — Bare Field / No drainage .47 .52 .47 .52
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Table 29 Summary of conservational farming / soil salinity study

Field EC Readings in dS/m

Leveling + 
subsoil drains

Subsoil 
drains only

Leveling only No drains or 
leveling

91 — Oct 5 2.5 2.7 2.5 2.7

92 — Mar 18 0.6 1.1 1.2 0.8

92 — Nov 9 1.3 2.5 2.0 1.9

93 — April 1 0.6 0.9 0.7 1.1

93 — Nov 19 1.3 1.5 2.0 1.7

Study results showed that salt flushed best with 
subsoil drainage provided there were no compacted 
soil layers. Leveling reduced ponding and improved 
surface run-off but did not add to the flushing 
process.

Higher salt readings tested in the fall are a result of 
migration of salt up from the ground water during the 
summer growing season. Winter rains flushed the salt 
from the root zone. Over the two years and the four 
treatments, the winter rains on average dropped the 
salinity (dS/m readings) by 62%.

The study conclusion was: Remediation of salt 
affected soils in the Fraser River delta requires a 
functioning subsurface drainage system, soil surface 
protection (to maintain permeability at the soil 
surface) and elimination of compacted soil layers.
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Appendix F 
Estimates of Crop Yield Losses

Yield losses are impacted by the time in the crop 
season, the type of crop and the salinity of the flood 
water. Yield losses are estimated for twenty four 
different scenarios: four commodity groups (forages, 
annuals, perennials and greenhouse vegetables), 
three different flood times (winter, early spring and 
late spring) and for fresh water, fresh/salt water and 
for salt water.

Corn does not fit this scenario well because while it is 
an annual crop it is planted earlier than most annual 
vegetable crops. An early spring flood may have more 
impact on corn than other annuals.

Dikes in Boundary Bay hold back sea water while 
dikes along Canoe Pass hold back a mix of fresh and 
salt water. The impacts from a breach of the two dikes 
will be different.

Winter Storm

During the winter storm period annuals are not 
planted, perennials and forage are dormant and 
greenhouse vegetable producers are cleaning out the 
old crop and preparing to replant.

A seven day flood will have minimal to no impact on 
crop yield the following year.

If the flood is from salt/fresh water most fields will 
be flushed before the growing season starts, resulting 
in little or no impact on crop yields. The highest EC 
reading in the top 30 cm on the Gordon Ellis farm in 
February, after the December salt/fresh water flood, 
was .52 dS/m.

There will be some small pockets that will not drain 
well and have residual salt that may impact yields 
for forages and perennials. Estimated yield loss at 

5%. Farmers planting annuals have the opportunity 
to measure the salinity of their soils and plant an 
appropriate crop.

Early Spring Storm

In the early spring the soil begins to warm up and 
plants start to grow. This occurs around the end of 
February. A seven day flood event after this time will 
impact root development and consequently reduce 
crop yields.

Annuals are not planted until later in the year and so 
will not be impacted.

The temperature is low during this time of year106 
so yield losses will be minimized. Estimated yield 
loss for perennials and forage in this situation is 10%. 
Yield losses should be increased to 20% for forage 
corn.

Vegetable greenhouses will have new plants growing. 
Some will have to replant delaying the start of 
harvesting and reducing total yield for the year. 
Estimated yield loss in this situation is 20%

If the flood in early spring is from salt/fresh water, 
not all of the salt will be flushed from the root zone 
before the growing season. Some salt will remain and 
will have an impact on annuals, forage and perennials. 
It is estimated this will increase yield losses, in the 
modeled flood, by an additional 10% over fresh water 
flooding.

If the flood is from salt water only, add an additional 
10% over a salt/fresh water flood.
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Late Spring Storm

By late spring the soil is warmer107, annuals are 
planted and forages and perennials are in growth 
mode. A seven day flood event will kill most 
young annuals and suppress growth of forages and 
perennials for the balance of the growing season. 
Some vegetable greenhouses will lose their plants. 
Cucumbers replant several times per year so the loss 
to cucumber producers will be less than tomato and 
pepper growers.

Forage producers may need to turn under the existing 
field and replant. Others will have reduced yields. 
Some first crop forage may have been harvested 
before the flood. It is estimated there will be a 50% 
yield loss in forage production.

For annual crops some fields may have time to replant 
following a flood. Estimated yield loss for annuals is 
40%.

Perennials will have reduced yields but in most cases 
the plants will survive to produce close to normal 
crops the following year. Estimated yield loss for 
perennials is 30%.

Estimated yield loss for greenhouse vegetables is 60%.

If the flood is from salt/fresh water the presence of 
salt would further reduce forage yields and perennial 
yields. Estimated yield loss for the modeled breach at 
Chisholm Road would be an extra 10%.

Annual crops are the most sensitive to salt in the 
root zone. The time to flush the salt from fields used 
for annual crops would severely limit the number of 
fields that could produce vegetable crops in that year. 
Estimated yield loss for annuals would be 80%.

Salinity

The yield loss from a salt water only flood would 
be higher as the salt concentration in the water is 
higher and options to flush the salt out are limited 
to irrigation water. It is estimated that this would 
increase yield losses in forages and perennials by an 
additional 10%.108 Annuals are already impacted by 
the salt/fresh level of salinity so the extra salt will not 
add significantly to the losses. Estimated increase of 
5% in yield loss.

A late spring flood of salt water will likely impact crop 
yield in perennials the following year.
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