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Decision Considerations and Cost Analysis of Beneficial Management Practice 
Implementation in Thomas Brook Watershed, Nova Scotia 

 

Abstract  

Most agricultural beneficial management practices (BMP) require not only investment of money 
and forgone opportunities for farmers, but can also result in reduced farm returns, especially in 
the short-run, thereby making such BMP adoption costly for farmers. Two approaches were used 
to assess the detailed on-farm costs, and important non-economic and less quantifiable decision 
considerations associated with establishing and maintaining two structural BMPs and one non-
structural BMP in the Thomas Brook Watershed, Nova Scotia, Canada. Labour cost and 
technical consultancy fees as a percentage of total BMP cost was higher for the stormwater 
diversion drainage system (60%) than for fencing to exclude livestock from a waterway (32%). 
In contrast, material costs as a proportion of total cost was higher for livestock exclusion fencing 
(47%) than for the stormwater diversion drainage system (6%). Results of the analysis 
demonstrate the complementarity of the two methods. The case study in-depth interviews on key 
farm and BMP specific factors considered in implementing the BMPs are consistent with the 
empirical economic cost analysis. Furthermore, the qualitative analysis revealed that besides 
economic costs, other important factors and motivations influence farmers’ decisions to 
implement and maintain environmental conservation-compatible practices, which agricultural 
administrators and policy makers should not ignore.  
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Decision Considerations and Cost Analysis of Beneficial Management Practice 
Implementation in Thomas Brook Watershed, Nova Scotia 

 
1. Introduction 

1Beneficial management practices  (BMPs) have become a common approach to not only 

manage non-point source pollution from agriculture, but are also accepted tools for 

implementing specific federal and provincial government farm environmental risk programs, and 

helping to comply with environmental regulations. The costs associated with designing, 

implementing and managing BMPs in agriculture pose a barrier to widespread adoption (Curtis 

& Robertson, 2003; Lambert et al., 2007; Tilman et al., 2002; Yiridoe & Marett, 2004). Indeed, 

Curtis & Robertson (2003) noted that a key reason for observed limited adoption of BMPs on 

farms is linked to landowners’ reservations about the BMPs, stemming from farmers’ awareness 

that the costs associated with such management practices cannot be recovered from farm profits. 

Thus, the degree of producer participation necessary to protect or improve environmental quality 

will depend not only on the total number of land users who implement BMPs, but also on other 

factors linked to BMP implementation costs (e.g., type of farming system, location of the BMP 

within a particular farm,  and type of BMP). 

Farmers and farmland owners typically are the decision makers regarding production and 

management practices, and bear substantial financial (and non-financial) responsibility for 

                                                 
1 The discussion in the scholarly literature regarding whether “best management practices” or “beneficial 

management practices” or “conservation-compatible practices” is the more appropriate semantic is recognized. In 

the context of this study, BMPs refer to practical and affordable pollution-prevention farming methods and practices 

aimed at ensuring that risks to the environment are minimized without unreasonably compromising farm 

profitability. 
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agricultural BMP implementation on farms. Thus, estimates of cost information on BMP 

implementation and maintenance can allow for improved decision making by farmers and 

policymakers by, for example, enhancing enrolment in government environmental programs 

(Wossink & Osmond, 2002). In some cases, farmers may also be able to pass some or all the 

associated costs on to landowners (e.g., through farmland leases) or to the agri-food chain (e.g., 

through higher product prices). Thus, it is important for farm managers, landowners, and the 

agri-food industry to clearly understand the costs associated with implementing BMPs on farms. 

Despite this importance, a more complete and comprehensive understanding of the costs and the 

associated environmental and resource implications for agricultural BMPs remain largely 

unexplored (Curtis & Robertson, 2003), especially for many agricultural regions in Canada 

(Stonehouse, 1991; 1995). 

Agricultural production, including BMP costs (and returns) analysis, provides basic 

parameters that can be used to characterize and assess performance of agricultural enterprises 

(American Agricultural Economics Association, 2000). Yet, Stonehouse (1991; 1995) noted that 

in many instances, the costs (and benefits) of most beneficial management practices are not 

known, are ambiguous and confusing, or are not known for a wide enough range of natural 

resource endowment, management skill and economic circumstances at the farm level. Several 

published studies have investigated costs of BMPs and BMP implementation for the forestry 

sector (e.g., Aust et al., 1996; Cubbage, 2004; Visser et al., 2003). However, similar studies 

especially for Canadian agricultural conditions are limited. Given the importance of cost analysis 

in agriculture, and the increasing importance of and interest in BMPs in farm environmental 

stewardship, it is surprising that few studies have characterized the costs of major agricultural 

BMPs. 
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Besides the implications for farm management, BMP cost analysis also has potential agri-

environmental policy implications. Government regulations that require BMPs or other farm 

environmental stewardship efforts might compel farmland owners to absorb costs that could 

exceed the benefits to society of implementing particular BMPs. Such farm environmental 

regulations may also necessitate substantial government costs and other support schemes to 

implement the initiatives. Regulators may also use assessments of technically and economically 

feasible BMPs by area and farm type as a guide in efficiently allocating public resources. The 

costs to government take on a heightened dimension when considered in light of recent 

increasing public budget constraints in Canada. Thus, analysis of the costs of farm environmental 

stewardship initiatives and BMPs is important to not only provide information on magnitude of 

such regulatory burdens (to government and farmers), but to also allow for comparison with the 

estimated on and off-site benefits to society of implementing particular BMPs.   

