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DISCLAIMER
Funding for this project has been provided by Agriculture and Agri-Food Canada and the B.C. Ministry of
Agriculture through Growing Forward 2, a federal-provincial-territorial initiative.
Opinions expressed in this document are those of the author and not necessarily those of Agriculture and
Agri-Food Canada and the B.C. Ministry of Agriculture. The Government of Canada, the B.C. Ministry of
Agriculture, and its directors, agents, employees, or contractors will not be liable for any claims, damages,
or losses of any kind whatsoever arising out of the use of, or reliance upon, this information.
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1. EXECUTIVE SUMMARY
As part of maintaining their livestock herds, many of British Columbia’s (B.C.’s) cattle ranchers are
required to build and maintain dams and reservoirs. In addition to providing water storage for cattle
operations, these dams and reservoirs provide important benefits for neighbouring communities.
Although the benefits of dams and reservoirs are shared with neighboring communities, the construction
and maintenance costs are borne by cattle ranchers. While some information has been collected in the
past, the costs and benefits of dams and reservoirs built and maintained by cattle ranchers have not been
assessed to date in a systematic manner. Therefore, the BC Cattlemen’s Association engaged MNP LLP
(MNP) to quantify the costs and benefits of dams and reservoirs operated by B.C. cattle ranchers.

OVERVIEW OF DAMS AND RESERVOIRS
There are 1,501 active dams in B.C., including those associated with hydro-electric power generation,
agricultural use, industrial use, municipal water supply, and domestic use, as well as structures that
1
regulate lake or river levels. Of the active dams in B.C., approximately 60 percent, or 900 dams, are
operated by B.C. cattle ranchers.
In B.C., agricultural dams are regulated under the Water Sustainability Act. Regulated dams require a
water licence issued under the Act and must meet the requirements specified in the Dam Safety
Regulation. The Dam Safety Regulation classifies dams by their dam failure consequence which is based
on the potential downstream impacts associated with a failure of the dam. Consequence classifications
reflect the potential extent of loss, deterioration, and/or damage to human life, environmental and cultural
values, and infrastructure.

TOTAL ANNUAL COST TO OPERATE AGRICULTURAL DAMS IN B.C.
To estimate the costs incurred by cattle ranchers to operate agricultural dams, MNP developed two
“model dams” that represent the typical characteristics of dams and reservoirs built and maintained on
cattle ranches in B.C.. Because the key determinant of dam operating costs in B.C. is the consequence
classification, MNP’s two model dams correspond to dams classified as lower risk and dams classified as
higher risk:


Lower Risk Dams – these dams are typically smaller in size, have a low or significant
consequence classification, and, as a result, have less formal regulatory requirements.



Higher Risk Dams – these dams are typically larger in size, have a high or very high
consequence classification, and, as a result, have greater regulatory requirements, including the
Dam Safety Review. The higher regulatory requirements require more time for surveillance and
inspection as well as a greater amount of formal reporting back to the Government of B.C.

Of the dams operated by cattle ranchers in B.C., MNP estimates that 837 are currently classified under
2
the Dam Safety Regulation. Of these, 712 are classified as lower risk dams and 125 are classified as
higher risk dams. MNP estimates that the average annual cost to operate a lower risk dam is $1,950,
while the average annual cost to operate a higher risk dam is $14,425. Consequently, MNP estimates

1

Note that this figure excludes major dams (over 9 metres in height) that are operated directly by the Dam Safety Section of the
Ministry of Forests, Lands, and Natural Resource Operations. Data is available from the Ministry, “BC Dam Safety Program Annual
Report,” 2014/2015: http://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/dam-safety/dam_safety_annual_reportjune-2014-15.pdf
2
Note that some dams in BC remain unclassified or their classification is currently under review. This figure is derived by taking 60
percent of all the reported dams classified as either low, significant, high, or very high according to the Dam Safety Program Annual
Report, available here: http://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/dam-safety/dam_safety_annual_reportjune-2014-15.pdf
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that the total cost to operate agricultural dams in B.C. by cattle ranchers is approximately $3.2 million per
year. This consists of $1.4 million to operate lower risk dams and $1.8 million to operate higher risk dams.
Table A summarizes the estimated total average annual costs to operate agricultural dams by cattle
ranchers in B.C.
Table A: Estimated Total Annual Cost for Cattle Ranchers to Operate Dams in B.C.
Calculation Item
Number of dams operated by cattle
3
ranchers
Average annual cost to operate dams
Total annual cost to operate dams

Lower Risk
Dams

Higher Risk
Dams

Total

712

125

837

$1,950
$1,388,400

$14,425
$1,803,125

$3,191,525

In addition to the financial costs, there are other non-financial obligations and challenges for cattle
ranchers that operate agricultural dams. These non-financial obligations and challenges include:


Opportunity Cost of Land – Dams can create reservoirs with significant surface area. Once
flooded, this land is no longer available for crops or grazing thereby reducing the productive
land for the cattle rancher.



Liability – Dam owners may hold liability for dams, including repair, surveillance, and failure.



Changing Risk – The consequence classification of dams is reviewed periodically and
revisions are made when necessary. Because the consequence classification is based
largely on the potential impact to the surrounding areas in the event of a failure, the
classification is largely outside the control of the dam owner.



Shortage of Professional Resources – The substantial work and liability involved in
conducting Dam Safety Reviews is reported to have created an environment in which few
4
qualified professional engineers are willing to assist with undertaking the studies.



Need for Water Storage – Due to the high costs of assessments, upgrades and
maintenance, some producers may opt to decommission dams rather than maintain them.
Water storage, however, holds benefits for the community outside of the dam owner (see the
5
next section for more details) and is a climate change adaptation strategy for the province.



Public Expectation – Once a dam is in operation and provides a service to a community, an
expectation may exist in the community that the dam will be operated, maintained, and
accessible in perpetuity. This may put external pressure on the dam owner to continue to
operate the dam even if it does not necessarily make economic sense to do so.

3

To total number of dams operated by cattle ranchers is not known, however, it is assumed to be 60 percent of all dams in BC.
Northwest Hydraulic Consultants, “Maintaining and Enhancing Agricultural Dams in the Cariboo Region: Discussion Document,”
November 2015: http://www.bcagclimateaction.ca/wp/wp-content/media/Maintaining-and-Enhancing-Dams-in-the-CaribooReport_small.pdf
5
BC Agriculture & Food Climate Action Initiative, “BC Farm Practices & Climate Change Adaptation: Water Storage:”
http://www.bcagclimateaction.ca/wp/wp-content/media/FarmPractices-WaterStorage.pdf
4
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BENEFITS OF AGRICULTURAL DAMS IN B.C.
There are a number of agricultural benefits that help to support B.C.’s cattle production which can be
attributed to dams and reservoirs:


Irrigation – Many cattle ranchers grow forage crops to feed their livestock and rely on
irrigation to produce feed for their cattle. Irrigation helps to ensure a sufficient water supply to
6
plants and crops, which maximizes crop production and yield.



Water for Livestock – Cattle farmers with large herds require substantial levels of water
consumption. Water storage developments can allow improved grazing management and
7
increased productivity.



Forage Production – In B.C., 75 percent of forage produced is fed to livestock on the same
8
farm from which it is harvested. Dams and reservoirs support forage production through
irrigation and the flooding of hay meadows to stimulate the growth of natural hay.



Natural Range Barriers – In rural areas, natural range barriers are important for ranchers
looking to confine the grazing of cattle without the need of a prohibitively large fence.
Dams and reservoirs may also provide substantial benefits to neighbouring communities:


Domestic Water Supply – In addition to providing livestock water and irrigation, dams and
reservoirs provide domestic water needs for rural properties in B.C. Domestic water in rural
9
areas is often obtained from wells; however, in some areas of the province there is little
groundwater available and dams on rivers or streams can supply domestic needs.



Parks and Camping – Dams and reservoirs operated by cattle ranchers have become a
source of camping and recreational activities for residents and visitors to B.C. In some cases,
the man-made reservoirs have become part of provincial parks and destinations for
recreational users.



Sport Fishing – Man-made lakes created by dams may be stocked with fish and can create
favourable conditions for sport fishing.



Habitat Protection and Wildlife Viewing – Dams and reservoirs support wildlife across B.C.
by providing a diverse range of habitats such as lakes and wetlands.



Fish Migration – Dams and reservoirs may assist with fish migration and spawning by
releasing water from reservoirs in the upper watershed when fish are attempting migration to
spawning locations.



Wildfire Suppression and Road Construction – Dams and reservoirs are often used as a
source of water for road construction or wildfire suppression efforts in rural areas.



Climate Change Adaptation, Carbon Sequestration, and Drought Mitigation – Dams and
reservoirs contribute to B.C.’s ability to adapt to climate change through mechanisms such as
carbon sequestration and drought mitigation.



