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ABSTRACT. Agriculture is a major economic driver in Aotearoa-New Zealand (New Zealand), led by export earnings from dairy
farming. Dairying is uniquely exposed to climatic- and nonclimatic socioeconomic stressors, which have their greatest effects on
production and yield. The growing need to consider these and other changes is accelerating efforts aimed at ensuring greater resilience,
adaptability, and flexibility within the industry. To gain insight into these dynamics at the farm-level, a resilience-based assessment
framework was piloted with three different types of dairy farming systems, following extensive drought on the east coast of the North
Island. Using a participatory and bottom-up approach, the framework was used to qualitatively explore the potential significance of
varying social, economic, and agroecological attributes between high-input, low-input, and organic systems, and their implications for
resilience. The “lock in trap” of highly intensive systems, although profitable in the near term, may be less resilient to climate shocks
because these are likely to occur in conjunction with changing market and financial risks. Low-input systems are less dependent, in
particular, on fossil fuels and are associated with higher levels of farmer satisfaction and well-being. Organic farming provides ecological
benefits, and the financial premium paid to farmers may act as a short-term buffer. The framework provides insight into the current
context at the farm level and can draw out individual perspectives on where to target interventions and build resilience. Results
demonstrate the potential of in-depth qualitative assessments of resilience, which can usefully complement quantitative metrics. The
framework can be used as the basis for further empirical assessment and inform the design of similar approaches for cross-sector
comparative analysis, large-N surveys, or modelling. Furthermore, the preliminary characterization of resilient farm-systems has the
potential to contribute to broader sustainability frameworks for agriculture and can inform strategic adaptation planning in the face
of climate change.
Key Words: adaptation; agriculture; complex adaptive systems; farm systems; resilience assessment; social-ecological systems;
vulnerability
INTRODUCTION
The sensitivity of pastoral farming and other agricultural
activities to changes in climatic variability and extremes have been
well documented (Crane et al. 2017, Cradock-Henry et al. 2019a,
George et al. 2019). Higher mean temperatures, declining
precipitation, and more frequent and severe storm events will have
implications for human well-being, food security, and rural
livelihoods (Meinke et al. 2009, Berardi et al. 2011, Rickards and
Howden 2012, Cradock-Henry et al. 2020).
Climate change presents an acute challenge for Aotearoa-New
Zealand (NZ) because of, in part, its dependence on agriculture
(Reisinger et al. 2014, Cradock-Henry et al. 2019b). Agriculture
contributes nearly 8% of annual GDP and 80% of export
earnings, much of which comes from dairying (Foote et al. 2015).
Short- and medium-term climate variability (Collins et al. 2010,
Kenny 2011), drought (Burton and Peoples 2014, Harrington et
al. 2014), and flood (Dantas and Seville 2006, Smith et al. 2011)
already have adverse effects on production, farm infrastructure,
and well-being (Spector et al. 2019). The increasing frequency and
severity of drought, in particular, is a significant concern,
exacerbated by human influence (Harrington et al. 2014, Salinger
et al. 2019).
In addition to climate change, the dairy industry faces a number
of social, economic, and environmental pressures (Barnett and
Pauling 2005, Clark et al. 2007, Baskaran et al. 2009, Foote et al.
2015, Knook et al. 2020), from stronger controls on freshwater
(Duncan 2017, Fielke and Srinivasan 2018), to its social license
(Foote et al. 2015, Joy 2015), and competition from lower-cost
producers (Greig et al. 2019). The industry’s demographics are
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also changing, with a majority of farmers age 55 and over, and
fewer younger farmers, discouraged by the high costs of farm
ownership (Jackson 2013). Given the significance of agriculture
to the national economy, and the scale of dairy and livestock
farming, there is also a significant challenge for the industry to
reduce its emissions, which account for nearly half of NZ’s
greenhouse gas contributions (Cooper and Rosin 2014).
To enable the dairy industry in NZ to adapt and thrive under
changing climatic conditions, it is necessary to develop resilient
systems capable of withstanding exposure to a range of shocks
and stressors (Kenny 2011, Hammond et al. 2013, Spector et al.
2019). Resilience is used here to refer to a normative characteristic
of linked social, economic, and agroecological systems that enable
them to cope with adverse events and potentially transform to
take advantage of opportunities or minimize exposure to risks
(Darnhofer et al. 2010, Hammond et al. 2013, Folke et al. 2016,
Cradock-Henry et al. 2018, Revell and Henderson 2019).
I introduce a conceptual framework for dairy farm resilience,
emphasizing socioeconomic and agroecological factors (Kremen
et al. 2012, Hammond et al. 2013). The framework is empirically
applied using in-depth, semistructured interviews, surveys, and
workshops to gain insight into three different farm types:
intensive, high input systems; traditional, low-input, grass-based
systems; and organic farms. Preliminary results can help
understand the characteristics of resilience at the farm level, and
the potential impacts of climate change within the broader
context of other, nonclimatic stressors that may influence
management and decision making.
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RESILIENCE AND AGRICULTURE
Resilience theory has been developed within a number of different
research areas, including physics, psychology, natural hazards,
and ecology (Miller et al. 2010, Walker and Salt 2012). The net
result is that there is no universally agreed upon definition
(Simmie and Martin 2010, Jones and Preston 2011); there are
marked distinctions in how resilience is conceptualized because
of the different disciplinary foundations used (e.g., ecology versus
psychology) and even disagreement about the utility of resilience
for analyzing linked human behavior and social processes (Olsson
et al. 2015).
Resilience has been applied to a range of contexts, scales, and
topic areas relating to agriculture and farming including climate
change, adoption and innovation, behavior change, and more
(Darnhofer 2010, Beilin et al. 2013, Forney and Stock 2013, Berke
et al. 2015, Shadbolt and Olubode-Awosola 2016, Buelow and
Cradock-Henry 2018, Fielke and Srinivasan 2018, James and
Brown 2019). Many of these studies frame resilience in terms of
“agroecological systems,” focusing on the interactions between
component parts or subsystems at the farm scale (Darnhofer
2010, Kremen et al. 2012, Hammond et al. 2013).
This study draws on two interrelated framings: social-ecological
(Berkes and Jolly 2001, Adger et al. 2005, Cinner and Barnes 2019)
and disaster resilience (Brown and Westaway 2011, Alexander
2013, Aldunce et al. 2015), which are used to guide conceptual
development and empirical analysis. Social-ecological resilience
examines the interrelationships between human activity and
resource use and the impact those activities and uses have on
ecological systems (Adger et al. 2005, Nayak and Berkes 2014).
These human-nature interrelationships are conceptualized as
coupled social-ecological systems (Berkes et al. 2008, Adger et al.
2011, Malone and Engle 2011) and describe the ways in which
human activities and environmental processes are mutually
dependent, coevolving, and linked through complex feedback
relationships (Faulkner et al. 2018). From this perspective, farms
are complex adaptive systems (Darnhofer 2010); environmental
data can change is constant and must be accommodated through
flexible and adaptive management (Walker and Salt 2012,
Hammond et al. 2013, Li et al. 2013, Pomeroy 2015, Shadbolt
and Olubode-Awosola 2016, Arnold et al. 2017). Often, this type
of approach seeks to better understand the dynamics between
human management of land resources and ecosystem services in
the rural sector (Turner et al. 2016, Diserens et al. 2018, Smith
2019, Yletyinen et al. 2019).
Disaster resilience research considers the ways in which
individuals and communities respond to risks (Brown and
Westaway 2011, Alexander 2013, Spector et al. 2019). It aims to
identify why some individuals, organizations, and communities
are better able to prepare, adapt to, and recover from hazard
events (Deppisch and Hasibovic 2013, Tanner et al. 2015).
Disaster resilience has developed out of studies of human
vulnerability to natural hazards and reflects a change in the
problem-framing of hazards (Hewitt 2013, Fekete et al. 2014).
Disaster resilience provides insight into individual, group, and
organizational responses to risks, the dynamic processes of social
resilience, and how it might be assessed (Berke et al. 2015,
Faulkner et al. 2018, Cradock-Henry and Fountain 2019,
Cradock-Henry et al. 2019c).