This study forms part of a larger Watershed Evaluation of Beneficial Management 

Practices research project to evaluate the economic and environmental effectiveness of selected 

BMPs on water quality at specified watersheds across Canada. This component of the Watershed 

Evaluation of Beneficial Management Practices research project is an exploratory study to assess 

the costs associated with implementing selected BMPs on actual farming systems managed in the 

Thomas Brook Watershed in Nova Scotia, Canada. The cost analysis reflects structural BMPs 

implemented by farmers. Similar costs estimates for the non-structural BMP of interest (i.e., 

nutrient management planning) were not considered partly because such costs tend to vary 

substantially by farm and even across farmfields within a single farm. The US Environmental 

Protection Agency (US EPA) (2004) also noted that non-structural BMPs are characterized by 

indirect and highly variable implementation levels by farmers. Given that several of the BMPs of 

ISSN 1816-2495  Page 5 of 32 
www.ifmaonline.org 



Journal of International Farm Management Vol.4. No.3 - August 2008 

interest were voluntarily adopted by individual farmers, it provides a unique opportunity to use 

case research methods to also explore what important factors and issues prompted their 

implementation, including site and production-system specific considerations. The investigation 

for nutrient management planning was an exploratory phase of a larger research initiative to 

provide context for further research.  

 

2. Review of Related Studies 

2.1 Structural Versus Non-structural BMPs 

The US EPA (1993) classified agricultural BMPs into non-structural or source control 

BMPs, and structural or treatment BMPs. Non-structural BMPs generally involve using 

management approaches to control pollution, and do not require extensive construction, or fixed 

or permanent structures. Such BMPs typically require modifying farming practices or farmer 

behaviour necessitated by various economic or regulatory instruments (Lambert et al., 2007; 

Taylor & Wong, 2002). Non-structural BMPs are also sometimes referred to as source BMPs 

because they improve environmental quality by controlling the use, generation and accumulation 

of pollutants at or near a pollutant source. A non-structural BMP studied is nutrient management 

planning. 

Structural (including vegetative) BMPs, on the other hand, can be used to control the 

volume of pollutants through crop rotation, physical containment and flow restrictions of 

pollutants (US EPA, 2004). Structural BMPs investigated in this study include livestock 

exclusion fencing with offstream watering, and a stormwater diversion drainage system.  In what 

follows, the BMPs of interest are described, and key factors which can affect the BMP 

effectiveness are reviewed.  
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2.1.1 Livestock Exclusion Fencing 

Although no provincial or federal law in Canada explicitly requires that livestock be 

fenced out of water systems, the federal Fisheries Act prohibits livestock from farms entering 

streams and other water systems and damaging fish and other aquatic habitats and/or result in 

depositing contaminants which adversely affect fish. On the other hand, fencing to restrict 

livestock access to water courses is an Environment Canada recommended farm management 

practice that can help farmers comply with the Fisheries Act (LJM Environmental Consulting, 

2003). Limiting livestock access to streams and other waterways, while providing offstream 

drinking watering system can not only improve drinking water quality for farm animals 

(Zeckoski et al., 2007), but can also result in increased animal weight gain (see Table I), and 

milk and butter fat production (Landefield & Bettinger, 2002). The type of livestock fence that 

can be established on farms is specified under the Nova Scotia Fences and Impounding of 

Animals Act, and includes fences built using posts and rails, or posts and wires (barbed or plain),  

Table I: Potential Benefits to Livestock of Alternative (to Stream) Drinking Watering System 
Benefit Source 
a) Potential Benefits  
Increased drinking water quality Willms et al. (2002) 
More desirable water temperature McIver (2004) 
Reduced  animal disease incidence (by limiting livestock 
contact with pathogens in stream) 

Zeckoski et al. (2007) 

Improved streambank stability and erosion control Sheffield et al. (1997) 
  
b) Reported Livestock Weight Gain from Offstream Watering System 
Cows: 0.2 -0.4 lb per day Buchanan (1996); and 

Willms et al. (1994). 
Calves: 0.2 – 0.3 lb per day Dickard (1998) 
Heifers: 0.6 – 1.8 lb per day Beira (2003) 
Heifer calves: 0.1 lb per day Buchanan (1996) 
Steers: 1 lb per day Willms et al. (1994) 
c) Reported Increased Milk Production from Improved Drinking Water Quality 
Lactating cows: 7 kg milk increase per day Challis et al. (1987) 
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or those made from stones, pickets, boards, logs, poles, and brush (LJM Environmental 

Consulting, 2003). Thus, the costs associated with fencing to exclude livestock from waterways 

can vary not only according to the type and quality of fencing, but also on topography and other 

site-specific characteristics. The life span of livestock exclusion fencing and water access ramps 

is up to 20 years (DPRA Incorporated, 1989). In addition, effectiveness of the livestock 

exclusion fencing in helping to reduce non-point source pollution in a water system depends on 

slope and soil stability of the streambank, along with water system characteristics such as 

capacity of the stream to assimilate contaminants (DPRA Incorporated, 1989).  