Flood Mitigation – Dams and reservoirs may play a role in flood mitigation efforts when
water is held back during spring melt or other changes in water flow. This benefits the
communities at increased risk of flood such as those that reside along the shores of rivers
and lakes or living within floodplains.

6

Clifton Associates Ltd., Time to Irrigate Volume II, available here: http://www.irrigationsaskatchewan.com/SIPA/tti_v2-chap3.pdf
BC Agriculture & Food Climate Action Initiative, BC Farm Practices & Climate Change Adaptation, Available here:
http://www.bcagclimateaction.ca/wp/wp-content/media/FarmPractices-WaterStorage.pdf
8
BC Forage Council, BC Forage Facts, Available here: http://www.farmwest.com/bc-forage-council
9
Environment and Climate Change Canada, Water – How we use it, Available here:
https://www.ec.gc.ca/eau-water/default.asp?lang=En&n=0BBD794B-1
7
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At present, little research has been published on the quantification of the financial benefits provided by
10
agricultural dams and reservoirs. However, there is some analysis that helps to illustrate the potential
value of the benefits realized from: irrigation and forage production; habitat protection, recreational use,
and wildlife viewing; and flood mitigation.
 Irrigation and Forage Production – The benefits to cattle ranchers can be illustrated through
“hay substitution costs”, which measures the total cost to cattle ranchers to replace the forage
they produce for their livestock from a third party. Based on data from the B.C. Ministry of
11
Agriculture, the potential value of the benefits of irrigation for forage crops can be valued at
roughly $44.5 million.
 Habitat Protection, Recreational Use, and Wildlife Viewing – The total value of dams and
reservoirs to habitat protection, recreational use, and wildlife viewing can be illustrated through
the value per hectare per year of wetlands in B.C. Based on data from Ducks Unlimited and the
12
Nature Conservancy of Canada, the potential value of wetlands that also support agricultural
production can be valued at approximately $1.3 billion per year.
 Flood Mitigation – The value of dams and reservoirs to flood mitigation can be illustrated
through the total flood-related loss avoided by investing in flood mitigation mechanisms. Based on
13
data from the National Institute of Building Sciences, the potential value of flood mitigation from
agricultural dams operated by cattle ranchers can be valued at approximately $13.7 million.

10

Please not that a detailed analysis of the quantifiable benefits of agricultural dams and reservoirs operated by cattle ranchers was
outside the scope of this study.
11
BC Ministry of Agriculture, “Drought Management Factsheet,” June 2015, available here:
http://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/agriculture-and-seafood/agricultural-land-andenvironment/water/drought/665000-4_irrigation_decisions_with_limited_water-drought_factsheet_no4.pdf
12
Nancy Olewiler, “The Value of Natural Capital in Settled Areas of Canada,” published by Ducks Unlimited Canada and the Nature
Conservancy of Canada, 2004, available here: http://www.cmnbc.ca/sites/default/files/natural%2520capital_0.pdf
13
National Institute of Building Sciences, “Natural hazard mitigation saves: an independent study to assess the future savings from
mitigation activities,” as cited in Shreve and Kelman, “Does mitigation save? Reviewing cost-benefit analyses of disaster risk
reduction,” International Journal of Disaster Risk Reduction 10 (2014), available here:
http://www.sciencedirect.com/science/article/pii/S2212420914000661
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2. INTRODUCTION
2.1. BACKGROUND AND STUDY PURPOSE
As part of maintaining their livestock herds, many of British Columbia’s (B.C.’s) cattle ranchers are
required to build and maintain dams and reservoirs. In addition to providing water storage for cattle
operations, these dams and reservoirs provide important benefits for neighbouring communities.
Although the benefits of dams and reservoirs are shared with neighboring communities, the construction
and maintenance costs are borne by cattle ranchers. While some information has been collected in the
past, the costs and benefits of dams and reservoirs built and maintained by cattle ranchers have not been
assessed to date in a systematic manner. Therefore, the BC Cattlemen’s Association engaged MNP LLP
(MNP) to quantify the costs and benefits of dams and reservoirs operated by B.C. cattle ranchers.
The scope of the study includes:


An overview of dams and reservoirs built and maintained by cattle ranches across B.C.



An analysis of the costs associated with the construction and maintenance of dams and
reservoirs on B.C. cattle ranches.



An analysis of the benefits associated with the dams and reservoirs in the province.

2.2. APPROACH
In preparing this report, MNP carried out the following activities:


Conducted a literature review of the costs and benefits of dams and reservoirs through publicly
available reports, articles, and journals.



Conducted a survey of cattle producers around their ownership and use of dams and reservoirs,
as well as a survey of organizations that support the construction, remediation, or operation of
dams and reservoirs in the province. MNP received sixteen responses to the survey of cattle
producers, and three responses to the survey of industry related organizations.



Conducted interviews of nine individuals and organizations for this report, including the BCCA, an
industry related organization, and seven cattle ranchers.



Developed two model dams on B.C. cattle ranches in order to estimate the annual average cost
to operate a typical dam. This information was used to estimate the total annual average cost for
cattle ranchers to operate dams and reservoirs.

2.3. REPORT LIMITATIONS
The report is provided for information purposes and is intended for general guidance only. It should not be
regarded as comprehensive or a substitute for personalized, professional advice.
We have relied upon the completeness, accuracy and fair presentation of all information and data
obtained from the BC Cattlemen’s Association, cattle producers, industry representatives and public
sources. The accuracy and reliability of the findings and opinions expressed in the presentation are
conditional upon the completeness, accuracy and fair presentation of the information underlying them. As
a result, we caution readers not to rely upon any findings or opinions for business or investment purposes
and disclaim any liability to any party who relies upon them as such.
Additionally, the findings and opinions expressed in the presentation constitute judgments as of the date
of the presentation, and are subject to change without notice. MNP is under no obligation to advise of any
change brought to its attention which would alter those findings or opinions.
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3. OVERVIEW OF WATER SYSTEMS BUILT AND
MAINTAINED BY B.C. CATTLE RANCHERS
3.1. NUMBER AND CHARACTERISTICS
OF DAMS
There are approximately 1,560 regulated dams in B.C., of
14
which 1,501 are in active operation. The other dams are in
application stage, under construction, temporarily drained,
filled with sediment, partially breached, breached, or
abandoned.

Figure 1: Geographic
Dams in BC

Distribution of

The 1,501 dams include structures associated with hydroelectric power generation, agricultural use, industrial use,
municipal water supply, and domestic use, as well as
structures that regulate lake and river levels. A geographic
15
distribution of dams in B.C. is provided in Figure 1.
Dams are categorized by their location and consequence
classification (i.e. their risk classification from the
Government of B.C.). Almost half of all dams are located in
the Cariboo and Thompson regions, with the fewest in the
South Coast and Kootenay regions. Almost half of dams
have a low consequence classification. Less than 15 percent
of dams in the province have a high, very high, or extreme
consequence classification. Table 1 provides a summary of
the number of dams in B.C. by location and consequence classification.
Table 1: Number of Dams in B.C. by Region and Consequence Classification
West
Coast
Extreme
Very High
High
Significant
Low
Unclassified
Total

4
26
92
65
1
188

South
Coast

16
29
9
1
55

16

Thompson

Cariboo

Kootenay

3
55
150
98
4
310

2
32
82
259
21
396

2
12
23
33

14

70

Okanagan

North

2
7
47
74
39
2
171

3
55
178
13
249

Ministry of Forests, Lands, and Natural Resource Operations, “BC Dam Safety Program Annual Report,” 2014/2015:
http://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/dam-safety/dam_safety_annual_report-june-2014-15.pdf
15
Government of BC, “Dams in British Columbia,” [Online Application]: http://apps.gov.bc.ca/pub/dmfviewer/?siteid=8557625973044922147
16
Ministry of Forests, Lands, and Natural Resource Operations, “BC Dam Safety Program Annual Report,” 2014/2015:
http://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/dam-safety/dam_safety_annual_report-june-2014-15.pdf.
Please noted the number of dams in the table do not include the major dams regulated under the Dam Safety Section, and does not
add to 1,501.
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It is estimated that 80 percent of all active dams are agricultural dams, and of these, 75 percent are
owned and operated by cattle ranchers. Consequently, it is estimated that cattle ranchers operate
approximately 900 dams in B.C.
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3.2. REGULATORY REQUIREMENTS
In B.C., agricultural dams are regulated under the Water Sustainability Act. Regulated dams require a
water licence issued under the Act, and must meet the requirements specified in the Dam Safety
Regulation published by the Ministry of Forests, Lands and Natural Resource Operations (MFLNRO).
Water licences and approvals allow people to divert, use or store surface water, or to make changes in
and about a stream.
th

The Dam Safety Regulation (DSR) was revised and published on February 29 , 2016. The DSR identifies
the types of dams that are regulated and lays out the requirements that must be met by dam owners.
3
Under the DSR, dams that are under 7.5 metres and have less than 10,000m of storage capacity are
exempt from the regulations. All other dams are regulated.
The DSR classifies dams according to a dam failure consequence classification. The consequence
classification is based on the potential downstream impacts associated with a failure of the dam.
Consequence classifications reflect the potential extent of loss, deterioration, and/or damage to human
life, environmental and cultural values, and infrastructure. The five consequence classifications, from
lowest to highest, are low, significant, high, very high, and extreme.
Each consequence classification has different regulatory and reporting requirements for the dam owner.
The three primary regulatory and reporting requirements are Site Surveillance, Formal Inspection, and
Dam Safety Reviews:


Site Surveillance – The monitoring of the dam through regular visual inspections, and collection,
analysis, and interpretation of data, as required. This regulatory requirement can be completed by
the dam owner.



