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Analysis of risk management tools
apphcable in managing farm risks:
A literature review

JARKKO LEPPALA', RISTO RAUTIAINEN? and ILKKA KAURANEN?

ABSTRACT
The objective of this study was to list and analyse risk management tools applicable in managing farm
risks. A literature search of several large literature databases was conducted. By using risk management-
related keywords, a total of 13,559 articles discussing risk management were identified. Of these, 157
articles were selected for closer analysis applicable to dairy, cattle, pig or crop production. Both journal
articles and book chapters in English were included. The articles were categorized based on the applied
risk focus and type of risk management tools presented. In accordance with this, potential farm risk
management tools were searched from the research studies associated with production, assets, economics
and finance, human health and safety, and the environmental risks on farms. An important outcome of the
study was a tool case for farm risk management stages, in which either the potential farm risk tools can
each be used to address a single risk or the tools can be holistically applied. Farmers face multi-risk
management demands, but comprehensive literature studies on multi-risk management tools on farms
have been rare. Farm risk management tools and information provided to farmers are not at a sufficient
level if we compare them to the current risks and social demands that farmers are facing. The possible farm
risks should be clarified to farmers that they can identify them on farms. Furthermore, in order to integrate
farm risk management tools, the links between the risks should be made visible among farm operations and
farm production processes. Complexity and usability are future challenges in the further development of
tools for managing farm risks. Applying the new farm risk tools in a sustainable manner requires farm
managers to adopt new knowledge management techniques. Education programmes are needed to address
the new skills that are required, and communication and co-operation between different research

disciplines is also necessary.
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1. Introduction

Various risks can cause serious damage on farms, but
also have broader effects on society and the food supply
chain (Marvin et al. 2009; Lowe et al. 2008). Animal and
plant diseases, institutional risks, market risks, natural
catastrophes, health and safety risks and farm financial
risks emphasise the traditional sources of risks and the
particular importance of risk management on farms
(Huirne et al. 2007; Hardaker et al. 2004; Jung 2001;
Florey 2001). An important problem is that farmers not
only have to manage single risks, but also combinations
of risks in their daily work and decision making. Some
risk incident studies have pointed out that the handling
of multiple hazardous risks on farms is a challenging task
for farmers (Leppdld et al. 2013; Leppéld et al. 2012;
Huirne et al. 2007; Hall 2007; Robinson 1999).

Risk is usually considered as a specific hazardous event
and its consequences, which have a particular frequency
or probability of occurrence. The positive side of risk can
also be seen as a potential business opportunity (ISO
31000). On a general level, strategies proposed by risk
management tools include avoiding risk, eliminating the
risk source, reducing the risk likelihood or consequences,
removing or sharing risk and retaining risk. The risk
management process is based on tools for 1. Establishing
the context, 2. Risk assessment, including risk identifica-
tion, analysis and evaluation, 3. The control or treatment
of risks and 4. Risk monitoring (ISO 31000). The
corporate risk management literature presents broad
frameworks or practical risk identification tools such as
risk checklists and flowcharts to prevent the main
corporate risks that may threaten or halt important
business activities (Carnaghan 2006; COSO 2004).
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Corporate management tools have to some extent
been applied in the farm management literature, which
provides well-developed tools for risk decision making
and risk analysis techniques, such as future price
probabilities and economic farm management options
(Nuthall 2010; Kay et al. 2008; Hardaker et al. 2004). A
challenge is that the management tools used in other
industries may not be suited to small enterprises such as
farms, where the farm manager is both the manager and
operator in most of the activities. However, it appears
that the need for risk management tools in agriculture
from a broader perspective is increasing worldwide due
to increased competition, environmental and sustain-
ability problems, new policy objectives, new food safety
regulations and the changing risk context in general
(Leppala et al. 2012; Nuthall 2010; Lowe et al. 2008;
Florey 2001). Furthermore, as sustainable farming
policies, especially in European and Nordic countries,
are calling for a more holistic risk approach in farming,
we should also ask what practical tools are available for
holistic risk management on farms (Leppala et al. 2012;
Marvin et al. 2009; Lowe et al. 2008; Robinson 1999).
The objective of this study was to list and analyse risk
management tools applicable in managing farm risks.

2. Methods

The literature review was a part of the larger ‘Maaturva’
project, which aimed to define the main risks and risk
management tools in farm risk management studies. The
project included a risk expert workshop, literature review,
farm risk inquiry among farmers, ten farm visits and
interviews and four case studies aiming to identify and
develop suitable risk management tools for various farm
management activities. A ten-day educational farm risk
management programme for farmers during 2006-2007
was also arranged within the project (Leppala et al. 2008).

Literature search

We conducted a comprehensive literature study to
identify practical on-farm risk management tools by
using two electronic databases, Scopus and CABI, and
their respective search tools. The searches were limited to
the titles, abstracts and keywords of agricultural journals
articles and book chapters published from 1990-2011.
To be included, the articles needed to be concerned with
tools for managing risks on farms. Applicability to
European agriculture was considered as an inclusion
criterion for studies selected for analysis. The included
studies were limited to the main production types in EU
countries, which are crop, dairy, cattle meat and pig
meat production (European Commission 2012). In the
narrative synthesis method, the included studies are
divided into groups to explore their relationships or
differences and point out the diversity among them
(Lucas et al. 2007). The chosen farm risk management
studies were categorized by asking which risk manage-
ment tools are focused on managing particular risks on
the farm level. We also used the thematic summary
method to categorise the studies into thematic risk tool
groups (Snilstweit et al. 2012). Finally, we conducted a
summary of the risk management tools applicable to
managing risks on farms and identified some develop-
ment challenges for various farm risk management tools.
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Risk management tools applicable in managing farm risks

Risk expert workshop

The potential risks on farms were listed in a risk expert
workshop to modify the keywords for the preliminary
literature search and farmer risk survey. The workshop
included experts in farm occupational health and safety,
farm machinery standards, agricultural engineering,
SME risk management, farm insurance and business,
and security education, as well as a dairy and a crop
farmer (Leppédlda et al. 2008). The Corporate Security
Advisory and VTT in Finland had commonly used an
outline of corporate risk fields, including techniques to
prevent risks such as production security, health and
safety, personnel security, security of buildings, the
environment, rescue planning, areal preparedness, data
security, crime prevention and security for foreign affairs
(Lanne 2007). These risk fields were combined with the
common risk sources in EU agriculture, defined as price
risk, production or yield risk, human risk, asset risk,
financial risk and institutional risk (Jung 2001). The risk
expert workshop included a brainstorming session to
explore the main farm risk keywords. The keywords and
themes were documented, photographed and categor-
ized. The keyword list concerning the main risks on
farms was later updated based on the keywords in latest
farm risk management studies published 2006-2011.
(NJF 2010; Nuthall 2010; Niemeldinen et al. 2008;
Huirne et al. 2007; Hardaker 2006).

3. Results

The whole list of risks handled in the workshop included
those associated with personnel, economics, finance,
buildings, production, business interruption, contracting,
crime, data, occupational health and safety, rescue
planning, market and price, foreign affairs, areal
preparedness and environmental security. The identified
and refined farm risk keywords and risk tool categories
were determined to indicate the most important risks for
in-farm activities. The keywords used and total numbers
of search results are presented in Table 1. The search
results yielded a total of 13,559 hits, but after applying of
all search criteria limitations, 157 studies were chosen for
more detailed analysis (Table 1). A current list of the
studies is available on request from the authors.

The risk tool categories were defined as: 1. People
health and safety; 2. Production and product risks; 3.
Farm asset risks; 4. Economic and financial business
risks, and 5. Environmental risks. The other risk
categories (crime, data and areal preparedness etc.)
handled in the risk expert workshop were found to be
currently marginal on farms, but might become current
in the future if the risk conditions change. During the
literature search, studies on these other risks were also
found to be rare or off-farm in context, and were thus
excluded from the present analysis. The farmers who
participated and were interviewed in the project appre-
ciated the simpler model of risk categories (Leppala et al.
2012; Leppald 2008).

Farm asset risk management tools

Farmers manage valuable solid assets, including farm
estates, arable land, forests, buildings, machinery and
livestock. The analysed articles addressed farm asset risk
management tools concerning invested property value
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Table 1: Search protocol for Scopus and CAB Abstracts. The total number of search hits was 13 559, from which 157 articles were

included in the analysis

Keywords Date range: 1990-2011, Date range: Farm risk management
Scope: Title, abstract, 1990-2011: Scope: studies applicable to
keywords, journals, Title, abstract, European agriculture
books headwords
Scopus CAB Abstracts Total
Search results Search results Included articles

“Farm risk management” OR “‘agricultur* risk 52 13 3
management”

Farm AND “‘risk management” 468 365 30

Farm risk AND security management or farm 281 41 7
vulnerability

Farm risk AND “‘food safety”” OR ‘““food safety 344 319 7
management”’

Farm risk AND product quality management 90 4 7
OR ““farm production management”

Farm risk AND asset management OR farm 138 20" 4
property management

Farm risk AND building management OR 92 152 5
“animal house™”’

Farm risk AND machine management OR 225 3752 21
“farm machinery”

Farm risk AND economic management OR 463 1482 22
“farm business management”

Farm risk AND injury OR “farm safety 564 855% 24
management”’

Farm risk AND “sustainable management” 216 39999 18
OR “‘environment management” OR
““ecological risk’” OR agriculture
environment management

Farm risk AND fire OR ‘‘fire management” OR 339 639° 9
“farm fire safety”

Total 3272 10287 157

" terms were farm risk AND asset management OR farm property

2) |ast terms were without inverted commas

)
)
) terms were farm AND injury OR safety risk management
)
)

s

5

losses and technical engineering assets (Table 2). The risk
focus of the studies included fire incidents, farm building
facility losses, land or soil property losses, animal health
risks or herd value losses and asset property losses caused
by natural disasters.