 

2.1.2 Stormwater Diversion Drainage System 

Although stormwater runoff may be part of a natural hydrologic process, human 

activities, especially urban development and agriculture, can cause significant changes in 

patterns of stormwater flow into receiving waters, thereby generating a significant source of 

water pollution.  A stormwater diversion drainage BMP is a technique or structural control 

system that can be used to manage water quantity and/or improve the quality of stormwater 

runoff in a cost effective manner. Provisions under the Nova Scotia Environment Act and the 

federal Fisheries Act require prior government approval of alterations to a watercourse or water 

resource by farmers.  

 Potential problems from stormwater runoff can be controlled by diverting manure run-off 

away from constructed channels, which would otherwise contaminate surface and ground water 

systems. Innovations for managing stormwater range from small or site specific, to large or 

regional scale practices (Wossink & Hunt, 2003). Factors which can affect the effectiveness of a 

stormwater diversion drainage system include management strategies such as careful application 
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of site design principles, and construction techniques to prevent sediment and other pollutants 

from entering surface or groundwater. In addition, runoff can be treated to reduce pollutants and 

the impact of hydrology from farmland (US EPA, 2004).  

 

2.1.3 Nutrient Management Planning  

Nutrient management planning involves field balancing of nutrients from chemical 

fertilizers, manure, and soil, with crop nutrient requirements, thereby helping to enhance the 

economic and environmental sustainability of the agroecosystem (West, 1996). A nutrient 

management plan (NMP) typically includes soil nutrient testing, equipment calibration, erosion 

control, timing of fertilizer application and record keeping (Ribaudo & Johansson, 2007). Soil 

nutrient testing can be used to customize fertilizer application to crop needs. Carefully matching 

fertilizer amount to crop nutrient requirements can also result in reduced costs and greenhouse 

gas emissions (e.g., nitrous oxide). In Nova Scotia, fertilizer recommendations that are based 

primarily on estimated plant nutrient requirements (as opposed to soil nutrient tests) can result in 

farmers applying rates higher than the recommended levels (McRae et al., 2000). Soil nutrient 

testing can provide site-specific information on nitrogen and phosphorous availability, allowing 

recommendations to reflect soil conditions and/or management practices on farmfields. Such 

customized information on fertilizer recommendations is particularly important in Nova Scotia 

because some farms are located in watersheds, with significant applications of manure and 

inorganic fertilizer (Korol, 2004; McRae et al., 2000). Application of crop nutrients in excess of 

crop requirements has resulted in a gradual shift in management strategies from correcting plant 

nutrient deficiency symptoms, towards holistic management of whole-farm nutrient balances 

while, at the same time, minimizing nutrient pollution of surface and groundwater.   
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An efficient NMP is environmentally sound, maximizes crop benefits and feed quality, 

minimizes nutrient loss during manure collection, storage and application, and maximizes 

nutrient use by crops (Chizmazia, 1996). Given these multiple objectives, a NMP has to be site-

specific to help address production system-specific conditions. A standard NMP is based on soil 

tests to determine nutrients available in fields, an assessment of nutrient credits from previous 

crops and manure application, and realistic yield expectations (Wossink & Osmond, 2002).   

Although nutrient management planning inherently requires substantial time 

commitment, it has the potential to reduce the amount and cost of fertilizer applied. On average, 

the additional benefits should offset the costs of nutrient management planning. In other words, 

the savings from reduced fertilizer application should exceed any additional costs of 

implementing the NMP. Nutrient management planning can increase or decrease net farm 

returns, depending on farm type (i.e., crop or livestock) and farm characteristics (see, for 

example, Ribaudo & Johansson 2007). Non-structural BMP (such as nutrient management 

planning) can help control pollution at source, thereby helping to eliminate or reduce the need for 

costly “end-of-pipe” treatment using structural BMPs (Water Environment Federation & 

American Society of Civil Engineers, 1998).  