Formal Inspections – This involves a thorough on-site inspection of the dam, including all
attributes, such as outlet, embankments, spillways, scour and erosion protection, and
maintenance concerns. This regulatory requirement can be completed by the dam owner.



Dam Safety Reviews – This involves a formal inspection by a third party which includes
operations tests, and Emergency Preparedness Plan (EPP) and Operation, Maintenance, and
Surveillance (OMS) updates. This regulatory requirement must be completed by a qualified
professional engineer.

The frequency of dam surveillance, inspection, and review varies by consequence classification as
presented in Table 2.
Table 2: Frequency of Regulatory Inspections in B.C.
Regulatory Activity

Low

Significant

High or Very High

Extreme

Surveillance

Quarterly

Monthly

Weekly

Weekly

Formal Inspection

Annually

Annually

Annually

Semi-Annually

Dam Safety Review

N/A

N/A

Every 10 years

Every 7 Years
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3.3. DAM OWNERSHIP
A dam owner is defined as the current or most recent license holder or land owner. Dam owners are
required to operate the dam in accordance with the DSR and their license of approval, as well as any
specific order, EPP, or OMS for the dam. In the case where there are multiple users of a single dam and
reservoir, one dam owner becomes the primary licence holder and holds the liability for the dam.
All dam owners in British Columbia are legally responsible for the operation, inspection and maintenance
17
of their dams to minimize risk to the public, the environment, and the economy. To ensure that dam
owners are aware of, and in compliance with, the regulation and their obligations, dam safety officers
conduct audits of dam owners’ safety programs and provide education and awareness to dam owners.
When a dam owner sells their land, the dam liability and licence are transferred to the new owner.

17

Ministry of Forests, Lands, and Natural Resources Operations, “BC Dam Safety Program Annual report 2013/14,” available here:
http://www.env.gov.bc.ca/wsd/public_safety/dam_safety/cabinet/dam-safety-annual-report-sept-2014.pdf
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4. COSTS ASSOCIATED WITH DAMS AND
RESERVOIRS ON B.C. CATTLE RANCHES
4.1. OVERVIEW OF MNP’S COST MODEL APPROACH
To estimate the costs for cattle ranchers to operate an agricultural dam in B.C., MNP developed two
“model dams” to represent the typical characteristics of dams and reservoirs built and maintained by
cattle ranchers in the province. The model dams do not correspond to an actual structure on a specific
ranch, but rather reflect a typical dam in terms of costs, operational characteristics, use, and size. The
model dam approach is demonstrated in Figure 2.

Figure 2: Model Dam Approach
Determine
Dam
Characteristics

Develop
Model
Dams

Collect Cost
Data

Develop
Model Dam
Costs

Confirm
Model Dam
Costs

MNP’s modelling approach included five steps:


Determine Dam Characteristics – MNP conducted secondary research and had discussions
with members of the BCCA on the characteristics and cost drivers of dams and reservoirs in B.C.



Develop Model Dams – From the dam characteristics, MNP developed two model dams that
represent the typical characteristics of dams operated by cattle ranchers in B.C.



Collect Cost Data – MNP collected cost data from two main sources. First, MNP used the
18
inspection and regulatory cost data provided in the report by Northwest Hydraulic Consultants.
This cost data was subsequently confirmed through interviews with cattle ranchers. Second, MNP
collected operating, repair, and maintenance costs data directly from cattle ranchers through
interviews and a survey.



Develop Model Dam Costs – MNP developed cost estimates for each of the two model dams.



Confirm Model Dam Costs – MNP reviewed the cost estimates for the two model dams through
consultation with representatives of the BCCA.

18

Northwest Hydraulic Consultants, “Maintaining and Enhancing Agricultural Dams in the Cariboo Region: Discussion Document,”
November 2015: http://www.bcagclimateaction.ca/wp/wp-content/media/Maintaining-and-Enhancing-Dams-in-the-CaribooReport_small.pdf
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4.2. FINANCIAL COSTS ASSOCIATED WITH DAMS AND RESERVOIRS
ON B.C. CATTLE RANCHES
The key determinant of dam operating costs in B.C. is the associated consequence classification of the
19
dam. The higher the classification, the higher the monitoring and inspection costs, and the higher the
repair costs when required.
MNP developed two model dams to represent the typical consequence classifications and sizes of
agricultural dams in the province:


Lower Risk Dams – These dams are smaller in size, have a low or significant consequence
classification, and, as a result, have less formal regulatory requirements.



Higher Risk Dams – These dams are larger in size, have a high or very high consequence
classification, and, as a result, have greater regulatory requirements. The higher regulatory
requirements require more time for surveillance and inspection, as well as a greater amount of
formal reporting back to the Government of B.C.

Table 3 summarizes the characteristics of the two model dams.
Table 3: Summary of Model Dams
Characteristic

Lower Risk Dam

Higher Risk Dam

1. Consequence
Classification

Low or Significant

High or Very High

2. Regulatory
Requirements

 Monthly or Quarterly
Surveillance
 Annual Inspections

 Weekly Surveillance
 Annual Inspections
 Decennial Dam Safety Review

3. Assumed Usage

250 head of cattle

750 head of cattle

85%

15%

4. Share of Dams in B.C.

20

19

MNP’s interviews consistently reported their operating costs were largely driven by their consequence classification. This was also
supported by Northwest Hydraulic Consultants, “Maintaining and Enhancing Agricultural Dams in the Cariboo Region: Discussion
Document,” November 2015: http://www.bcagclimateaction.ca/wp/wp-content/media/Maintaining-and-Enhancing-Dams-in-theCariboo-Report_small.pdf (accessed March 21, 2016).
20
The share of dams is based on their consequence classification and are calculated from the Ministry of Forests, Lands, and
Natural
Resource
Operations,
“BC
Dam
Safety
Program
Annual
Report,”
2014/2015:
http://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/dam-safety/dam_safety_annual_report-june-2014-15.pdf
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LOWER RISK DAMS
Lower risk dams are estimated to cost between $1,275 and $2,625 per year to operate. Over a ten year
period this would equate to total costs of between $12,750 and $26,250.
Table 4 provides a summary of the estimated costs associated with operating a lower risk dam.
Table 4: Lower Risk Dam Costs

21

Cost Category
Annual Inspection Costs
Surveillance
Formal Inspection
Other Dam Safety Costs
Total Annual Inspection Costs

Estimate Range
$100
$100
$125
$325

$300
$100
$375
$775

$500
$200
$150
$850

$1,000
$200
$150
$1,350

$1,000

$5,000

$12,750
$1,275

$26,250
$2,625

Annual Operating Costs
Insurance
Licence/Water Rents
Annual Maintenance
Total Annual Operating Costs
10 Year Repair and Remediation
Total 10 Year Costs
Average Annual Costs

21

Estimated costs are based on MNP’s interview and survey findings and data from publicly available reports.
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HIGHER RISK DAMS
Higher risk dams are estimated to cost between $9,175 and $19,675 per year to operate. Over a ten year
period this would equate to total costs of between $91,750 and $196,750.
Table 5 provides a summary of the estimated costs associated with operating a higher risk dam.
Table 5: Higher Risk Dam Costs

22

Cost Category
Annual Inspection Costs
Surveillance
Formal Inspection
Dam Safety Review
Additional Engineering Studies
Other Dam Safety Costs
Total Annual Inspection Costs

Estimate Range
$1,300
$100
$1,400
$500
$375
$3,675

$1,300
$100
$1,400
$1,000
$375
$4,175

$1,000
$500
$2,000
$3,500

$3,000
$500
$4,000
$7,500

10 Year Repair and Remediation

$20,000

$80,000

Total 10 Year Costs
Average Annual Costs

$91,750
$9,175

$196,750
$19,675

Annual Operating Costs
Insurance
Licence/Water Rents
Annual Maintenance
Total Annual Operating Costs