The analysed fire safety risk studies presented the
possible risk sources and risk management tools to
prevent fire risks on farms. Risk control through building
maintenance and safety checks to monitor unsafe
electrical installations and devices used in farm buildings
were typical fire risk management tools (BS 5502 2004;
Scott 1991). Farm fires spread toxic smoke to large areas
and fire accident damage and costs are very high, which
should be considered in fire safety and rescue planning
(BS 5502 2004; Kinsman and Maddison 2001).
Computer-aided fire risk programmes with warehouse
inventory and alarm instructions are important manage-
ment tools in fire safety planning, but also help fire
departments in actual rescue situations (Kinsman and
Maddison 2001). When focusing on other building risks,
farm building structural planning, production volume
and space calculation models are useful investment tools,
for example when enlarging farm building spaces and
production volumes (Meyer 2010). Furthermore, good
air ventilation, quality measures and devices, ergonomic
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terms were “farm risk” AND environment management OR sustainable management
terms were farm AND fire OR agricultur® fire safety risk OR ‘“‘farm fire management”

design and hygiene control programmes help to maintain
people safety as well as animal health, building materials
and fodder quality (Banhazi 2009; Noordhuizen and
Metz 2005).

Farmland investment strategies may help with land
asset risks by providing useful land investment measures
for farmers (Nartea and Webster 2008). Pasture and soil
management includes cultivation techniques, planning
tools and land-use indicator examples (Chamen et al.
2003; Logan 1991). These tools could improve soil
quality and water system maintenance, which increases
the value and quality of the invested farmland.
Machinery asset risk studies include methods that help
in field machinery selection, investments and mainte-
nance. For example, power capacity measures help in
machinery selection and investments (Kutzbach 2000).
Another potential tool is a machinery lifetime and
maintenance cost management calculator (Petrov and
Trendafilov 2011). Farmers investing in automatic
animal production equipment should note the building
structure and space (Hovinen and Pyorala 2011).

Feed safety management and specific herd welfare
controls were found to be examples of animal disease
risk management tools. Disease control is easier to
maintain in smaller animal groups and by identifying
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Risk management tools applicable in managing farm risks

Table 2: Studies concerning asset risk management tools on farms

Focus Risk management tools Author
Fire safety Safety behavior, fire safety check and planning, fire alarms and | Allareddy et al 2007; BS 5502 2004; Kinsman
extinguishers, standards, regulations, water sources, rescue and Maddison 2001; Scott 1991; Shutske
planning, fire models, material safety and inventory, building et al. 1991
maintenance
Building Size and volume planning, checklists, spreadsheets, regulations, | Sorge et al. 2011; Moore et al. 2010; Meyer
facilities quality management, maintenance skills, air quality 2010; Boersema et al. 2009; Banhazi 2009;
monitoring, building standards Noordhuizen and Metz 2005; BS 5502 1992
Land/soil Farmland investment strategies, land management models, Nartrea and Webster 2008; Chamen et al.
value sustainable land use and planning, land monitoring and 2003; Bouma 2002; Logan et al. 1991; Foran
indicators et al. 1990
Machinery Machine capacity calculation, machinery selection, lifetime Petrov and Trendafilov 2011; Kutzbach 2000;
assets analysis, machinery investments, automation facilities, ASAE 1998a
maintenance plan, costs, machinery standards
Herd value/ Wildlife and cattle contact management, feed safety Wilson et al. 2011; Sorge et al. 2011; Ellis-
animal management, herd welfare controls, farm biosecurity Iversen et al. 2008; Bas Rodenburg and
health management, herd contamination risk pathways Koene 2007; Leirs 2004; Faust et al. 2001;
BS 5502 1990
Natural or Flood risk management, natural crisis management, damage Posthumus 2009; Haen 2008; Linnabary et al.
areal prevention, food logistic planning, land-use planning, 1991
crisis risks insurances, evacuation plans

possible pathogen contamination pathways in the animal
shed (Sorge et al. 2011; Bas Rodenburg and Koene
2007). Potential animal welfare risks in the animal shed
also include sharp edges, structural damage, dirty water
basins, uneven floors, insufficient bedding and inade-
quate space for animals (Sorge er al. 2011; BS 5502
1990). Animal herd contact with wildlife (rodents and
other animals), neighbouring herds and farm visitors
might also spread animal diseases from one farm to
another (Wilson ez al. 2011). If herd vaccinations are not
sufficient and documented, these incidents may even lead
to a need to dispose of the whole herd (Faust ez al. 2001).
Biosecurity management and building standards help
farm managers to improve animal housing conditions to
minimize animal and worker health risks (Wilson et al.
2011; Faust et al. 2001; BS5502 1990).

Studies on natural or areal crisis risks include tools for
natural crisis management in particular areas, and
strategies for preventing damage to farm assets. Land-
use planning is an example of a way to mitigate the flood
risk (Posthumus 2009). Furthermore, if the climate or an
area becomes more unstable, insurances, food security
and logistic planning, evacuation plans and other risk
tools will be called for to mitigate the effects of storms,
floods, droughts or other areal insecurity (Posthumus
2009; Haen 2008).

Farm production risk management tools

Production risk management tools are aimed at handling
hazards in farm production process tasks and activities
(Table 3). The analysed studies included risk tools for crop
and livestock production, machinery operations, work
organization and climate management tasks. In animal
production, strategies to control production risks include
animal welfare measurement tools such as disease
prevention programmes including a risk assessment
questionnaire on production tasks for farmers and animal
health tests (Sorge et al. 2011). Farmer education has been
used in improving disease control (Sorge et al. 2011),
upgrading process control methods, and complying with
authorities or co-producers’ regulations (Taylor 2004;
Noordhuizen and Welpelo 1996). Animal herd health

International Journal of Agricultural Management, Volume 4 Issue 3

risks may reduce productivity, but also cause human
health threats due to zoonosis risks (Holt et al. 2011).

In crop production, risk management tools are based
on the handling of biological vegetative processes.
Methods to minimize yield risks include the handling
of drainage and irrigation systems (Balaghi et al. 2010),
weed management and plant disease control with crop
rotation, selection of the appropriate planting date, plant
diversification (Dillon 1999), precision farming techni-
ques for fertilizer and land nutrition management
(Lowenberg-DeBoer 1999), traffic control on the field
(Chamen et al. 2003) and crop yield and revenue
insurances (Harwood 1999). The utilization of agricul-
tural biotechnology is challenging. Biotechnology may
reduce the use of pesticides and increase crop yields, but
has raised conflicting opinions over animal and plant
production biosecurity, food safety and possible long-
term threats to environmental bioprocesses (Pidgeon
et al. 2007; von Borell and Serensen 2004).

Government regulations and quality management
systems aim to ensure product quality and in this case
food safety. Spreadsheet and checklist tools include
standardized questions about operational food produc-
tion risk factors that indicate, for example, animal
disease risks (Boersema ez al. 2008). Quality system
management applications on farms, such as principle
component analysis (PCA) (Holt 2011), standards and
regulations, good farming principals or hazard analysis
critical control points (HACCP), can be used in farm
product risk management (Noordhuizen and Frankena
1999). The HACCP method has been criticized as being
too complex and expensive to use on farms (Taylor
2004). Potential solutions have been proposed in the
form of education and extension. Extension services
educate farmers in the standard quality terminology and
develop easy-to-use tools to be applied in farm manage-
ment (Noordhuizen and Welpelo 2011; Taylor 2004).

A major part of farm production work involves
dealing with farm machinery. Tools for handling
machinery operational risks include maintenance pro-
grammes, machinery safety standards and manuals
(ASAE 1998), machinery co-operation (Artz et al
2010) and fleet or time management practices (Serensen
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Product quality/
safety

organization

GPS, diversification, pest and fertilizer balance management

Education, farmer skill development, management systems,
documentation, monitoring methods, traceability,
insurances, regulations, biotechnology, biosecurity, farm
simulator systems, standards and regulations, food chain
quality assurance

Machinery Automatic systems, fault diagnostic systems, maintenance,
operations standards, regulations, usability and fleet management,
scheduling, routing
Work Management skills, co-operation, worker management,

regulations, working skills, work scheduling, record keeping,
benchmarking, contracting, outsourcing

Focus Risk management tools Author
Animal Animal production and welfare management, hygiene controls, | Davies 2011; Hovinen and Pyoréla 2011;
production HACCP, automatic production programmes, process Sorge et al. 2011; Rostagno 2009; Hurd
management, feeding management, workbooks, et al. 2008; Boersema et al. 2008; Ellis-
regulations, animal handling, vaccination, treatment records, Iversen et al. 2008; Nowak et al. 2007;
biotechnology, farm-to-fork database Sischo et al. 2004; Stott et al. 2003;
Aumaitre et al. 2002; van Schaik et al. 2001
Crop Crop rotation, soil management, automation, routing, Pidgeon et al. 2007; Chamen et al. 2003;
production regulations, insurances, biotechnology, precision farming, Bouma 2002; Kutzbach 2000; Dillon 1999;

Harwood 1999; Lowenberg-DeBoer 1999;
Logan et al. 1991

Noordhuizen and Welpelo 2011; Nuthall 2010;
Janssen et al. 2010; Pidgeon et al. 2007;
Lund et al. 2005; Taylor 2004; von Borell
and Sarensen 2004; Noordhuizen and
Frankena 1999

Petrov and Trendafilov 2011; Hovinen and
Pyoérala 2011; Crasssaerts 2010; Sorensen
and Bochtis 2010 ; Klee et al. 2003;
Kutzbach 2000; ASAE 1998a

Nuthall 2010; Artz et al. 2010; Hueth 2009;
Lund et al. 2005; Atkinson 2004; de Toro
and Hansson 2004; Taylor 2004

Balaghi 2010; Haen 2008; Hay 2007; Fuhrer
and Booker 2003; Kutzbach 2000

Climate Climate risk models, early-warning systems, insurances, risk
management scenarios, user-focused climate information, risk
on the farm coordination strategies, greenhouse gas mitigation methods

and Bochtis 2010). Farmer collaboration, for example in
machinery purchase and maintenance, production tasks
and workforce sharing, is one efficient way to save costs
and time (Artz et al. 2010). Machinery collaboration or
other farm collaboration requires good communication,
co-operative system rules and networking skills (Artz
et al. 2010; de Toro and Hansson 2004). Outsourcing of
farming activities increases the needs of the farm
manager for contract management and insurance
arrangements (Hueth 2009).