Nutrient management plan implementation may be voluntary, as in Nova Scotia (Canada) 

and Virginia (US), involve a combination of voluntary and regulatory strategies as in New 

Brunswick and Prince Edward Island (Canada), or be completely regulated as in Quebec 

(Canada) and Pennsylvania (US) (Jacques Whitford Environment Ltd. & LJM Environmental 

Consulting, 2001). Generally, compared to voluntary adoption, regulating NMPs tends to result 

in more widespread adoption (and likely effectiveness) (Jacques Whitford Environment Ltd. & 

LJM Environmental Consulting, 2001; Korol, 2004). For example, only 5.2% of farmers 

ISSN 1816-2495  Page 10 of 32 
www.ifmaonline.org 



Journal of International Farm Management Vol.4. No.3 - August 2008 

surveyed in Nova Scotia implemented NMPs in 2001, compared to 47% in Quebec (Korol, 

2004). Monitoring and enforcement effectiveness of non-structural BMPs (such as nutrient 

management planning) can be complicated, and also involves costs for laboratory analysis. The 

US EPA (2004) noted that non-structural BMP monitoring program approaches may fail to 

generate the desired results in a watershed if the monitoring effort is not linked to specific 

pollutants or effluents. The failure may also be due to problems with monitoring non-point 

source contaminants in a large watershed.  

 

2.2   BMP Cost Analysis and Adoption Decisions  

            Costs associated with establishing BMPs tend to vary from farm to farm, and depend on 

factors such as season in a particular year, site conditions and topography, accessibility of 

equipment, economies of scale, and government regulations (US EPA, 2004). Compared to 

structural BMPs, the costs associated with non-structural BMPs are difficult to quantify, partly 

because of their indirect and highly variable implementation levels (US EPA, 2004). Partly 

because of this, the importance of non-structural BMPs in watershed management and planning 

are not always recognized (Clar et al., 2003). In addition, data on such BMP performance tends 

to be limited. For this study, indepth interviews were used to obtain important but less 

quantifiable factors farmers considered in implementing livestock exclusion fencing from 

streams, stormwater diversion drainage system, and nutrient management planning. 

Methods for estimating BMP costs may be classified broadly as follows (US Department 

of Defense, 1995):  

i) Bottom-up Approach: costs are estimated item-by-item using information from a 

database or other cost-estimation reference source.  

ISSN 1816-2495  Page 11 of 32 
www.ifmaonline.org 



Journal of International Farm Management Vol.4. No.3 - August 2008 

ii) Analogy Method: estimates the costs of an existing BMP or project by extrapolating from 

the cost of previously completed projects. This approach is especially relevant when 

BMP design information is available. 

iii) Expert Opinion Method: experts or consultants provide cost estimates based on 

experience and understanding of the BMP. 

iv) Parametric Method (also known as top-down estimation): estimations using mathematical 

relationships between cost and BMP design parameters.  

  Although studies have addressed various components of cost estimation for BMPs (see, 

for example, DPRA Incorporated, 1989; Ferguson et al., 1997, South-eastern Wisconsin 

Regional Planning Commission, 1991; Water Environment Research Foundation, 2003), most of 

these focus on installation or construction costs (e.g., Sample et al., 2003; Young et al., 1996). 

Other important aspects of BMP costs that have been assessed include design, operating and 

maintenance costs (Center for Watershed Protection, 2000; US EPA, 1999a). In addition, indirect 

regulatory costs, along with opportunity costs of forgone production, may be relevant.  

            Studies on agricultural BMP adoption and implementation decisions, such as stream 

fencing as a riparian management strategy, have used convergent interview methods (see for 

example Dick, 1998), to identify factors which influence farmers’ adoption decision 

considerations (Bewsell et al., 2007; Grunert & Grunert, 1995; Kaine, 2004).  Convergent 

interview methods can be used to assess representative respondent actions and decisions from 

questions administered through a combination of structured and unstructured interviews. The 

technique was adapted and used to identify key decisions by farmers in establishing the BMPs 

studied. A case research approach allowed for in-depth estimation and analysis of cost 

information for the two BMPs. Case study methods are also relevant when the researcher is 
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interested in an in-depth exploration of key decisions connected with voluntary adoption of 

BMPs (Bewsell et al., 2007; Yin, 1994). Investigating such qualitative factors and insights 

required use of case-specific and situationally-constructed meanings.  Berentsen et al. (2007) 

noted that such empirical methods are relevant when assessing key economic costs, and other 

important but less quantifiable factors connected with establishing and maintaining BMPs.   

 

3. Research Methods and Data 

Data for the analysis was obtained primarily through the Watershed Evaluation of 

Beneficial Management Practices research project management team at the Agriculture and 

Agri-Food Canada (AAFC) Research Station in Kentville, Nova Scotia. Following consultations 

with the project management team, farmers within the watershed who implemented the BMPs 

were identified. The cost analysis was based on data obtained from farmer records, and estimates 

from technical experts involved in BMP design, construction, and implementation, along with 

farmer estimates on BMP maintenance costs. Survey questions were used to elicit information 

from farmers on the BMP adoption considerations.  