22

Estimated costs are based on MNP’s interview and survey findings and data from publicly available reports.
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TOTAL ANNUAL COSTS
Of the 900 agricultural dams operated by cattle ranchers in B.C., MNP estimates that 837 are currently
23
classified under the Dam Safety Regulation. Of these, 712 are classified as lower risk dams and 125 are
classified as higher risk dams. MNP estimates that the average annual cost to operate a lower risk dam is
$1,950, while the average annual cost to operate a higher risk dam is $14,425. Consequently, MNP
estimates that the total cost to operate agricultural dams in B.C. by cattle ranchers is approximately $3.2
million per year. This consists of $1.4 million to operate lower risk dams and $1.8 million to operate higher
risk dams.
Table 6 summarizes the calculation of the estimated total average annual costs to operate agricultural
dams by cattle ranchers in B.C.
Table 6: Total Annual Cost for Cattle Ranchers to Operate Dams in B.C.
Calculation Item
Number of Low, Significant, High and Very
24
High Dams in B.C.
Approximately number of dams operated by
25
cattle ranchers
Approximate average annual cost to operate
dams
Cattle ranchers’ approximate annual
costs to operate dams

Lower Risk
Dams

Higher Risk
Dams

Total

1,186

209

1,395

712

125

837

$1,950

$14,425

$1,388,400

$1,803,125

$3,191,525

The total annual cost for cattle ranchers to operate dams does nort represent the total financial burden
borne by cattle ranchers, as it does not include the construction or replacement costs for dams. Dams
have a useful life of approximately 40 to 50 years, and it is expected that many dams built in the 1950s to
1970s will soon need replacement or significant retrofitting. Based on MNP’s interviews will cattle
ranchers, replacement costs are estimated at between $100,000 and $300,000 depending on the size,
characteristics, and location of a dam. This is aligned with the figures contained in an engineering report
prepared by Northwest Hydraulic Consultants, which estimates that it can cost up to $150,000 for
26
upgrading generic deficiencies potentially identified by a Dam Safety Review.

23

Note that some dams in BC remain unclassified or their classification is currently under review. This figure is derived by taking 60
percent of all the reported dams classified as either low, significant, high, or very high according to the Dam Safety Program Annual
Report, available here: http://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/dam-safety/dam_safety_annual_reportjune-2014-15.pdf
24
This includes the number of low, significant, high, and very high consequence dams in BC in 2014 according to Ministry of
Forests, Lands, and Natural Resource Operations, “BC Dam Safety Program Annual Report,” 2013/2014:
http://www.env.gov.bc.ca/wsd/ public_safety/dam_safety/cabinet/dam-safety-annual-report-sept-2014.pdf
25
To total number of dams operated by cattle ranchers is not known, however, it is assumed to be 60 percent of all dams in BC.
26
Generic deficiencies include improving spillways, upgrading low-level outlet structure, increasing dam height or flattening slopes,
geotechnical upgrades, seismic upgrades, access upgrades, and safety upgrades. Estimates from Northwest Hydraulic Consultants,
“Maintaining and Enhancing Agricultural Dams in the Cariboo Region: Discussion Document,” November 2015:
http://www.bcagclimateaction.ca/wp/wp-content/media/Maintaining-and-Enhancing-Dams-in-the-Cariboo-Report_small.pdf

COSTS AND BENEFITS OF DAMS AND RESERVOIRS ON BC CATTLE RANCHES

18

TUNKWA LAKESTUDY
CASE
Tunkwa Lake is a man-made lake as the result of dams constructed to support cattle operations in
the southern Thompson region. The Tunkwa Lake Dam was originally constructed at the turn of the
th
20 century, with significant upgrades taking place in 2004. The dam provides 1,400 acre feet of
water storage and is used across six water licence holders.
Today, the lake has become part of Tunkwa Provincial Park, a popular destination for camping,
fishing, and other recreational activities.
Tunkwa Provincial Park is a year-round recreational area with 275 vehicle accessible campground
sites. In 2013/2014, almost 30,000 campers stayed in Tunkwa Provincial Park and an additional
45,000 day-use visitors were present. This generated over $127,000 in revenue for the Park.
Tunkwa Lake is a popular fishing destination, and is listed as one of BC’s top 10 provincial rainbow
trout fisheries according to the Camping and RVing British Columbia Coalition (CRVBCC).
Other recreation activities in the park include hunting, canoeing, horseback riding, wildlife viewing,
cross-country skiing, and snowmobiling. The wildlife in the area include moose, mule deer, whitetailed deer, and birds such as the Canada goose, mallard, common snipe, vesper sparrow, and
mountain bluebird.
Sources: BC Parks, CRVBCC, MNP’s Interview Findings
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4.3. NON-FINANCIAL OBLIGATIONS AND CHALLENGES
ASSOCIATED WITH DAMS ON B.C. CATTLE RANCHES
In addition to the financial costs, there are other non-financial obligations and challenges for cattle
ranchers that operate agricultural dams. These non-financial obligations and challenges include:
 Opportunity Cost of Land – Dams can create reservoirs with significant surface area. Once
flooded, the land is no longer available for crops or grazing thereby reducing the productive land
for the cattle rancher.
 Liability – Dam owners may hold liability for dams, including repair, surveillance, and failure.
27
Most dams are on Crown land which allow public access and therefore increases the potential
for vandalism or accidental damage to a dam structure. All such acts are typically the
responsibility of the dam owner. This liability extends to both the dam structure as well as any
impacts downstream.
 Changing Risk – The consequence classification of dams is reviewed periodically and revisions
are made when necessary. Because the consequence classification is based largely on the
potential impact to the surrounding areas in the event of a failure, the classification is largely
outside the dam owner’s control. For example, a farmer may build a small dam that is evaluated
as a low consequence classification. Five years later, however, a development is built
downstream and the consequence classification is upgraded to high or very high, raising the
regulatory and operating costs of that structure. According to MNP’s interviews, this has become
a particular issue in the Okanagan where a number of dams were constructed decades ago at
higher elevations to provide water for crops and cattle have now been reclassified due to
developments in the Valley region.
 Shortage of Professional Resources – The substantial work and liability involved in conducting
Dam Safety Reviews is reported to have created an environment in which few qualified
28,29
professional engineers are willing to assist with undertaking the studies.
 Need for Water Storage – Due to the high costs of assessments, upgrades and maintenance,
some producers may opt to decommission dams rather than maintain them. Water storage,
however, holds benefits for the community outside of the dam owner (see the next section for
30
more details) and is a climate change adaptation strategy for the province.
 Public Expectation – Once a dam is in operation and provides a service to a community (e.g. a
lake for recreation), an expectation may exist in the community that the dam will be operated,
maintained, and accessible in perpetuity. This may put external pressure on the dam owner to
continue to operate the dam even if it does not make economic sense to do so.

27

Northwest Hydraulic Consultants, “Maintaining and Enhancing Agricultural Dams in the Cariboo Region: Discussion Document,”
November 2015: http://www.bcagclimateaction.ca/wp/wp-content/media/Maintaining-and-Enhancing-Dams-in-the-CaribooReport_small.pdf
28
Northwest Hydraulic Consultants, “Maintaining and Enhancing Agricultural Dams in the Cariboo Region: Discussion Document,”
November 2015: http://www.bcagclimateaction.ca/wp/wp-content/media/Maintaining-and-Enhancing-Dams-in-the-CaribooReport_small.pdf
29
MNP interview findings.
30
BC Agriculture & Food Climate Action Initiative, “BC Farm Practices & Climate Change Adaptation: Water Storage:”
http://www.bcagclimateaction.ca/wp/wp-content/media/FarmPractices-WaterStorage.pdf
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5. BENEFITS OF DAMS AND RESERVOIRS
LOCATED ON B.C. CATTLE RANCHES
This section describes the agricultural and community benefits of dams and reservoirs located on B.C.
cattle ranches. It was informed by data collected through a review of secondary reports as well as
surveys of sixteen cattle producers and three industry related organizations. MNP also conducted
telephone interviews with nine individuals and organizations, including the BCCA, an industry related
organization, and seven cattle ranchers.
A detailed analysis of the quantitative benefits of dams and reservoirs was beyond the scope of this
report. However, for the following sections, MNP reviewed existing research from published sources in
order to provide an approximate value of the benefits. The values are for illustrative purposes only.

5.1. AGRICULTURAL BENEFITS OF DAMS AND RESERVOIRS IN B.C.
There are a number of agricultural benefits that can be attributed to dams and reservoirs, and that help to
support B.C.’s cattle production. Based on MNP’s secondary document review, surveys, and interview
findings, the main benefits of dams and reservoirs to B.C. cattle ranches include:


Irrigation.



Water for livestock.



Forage production.



Natural range barriers.

The following presents an overview of each of the agricultural benefits listed above.