Despite the interest in resilience theory and practice, there are few
examples of how to practically operationalize the concept for
comparison. In some studies, indicators have been used to
measure factors considered to be important contributors to
resilience (Birkmann 2007, Alessa et al. 2008, Bélanger et al. 2012,
Arnott et al. 2016). These quantitative metrics can accommodate
different units of analysis, thus data related to human well-being,
economic systems, and the biophysical environment can be, if not
integrated, at least considered together. Studies have used
mapping and other data visualization techniques to portray the
results of indicator analyses (Nelson et al. 2010a, Preston et al.
2011, Ebi et al. 2018).
Indicator methods are perhaps most appropriate when
comparison is desired: “Who or what is most/least vulnerable/
resilient?” Cutter et al.’s (2008) Disaster Resilience of Place
(DROP) model, for example, proposes a suite of variables to assess
resilience in coupled social-ecological systems, linking both
human (e.g., demographic characteristics) and natural (e.g., area
of wetlands) features to indicators to derive metrics for assessing
and comparing resilience across different settings. For agriculture,
Nelson et al. (2010a, b) developed a composite measure of
vulnerability, combining multiple measures to develop a
nationally applicable index for Australia, an approach also used
by (Cabell and Oelofse 2012).
From a social-ecological or agroecological perspective, however,
resilience is an emergent property arising from the complex
interactions between systems and subsystems. Although some
quantitative measures and models of resilience for agricultural
systems have been developed and applied (e.g., Fletcher et al. 2006,
Nelson et al. 2010a, 2010b) some argue that because resilience is
abstract and multidimensional, it is unable to be measured directly
(Carpenter et al. 2001, 2005, Bennett et al. 2005, Bélanger et al.
2012). The use of quantitative indicators to facilitate comparison
between different regions or productive systems is desirable but
subject to “wicked” issues that confront indicator use in general,
including the dependence on several levels of assumptions,
possible lack of important variables, colinearity, lack of
accounting for feedbacks, and interactions (Birkmann 2007,
Dakos et al. 2015, Arnott et al. 2016, Hallegatte and Engle 2019).
Instead, researchers and practitioners have advocated the use of
place-based analysis of the vulnerabilities of social-ecological
systems, and of context-dependent surrogates or proxies to infer
the complex ways in which systems cope with change (Bennett et
al. 2005, Carpenter et al. 2005, Bélanger et al. 2012, De Herde et
al. 2019). These proxies are characteristics or features associated
with resilient systems, used in lieu of measuring resilience itself,
to gain insight into a system's performance, flexibility,
adaptability and capacity for change (Berardi et al. 2011,
Darnhofer et al. 2010, Bélanger et al. 2012, Cradock-Henry and
Fountain 2019).
STUDY AREA AND METHODS
The research developed in-depth, qualitative case study analysis
focusing on dairy farms in the Bay of Plenty, NZ. The goal of the
empirical assessment was to design a framework for farm-level
resilience and assess its utility in terms of providing insight into
the dynamics of farms as complex adaptive systems (Kalaugher
et al. 2013, Naylor et al. 2020). More specifically, the aim was to
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better understand differences between organic, low-input, and
high-input farms, and explore the extent to which different
production systems coped with region-specific stressors related
to climate change.
Case study setting
The research was conducted in the Bay of Plenty Regional District
(Bay of Plenty) located on the east coast of the North Island (Fig.
1). The district is one of marked socioeconomic contrasts between
the increasingly urban and fast-growing west, and predominantly
rural east.
Fig. 1. Bay of Plenty region, Aotearoa-New Zealand.