For the two structural BMPs investigated, data on construction, maintenance and other 

costs were collected in the summer of 2007. For the qualitative analysis, the first part of the 

interview instrument elicited responses on experience and crucial considerations in adoption, 

including: (i) key environmental and regulatory concerns which prompted implementation of the 

BMP; (ii) farm management considerations that influenced design and construction of the BMP 

and (iii) site characteristics considered in the BMP design. The second part of the questionnaire 

related to BMP construction material and maintenance costs, as appropriate. Costs of materials 

employed in BMP construction and establishment were estimated by multiplying the input levels 
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used, by 2007 prices obtained from local retailers. Machinery and equipment for stormwater 

diversion drainage system construction was assumed to be rented at current retail rates.  

To capture all the economic costs, opportunity costs of in-kind technical assistance and 

farmer time were included in the analysis. These included costs for BMP structural design and 

consultancy offered to farmers under the Watershed Evaluation of Beneficial Management 

Practices research project. Labour costs for construction varied depending on the task. The actual 

amounts paid by farmers were computed by multiplying hourly rates by the number of hours of 

hired labour. The opportunity cost of land used for constructing structural BMPs was also 

included. It was assumed that a five metre wide strip of land was fenced to exclude livestock 

from the waterway, and thus was unavailable for other productive activities (Fritz, 2003).  

The expected lifetime of BMPs vary and, therefore, complicate cost comparisons. To 

allow for costs to be compared for BMPs with varying lifetimes, total BMP costs were reduced 

to annual values using the relationship (Degarmo et al., 1997; Gitau et al., 2004): 

nBMP
r

rZ
A −

⎟
⎠
⎞

⎜
⎝
⎛ +−

⎟
⎠
⎞

⎜
⎝
⎛

=

100
11

100                                                                                      (1) 

where ABMP  is the annualized cost for a BMP ($), Z is the capital cost of a BMP ($), r represents 

the time value of money (%) and n is the expected lifetime of the BMP (years). The expected 

lifespan of the stormwater diversion drainage system and the livestock fencing system were 25 

years, and 20 years respectively. Interest rate assumed for the time value of money was 8%. 

 

4.  Results and Discussion 

Results of the qualitative analysis of BMP implementation decision considerations by 

farmers are presented first, followed by the costs associated with adopting and implementing the 

ISSN 1816-2495  Page 14 of 32 
www.ifmaonline.org 



Journal of International Farm Management Vol.4. No.3 - August 2008 

two structural BMPs studied. The results are shown separately for each of the BMPs, including 

key reasons and unique management and farm attributes considered in designing and 

implementing particular BMPs.  

 
4.1 BMP Design and Implementation Decision Considerations 

4.1.1 Livestock Exclusion Fencing 

Fencing to exclude livestock from a waterway was undertaken by a farmer who managed 

170 dairy animals, milking 50 cows on 29 ha pasture. The total farmland area was 316 ha.  The 

livestock exclusion fence was 75 m long and 0.91 m high, consisting of a strand of high tensile 

electrical fence, and reinforced with 0.1 m by 1.83 m (4 in by 6 ft) treated wooden posts. To 

reduce costs, some materials from an existing fence were used to establish parts of the new 

fence. In addition, an offstream watering system to reduce on-stream watering damage was built, 

and consists of a standing water pipe and a livestock drinking water tank. The fencing work was 

started and completed in March 2005.  

The most important environmental concern that prompted construction of the livestock 

fence was not merely to exclude livestock from the waterway, but to help reduce soil compaction 

along a riparian zone, and reduce the likelihood of livestock manure entering the stream (Table 

II).  In contrast, the most important farm management issues considered in designing the 

livestock exclusion fence was to minimise the land taken out of pasture production. In addition, 

it was reported that a minimum acreage of pasture was required to adequately manage grazing 

rotation lengths. Furthermore, the location of an offstream watering system for livestock for 

efficient grazing management was a major consideration in establishing the fence. 

In summary, both livestock management and environmental factors were considered in 

building the fence to exclude cattle from the waterway. In a survey of New Zealand farmers, 
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Bewsell et al. (2007) reported that promoting stream and riparian fencing is strongly linked to 

farm-level management factors and financial benefits to farmers. As noted earlier, although 

farmers in Nova Scotia are not required to adopt livestock exclusion fencing to protect 

waterways, voluntary adoption can help prevent manure spillage into waterways as required 

under the provincial Environment Act and federal Fisheries Act. The results are consistent with 

those found by Ribaudo & Johansson (2007), who reported that local ordinances on farming 

practices, combined with educational campaigns on water quality and public complaints, can 

motivate farmers to more widely adopt conservation practices than would be the case if adoption 

decisions are based solely on considering private benefit. 

 

4.1.2 Stormwater Diversion Drainage System 

             The stormwater diversion drainage system construction was initiated and completed in 

December 2004. The drainage system pipe was 213.36 m (700 ft) long and 0.10 m (4 in) wide  

and buried 1.22 m (4 ft) below ground. The most important farm-level factors considered in 

constructing the stormwater diversion drainage system are summarized in Table II. 
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Table II: Summary of Reported Primary Decision Considerations and Motivations For  
              Implementing Selected BMPs  
         Item Reported key decision considerations and motivations         

1. Livestock exclusion 
fencing 

 

Environmental/regulatory Livestock exclusion to: 
   consideration  • reduce soil compaction along riparian zone; and  

 • reduce likelihood of livestock manure entering waterway.   
 