Human health and safety risk management tools
on farms

Human health and safety risk studies have presented tools
for preventing risks of injuries and diseases among farmers,
their family members, farm workers and visitors (Table 4).
The risk of serious injury is relatively high in farm work
(Rautiainen et al. 2009). The basic management tools for
farm health and safety management include administrative
provisions or enforcement by law, technical innovations or
devices and knowledge management tools such as human
education or management skills aiming to affect human
safety management and behaviour (Rautiainen et al. 2009;
Lundqvist and Gustafsson 1992).

Technical innovations such as new ergonomic designs
for personal protective equipment (PPE) and machinery
safeguards are called for on farms in general (Carpenter
et al. 2002). Automatic machinery systems may reduce
the work strain for the farm manager and enable certain
dangerous or routine work tasks to be performed on
behalf of the farmer (Klee et al. 2003). However, the
challenge is that automation is only good as long as it
works without faults. Fault diagnostic systems and new
types of safety sensors are aimed at increasing the
reliability of automation in farm machinery applications
(Crassaerts et al. 2010; Klee et al. 2003).

Safety assessment includes tools for risk identification,
safety checks and a broad list of safety risk indicators
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found from safety statistics and surveys. Farm safety risk
checklists can be used in farm adviser or farmer self-
management and risk identification tools (Rautiainen
et al. 2010). Common farm safety risk indicators include
farm characteristics (safety risks in farm work in general)
(Karttunen and Rautiainen 2011; Rautiainen et al.
2009), personal characteristics (stress, alcohol and
medication use, weak experience, hearing problems and
old age) (Voaklander et al. 2009; Rautiainen et al. 2009;
Spengler et al. 2004; Sprince et al. 2002), unsafe working
behaviour or safety culture (long working hours, lack of
personal protective equipment, unsafe machinery or
animal handling) (Darragh er al. 1998; Layde et al.
1995), unsafe facilities (unsafe tools and electrical
systems, defective buildings, unsafe building structures,
lack of fire safety) (Chapman et al. 2009; Shutske et al.
1997) and unexpected natural events (natural disasters,
floods, wild animals) (Haen 2008). In practice, a
common challenge in safety engineering and safety
management is that some users choose to minimize safety
costs and maximize efficiency by removing safety applica-
tions from machinery (Narasimhan et al. 2011).

As farming involves numerous health and safety risks,
farm managers need new safety solutions such as new
ergonomic management and user-friendly best practice
management tools applied to farm safety management
(Narasimhan et al. 2011; Legault and Murphy 2000). In
addition, programmes have been provided on farms for
farm worker safety education (Langley and Morrow
2010), older and disabled farmers (Cole and Donovan
2008) and youth safety management practices on farms
(Park 2003). Participation in farmer collaboration net-
works, health and safety membership programmes and
farm-specific risk management programmes may provide
new solutions for farmers (Kinnunen er al. 2009).
Collaboration with farm stakeholders (e.g. farmers,
industry, trade, research, education, authorities) and
across research disciplines is a challenge, but also
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Table 4: Studies concerning human health and safety risk management tools on farms

Focus

Risk management tools

Author

Administration
provisions

Health and safety
equipment

Safety education
and
management
skills

Safety
assessment
tools

Safety control
management

Safety network

Administration regulations and services, social security
insurances, information, programmes, standards

Mechanical protection (shields, seatbelts, covers etc.),
PPE, protection clothes, ergonomic development and
tools, air conditioning, lighting and visibility
development

Safe working practices, knowledge, livestock handling,
standards, self management (e.g. sleep, working pace,
alcohol and medication use), safety and health
campaigns and training, child safety, stress
management, manuals, information, safety culture,
electrical safety

Safety surveys, statistics, safety materials, checklists,
safety certification, health screenings, standards,
manuals, risk reports, identification of depression
symptoms, safety planning

Safety control systems, medication, insurances,
information, first aid guides, risk check tools,
automation, warning signals, best management
practices, grain storage engulfment prevention,
machinery maintenance and investments

Safety and health services, safety association
memberships, health screenings, safety collaboration,
worker safety checks, risk information management

Myers 2009, Kinnunen et al. 2009, ASAE 1998b,
Chapman et al. 1995

von Essen et al. 2010; Bunn et al. 2009; Cole
and Donovan 2008; Mayton et al. 2007; Hard
and Myers 2006; Bentley et al. 2005;
Carpenter et al. 2002; Pedersen et al. 1999

Narasimhan et al. 2011; Langley and Morrow
2010; Chapman et al. 2009; Voaklander et al.
2009; Barten et al. 2008; Spengler et al.
2004; Stallones and Beseler 2004; Park et al.
2003; Sprince et al. 2002; Darragh et al.
1998; Driskill and Bouck 1997; Lundqyvist and
Gustafsson 1992

Karttunen and Rautiainen 2011; Narasimhan
et al. 2011; Rautiainen et al. 2010; Barten
et al. 2008; Hard and Myers 2006; Suutarinen
2004; Stallones and Beseler 2002; Hard et al.
2002; Petrea 2001

Crasssaerts 2010; Langley and Morrow 2010;
Chapman et al. 2009; Rautiainen et al. 2009;
Barten et al. 2008; Angoules et al. 2007; Klee
et al. 2003; Kingman et al. 2004; Legault and
Murphy 2000; Layde et al. 1995

Kinnunen et al. 2009; Thurston and Blundell-
Gosselin 2004; Reed 2004; Chapman et al.
1995

recommend for farm safety reasons (von Essen et al.
2009).

Farm environmental risk management tools

In farm environmental risk tools, the focus is on the
prevention of farm environmental impacts and quality
losses in the environment (Table 5). Administrative
provisions and regulations are common management
tools in farm environmental management for authorities,
but also provide information and opportunities to
farmers concerning environmentally friendly farm man-
agement practices. For example, agrobiodiversity is a

‘free’ environmental commodity that is supported and
protected by EU subsidies (Baumgartner and Quaas
2010). However, policy makers should note that some
agro-environmental indicators may have a poor perfor-
mance ability in the environment, which could also be an
environmental risk in agriculture (Makowski et al. 2010).
Criteria and measures for sustainable agriculture are
then essential (Eckert et al. 2000).

Animal production impact studies have included tools
for manure management, preventing manure pathogens
from causing human diseases (Kai et al. 2008; Goss and
Richards 2008). A good example of an eco-tool for
controlling environmental risks on animal farms is a

Table 5: Studies concerning environmental risk management tools

Focus

Risk management tools

Author

Administration
provisions

Animal
production
impacts

Crop production
impacts

Toxic chemical
emissions

Environmental
management

Environmental
education and
skills

Environmental regulations, sustainable farming
standards, subsidies, agroecosystem and
biodiversity management, conflict resolution

Manure and fertilizer management, greenhouse gas
management, acidification, pathogen pathway
models, environmental impact simulation

Agro-environmental indicators (e.g. ROC, AUC),
machinery emission management, land and water
emission management, environmental impact
assessment (EIA), sustainable land use

Pesticide management, certificate systems, buffer
zones, sprayer cleaning and maintenance,
information, pollution and chemical exposure
management

Waste management programs, GIS, environmental
risk calculations, environmental SWOT,
agroecological information system (AIS),
stewardship programmes, risk scenarios

Educational programmes, resource analysis team,
whole-farm planning, risk pathway models,
accounting precautionary measures, information,
low-input agriculture business plans

Pannell 2011; Baumgartner and Quaas 2010;
Makowski et al. 2010; Janssen et al. 2010; Atari
et al. 2009; Eckert et al. 2000; Wagner 1999

Kai et al. 2008; Goss and Richards 2008; Duru et al.
2007; Topp and McGechan 2003

Makowski et al. 2010; Cupera and Smerda 2010;
Bachinger and Zander 2007; de Vos et al. 2006;
Lacroix et al. 2005; Fuhrer and Booker 2003;
Zentner et al. 2002; Coale et al. 2002; Bouma 2002

Popp 2011; Harnly et al. 2009; Reichenberger et al.
2007; Sanchez-Bayo et al. 2002

Rio et al. 2011; Janssen et al. 2010; Atari 2008; Goss
and Richards 2008; Meinke et al. 2001; Lang et al.
1995; Wossink et al. 1992

Clancy and Jacobson 2007; Summers et al. 2008;
Wagner 1999
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method involving the addition of sulphuric acid to slurry
manure to reduce harmful air emissions and smell
problems in the neighbourhood of pig farms. This
method is classified as a Best Available Technology
(BAT) in Denmark (Kai er al. 2008).