IRRIGATION
According to MNP’s survey of cattle producers, half of respondents used their dams to support irrigation
on their ranches. Many cattle ranchers grow forage crops to feed their livestock and rely on irrigation to
produce feed for their cattle. Irrigation helps to ensure a sufficient water supply to plants and crops, which
31
maximizes crop production and yield.
Irrigation is important to B.C.’s agriculture sector. According to Statistics Canada, a total of 48,660
32
hectares of B.C. farmland were irrigated for forage crops in 2012, and the province consumed 235
33
million cubic meters of water for irrigation purposes. B.C.’s Food Self-Reliance report states that, in
order to produce a healthy diet for the province’s projected population in 2025, farmers will need to have
2.8 million hectares of land for food production (including cattle for dairy and meat, as well as grains, fruits
34
and vegetables) of which 281,000 hectares will need access to irrigation. This would be a 49 percent
35
increase (or 92,000 hectares) over 2005 levels.

31

Clifton Associates Ltd., Time to Irrigate Volume II Chapter 3, available here: http://www.irrigationsaskatchewan.com/SIPA/tti_v2chap3.pdf
32
Statistics Canada, Table 3-1 Total area that received irrigation by crop type, 2012, available here:
http://www.statcan.gc.ca/pub/16-402-x/2013001/t004-eng.htm
33
Statistics Canada, Table 1-1 Irrigation volume by month, 2012, available here: http://www.statcan.gc.ca/pub/16-402x/2013001/t030-eng.htm
34
BC Ministry of Agriculture and Lands, BC’s Food Self-Reliance, available here: http://www2.gov.bc.ca/assets/gov/farming-naturalresources-and-industry/agriculture-and-seafood/agricultural-land-and-environment/strengthening-farming/800-series/8201051_bcfoodselfreliance_report.pdf
35
Ibid.
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Notwithstanding the difficulty in qualifying the value of the
benefits of dams and reservoirs, one method to illustrate the
benefit of irrigation is “hay substitution cost”. The hay
substitution cost is the total price cattle ranchers would pay
to a third-party for the forage that is grown by the cattle
ranchers through irrigation. According to the B.C. Ministry of
Agriculture, the yield of irrigated crops from a reservoir,
36
which is at 65 percent capacity, is 3.25 tons per acre.
Applying the 3.25 ratio to the 120,000 acres of irrigated
37
forage crops in B.C.
produces an estimated total
production of forage crops from irrigation of approximately
38
390,000 tons. At a price of $114 per ton of forage, the
potential value of the benefits of irrigation for forage crops
would be roughly $44.5 million.

ROCHE LAKESTUDY
CASE
Roche Lake is a man-made lake used
as a reservoir to support cattle
operations in the Kamloops region.
Roche Lake is part of Roche Lake
Provincial Park, a year-round recreation
site noted for its camping, hunting,
wildlife viewing, fishing, cross-country
skiing, and snowmobiling.
The park includes two rustic campsites
with 75 vehicle accessible sites. These
campsites brought over 15,000 visitors
to the Park in 2013/2014 and generated
over $46,000 in revenue.

This rough estimate of the benefits of irrigation to farmers in
B.C. is consistent with a benefits evaluation of irrigation in
Saskatchewan. That study compared dryland with irrigated
conditions and found that having a consistent water supply
Source: BC Parks
allows farmers to increase their yields and farm operating
39
profits. It also suggests that “irrigation is a major adaptation measure against drought since it cushions
40
the economy against adverse impacts of the extreme events.”

WATER FOR LIVESTOCK
Survey respondents indicated livestock water was a key benefit of their dam and reservoir. This is
supported by the B.C. Agriculture & Food Climate Action Initiative, which reports that water storage
41
developments can allow improved grazing management and increased productivity.
While water consumption varies across animals, according to the Ontario Ministry of Agriculture, Food
42
and Rural Affairs, lactating beef cows with calves require an average of 55 litres every day. One
cattleman interviewed said that his farm had 160 head of cattle, requiring roughly 8,800 litres of water
each day. This number would increase to 115 litres per day for dairy milking cows (18,400 litres daily for
43
the same herd).
Cattle production requires substantial levels of water consumption. Reservoirs created from dams benefit
ranchers by providing access to an adequate supply of water for their livestock.

36

BC Ministry of Agriculture, “Drought Management Factsheet,” June 2015, available here:
http://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/agriculture-and-seafood/agricultural-land-andenvironment/water/drought/665000-4_irrigation_decisions_with_limited_water-drought_factsheet_no4.pdf
37
Converted from hectares to acres using a factor of 2.47 acres per hectare. Statistics Canada, Table 3-1 Total area that received
irrigation by crop type, 2012, available here: http://www.statcan.gc.ca/pub/16-402-x/2013001/t004-eng.htm
38
Hay Exchange, “Hay per Ton,” available here: http://www.hayexchange.com/tools/ave_price_calc.php (accessed May 13, 2016)
39
Clifton Associates Ltd., Time to Irrigate Volume II Chapter 3, available here: http://www.irrigationsaskatchewan.com/SIPA/tti_v2chap3.pdf
40
Clifton Associates Ltd., Time to Irrigate Volume II Chapter 3, available here: http://www.irrigationsaskatchewan.com/SIPA/tti_v2chap3.pdf
41
BC Agriculture & Food Climate Action Initiative, BC Farm Practices & Climate Change Adaptation, available here:
http://www.bcagclimateaction.ca/wp/wp-content/media/FarmPractices-WaterStorage.pdf
42
Ontario Ministry of Agriculture, Food and Rural Affairs, Water Requirements of Livestock, available here:
http://www.omafra.gov.on.ca/english/engineer/facts/07-023.htm
43
Ontario Ministry of Agriculture, Food and Rural Affairs, Water Requirements of Livestock, available here:
http://www.omafra.gov.on.ca/english/engineer/facts/07-023.htm
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FORAGE PRODUCTION
44

Forage hay to feed livestock comprises 39 percent of Canada’s total farmable land. In B.C., forage hay
is grown on more than 95 percent of B.C.’s agricultural land and 75 percent of forage produced in the
45
province is fed to livestock on the same farm from which it is harvested. Dams and reservoirs may
support forage production through irrigation and the flooding of hay meadows. The flooding of hay
meadows occurs when a rancher floods fields in the spring to stimulate growth of natural hay. The water
is then released, and as the field dries, the hay becomes ready for harvest.
One survey respondent reported that his dam contributes to the production of 900 tons of hay each year
46
which helps support their cattle operations. Assuming livestock eat 24 pounds of hay per day for 180
days, the cattle rancher’s 900 tons would feed approximately 415 head of livestock for a year.

NATURAL RANGE BARRIERS
Dams and reservoirs can act as natural barriers for livestock. A natural range barrier is a body of water,
rock, or other feature that stops or significantly impedes livestock movement to or from an adjacent area.
One industry representative interviewed by MNP noted that this helps farmers by eliminating the time and
financial costs required to invest in physical fencing barriers. In rural areas, natural range barriers can be
an important consideration for ranchers looking to confine the grazing of their cattle without the need of a
prohibitively large fence.

5.2. COMMUNITY BENEFITS OF DAMS AND RESERVOIRS IN B.C.
The benefits stemming from dams and reservoirs are not limited to cattle ranchers that operate dams.
There are numerous benefits to communities that surround dams and reservoirs as well as to visitors of
the area. MNP’s research, interviews, and surveys suggest that dams and reservoirs provide a number of
benefits to the communities, including:


Domestic water supply.



Parks and camping.



Sport fishing.



Habitat protection and wildlife viewing.



Wildfire suppression and road construction.



Environmental flows for fish migration.



Climate change adaptation and carbon sequestration.



Flood mitigation.

The following presents an overview of the each of the community benefits listed above.

DOMESTIC WATER SUPPLY
In addition to providing livestock water and irrigation, dams and reservoirs provide domestic water needs
47
for rural properties in B.C. Domestic water in rural areas is often provided by wells; however, in some
areas of the province there is little groundwater available and dams on rivers or streams are an
alternative to supply domestic needs. The domestic water is used for human consumption, household
need, garden watering, and machinery washing. Three survey respondents, located in the Kootenay,
Thompson, and Peace regions, noted that their dams provide domestic water supply.

44

Laura Rance, Forage a huge, underappreciated part of agriculture, available here: http://www.farmwest.com/node/1450
BC Forage Council, BC Forage Facts, available here: http://www.farmwest.com/bc-forage-council
46
University of Nebraska-Lincoln, “Determining How Much Forage a Beef Cow Consumes Each Day,” available here:
http://beef.unl.edu/cattleproduction/forageconsumed-day
47
Environment and Climate Change Canada, Water – How we use it, available here:
https://www.ec.gc.ca/eau-water/default.asp?lang=En&n=0BBD794B-1
45
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PARKS AND CAMPING
Some dams and reservoirs operated by cattle ranchers have become a source of camping and
recreational activities for residents and visitors to B.C. In some cases, the man-made reservoirs have
become part of provincial parks and destinations for recreational users.
Park visits and camping support tourism in the province and are a source of revenue to fund the
province’s parks. In addition to the recreational uses in parks, the reservoirs may allow for flush toilets,
running water, and showers for the campsites.
B.C. Parks tracks visitors by three indicators: day visits, overnight camping, and boat usage. In
48
2013/2014, B.C. Parks saw a total of 21,307,066 visitors across these three categories.
According to
B.C. Parks, these visitors generated a total of $17.1 million in revenue with another $1.6 million in fees for
49
activities that require park use permits.
B.C. Parks also reported that approximately 24 percent of B.C. Parks visitors are non-residents, and that
their expenditures in these areas bring economic benefits and development to the surrounding
communities.
Some dams and reservoirs are the key focal point or attraction for B.C. Parks. This report includes two
case studies for reservoirs that are both part of a provincial park and support cattle operations in the
region – Roche Lake Provincial Park and Tunkwa Lake Provincial Park. Roche Lake Provincial Park has
50
year-round recreation and is best known for its campgrounds, wildlife viewing, hunting and fishing. In
2013/2014, the total attendance at Roche Lake had 15,714 visitors which generated $46,226 in revenue
51
for the park.