Management consideration  Concerns about the amount of land that would be taken out of (pasture) 
production after constructing the fence. 
 

Site characteristics Location of an offstream watering source for livestock once animals were 
fenced out of the waterway. 

2. Stormwater diversion 
drainage system 

 

Environmental/Regulatory Reduce and manage on-farm manure runoff.  
   Consideration 
Management consideration   On-farm equipment traffic: 

 • ensuring accessibility of machinery and equipment to/from farm 
buildings  

• cultivation of land after construction of the water diversion drainage 
system. 

Site characteristics The farmland gradient/slope, area and layout of farm buildings in relation to 
direction of stormwater flow.  

3. Nutrient management 
planning 

 

Environmental/Regulatory  Achieve multiple environmentally-sound farm management objectives, 
including:  consideration 

 • improving production efficiency  
 • reducing potential negative impacts of excessive fertilizer 
        application on soil, air and water quality. 
 • eligibility for government lime transportation subsidy  

Management consideration Concerns with possible increased production costs arising from: 
 • consultancy fees for NMP development.  

• calibration of manure spreader. 
• finding markets for new crop produce introduced because of NMP 
      requirements. 
• labour intensive requirements of a NMP. 

Site characteristics Facilitate soil testing and NMP implementation by considering: 
 • soil sampling at different locations to account for heterogeneity in  

       nutrient balance.  
• size and slope of individual fields.  
• suitability of field for particular crops. 
• access to irrigation water. 
• distance (access) from field to manure storage. 
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The farmer’s effort to reduce manure runoff into an adjacent stream reflects provincial 

livestock manure management regulations (see Nova Scotia Department of Agriculture and 

Fisheries, 2006). Although manure is not explicitly regulated under current provincial and 

federal environmental regulations, accidental spills of manure which impairs surface or ground 

water (including well water) quality could result in violation of the federal Fisheries Act and 

provincial Environment Act (LJM Environmental Consulting, 2003). 

Production and management issues considered in designing and constructing the 

stormwater diversion drainage system included accessibility of machinery and equipment to and 

from farm buildings, and the ability to cultivate farmland after building the water diversion 

drainage system. In addition, topography, farmland slope, and layout of farm buildings were 

reported as important site characteristics considered in designing the stormwater diversion 

drainage system. Engineering, hydrologic and topographical factors affected construction, 

maintenance and, ultimately, costs of the stormwater diversion drainage system. Schueler (1987) 

and Young et al. (1996) noted that the performance of stormwater diversion drainage systems is 

especially sensitive to location and the drainage system should reproduce, as closely as possible, 

pre-existing natural hydrological conditions in the watercourse prior to any previous human 

alteration. The Centre for Watershed Protection (2000) also noted that pervious land surface 

areas and characteristics need to be used to enhance site design and effective stormwater 

treatment.  

 

4.1.3   Nutrient Management Planning 

 Farmers reported that the most important reasons for implementing nutrient management 

planning were to achieve multiple farm management objectives, including: i)  improving 
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production efficiency; ii) reducing potential negative impacts of excessive fertilizer application 

on soil, air and water quality;  and iii) eligibility for a government lime subsidy (Table II). Under 

the Nova Scotia Farm Investment Fund, farmers are eligible for a lime transport subsidy if 

recommended by a nutrient management planning specialist (Nova Scotia Department of 

Agriculture and Fisheries, 2007). Currently, the total cost of a new NMP, including consultation 

fees, soil nutrient and manure sample test fees, and field mapping are covered under the program, 

up to a maximum of $1,500. In addition, there is a 50% cost-share funding (up to $750) for 

subsequent NMPs implemented on the same farm (Nova Scotia Department of Agriculture and 

Fisheries, 2007). The government lime trucking subsidy in 2007 for the study area was $12.00 

per tonne.  

The opportunity cost of time spent in developing the NMP was reported as a major 

concern to farmers. Farmers also reported difficulties with finding markets for new crops (e.g., 

oats, winter wheat, rye and clover-based pasture) grown as part of the recommendations under 

the NMP program. Inability to market such crops, and reduced crop yield due to lower 

fertilization rates, increases risks associated with nutrient management planning and, therefore, 

can hamper adoption of NMPs. 

In contrast to the two structural BMPs studied, the major site characteristics considered in 

implementing NMPs included the need to sample soils at representative locations, to account for 

heterogeneity in nutrient balance across different fields. Other important on-farm factors 

considered in implementing NMPs included size and slope of individual fields, their suitability 

for particular crops, access to irrigation water, and distance (access) from fields to manure 

storage system. 
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4.2 BMP Cost Analysis  

4.2.1 Livestock Exclusion Fencing 

The major costs associated with livestock exclusion fencing included materials, labour 

and technical personnel, and the opportunity cost of land (not available for growing pasture) 

(Table III). Total cost to establish the 75 m fence, including maintenance for the estimated 

lifespan of 20 years was $3136, or $42 m-1 with an annual cost of $319.34. Landphair et al. 