Crop production impact management includes simula-
tion tools to analyse nutrient management to control
water emissions (eutrophication) (de Vos et al. 2006),
optimal crop rotation, conservation tillage and soil
quality in plant production (Bachinger and Zander
2007; Zentner et al. 2002). Farmers could also use
climate risk tools to analyse machinery fuel consumption
and emissions to the atmosphere in the form of ozone
gases (Cupera and Smerda 2010; Fuhrer and Booker
2003). Toxic farm chemical exposures have frequently
been linked to pesticides used in crop management on
farms. Buffer zones, constructed wetlands and subsurface
drains reduce the negative effects of pesticides and
potential spraying releases of ecotoxic and genotoxic
chemicals on farms (Reichenberger et al. 2007). The
cleaning of sprayers and hygiene management after
spraying and during the spraying period control the risk
of pesticide dust exposure in farm houses. For example,
storing of work shoes in the home increases the risk of
toxic chemical expose. (Harnly et al. 2009).

A holistic approach was common in the environmental
risk management studies analysed in this review. With
the help of computer-aided calculations, researchers,
farmers and policy makers can improve data handling in
order to control environmental risks, but also improve
the integration of various risks. These computer tools
include environmental system modelling and simulation
models (Janssen et al. 2010) and geographic information
system (GIS) applications (Rio et al. 2011). Areal spread
maps are useful for farmers, showing the possible risk
areas of farm crop diseases (Wagner 1999).

Farm environmental risks have long-terms areal effects,
which make them a difficult problem for the future.
Different climate, soil and cultural regions may require
site-specific approaches to sustainable risk management
(Meinke et al. 2001). Risk identification does not solve

Jarkko Leppili et al.

any problems without practical tools for controlling
environmental risks. Environmental SWOT analyses
carried out on farms include risk identification, but also
identify possible business solutions for farms (Atari et al.
2009). Multidisciplinary risk workshops and farm-specific
plans have been reported as useful tools in some agro-
environmental programmes, but new skills and tools for
farm environmental management are required (Summers
et al. 2008; Clancy and Jacobson 2007).

Economic risk management tools for farms
The economic risk management tools for farms in this
review could be divided into administrative provisions,
contracts or insurances to protect against uncertain
future events, risk models to help in decision making,
economic management control and network manage-
ment (Table 6). A holistic and general farm view was
common in economic risk management tools identified in
this study. Often, the economic tools were applicable for
both crop and animal farms. A commonly acknowledged
financial risk is that farm production may not generate
sufficient revenues to cover the costs of production or
service farm debts (Franks 2010; Hardaker et al. 2004).
A farm owner needs to be aware of and understand
policy regulations and institutional boundaries in farming,
namely legislation, tax systems and subsidy systems (Jung
2001). Farmers in the EU face subsidy changes as an
institutional risk (Flaten ez a/l. 2005) or the risk of financial
sanctions for breaching the subsidy terms and conditions
(Jung 2001) and liquidity problems because of credit risk
(Franks 2010). Insurances or subsidies for the main
agricultural crisis risks such as animal disease epidemics
are important risk management strategies (van Asseldonk
et al. 2004). Choosing a relevant strategy for a farm is a
complicated task. Basic strategy examples and risk
management models are already available to assist the
farm manager in decision making (Hardaker 2006;
Hardaker et al. 2004). Farmers need easy-to-use tools,
especially for economic risk management and strategic
planning.

Table 6: Studies concerning economic and financial risk management tools for farmer use

Focus

Risk management tools

Author

Administration
provisions

Contracts,
insurances

Risk modelling

Management
controls

Networking and
management skills

Risk management strategies, accounting tools,
diversification, off-farm incomes, regulations,
subsidies, tax management

Hedging, contracting, insurances, diversification,
spreading sales, risk strategy portfolio, holding
reserves, expert simulation system (ESS), public—-
private partnerships, what-if analyses

Risk modelling software programs, risk strategy
portfolios, utility function techniques, linear
programming, multi-risk analysis tools, risk
prioritization, risk sharing, diversification

Risk management systems, indicator selection,
vulnerability check, HACCP, resilience planning,
complexity handling, choice bracketing, disease
controls, cost management, solvency ratio

Collaboration, education, skill management,
mentoring, change management, web tools,
strategy map, 7 business principals, choosing
indicators, specification techniques, worker
management, marketing pools, forward and
direct selling

Franks 2010; Schaper et al. 2010; épiéka et al.
2009; Lacroix et al. 2005; Asseldonk et al. 2004;
Flaten et al. 2005; Jung 2001; Wossink et al.
1992

Cole and Kirwna 2009; Velandia et al. 2009;
Pennings et al. 2008; Berg and Schmitz 2008;
Key and MacDonald 2006; Asseldonk et al.
2004; Meuwissen et al. 2001; Helms 1990

Barnett and Coble 2009; Ogurtsov et al. 2008;
Nartrea & Webster 2008; Huirne 2007; Hardaker
2006; Hardaker et al. 2004; Stott et al. 2003;
Wossink et al. 1992

Kleter and Marvin 2009; Haen 2008; Pennings et al.
2008; da Silva et al. 2008; Lien et al. 2006; Flaten
et al. 2005. Meuwissen et al. 2001; Noordhuizen
and Frankena 1999

Malcolm 2011; Nuthall 2010; Schaper et al. 2010;
Olsen et al. 2009; Pennings et al. 2008; Lund
et al. 2005; Parker 2000; Martin and McLeay
1998; Harwood 1999; Beal 1996
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In the case of price risk and volatile product prices in
the market, a farmer can enter into a contract with
co-producers to fix certain product prices (Velandia et al.
2009). The product yield risk can be managed, for
example, with suitable farm product insurances
(Velandia et al. 2009; Jung 2001). Variables affecting
the adoption of these risk management tools were
proportion of owned acres, off-farm income, education,
age, and level of business risks (Velandia et al. 2009).
Economic risk analysis and modelling could help farmers
with decision-making problems and the prioritization of
risks (Ogurtsov et al. 2008; Hardaker 2006; Hardaker et al.
2004). Computer-based practical software programs that
aid farms in risk management are available on the market
(Nuthall 2010; Hardaker 2006).

Farm production tasks should be managed in the right
manner, time and place; otherwise, part or all of the sales
income could be lost. Hazard analysis of critical control
points (HACCP), used in many quality management
systems, should also include economic and financial
critical control points and connect these points in a farm
quality check (Noordhuizen and Frankena 1999). In
addition, farmers should identify and combine current
and future business strengths and risks on their farms to
create farm-specific business risk plans (da Silva et al.
2006). With the help of choice bracketing, farm
managers can deal with the complexity of risks and
choose suitable risk management tools tailored to their
own farm (Pennings et al. 2008). New business network
tools using the Internet and communication or participa-
tion tools require new management skills from the farm
manager, and can also be useful in farm risk manage-
ment (Nuthall 2010; Lund ez al. 2005).

4. Discussion

In this study, we listed and analysed risk management
studies to find potential tools applicable in managing farm
risks. Risk management tools were divided into five
categories: asset, production, human safety, environmental
and economic management tools. Altogether, a total of
13,559 articles discussing risk management were identified.
Of these, 157 articles were selected for closer analysis in
order to identify farm risk management tools. This study
identified only a part of the available farm risk studies.
However, the focus was not on finding all possible farm
risk management tools and studies, but on identifying a
comprehensive sample of useful studies and tools.

Handling of various risks on farms

The findings from the present review highlight that risk
management on farms is a complex task and includes many
uncertain variables. While farm risk management tools
should aim to help in complex decision making, they
should avoid simple one-sided solutions, which may cause
more problems than expected (Hall 2007; Robinson 1999).
The balance is even more difficult to achieve in complex
decisions, when various stakeholders have conflicting
interests in farms. The simultaneous handling of many
objectives or risks increases the complexity and problems in
management. However, farmers prefer simple and relevant
management tools (Leppilad et al. 2012). While single-risk
management tools provide the means to handle one risk at
a time, tools for multi-risk management enable holistic risk
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handling, for example in the event of natural hazards
(Komendantova et al. 2014; Marzocchi et al. 2009).
According to Komendantova et al. (2014), the multi-risk
management approach is quite a new type of approach that
requires further development and new innovations.

It appears that the holistic risk management approach
has been increasingly applied in farm risk management
studies during the last two decades. The determination of
possible risks is needed in agriculture to help farmers to
identify and control the risks on their farms. However,
despite the multi-risk management demands in agriculture,
comprehensive literature studies listing and analysing farm
risk management tools according to the operational
research focus of managing multi-risk consequences on
farms have been rare. If demands for holistic risk
management in agriculture are increasing, we should also
have relevant methods and solutions for handling complex-
ity and using holistic risk management tools efficiently on
farms. It is known that farmers and other small-scale
entrepreneurs have limited time for management duties. A
Farm Risk Map has been developed to help farm managers
in farm risk identification using a one-page figure and
functional risk groups. (Leppéla et al. 2012).

Farm risk management tool case

A summary of the literature review results is presented in
Figure 1. The holistic risk management tools that were
present in all risk tool categories are included the box at
the centre, and individual single-risk tools from each risk
category are placed around it. Farm managers can use
individual risk management tools and various holistic risk
management tools simultaneously on their farms. The risk
management focus of the tools is on describing the risk
management context in various farm risk management
studies. The tools in each section are divided into risk
management process stages to define how farmers could
identify, control or monitor risks on the farm level. This
list of risk management tools can be seen as a preliminary
example of a farm risk management tool case, whereby a
farmer can choose the appropriate potential tools to use in
a particular situation.

The results of the review in Figure 1 demonstrate that
risks are managed and analysed in the farm risk
literature with different types of tools in different
categories. Integration in risk management reflects
correlations between risks (CAS 2003). Thus, in general,
the holistic risk tools in Figure 1 indicate the potential
integration tools that can be used in multi-risk situations
to identify, control or monitor risks on farms.