SPORT FISHING
Some dams and reservoirs operated by cattle ranchers have become productive fishing lakes in B.C.
Man-made lakes created by the cattle rancher’s dams may be stocked with fish and can create
favourable conditions for sport fishing. According to the survey of cattle producers, five of the 16
respondents noted their dams or reservoirs support sport fishing. Of particular note is Tunkwa Lake,
which is well known for its rainbow trout fishing and ranks as one of the top 10 rainbow trout fisheries in
52
the province. In 1993, Tunkwa Lake was one of the lakes for the World Fly Fishing Championships.
There are a number of sport fishing lakes in the B.C. that are a result of a dam operated by a cattle
rancher. According to the Freshwater Fisheries Society of B.C.’s economic impact report on B.C.
freshwater sport fishing, sport fishing generated $546 million in direct economic impacts and employed
53
5,000 people. In addition the Freshwater Fisheries Society of B.C. reported that for every $1 invested in
54
services by the Freshwater Fisheries Society of B.C., anglers spent an average of $24.

48

BC Parks, BC Parks 2013/14 Annual Report, available here:
http://www.env.gov.bc.ca/bcparks/research/year_end_report/bc-parks-annual-report-13-14.pdf?v=1456952194077
49
BC Parks, BC Parks 2013/14 Annual Report, available here:
http://www.env.gov.bc.ca/bcparks/research/year_end_report/bc-parks-annual-report-13-14.pdf?v=1456952194077
50
BC Parks, Roche Lake Provincial Park, available here: http://www.env.gov.bc.ca/bcparks/explore/parkpgs/roche_lk/
51
BC Parks, BC Parks 2013/14 Statistics Report, available here:
http://www.env.gov.bc.ca/bcparks/research/statistic_report/statistic-report-2014.pdf
52
BC Parks, Tunkwa Provincial Park, available here: http://www.env.gov.bc.ca/bcparks/explore/parkpgs/tunkwa/
53
Freshwater Fisheries Society of BC, Economic Impact Report, available here:
http://www.gofishbc.com/docs/default-source/economicanalysis/2013_bc_freshwater_sport_fishing_economic_impact_report.pdf?sfvrsn=2
54
Freshwater Fisheries Society of BC, Economic Impact Report, available here:
http://www.gofishbc.com/docs/default-source/economicanalysis/2013_bc_freshwater_sport_fishing_economic_impact_report.pdf?sfvrsn=2
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BADGER LAKESTUDY
CASE
Badger Lake is a system of lakes and man-made lakes, including Big Badger, Little Badger, Spony,
and Hoff, created as reservoirs to support cattle operations in the Kamloops area. The system was
constructed in 1951 with some upgrades completed in 1970. There are nine individuals that hold
licences to use the water provided by this reservoir system, including two cattle ranchers (both of
which are the primary licence holders).
Prior to their construction, there was not enough water in the region to irrigate the land. Today, the
dams support about 300 acres of irrigation.
It is estimated that Badger Lake sees 6,000 visitors per year, usually visiting for the world-class trout
fishing. For example, in 1993 Badger Lake was a practice lake for the World Fly Fishing
Championship.
In addition to fishing, the lake is also a destination for paddling and wildlife viewing. Surrounding the
reservoir are numerous backroads to explore by mountain bike, horseback, or foot. The lake has a
particularly large population of bald eagles.
Every year about 50 volunteer hours are put into maintenance and surveillance on the lake, ensuring it
continues to provide benefits to the surrounding community.
Sources: BC Parks, British Columbia’s Travel Guide, MNP’s Interview
Findings

HABITAT PROTECTION AND WILDLIFE VIEWING
The dams and reservoirs maintained by cattle ranchers support
wildlife across B.C. by providing a diverse range of habitats. As
summarized in Figure 3, the B.C. Ministry of Forests, Lands and
Natural Resource Operations reports that B.C. is home to over
55
31,000 wildlife species. According to respondents to MNP’s
survey, specific species that reside near dams and reservoirs
include deer, elk, bears, moose, beavers, and a variety of birds.
All survey respondents felt that their operations support wildlife
viewing.

Figure 3: Wildlife Species in BC







488 species of birds
468 species of fish
142 species of mammals
22 species of amphibians
18 species of reptiles
2,790 native capsular plants
species
1,000 bryophytes
1,600 lichens
522 species of attached algae
10,000 species of fungi


MNP found that a significant number of cattle ranchers partner

with organizations such as Ducks Unlimited to construct dams
and reservoirs that support both wetland conservation and cattle

operations. According to a report published by Ducks Unlimited

Canada and the Nature Conservancy of Canada, the estimated
56
value of wetlands is between $5,792 and $24,330 per hectare per year. This includes the annual value
of all goods and services generated by one hectare of wetlands, such as fish, shellfish, waterfowl,
mammal and reptile habitat; water supply, erosion, wind, wave barrier; storm and flood control; and
recreational opportunities.
Ducks Unlimited estimates that of the 546 engineered structures that it supports on restored wetlands,
approximately 50 percent are in partnership with agricultural producers, and the majority are cattle

55

BC Ministry of Forests, Lands and Natural Resources, Wildlife Viewing in BC, available here:
http://www.env.gov.bc.ca/fw/wildlife/viewing/
56
Nancy Olewiler, “The Value of Natural Capital in Settled Areas of Canada,” published by Ducks Unlimited Canada and the Nature
Conservancy of Canada, 2004, available here: http://www.cmnbc.ca/sites/default/files/natural%2520capital_0.pdf
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57

ranchers.
In total, this equates to approximately 89,000 hectares of wetlands. The potential value of
wetlands that also support cattle operations can be illustrated by applying an assumed value per hectare
per year of $15,061 to the total of 89,000 hectares of wetlands for a total value of $1.3 billion per year.
In addition to supporting wetlands habitat, dams and reservoirs maintained by cattle ranchers also
support other forms of habitat such as ponds and lakes. Badger Lake is an example of a reservoir created
by a dam that supports wildlife viewing. According to one interview respondent, Badger Lake attracts
approximately 6,000 visitors per year, many of which are there to view the variety of birds, fish, deer,
beavers, bears, and other wildlife in the area.

WILDFIRE SUPPRESSION AND ROAD CONSTRUCTION
Dams and reservoirs maintained by cattle ranchers are often used as a source of water for wildfire
suppression efforts. When wildfires start in rural parts of the province, a reservoir operated by a cattle
rancher is sometimes the closest source of water. According to the Ministry of Forests, Lands and Natural
Resource operations, in 2014 there were 1,455 wildfires in the province and the direct fire costs totalled
58
$298 million. It is expected that B.C. will experience more wildfires in the future because of climate
59
change. Consequently, there will be an increased need for water storage and reservoirs that can be
accessed for wildfire suppression.
Dams and reservoirs maintained by cattle ranchers are also used as a source of water for road
construction and maintenance. According to respondents to MNP’s survey, temporary water licenses are
granted for water use associated with road construction and maintenance including dust cleaning, bridge
60
washing, and road compaction.

ENVIRONMENTAL FLOWS FOR FISH MIGRATION
Some dams and reservoirs maintained by cattle ranchers may assist with fish migration and spawning.
The dams support fish migration by allowing a reserve of water to be released at critical migration times
(e.g. in August when stream flow is low). Releasing water from reservoirs in the upper watershed when
fish are present and attempting migration may provide the appropriate water flows to assist fish with
reaching their spawning locations.