(2000) noted that structural BMP costs need to include not only design, maintenance and 

construction costs, but also any costs required to remove pollutants. Thus, the costs estimated 

also included expenditure for an offstream watering system, described earlier.  

A substantial proportion of total fencing costs (i.e., 47%) was for materials used in 

constructing the electrical fence and offstream watering system (Figure 1). By comparison, 

miscellaneous labour and consultancy fees were 32% of total BMP costs (or $1011), of which 

89% were fees for design and consultancy. The opportunity cost of land was relatively small (i.e. 

7%) partly because the farm is located in rural Nova Scotia. In contrast, for example, Wossink 

(2000) reported that the amount of land dedicated to buffer strips to trap sediment and nutrients 

along the Neuse River in North Carolina was the most important annual cost of a riparian buffer. 

The US EPA (2004) also noted that opportunity cost of land can be substantial, especially where 

farms are located near urban residential settlements. Annual maintenance of the fencing system 

includes labour to clear weeds, monitoring electrical wire fence controllers or energizers, and 

monitoring and cleaning the offstream drinking water system. Annual maintenance cost was 

$24.44, or 8% of annualized BMP cost. 
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Table III:  Cost Estimates for Livestock Exclusion Fencing and Offstream Watering 
                 Item Unit cost ($) Quantity Total cost ($) Annualized    

cost ($)  
a. BMP Establishment Costs     
Material costs     
       Fence wire 1.00 m-1 75 75.00 7.64
       Corner posts 5.50 25 137.50 14.00
       Wooden posts 4.50 10 45.00 4.58
        Stock watering tanks 496.79 2 993.58 101.2
        Plumbing fittings 95.85 1 95.85 9.76
        Water hose 108.50 1 108.50 11.05
Other inputs  

-1       Labour (general) 12.00 hr 3 36.00 3.67
-1       Backhoe service 50.00 hr 1.5 75.00 7.64
-1       System design  150.00 hr 3 450.00 45.83

       Technical consultancy 150.00 hr-1 3 450.00 45.83
Interest on operating expenses1  197.31 20.10

-1Opportunity cost of land 308.75 ha 0.0375 231.60 23.59
b. Maintenance costs   

-1 Labour 12.00 hr     1 240.00 24.44
Total BMP costs 3,135.34 319.34 
Cost per unit length of fencing    $41.80 m-1   $4.26 m-1

1Interest on operating expenses was 8% of material costs and other inputs.  
 
                                                                                             
By comparison, the maintenance cost was US$170 a year, or 5% of total investment expenditure 

in a US study for the Great Lakes Basin (DPRA Incorporated, 1989). Annual maintenance cost 

per unit length for the Great Lakes Basin study was $0.11 m-1, compared to $0.33 m-1 for this 

study.  The higher annual maintenance cost for this study was due to the additional cost incurred 

for cleaning the offstream waterers.  

 

4.2.2 Stormwater Diversion Drainage System 

The total cost for the stormwater diversion drainage system was $6755 (Table IV), or $32 

m-1 of drainage system. Sixty percent of the total cost (i.e., 60%) was for professional/technical 
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consulting and miscellaneous labour ($4080) (Figure 1), followed by equipment rental ($1468 or 

22% of total costs).   

 

Table IV:  Cost Estimates for Stormwater Diversion Drainage System 
                 Item Unit Quantity       Total Annualized   

cost ($) cost ($)      cost ($) 
 a. BMP Establishment Costs    
Material costs    
       Polyethylene pipe (PE) 0.0325 in-1 750.0 0.98 2.28
       Perforated PE pipe 0.0325 in-1 500.0 0.65 1.52
       4-inch tile TEE 4.70          3.0 0.56 1.32
       4-inch tile coupler 2.75 6.0 0.66 1.55
       Hickenbottom drain 174.00 4.0 11.84 27.73
       4-inch PVC Pipe 10.90 1.0 0.44 1.02
       4-inch Rodent trap 6.85 1.0 0.27 0.64
Equipment/machine rental  
       Trenching and filling (backhoe loader) 50.00 hr-1 20.0 40.00 93.68

-1       Site work (skidsteer) 78.00 hr 6.0 18.72 43.84
Other Inputs         
       Miscellaneous (i.e., unskilled) labour  12.00 hr-1 27.5 13.20 30.91

-1       System design  150.00 hr 15.0 90.00 210.78
       Technical consultancy 150.00 hr-1 10.0 60.00 140.52
Interest on operating expenses1 17.75 41.58

-1Opportunity cost of land 308.75 ha 0.0023 0.71 1.66
b. Maintenance costs  

-1      Labour 1.2 14.40 33.7212.00 hr
Total BMP cost 6754.57 632.76
 BMP cost per herd $39.73 $3.72
 BMP cost per unit length of stormwater diversion drainage system $31.56 m-1 $2.96 m-1

1Interest on operating expenses was 8% of material costs and other inputs.  
 