The single-risk fields also have individual risk manage-
ment features. The handling of these risk features may
require detailed risk identification or risk prevention.
Economic business management risk tools involve
analysing and preventing the loss of money, but could
have also effects on other risk fields. Risk management in
farm work activities requires different types of risk tools.
Asset risk management tools aim to protect the
investment value of fixed assets on a farm such as
estates, land and machinery in a technical engineering
manner. Production risk management tools on farms aim
to avoid operational and product quality risks in
agricultural production activities (crop and animal
production). Safety risk management tools identify
health risks from places, resources or production
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Economic risk tools

- Focus on risk prevention:
(profitability, provisions, contracts,
insurances, risk models, business
management, networking)

- Risk assessment:

(vulnerability check, subsidy terms,
risk strategies, risk software programs,
risk portfolios etc.)

- Risk controls:

(Contracts, insurances, diversification etc.)
- Risk monitoring:

(benchmarking, networking, annual
reviews, profitability etc.)

Health and safety risk tools

- Focus on risk prevention:
(human health, provisions, safety
equipments, safety education and
skills, safety management, networks)
- Risk assessment:

(safety checklists, farm safety check,
safety regulations, standards, risk
maps, manuals, injury statistics,
surveys etc.)

- Risk controls

(automation, PPE’s, shields, safety
culture, insurances)

- Risk monitoring:

(health screenings, risk reports, injury
costs/year etc.)

Holistic risk tools

- Focus on risk prevention:
(whole-farm risks, various risks on a
farm, integrated risk management)

- Risk assessment: (checklists, risk
mapping, farm risk spreadsheets,
regulations, documentation, record
keeping, education and skills, process

Production risk tools

- Focus on risk prevention:

(farm production, animals, crop
production, product quality,
machinery, organizing, climate)

- Risk assessment: (land use
documentation, production process
spreadsheets, machinery fault
diagnosis, CCP, pest disease risk
maps, animal treatment records etc.)
- Risk controls:

(hygiene and feed control, automatic
systems, contracting, outsourcing,
operation skills etc.)

- Risk monitoring:

(food quality measures, production
yields/year, HACCP etc.)

Asset risk tools

- Focus on risk prevention:

(farm assets, fire, building facilities, land,
machinery, animal herd, natural crises)

- Risk assessment: (fire safety check,
building and machinery standards,
infrastructure regulations, fire models,
capacity and volume analysis etc.)

- Risk controls:

(building and machinery maintenance, herd
biosecurity, fire alarms, insurances etc.)

- Risk monitoring:

(electricity system screenings, material
inventory, maintenance costs, quality
monitoring etc.

Environmental risk tools
- Focus on risk prevention:
(environmental quality,
provisions, animal impacts,
crop production impacts, toxic
chemicals, environmental
management, education and
skills)

- Risk assessment:
(environmental regulations,
conflict management,
pathogen pathway models,
agro-environmental indicators,
environmental SWOT, GIS, risk
scenarios etc.)

- Risk controls:

(water emission control,
certificate systems,
acidification, greenhouse gas
management, manure
management, sustainable land
use etc.)

- Risk monitoring:
(environmental accounting,
biodiversity, waste
output/year,

energy use etc.)

Figure 1: Farm risk management tool case for farm managers

activities and control them with specific safety manage-
ment tools. Environmental risk management tools are
focused on preventing farm environmental impacts and
quality losses in the environment. The integration of risk
management tools requires skills, methods and knowl-
edge from different disciplines. Essentially, an optimal
level of system functioning will not be achieved if system
goals and activities are not coherent and consistent, for
example in grain harvesting and grain dryer activities. In
order to integrate farm risk management tools, the links
between the risks should be made visible among farm
operations and farm production processes. Sophisticated
holistic risk management tools are called for in assisting
farm managers in the multi-risk situations that they will
face in the future.

The recent farm management literature provides
well-developed analysis tools, for example, in insur-
ances, product diversification, contract variables, the
tax system, assets and investments, profit variability
and cost-benefit analysis for farm risk management
(Kay et al. 2012; Olson 2011; Nuthall 2010). These
tools provide a good basis for the risk management
process on farms, but should be more efficiently
implemented by farmers, and also efficiently distrib-
uted for farmer use, including tools for risk manage-
ment process stages.

Future challenges
Many farm risk checklists have included important risk
indicators based on farm characteristics, the personal
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characteristics of farmers, an unsafe working culture,
unsafe facilities and unexpected events of natural
hazards. However, each risk management category and
the ‘major hazards’ should also include tools for
handling the whole risk management procedure, includ-
ing the identification, assessment, control and monitor-
ing of risks (ISO 31000). The identification of risks is
only useful if this knowledge is used in prioritizing risks
and risk control activities such as problem fixing on
farms.

Usability will be an important issue in the future
development of holistic risk management. Risk manage-
ment tools should be usable and suitable for managing
and monitoring particular risks. For example, a con-
tinuing challenge for farm managers is to consider and
coherently integrate safety, production environment and
economic management goals in line with the changing
production methods and increasing material volumes. In
addition, if a beneficial multi-risk analysis tool is
complicated for farmers to use in practice, it will not
be adopted on farms.

Biotechnology and other novel agricultural production
practices could be practicable but challenging for farms
to implement without sufficient information and prac-
tical control methods. New risk management tools may
have conflicting targets and evaluations in farm produc-
tion. For example, in the use of biotechnology, a
problem seems to be in the integration of economic
and production benefits and long-term ecological and
safety hazards. A shared vision of appropriate risk
management tools would support effective risk
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prevention. The development of criteria and measures for
sustainable agriculture is essential. Added to this, new
knowledge management skills and education are also
needed on farms, especially in managing the various risks,
in operating in an organisational network with various
stakeholders, in ageing and succession stages on farms, in
applying new information-handling techniques, computer-
aided applications and in implementing new automatic
systems in farm activities. Risk management knowledge
may benefit farm capabilities and working abilities by
providing the farm manager and farm workers with
important information on production processes. Informa-
tion and its efficient use in practice is a key to corporate
risk management and corporate economic development
(Mingers and White 2010; COSO 2004).

Extant risk management research has commendably
succeeded in devising risk management tools for mini-
mizing and eliminating risks on farms. However,
sustainable farming policies, especially in European
and Nordic countries, are calling for a more holistic risk
approach in farming. The integration of different fields
of risk management resecarch and cooperation between
different researchers is required in order to reap the
benefits of the emerging new holistic approach.

About the authors

Jarkko Leppild, M.Sc. (Agr.) is a research scientist in
Natural Resources Institute Finland (Luke, former MTT
Agrifood Research Finland) and PhD student in Aalto
University Department of Industrial Engineering and
Management, Finland. His research focus is on farm
safety and security risk management, operational sys-
tems on farms and management of farm workers.

Dr Risto Rautiainenis Associate Professor of University
of Nebraska Medical Center in Omaha, Nebraska, USA.
His is also a principal research scientist in Natural
Resources Institute Finland (Luke). His research inter-
ests include agricultural and occupational health and
safety; intervention effectiveness research; injury epide-
miology; agricultural safety engineering; health and
safety training, education, and outreach; economics of
occupational health and safety; and risk management.

Dr Ilkka Kauranen is Professor of Development and
Management in Industry at Aalto University, Depart-
ment of Industrial Engineering and Management, Fin-
land. Professor Kauranen’s research and teaching
activities focus on the areas of entrepreneurship, new
technology-based companies, and research & develop-
ment (R&D) management.

Acknowledgements

The study was conducted as a part of the ‘Maaturva’
project by MTT and VTT from 2005-2008. The
‘Maaturva’ project was funded by the Finnish Ministry
of Agriculture and Forestry, Tapiola Mutual Insurance
Company and the Farmer’s Social Insurance Institution
(Mela). We would like to thank MTT Agrifood Research
and Aalto University information services for their kind
help, and Krista Kettunen from MTT for helping to
design the farm risk tool case. MTT Agrifood Research
Finland is part of the Natural Resources Institute
Finland (Luke) since 2015.

International Journal of Agricultural Management, Volume 4 Issue 3

Risk management tools applicable in managing farm risks

REFERENCES

Artz, G., Colson, G. and Ginder, R. (2010). A return of the
threshing ring? A case study of machinery and labour-
sharing in Midwestern farms. Journal of Agricultural and
Applied Economics, 42(4), 805-819.

ASAE. (1998). Agricultural machinery management data. ASAE
standards 1998: standards engineering practices data. (45),
360-367.

Asseldonk, M.A.P.M. van, Meuwissen, M.PM. and Huirne,
R.B.M. (2004). Risk-financing strategies to manage epidemic
animal disease costs in the UK. Farm Management, 11(12),
686-697.

Atari, D., Yiridoe, E., Smale, S. and Duinker, P. (2008). What
motivates farmers to participate in the Nova Scotia envir-
onmental farm plan program? Evidence and environmental
policy implications. Journal of Environmental Management,
90, 1269-1279. DOI: 10.1016/j.jenvman.2008.07.006.

Bachinger, J. and Zander, P. (2007). ROTOR, a tool for gen-
erating and evaluating crop rotations for organic farming
systems. European Journal of Agronomy, 26(2), 130-143.
DOI: 10.1016/j.€ja.2006.09.002.

Balaghi, R., Badjeck, M-C., Bakari, D., De Pauw, E., De Wit, A.,
Defourny, P., Donato, S., Gommes, R., Jlibene, M., Ravelo,
A.C., Sivakumar, M.V.K., Telahigue, N. and Tychon, B. (2010).
Managing climatic risks for enhanced food security: Key
information capabilities. Procedia Environmental Sciences,
1(1), 313-323. DOI: 10.1016/j.proenv.2010.09.020.

Banhazi, T.M. 2009. User-friendly air quality monitoring system.
Applied Engineering in Agriculture, 25(2), 281-290. DOI:
10.13031/2013.26331.