CLIMATE CHANGE ADAPTATION, CARBON SEQUESTRATION, AND DROUGHT
MITIGATION
Dams and reservoirs operated by cattle ranchers contribute to B.C.’s ability to adapt to climate change.
Reasons for this include wildfire suppression, irrigation, food production, domestic water supply, and
61
habitat protection.
In addition to these mechanisms to help adapt to climate change, dams and reservoirs can also support
carbon sequestration and drought mitigation. When dams and reservoirs support the growth of
vegetation, the plants absorb carbon dioxide from the atmosphere. If vegetation dies and is left
62
undisturbed, the plants provide long-term storage of carbon. For example, Ducks Unlimited has

57

The approximate number of structure and wetlands supporting agricultural was received discussions with Ducks Unlimited.
BC Ministry of Forests, Lands and Natural Resource Operations, Summary of Previous Fire Seasons, available here:
http://bcwildfire.ca/history/summaryarchive.htm
59
Globe and Mail, “Premier warns BC in for more wildfires, blames climate change,” (July 2015), available here:
http://www.theglobeandmail.com/news/british-columbia/bc-wildfire-fight-aided-by-cool-weather-but-winds-complicateefforts/article25628547/
60
BC Ministry of Environment, Water Sustainability Act Definitions for Water Use Purposes and Categories of Water Use Purposes,
(February, 2016), available here: http://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/waterrights/water_use_purpose_defns.pdf
61
BC Agriculture & Food Climate Action Initiative, “BC Farm Practices & Climate Change Adaptation: Water Storage:”
http://www.bcagclimateaction.ca/wp/wp-content/media/FarmPractices-WaterStorage.pdf
62
Ducks Unlimited, DU’s Carbon Sequestration Program, available here:
http://www.ducks.org/conservation/ecoassets/carbon-sequestration-program
58

COSTS AND BENEFITS OF DAMS AND RESERVOIRS ON BC CATTLE RANCHES

26

partnered with some cattle ranchers to build and alter dams to support the cattle operations, wildlife
habitat, and climate change adaptation. Such partnerships are providing mutual benefit to Ducks
Unlimited and the cattle rancher, as well as the province as a whole in terms of structured dams
63
constructed for the purpose of habitat protection and climate change adaptation.
Dams and reservoirs may also support climate change adaptation by reducing the severity of drought
through water storage and control. Published studies show that climate change is likely to cause
64
increased winter run-off and decreased summer runoff, leading to less surface water during the summer
months. The mountain pine beetle outbreak may further increase the drought risk through its impact on
65
the hydrology of the forests and watersheds in the interior of the province. Without dams and reservoirs
to capture the run-off from higher elevations, there may be less surface water available during the
summer months potentially resulting in extended dry-periods and drought conditions.

FLOOD MITIGATION
Dams and reservoirs maintained by cattle ranchers often play a role in flood mitigation efforts when water
is held back during spring melt or other changes in water flow. This benefits communities at increased risk
of flooding, including those that reside along the shores of rivers and lakes or living within floodplains.
Potential flood loss avoided through dams and reservoirs includes property damage (e.g. buildings,
bridges, or pipelines), direct business interruption loss (e.g. industrial, commercial, or retail facilities), nonmarket damage (e.g. environmental damage to wetlands, parks, wildlife, or damage to historic structures),
human losses (e.g. deaths, injuries, or homelessness), and cost of emergency response (e.g. ambulance
service and fire protection).
The value of flood mitigation has been addressed in several studies that provide the total value of flood
loss avoided per dollar invested in flood mitigation efforts. The flood loss avoided ranges from $3.50 to
66
$5.10 dollars for every dollar invested in flood mitigation mechanisms. For illustrative purposes, if one
were to assume the mid-point of the avoided loss for the dams and reservoirs maintained by cattle
ranchers, then the $3.2 million in annual cost for cattle ranchers to maintain their dams would provide a
flood mitigation value of approximately $13.7 million.

5.3. SUMMARY OF THE BENEFITS OF DAMS AND RESERVOIRS
There are a number of agricultural benefits that can be attributed to dams and reservoirs, and that help to
support B.C.’s cattle production. For cattle ranchers, the benefits are centred on the ability to provide food
and water for their livestock.
There are also benefits to communities that surround dams and reservoirs as well as to visitors of the
area. The benefits include recreational amenities such as parks, camping, sport fishing, and wildlife
viewing. In addition, dams and reservoirs can provide domestic water supply, habitat protection, wildfire
suppression, road construction, flood mitigation, and other climate change adaptation mechanisms.

63

Ducks Unlimited, DU’s Carbon Sequestration Program, available here:
http://www.ducks.org/conservation/ecoassets/carbon-sequestration-program
64
Pacific Climate Impacts Consortium, “Hydrologic Impacts of Climate Change on BC Water Resources,” available here:
https://pacificclimate.org/sites/default/files/publications/Zwiers.HydroImpactsSummary-CampbellPeaceColumbia.Jul2011SCREEN.pdf
65
Lars Uunila, Brian Guy, and Robin Pike, “Hydrological Effects of Mountain Pine Beetle in the Interior Pine Forests of British
Columbia,” available here: https://www.for.gov.bc.ca/hfd/library/documents/bib97125.pdf
66
National Institute of Building Sciences, “Natural hazard mitigation saves: an independent study to assess the future savings from
mitigation activities,” as cited in Shreve and Kelman, “Does mitigation save? Reviewing cost-benefit analyses of disaster risk
reduction,” International Journal of Disaster Risk Reduction 10 (2014), available here:
http://www.sciencedirect.com/science/article/pii/S2212420914000661
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At present, little research has been published on the quantification of the financial benefits provided by
67
agricultural dams and reservoirs. However, there is some analysis that helps to illustrate the potential
value of the benefits realized from: irrigation and forage production; habitat protection, recreational use,
and wildlife viewing; and flood mitigation.
 Irrigation and Forage Production – The benefits to cattle ranchers can be illustrated through
“hay substitution costs”, which measures the total cost to cattle ranchers to replace the forage
they produce for their livestock from a third party. According to the B.C. Ministry of Agriculture, the
68
yield of irrigated crops from a reservoir, which is at 65 percent capacity, is 3.25 tons per acre.
69
Applying the 3.25 ratio to the 120,000 acres of irrigated forage crops in B.C. produces an
estimated total production of forage crops from irrigation of approximately 390,000 ton. At a price
70
of $114 per ton of forage, the potential value of the benefits of irrigation for forage crops would
be roughly $44.5 million.
 Habitat Protection, Recreational Use, and Wildlife Viewing – The total value of dams and
reservoirs to habitat protection, recreational use, and wildlife viewing can be illustrated through
the value per hectare per year of wetlands in B.C.. While not all dams and reservoirs supported
by cattle ranchers are wetlands, it is estimated that 89,000 hectares of wetland conservation are
in partnership between Ducks Unlimited and agricultural producers, the majority of which are
71
cattle ranchers. Assuming the value per hectare per year of wetlands is $15,061, the mid-point
72
of a range published by Ducks Unlimited Canada and the Nature Conservancy of Canada, the
total value of the 89,000 hectares of wetlands that partners with agricultural producers can be
valued at approximately $1.3 billion per year. This includes the annual value of all goods and
services generated by one hectare of wetlands, such as fish, shellfish, waterfowl, mammal and
reptile habitat; water supply, erosion, wind, wave barrier; storm and flood control; and recreational
opportunities.
 Flood Mitigation – The value of dams and reservoirs to flood mitigation can be illustrated
through the total flood-related loss avoided by investing in flood mitigation mechanisms.
Assuming the avoided loss is equal to $4.30 per dollar invested in flood mitigation mechanisms,
73
the mid-point of a published range from the National Institute of Building Sciences (US-based),
the $3.2 million in annual operating costs incurred by cattle ranchers provides a value of
approximately $13.7 million.

67

Please not that a detailed analysis of the quantifiable benefits of agricultural dams and reservoirs operated by cattle ranchers was
outside the scope of this study.
68
BC Ministry of Agriculture, “Drought Management Factsheet,” June 2015, available here:
http://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/agriculture-and-seafood/agricultural-land-andenvironment/water/drought/665000-4_irrigation_decisions_with_limited_water-drought_factsheet_no4.pdf
69
Converted from hectares to acres using a factor of 2.47 acres per hectare. Statistics Canada, Table 3-1 Total area that received
irrigation by crop type, 2012, available here: http://www.statcan.gc.ca/pub/16-402-x/2013001/t004-eng.htm
70
Hay Exchange, “Hay per Ton,” available here: http://www.hayexchange.com/tools/ave_price_calc.php (accessed May 13, 2016)
71
The proportion of wetlands that also support agricultural was received through discussions with Ducks Unlimited.
72
Nancy Olewiler, “The Value of Natural Capital in Settled Areas of Canada,” published by Ducks Unlimited Canada and the Nature
Conservancy of Canada, 2004, available here: http://www.cmnbc.ca/sites/default/files/natural%2520capital_0.pdf
73
National Institute of Building Sciences, “Natural hazard mitigation saves: an independent study to assess the future savings from
mitigation activities,” as cited in Shreve and Kelman, “Does mitigation save? Reviewing cost-benefit analyses of disaster risk
reduction,” International Journal of Disaster Risk Reduction 10 (2014), available here:
http://www.sciencedirect.com/science/article/pii/S2212420914000661
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6. APPENDICES

COSTS AND BENEFITS OF DAMS AND RESERVOIRS ON BC CATTLE RANCHES

29

APPENDIX A – DATA SOURCES
This appendix lists the key data sources that MNP consulted during this study. This list does not include
the literature reviewed for the benefits of dams and reservoirs in B.C., which can be found in Appendix B.
Supplementary references are included in the footnotes throughout the report.