In contrast to the cost estimates for the livestock exclusion fencing, cost of materials for 

stormwater diversion drainage system was $385 or 6% of total cost, compared to 47% for 

livestock exclusion fencing. The difference in the relative magnitude of the cost of materials 

between the two structural BMPs is because of the substantial costs for technical consulting 

required for designing and constructing the stormwater diversion drainage system. In addition, 
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renting of equipment for preliminary construction work (22% of the total cost for the stormwater 

diversion drainage system) was not required for the livestock exclusion fencing. The opportunity 

cost of land for the stormwater diversion drainage system was 0.3 % of total cost (Figure 1). 

Most studies on stormwater diversion drainage system cost estimation have been for urban 

settings, where land values are influenced by residential property values. The life expectancy of 

the drainage system was estimated at 25 years, and required $33.72 for annual maintenance. 

Regular maintenance of stormwater diversion drainage systems is important and can help reduce 

growth of algae (which result in offensive odours), insect and weed infestation, and sediment 

build up (thereby affecting water quality) (Wossink & Hunt, 2003). Annual maintenance cost 

was 5% of total cost. The results are consistent with a study in the US, where fencing 

maintenance costs (and water access ramps) was 5% of total investment costs, or US$130 to 

$170 per year (DPRA Incorporated, 1989). 

 

Figure 1: Costs as a Proportion of Total BMP Cost 
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As shown in Figure 1, labour cost and drainage system design and technical consultancy 

fees as a percentage of total cost was higher for the stormwater diversion drainage system (60%) 

than for livestock exclusion fencing (32%). In contrast, material costs as a proportion of total 

cost was higher for livestock exclusion fencing (47%) than for the stormwater diversion drainage 

system (6%).  Furthermore, maintenance cost as a proportion of total cost was higher for the 

stormwater diversion drainage system than for the livestock exclusion fencing. The relative 

importance of maintenance costs for both structural BMPs is consistent with DPRA Incorporated 

(1989) and Wossink (2000) who reported average annual maintenance costs for riparian buffer 

strips and stormwater diversion drainage system in the range of 3-5%.  

 

5. Conclusion: Management and Agri-environmental Policy Implications 

In general, a complete accounting of the costs (and associated benefits) of agricultural 

practices is required for society as a whole to realize maximum net benefits from agricultural 

production. Furthermore, given that such cost accounting tends to provide the context for both 

agri-environmental policy and farmer action (Tilman et al., 2002), the findings from this research 

are important in several respects. As noted earlier, analysis of the costs and benefits associated 

with BMP provides basic information for assessing farm enterprise performance. If BMP 

adoption cost exceeds the expected benefit, farmers will likely not change their behaviour 

without incentives to do so. Besides costs, there are other important considerations linked to 

BMP implementation. Consequently, the two complementary approaches used in this study, 

involving empirical cost estimates and qualitative analysis of key BMP implementation 
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considerations, together, provide a more complete and comprehensive understanding of the key 

financial and non-financial issues.  

The results show that material costs are important for livestock exclusion fencing, and 

technical consulting fees in the case of the stormwater diversion drainage system. Annual 

maintenance costs for livestock exclusion fencing include non-trivial expenditure for periodically 

inspecting and cleaning offstream waterers, fence posts, and access ramps, and ranged from 4– 

8% of total BMP costs.  

The economic cost estimates disaggregated into various BMP cost categories provide 

insights into the magnitude and structure of on-farm costs required to establish and maintain 

particular BMPs, while the qualitative analysis documents other important (non-financial) factors 

that farmers should take into account when implementing specific BMPs. Compensation 

payments to farmers for reduced farm incomes associated with implementing particular BMPs 

that have demonstrated benefits in improving environmental quality need to be based on such 

empirical BMP costs. Thus, the farm-level cost estimates can be useful to farm environmental 

program administrators contemplating the level of financial assistance to farmers to encourage 

adoption of conservation-compatible practices.  

In addition, the case study research results demonstrate empirically that important 

location-specific attributes and production system factors (such as foregone use of land set aside 

for BMP establishment, and governmental regulations) also influence the BMP implementation 

decision choices of farmers. Recognition of such factors and the types of BMP costs can help 

administrators in program design (e.g., cost-share arrangements) and also determine what kind of 

technical assistance, if any, can lead to more widespread adoption of BMP. Engineering 

consultancy, for example, accounted for more than half of the total costs of establishing the 
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stormwater diversion drainage system. These consultancy services may be provided by one 

source (e.g., government engineers) at a reasonable cost, while also ensuring consistency in 

structural design and construction.  The BMP cost analysis can also help policy makers better 

assess costs to taxpayers and farmers. Overall, the findings suggest that a combination of policy 

instruments such as regulation and financial incentive (e.g., cost-share) schemes could lead to 

increased adoption of the BMPs studied. 
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