Bas Rodenburg, T. and Koene, P. (2007). The impact of group
size on damaging behaviours, aggression, fear and stress in
farm animals. Applied Animal Behaviour Science, 103, 205-
214. DOI: 10.1016/j.applanim.2006.05.024.

Baumgartner, S. and Quaas, M.F. (2010). Managing increasing
environmental risks through agrobiodiversity and agrienvir-
onmental policies. Agricultural Economics, 41(5), 483-496.
DOI: 10.1111/j.1574-0862.2010.00460.x.

Boersema, J.S.C., Noordhuizen, J. P. T. M., Vieira, A., Lievaart,
J.J. and Baumgartner, W. (2008). Imbedding HACCP prin-
ciples in dairy herd health and production management:
Case report on calf rearing. Irish Veterinary Journal, 61(9),
594-602. DOI: 10.1186/2046-0481-61-9-594.

Borell, E. von and Serensen, J. (2004). Organic livestock pro-
duction in Europe: Aims, rules and trends with special
emphasis on animal health and welfare. Livestock Production
Science, 90(1), 3-9. DOI: 10.1016/j.livprodsci.2004.07.003.

BS5502. (2004). Building and Structures for Agriculture; Code of
Practice for Fire Precautions. British Standard 23:1990.

BS5502. (1990). Building and Structures for Agriculture; Code of
Practice for design & construction of Cattle Buildings. British
Standard 40:1990.

Carnaghan, C. (2006). Business process modelling approach in
the context of process level audit risk assessment: An ana-
lysis and comparison Periodical International Journal of
Accounting. Information Systems, 7, 170-204. DOI: 10.1016/
j-accinf.2005.10.005.

Carpenter, W.S., Lee, B.C., Gunderson, P.D. and Stueland, D.T.
(2002). Assessment of personal protective equipment use
among Midwestern farmers. American Journal of Industrial
Medicine, 42(3), 236-247. DOI: 10.1002/ajim.10103.

Chamen, T., Alakukku, L., Pires, S., Sommer, C., Spoor, G.,
Tijink, F. and Weisskopf, P. (2003). Prevention strategies for
field traffic-induced subsoil compaction: A review Part 2.
Equipment and field practices. Soil and Tillage Research, 73
(1-2), 161-174. DOI: 10.1016/S0167-1987(03)00108-9.

Chapman, L.J., Karsh, B-T., Taveira, A., Josefsson, K.G.,
Brunette, C. and Pereira, K. (2009). Intervention to Increase
Adoption of Safer Dairy Farming Production Practices.
Public Health Reports, Supplement 1, Volume 124, 125-134.

Clancy, S. and Jacobson, B. (2007). A new conservation edu-
cation delivery system. Renewable Agriculture and Food
Systems, 22 (1), 11-19. DOI: 10.1017/S1742170507001512.

ISSN 2047-3710

© 2015 International Farm Management Association and Institute of Agricultural Management 119



Risk management tools applicable in managing farm risks

Cole, H. and Donovan, T. (2008). Older Farmers’ Prevalence,
Capital, Health, Age-Related Limitations, and Adaptations.
Journal of Agromedicine, 13(2), 81-94, DOI: 10.1080/
10599240802125680.

COSO. (2004). Enterprise risk management — Integrated fra-
mework. Executive summary. Committee of sponsoring
Organizations of the Treadway Commission.

Craessaerts, G., Baerdemaeker, J. de and Saeys, W. (2010).
Fault diagnostic systems for agricultural machinery. Biosys-
tems Engineering, 106(1), 26-36. DOI: 10.1016/j.biosystem
seng.2009.12.004.

Cupera, J. and Smerda, T. (2010). Determination of emission
production in tractor’s transportation. Acta Technologica
Agriculturae, 13(4), 96-103.

Darragh, A., Rowntree, Stallones, L., Sample, PL. and Sweitzer, K.
(1998). Perceptions of farm hazards and personal safety
behavior among adolescent farmworkers. Journal of Agri-
cultural Safety and Health, (Special Issue), 159-169. DOI:
10.13031/2013.15366.

Dillon, C. (1999). Production Practice Alternatives for Income
and Suitable Field Day Risk Management. Journal of Agri-
cultural Applied Economics, 31(2), 247-261.

Eckert, H., Breitschuh, G. and Sauerbeck, D.R. (2000). Criteria
and standards for sustainable agriculture.Journal of Plant
Nutrition and Soil Science, 163(4), 337-351. DOI: 10.1002/
1522-2624(200008)163:4%3C337::AID-JPLN337%3E3.0.
CO;2-3.

von Essen, S., Moore, G., Gibbs, S. and Larson, K.L. (2010).
Respiratory issues in beef and pork production: Recom-
mendations from an expert panel. Journal of Agromedicine,
15(3), 216-225. DOI: 10.1080/1059924X.2010.486283.

European commission. (2012). Agriculture in the European
Union Statistical and Economic Information 2071. European
Union Directorate-General for Agriculture and Rural Devel-
opment. Published in internet: http://ec.europa.eu/agri-
culture/statistics/agricultural/2011/pdf/full-report_en.pdf.
Accessed 5 May 2014.

Faust, M., Kinsel, M. and Kirkpatrick, M. 2001. Characterizing
Biosecurity, Health, and Culling During Dairy Herd Expan-
sions. J. Dairy Sci. 84:955-965. DOI: 10.3168/jds.S0022-
0302(01)74554-7.

Flaten, O., Lien, G., Koesling, M., Valle, P.S. and Ebbesvik, M.
(2005). Comparing risk perceptions and risk management in
organic and conventional dairy farming: Empirical results
from Norway. Livestock Production Science, 95(1-2), 11-25.
DOI: 10.1016/j.livprodsci.2004.10.014.

Franks, J.R. (2010). Coping with the credit crunch? A financial
appraisal of UK farming. Journal of Farm Management, 14(1),
41-66.

Fuhrer, J. and Booker, F. (2003). Ecological issues related to
ozone: Agricultural issues. Environment International, 29(2-3),
141-154. DOI: 10.1016/S0160-4120(02)00157-5.

Goss, M. and Richards, C. (2008). Development of a risk-based
index for source water protection planning, which supports
the reduction of pathogens from agricultural activity entering
water resources. Journal of Environmental Management, 87
(4), 623-632. DOI: 10.1016/j.jenvman.2006.12.048.

Haen, H. de (2008). Food security strategies: building resilience
against natural disasters. (Special Issue: Focus on policy
reform: The CAP Health Check and the US Farm BiIll).
Eurochoices, 7(3), 26-33. DOI: 10.1111/j.1746-692X.2008.
00108.x.

Hall, A. (2007). Restructuring, environmentalism and the pro-
blem of farm safety. Sociologia Ruralis, 47(4), 343-368. DOI:
10.1111/j.1467-9523.2007.00443.x.

Hardaker, J.B. (2006). Farm risk management: past, present and
prospects. Journal of Farm Management, 12(10), 593-612.
Hardaker, J.B., Huirne, R.B.M., Anderson, J.R. and Lien, G.
(2004). Coping with Risk in Agriculture. Second edition. CABI
Publishing. Wallingford, UK. DOI: 10.1079/9780851998312.

0000.

Harnly, M.E., Bradman, A., Nishioka, M., Mckone, T.E., Smith, D.,
Mclaughlin, R., Kavanagh-Baird, G., Castorina, R. and Eske-
nazi, B. (2009). Pesticides in dust from homes in an

ISSN 2047-3710

Jarkko Leppili et al.

agricultural area. Environmental Science and Technology, 43
(23), 8767-8774. DOI: 10.1021/es9020958.

Harwood, J., Heifner, R., Perry, J., Somwaru, A. and Coble, K.
(1999). Farmers sharpen tools to confront business risks.
Agricultural Outlook, (259), 12-16.

Holt, H.R., Alarcon, P, Velasova, M., Pfeiffer, D.U. and Wieland, B.
(2011). BPEX Pig Health Scheme: A useful monitoring system
for respiratory disease control in pig farms? BMC Veterinary
Research, 7(82). DOI: 10.1186/1746-6148-7-82.

Hovinen, M. and Py6réla, S. (2011). Invited review: Udder health
of dairy cows in automatic milking. Journal of Dairy Science,
94(2), 547-562. DOI: 10.3168/jds.2010-3556.

Hueth, B. (2009). New research directions in agricultural con-
tracts: Discussion. American Journal of Agricultural Eco-
nomics, 91(5), 1397-1398. DOI: 10.1111/j.1467-8276.2009.
01354.x.

Huirne, R.B.M., Meuwissen, M.PM. and Asseldonk van, M.A.P.M.
(2007). Importance of Whole-farm Risk Management in
Agriculture. In Weintraub, A., Romero, C., Bjorndal, T. and
Epstein, R. Handbook of Operations Research in Natural
Resources. Springer, 3-15. DOI: 10.1007/978-0-387-71815-6_1.

ISO 31000 (2009). Risk management — Principles and Guide-
lines. 1st edition. 2009-11-15.

Janssen, S., Louhichi, K., Kanellopoulos, A., Zander, P., Flich-
man, G., Hengsdijk, H., Meuter, E., Andersen, E., Bel-
houchette, H., Blanco, M., Borkowski, N., Heckelei, T.,
Hecker, M., Li, H., Oude Lansink, A., Stokstad, G., Thorne, P,
Van Keulen, H. and Van Ittersum, M.K. (2010). A generic bio-
economic farm model for environmental and economic
assessment of agricultural systems. Environmental Manage-
ment, 46(6), 862-877.

Jung, V. (2001). Risk management tools for EU agriculture.
Agrarwirtschaft und Agrarsoziologie, (1), 89-107.

Kai, P, Pedersen, P, Jensen, J.E., Hansen, M.N. and Sommer,
S.G. (2008). A whole-farm assessment of the efficacy of
slurry acidification in reducing ammonia emissions. Eur-
opean Journal of Agronomy, 28(2), 148-154. DOI: 10.1016/j.
€ja.2007.06.004.