SECONDARY RESEARCH


Ministry of Forests, Lands, and Natural Resource Operations, Dam Safety –
http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/drought-flooding-dikesdams/dam-safety



Ministry of Forests, Lands, and Natural Resource Operations, BC Dam Safety Program Annual
Report – http://www.env.gov.bc.ca/wsd/public_safety/dam_safety/cabinet/dam-safety-annualreport-sept-2014.pdf



B.C. Agriculture & Food Climate Action Initiative, Water Storage –
http://www.bcagclimateaction.ca/wp/wp-content/media/FarmPractices-WaterStorage.pdf



Ministry of Agriculture, Water Supply Factsheet – http://www2.gov.bc.ca/assets/gov/farmingnatural-resources-and-industry/agriculture-and-seafood/agricultural-land-andenvironment/shared/factsheets-and-publications/500-series/510100-1_farm_water_storage.pdf



Ducks Unlimited Canada – http://www.ducks.ca/places/british-columbia/



Northwest Hydraulic Consultants, Maintaining and Enhancing Agricultural Dams in the Cariboo
Region – http://www.bcagclimateaction.ca/wp/wp-content/media/Maintaining-and-EnhancingDams-in-the-Cariboo-Report_small.pdf



British Columbia Cattlemen’s Association, B.C. Beef Cattle Industry –
http://www.cattlemen.bc.ca/industry.htm

PRIMARY RESEARCH
Telephone Interviews
MNP interviewed nine individuals and organizations for this report, including the BCCA, an industry
related organization, and seven cattle ranchers.
Online Survey
MNP conducted two online surveys to receive feedback on the costs and benefits of agricultural dams
in B.C.:


Cattle Ranchers – MNP surveyed the members of the BCCA and received 16 responses.



Industry Partners – MNP surveyed the industry partners of the BCCA and received 3
responses.
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APPENDIX B – SUMMARY OF LITERATURE REVIEWED
To gain an understanding of the existing information on the costs and benefits associated with dams and reservoirs on B.C. Cattle Ranches,
MNP undertook a review of 11 publicly available studies and/or websites. A list of the reports and studies reviewed can be found below.
The following is a summary of our key literature review findings.
Title of Document

Author(s)/ Source(s)

Summary of Content

Partial Social Cost Benefit
Analysis of Three Gorges Dam:
Impact Assessment Update and
a Greenhouse Gas Externality
Component Study (2013)
The local economic effects of
Large Dam Reservoirs: US
Experience, 1975-95

Qian Sun of Dalhousie
University

Impacts of Large Dams: a Global
Assessment – Chapter 2 Indirect
Economic Impacts of Dams

Tortajada, C.; Altinbilek, D;
Noswas, A.K. (Eds.); Rita
Cestti and R.P.S Malik

Benefits of Dams

United States Federal
Emergency Management
Agency – FEMA
http://www.fema.gov/benefit
s-dams
(2016)
The Nature Conservancy

Study looks at literature and qualitative and quantitative analysis
with respect to greenhouse gas emissions cost benefit analysis to
the Three Gorges Dam Project in China. The study includes a
quantitative and qualitative impact analysis on numerous benefits of
large dams relating back to greenhouse gas emissions.
Study looks at the economic importance to dam construction in the
United States. The study shows the effect of large dam reservoirs
on country income, earning, population and employment growth in
the US during the period 1975-1984.
A section taken from a study that examines the benefits and costs
of large dams which have been in operation for more than ten
years.
This chapter speaks to the direct impacts including agricultural
commodities, hydropower, navigation, fishing, tourism, recreation,
prevention of droughts and reduction in flood damages. The study
delves deeper into economic impacts by identifying the number of
indirect and induced impacts that are created as a result of these
direct impacts.
US government website that lists and describes the economic,
environmental and social benefits of dams and reservoirs.

Increasing Social, Economic, and
Environmental Benefits through
Integrated Reservoir and
Floodplain Management:
Improving Return on Investment
in Water Infrastructure

Mostafa Aleseyed; Terance
Rephann; Adrew Isserman

A report that includes three case studies in South Carolina,
California and China. The report summarizes the benefits of
coupling reservoir operations with floodplain management.
Furthermore, the report states that changing dam operations to
coordinate with floodplain management can increase social,
economic, and environmental benefits. The report took the costs
and benefits of reallocating reservoir flood storage in coordination
with changes in downstream floodplain management and
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Title of Document

Author(s)/ Source(s)

Summary of Content
summarized the costs and benefits for all three case studies.

Columbia River Treaty: Summary
of Canadian Dam and Reservoir
Issues

Columbia River Treaty local
governments’ committee
and Columbia Basin Trust

A Review of the Range of
Impacts and Benefits of the
Columbia River Treaty on Basin
Communities, the Region and the
Province

George E. Penfold, M.Sc,
RPP (2012)

Positive Effects of Small Dams
and Reservoirs

Government of Canada –
Agriculture and Agri-Food
Canada (2013)

Kinbasket Reservoir Impacts and
Future Opportunities Report

Jared Smith BSc. & Owen
Torgerson

Trent-Severn Waterway
Study of its Sustainable
Economic Contributions to
Communities Along the
Waterway

TCI Management
Consultants, EDP
Consulting

A document that summarizes the most frequent and prevalent dams
and reservoir issues of residents at 22 community-level Columbia
River Treaty Information Sessions between fall 2011 and spring
2013. The sessions involved close to 2,500 residents from across
the basin. The document summarizes both historical and current
operational issues.
A report the gives an overview of the benefits and impacts of the
Columbia River Treaty to the Columbia Basin. The benefits look at
those specific to the area, B.C. and Canada. The information in the
report is drawn from existing reports, publications and web sources.
The report also looks at responses from residents during a
provincial consultation in spring of 2012. The range of impacts and
benefits resulting from the creation and operation of the Columbia
River Treaty dams and associated reservoirs are reported in this
document.
A report by the Government of Canada, conducted by researchers
in the South Tobacco Creek Watershed in Manitoba. The report
suggests that small on-farm dams can reduce downstream peak
flow and associated flooding in agricultural watersheds. This can
significantly reduce sediment, nitrogen and phosphorus loadings to
streams. The researchers were to observe the sediment and
nutrient reductions immediately downstream of the dams. The
report sheds light on the positive effects of small dams and
reservoirs.
A report that explores the bio-physical and socio-economic impacts
on the Kinbasket Reservoir on Valemount and the surrounding
areas. The report also looks into economic development and
environmental remediation opportunities that were identified
through public consultations.
This report aimed to examine the contributions of the Trent-Severn
Waterway to the economic vitality of various communities located
nearby. The report also identified any potential roles that the
government could have in stimulating economic activity that would
be compatible with the Waterway’s sustainability.
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Title of Document

Author(s)/ Source(s)

Summary of Content

Cariboo Region
B.C. Agriculture & Climate
Change Regional Adaptation
Strategies Series

British Columbia Agriculture
& Food Climate Action
Initiative

A report by the British Columbia Agriculture & Food Climate Action
Initiative that assessed the potential impacts of climate change on
agricultural production and the sector’s capacity to adapt. The
report focused on the Cariboo region and provided specific climate
risk actions for that region.

COSTS AND BENEFITS OF DAMS AND RESERVOIRS ON BC CATTLE RANCHES

33

APPENDIX C – ABOUT MNP
MNP is the fastest growing chartered accountancy and business advisory firm in Canada. Founded in
1945, MNP has grown from a single office in Manitoba to more than 75 offices and 3,000 team members
across Canada. MNP is a member of Praxity AISBL, a global alliance of independent firms, which
enables us to access a broad range of sector specific expertise worldwide.
At MNP, our professionals are the driving force behind our success. They continue to demonstrate our
culture and values which is integral to the way we conduct business, both internally and externally. As
such, MNP is proud to be recognized as one of the 50 Best Employers in Canada by Maclean’s
magazine.

MNP provides a wide range of accounting, finance and business advisory services to clients. These
include:


Assurance



Taxation



Corporate Finance



Mergers and Acquisitions



Enterprise Risk Services



Forensic Accounting



Consulting



Insolvency and Corporate Recovery



Succession



Valuations and Litigation Support

ABOUT MNP’S FOOD AND AG ECONOMICS TEAM
MNP’s Food and Ag Economics Practice consists of a team of dedicated members that have a successful
track record of conducting industry studies, market research studies and economic impact engagements
in the agriculture and food and beverage processing sector. Our team consults on a range of agrifood
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related topics and has carried out assignments across Canada for businesses, industry associations and
government.
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