Karttunen, J. and Rautiainen, R. (2011). Risk Factors and Pre-
valence of Declined Work Ability among Dairy Farmers.
Journal of Agricultural Safety and Health, 17(3), 243-257.
DOI: 10.13031/2013.38185) @2011.

Kay, R.D., Edwards, W.M. and Duffy, PA. (2012). Farm man-
agement. Sixth edition. McGraw-Hill International Edition.
London, UK.

Kinnunen, B., Manninen, P. and Taattola, K. (2009). Factors
associated with farmers joining occupational health services.
Occupational Medicine, 59(4), 273-276. DOI: 10.1093/occ
med/kqp036.

Kinsman, P. and Maddison, T.E. (2001). Hazard assessment for
fires in agrochemical warehouses: the role of combustion
products. Process Safety and Environmental Protection, 79
(3), 145-156. DOI: 10.1205/09575820150511920.

Klee, U., Hofmann, L. and Pickel, P. (2003). Safety aspects
for automatic guidance of agricultural machines and low-
cost solutions. Research in Agricultural Engineering, 49(3),
103-109.

Komendantova, N., Mrzyglocki, R., Mignan, A., Khazai, B.,
Wenzel, F., Patt, A. and Fleming, K. (2014). Multi-hazard and
multi-risk decision support tools as a part of participatory
risk governance: Feedback from civil protection stake-
holders. International Journal of Disaster Risk Reduction, 8,
50-67. DOI: 10.1016/j.ijdrr.2013.12.006.

Kutzbach, H.D. (2000). Trends in power and machinery. Journal
of Agricultural Engineering Research, 76(3), 237-247. DOI:
10.1006/jaer.2000.0574.

Langley, R.L. and Morrow, W.E.M. (2010). Livestock handling-
minimizing worker injuries. Journal of Agromedicine, 15(3),
226-235. DOI: 10.1080/1059924X.2010.486327.

Lanne, M. (2007). Yhteistyd yritysturvallisuuden hallinnassa [Co-
operation in corporate security management]. Espoo. VTT
Publications 632 (in Finnish). 118 p.

Layde, PM., Nordstrom, D.L., Stueland, D., Brand, L. and
Olson, K.A. (1995). Machine-related occupational injuries in

International Journal of Agricultural Management, Volume 4 Issue 3

120 © 2015 International Farm Management Association and Institute of Agricultural Management


http://ec.europa.eu/agriculture/statistics/agricultural/2011/pdf/full-report_en.pdf
http://ec.europa.eu/agriculture/statistics/agricultural/2011/pdf/full-report_en.pdf

Jarkko Leppili et al.

farm residents. Annals of Epidemiology, 5(6), 419-426. DOI:
10.1016/1047-2797(95)00056-9.

Legault, M.L. and Murphy, D.J. (2000). Evaluation of the agri-
cultural safety and health best management practices
manual. Journal of Agricultural Safety and Health, 6(2), 141-
153. DOI: 10.13031/2013.3026.

Leppald, J., Kauranen, I. and Rautiainen, R. (2013). Effective-
ness of occupational health service programmes in farmers’
safety and security risk management. International Journal of
Agricultural Management, 2(3), 130-140. DOI: 10.5836/ijam/
2013-03-02.

Leppéld, J., Murtonen, M. and Kauranen, |. (2012). Farm risk
map: a contextual tool for risk identification and sustainable
management on farms. Risk Management, 14(1), 42-59. DOI:
10.1057/rm.2011.14.

Leppéld, J., Manninen, E. and Pohjola, T. (2011). Farm Risk
Management Applied to Sustainability of the Food Supply
Chain. A Case Study of Sustainability Risks in Dairy Farming.
In: Burritt, R., Schaltegger, S., Bennett, M., Pohjola, T. and
Csutora, M. Environmental Management Accounting and
Supply Chain Management. Springer, 111-128. DOI:
10.1007/978-94-007-1390-1_5.

Leppéld, J., Murtonen, M., Suokannas, A., Lehto, M., Sinisalo,
A. and Suutarinen, J. (2008). Maatilan Turvallisuuden Johta-
minen — Riskien Tunnistamisen ja Arviointivdlineiden Kehit-
taminen (Farm Safety and Security Management -
Development of Farm Risk Identification and Evaluation).
MTT Research serie 126 (In Finnish). MTT Agrifood Research
Finland. Vihti, Finland. Published in internet: http://www.mtt.
fi/met/pdf/met126.pdf.

Logan, T.J., Lal, R. and Dick, W.A. (1991). Tillage systems and
soil properties in North America. Soil and Tillage Research,
20(2-4), 241-270. DOI: 10.1016/0167-1987(91)90042-V.

Lowe, P, Phillipson, J. and Lee, R. (2008). Socio-technical
innovation for sustainable food chains: roles for social sci-
ence. Trends in Food Science & Technology, 5(19.5), 226-
233. DOI: 10.1016/j.tifs.2008.01.001.

Lowenberg-DeBoer, J. (1999). Risk Management Potential of
Precision Technologies. Journal of Agricultural and Applied
Economics, 31(2), 275-285.

Lucas, P, Baird, J., Arai, L., Law, C. and Roberts, H. (2007).
Worked examples of alternative methods for the synthesis of
qualitative and quantitative research in systematic reviews.
BMC Medical Research Methodology, 7(4), pp. 1-7. DOI:
10.1186/1471-2288-7-4.

Lund, M., Oksen, A,, Larsen, T.U., Andersen, H., Andersen, H.H.
and Sneftrup, A. (2007). Agricultural risk management -
experiences from an action research approach. Journal of
Farm Management, 13(2), 107-121.

Lundqyist, P. and Gustafsson, B. (1992). Accidents and acci-
dent prevention in agriculture. A review of selected studies.
International Journal of Industrial Ergonomics, 10(4), 311-
319. DOI: 10.1016/0169-8141(92)90098-K.

Makowski, D., Tichit, M., Guichard, L., Van Keulen, H. and
Beaudoin, N. (2009). Measuring the accuracy of agro-envir-
onmental indicators. Journal of Environmental Management,
90(SUPPL. 2), S139-S146. DOI: 10.1016/j.jenvman.2008.
11.023.

Martin, S. and McLeay, F. (1998). The diversity of farmers’ risk
management strategies in a deregulated New Zealand
environment. Journal of Agricultural Economics, 49(2), 218-
233. DOI: 10.1111/j.1477-9552.1998.tb01265.x.

Marvin, H., Kleter, G., Frewer, L., Wentholt, M. and Rowe, G.
(2009). A working procedure for identifying emerging food
safety issues at an early stage: Implications for European
and international risk management practices. Food Control,
20, 345-356. DOI: 10.1016/j.foodcont.2008.07.024.

Marzocchi, W., Mastellone, M.L., Di Ruocco, A., Novelli, P,
Romeo, E. and Gasparini, P. (2009). Principles of multi-risk
assessment - Interaction amongst natural and man-induced
risks. Project Report EUR 23615 European Commission,
Napoli, Italy.

Meinke, H., Baethgen, W.E., Carberry, PS., Donatelli, M.,
Hammer, G.L., Selvaraju, R. and Stockle, C.O. (2001).

International Journal of Agricultural Management, Volume 4 Issue 3

Risk management tools applicable in managing farm risks

Increasing profits and reducing risks in crop production
using participatory systems simulation approaches. Agri-
cultural Systems, 70(2-3), 493-513. DOI: 10.1016/S0308-
521X(01)00057-9.

Meyer, B. (2010). Investment needs of machine halls and grain
storehouses. Landtechnik, 65(4), 268-271.

Narasimhan, G., Crowe, T.G., Peng YingWei, Hagel, L., Dos-
man, J. and Pickett, W. (2011). A task-based analysis of
machinery entanglement injuries among Western Canadian
farmers. Journal of Agromedicine, 16(4), 261-270. DOI:
10.1080/1059924X.2011.584043.

Nartea, G. and Webster, P. (2008). Should farmers invest in
financial assets as a risk management strategy? Some evi-
dence from New Zealand. Australian Journal of Agricultural
and Resource Economics, 52(2), 183-202. DOI: 10.1111/j.
1467-8489.2008.00413.x.

NJF. (2010). Risk and Crisis management in Nordic Agriculture.
Nordic Association of Agricultural Scientists (NJF) seminar
435. 16-17 September 2010. Uppsala, Sweden.

Noordhuizen, J.PT.M. and Metz, J.H.M. (2005). Quality control
on dairy farms with emphasis on public health, food safety,
animal health and welfare. Livestock Production Science, 94
(1-2), 51-59. DOI: 10.1016/j.livprodsci.2004.11.031.

Noordhuizen, J.PT.M. and Welpelo, H.J. (1996). Sustainable
improvement of animal health care by systematic quality risk
management according to the HACCP concept. Veterinary
Quarterly, 18(4), 121-126. DOI: 10.1080/01652176.1996.
9694632.

Noordhuizen, J.PT.M. and Frankena, K. (1999). Epidemiology
and quality assurance: Applications at farm level. Preventive
Veterinary Medicine, 39(2), 93-110. DOI: 10.1016/S0167-
5877(98)00151-2.

Nuthall, PL. (2010). Farm business management: The Core
Skills. CABI publishing, UK. DOI: 10.1079/9781845936679.
0000.

Ogurtsov, V.A., Asseldonk, M.PA.M. van and Huirne, R.B.M.
(2008). Assessing and modelling catastrophic risk percep-
tions and attitudes in agriculture: a review. NJAS - Wagen-
ingen Journal of Life Sciences, 56(1/2), 39-58. DOI: 10.1016/
S1573-5214(08)80016-4.

Olson, K. (2011). Economics of Farm Management in a Global
Setting. Wiley. 560 p.

Park, H., Reynolds, S.J., Kelly, K.M., Stromquist, A.M., Bur-
meister, L.F., Zwerling, C. and Merchant, J.A. (2003). Char-
acterization of agricultural tasks performed by youth in the
Keokuk County Rural Health Study. Applied Occupational
and Environmental Hygiene, 18(6), 418-429. DOI: 10.1080/
10473220301425.

Partanen, K. and Niemeldinen, O. (2008). Risk Assessment of
Global Agrifood Production Chains - NJF’s 90 Year Jubilee
Symposium. NJF Seminar 410. Helsinki, Finland, 5-6
November 2008. NJF Report 4, 7, 22-25.

Pennings, J.M.E., Isengildina-Massa, O., Irwin, S.H., Garcia, P.
and Good, D.L. (2008). Producers’ complex risk manage-
ment choices. Agribusiness (New York), 24(1), 31-54. DOI:
10.1002/agr.20145.

Petrov, N. and Trendafilov, K. (2011). Determining agricultural
machinery lifetime by using economic indicators. Trakia
Journal of Sciences, 9(4), 26-29.

Pidgeon, J.D., May, M.J., Perry, J.N. and Poppy, G.M. (2007).
Mitigation of indirect environmental effects of GM crops.
Proceedings of the Royal Society of London. Series B, Bio-
logical Sciences, 274(1617), 1475-1479. DOI: 10.1098/rspb.
2007.0401.

Posthumus, H., Morris, J., Hess, T.M., Neville, D., Phillips, E.
and Baylis, A. (2007). Impacts of the summer 2007 floods on
agriculture in England. Journal of Flood Risk Management,
2(3), 182-189. DOI: 10.1111/j.1753-318X.2009.01031.x.

Rautiainen, R.H., Grafft, L.J., Kline, A.K., Madsen, M.D., Lange,
J.L. and Donham, K.J. (2010). Certified safe farm: Identifying
and removing hazards on the farm. Journal of Agricultural
Safety and Health, 16(2), 75-86. DOI: 10.13031/2013.5689.

Rautiainen, R., Ledolter, J., Ohsfeldt, R., Donham, K. and
Zwerling, C. (2009). Risk Factors for Serious Injury in Finnish

ISSN 2047-3710

© 2015 International Farm Management Association and Institute of Agricultural Management 121


http://www.mtt.fi/met/pdf/met126.pdf
http://www.mtt.fi/met/pdf/met126.pdf

Risk management tools applicable in managing farm risks

Agriculture. Am J Ind Med, 52, 419 —428. DOI: 10.1002/
ajim.20688.

Reichenberger, S., Bach, M., Skitschak, A. and Frede, H.G.
(2007). Mitigation strategies to reduce pesticide inputs into
ground- and surface water and their effectiveness - a state
of the art review. Science of the Total Environment, 384,
1-35. DOI: 10.1016/j.scitotenv.2007.04.046.

Rio, M., Franco-Uria, A., Abad, E. and Roca, E. (2011). A risk-
based decision tool for the management of organic waste in
agriculture and farming activities (FARMERS). Journal of
Hazardous Materials, 185(2/3), 792-800. DOI: 10.1016/
j.jhazmat.2010.09.090.

Robinson, J.R.C. (1999). Risk management through alternative
production practices and management strategies: discus-
sion. Journal of Agricultural and Applied Economics, 31(2),
287-289.

Scott, P. (1991). Fire defence for modern farm buildings. Farm
Buildings & Engineering, 8(2):11-12.

Shutske, J.M., Gilbert, W. and Chaplin, J. (1997). Evaluation
protocols for human presence safety sensors on agricultural
equipment. Paper — The American Society of Agricultural
Engineers, (97-5007). DOI: 10.13031/2013.6220.

Silva da, C. and Noordhuizen, J. (2008). Veterinary herd health &
production management and quality risk management pro-
grammes in dairy practice: what’s new? Magyar Allatorvosok
Lapja. 130(Supplement 1), 91-98.

Sischo, W.M., Kiernan, N.E., Burns, C.M. and Byler, L.I. (1997).
Implementing a Quality Assurance Program Using a Risk
Assessment Tool on Dairy Operations. Journal of Dairy Science,
80(4), 777-787. DOI: 10.3168/jds.S0022-0302(97)75998-8.

Snilstveit, B., Oliver, S. and Vojtkova, M. (2012). Narrative
approaches to systematic review and synthesis of evidence
for international development policy and practice. Journal of
Development Effectiveness, 4(3), 409-429. DOI: 10.1080/
19439342.2012.710641.

Spengler, S.E., Browning, S.R. and Reed, D.B. (2004). Sleep
deprivation and injuries in part-time Kentucky farmers:
impact of self-reported sleep habits and sleep problems on
injury risk. AAOHN journal: official journal of the American
Association of Occupational Health Nurses, 52(9), 373-382.

Sprince, N.L., Park, H., Zwerling, C., Lynch, C.F., Whitten, PA,,
Thu, K., Gillette, P.P.,, Burmeister, L.F. and Alavanja, M.C.R.
(2002). Risk factors for machinery-related injury among lowa
farmers: A case-control study nested in the agricultural
health study. International Journal of Occupational and
Environmental Health, 8(4), pp. 332-338. DOIl: 10.1179/
107735202800338641.

ISSN 2047-3710

Jarkko Leppili et al.

Sorensen, C.G. and Bochtis, D.D. (2010). Conceptual model of
fleet management in agriculture. Biosystems Engineering,
105(1), 41-50. DOI: 10.1016/j.biosystemseng.2009.09.009.

Sorge, U.S., Lissemore, K., Godkin, A., Jansen, J., Hendrick, S.,
Wells, S. and Kelton, D.F. (2011). Changes in management
practices and apparent prevalence on Canadian dairy farms
participating in a voluntary risk assessment-based Johne’s
disease control program. Journal of Dairy Science, 94(10),
5227-5237. DOI: 10.3168/jds.2010-3869.

Summers, R.J., Plummer, R. and FitzGibbon, J.E. (2008).
Accounting precautionary measures in agriculture through
pathway analysis: The case of the Environmental Farm Plan.
International Journal of Agricultural Resources, Governance and
Ecology, 7(6), 437-449. DOI: 10.1504/IJARGE.2008.022746.

Taylor, E. (2004). Perceptions of ‘the bureaucratic nightmare’ of
HACCP: a case study. British Food Journal, 106 (1), 65-72.
DOI: 10.1108/00070700410515217.

Toro, A. de and Hansson, PA. (2004). Machinery co-operatives -
a case study in Sweden. Biosystems Engineering, 87(1), 13-
25. DOI: 10.1016/j.biosystemseng.2003.10.010.

Wagner, W.C. (1999). Sustainable Agriculture: how to sustain a
production system in a changing environment. International
Journal for Parasitology, 29, 1-5. DOI: 10.1016/S0020-7519
(98)00173-8.

Wilson, G.J., Carter, S.P. and Delahay, R.J. (2011). Advances
and prospects for management of TB transmission between
badgers and cattle. Veterinary Microbiology, 151(1-2), 43-50.
DOI: 10.1016/j.vetmic.2011.02.024.

Velandia, M., Rejesus, R.M., Knight, T.O. and Sherrick, B.J.
(2009). Factors affecting farmers’ utilization of agricultural
risk management tools: the case of crop insurance, forward
contracting, and spreading sales. Journal of Agricultural and
Applied Economics, 41(1), 107-1283.

Voaklander, D.C., Umbarger-Mackey, M.L. and Wilson, M.L.
(2009). Health, medication use, and agricultural injury: A
review. American Journal of Industrial Medicine, 52(11), 876-
889. DOI: 10.1002/ajim.20749.

Vos, J.A. de van Bakel, PJ.T., Hoving, |.E. and Conijn, J.G. (2006).
Waterpas-model: A predictive tool for water management,
agriculture, and environment. Agricultural Water Management,
86(1-2), 187-195. DOI: 10.1016/j.agwat.2006.06.024.

Zentner, R.P, Wall, D.D., Nagy, C.N., Smith, E.G., Young, D.L.,
Miller, P.R., Campbell, C.A., McConkey, B.G., Brandt, S.A.,
Lafond, G.P, Johnston, A.M. and Derksen, D.A. (2002).
Economics of crop diversification and soil tillage opportu-
nities in the Canadian prairies. Agronomy Journal, 94(2),
216-230. DOI: 10.2134/agronj2002.0216.

International Journal of Agricultural Management, Volume 4 Issue 3

122 © 2015 International Farm Management Association and Institute of Agricultural Management



	title_link
	1. Introduction
	2. Methods
	Literature search
	Risk expert workshop

	3. Results
	Farm asset risk management tools

	Table ijm-000-000-000-t01 Table 1Search protocol for Scopus and CAB Abstracts. The total number of search hits was 13 559, from which 157 articles were included in the analysis
	Farm production risk management tools

	Table ijm-000-000-000-t02 Table 2Studies concerning asset risk management tools on farms
	Human health and safety risk management tools on farms

	Table ijm-000-000-000-t03 Table 3Studies concerning farm production and product risk management tools
	Farm environmental risk management tools

	Table ijm-000-000-000-t04 Table 4Studies concerning human health and safety risk management tools on farms
	Table ijm-000-000-000-t05 Table 5Studies concerning environmental risk management tools
	Economic risk management tools for farms

	Table ijm-000-000-000-t06 Table 6Studies concerning economic and financial risk management tools for farmer use
	4. Discussion
	Handling of various risks on farms
	Farm risk management tool case
	Future challenges

	Figure 1Farm risk management tool case for farm managers
	ACKNOWLEDGMENTS

	REFERENCES