The reliance on exports dates back to the inception of the dairy
industry in the late 1800s, emphasizing the export of commodities
such as butter and cheese, and now milk powder. Until the 1920s,
dairy exports were closely regulated through producer marketing
boards; this was followed by a period of amalgamation into
regional cooperatives. In 2001, the mega co-operative Fonterra
was formed by the merger of two of NZ’s largest cooperatives.
Fonterra is now the the world’s largest processor of raw milk,
processing nearly 20 billion litres of milk, and the fifth largest
dairy company by revenue. As a cooperative, Fonterra is owned
by its 10,000 farmer-shareholders. The dairy industry in NZ
remains tightly organized and vertically integrated, with farmers
closely involved with the organizations that process and market
dairy products, including smaller private dairy companies (Gray
and Le Heron 2010).
Traditionally, NZ’s seasonal milk production system has relied
on highly productive, rotationally grazed pasture (Kalaugher et
al. 2013, Lee et al. 2013, Foote et al. 2015), though there has been
a shift in recent years toward more intensive production systems
that rely more heavily on imported feeds in particular, palm kernel
expeller (PKE), and maize (Table 1). Maize silage is produced
domestically, and palm kernel is a low-cost by-product of palm
oil production, imported from South East Asia (Meeske and van
Wyngaard 2014, van Wyngaard and Meeske 2017).
Table 1. DairyNZ classification of farm systems (DairyNZ 2019).
Syst Definition
em
1

The physical environment has been shaped by earthquakes,
volcanic eruption, and floods (Pullar 1985) and extensively
modified for human use (Parsons and Nalau 2016). The climate
is subtropical: warm humid summers and mild winters (Griffiths
et al. 2011). Precipitation is seasonal, with nearly half the annual
rainfall falling between May and August. Interannual climate
variability is strongly influenced in the short- to medium-term by
interdecadal climatic drivers (e.g., Interdecadal Pacific
Oscillation, El Nino-Southern Oscillation; Fowler and Adams
2004).
Pastoral farming, i.e., dairy and livestock, is fundamental to NZ’s
rural economy and has supported regional development
throughout the islands. The agricultural sector is largely
dependent on, and connected to, global markets and economic
conditions overseas (Gillmore and Briggs 2010, Gray and Le
Heron 2010). This connectivity is in part a function of the reliance
on exports: with a small domestic market, over 80 percent of total
agricultural output is exported, some NZ$48 billion (US$32
billion) in 2019/20 (MPI 2020). Only 5% of milk produced in NZ,
for example, is for domestic consumption. The other
distinguishing characteristic of the agricultural sector is that since
the early 1980s, all state support and subsidies have been removed
(Burton and Peoples 2014). New Zealand is now almost unique
among developed countries in that the agricultural sector is totally
exposed to international markets because subsidies, tax
concessions, and price supports were eliminated (Buckle et al.
2007).

2

3

4

5

Description

All grass, selfNo feed is imported. No supplement fed to
contained, all stock
the herd except supplement harvested off
on the dairy platform the effective milking area and dry cows are
not grazed off the effective milking area.
Feed imported, either Approx. 4-14% of total feed is imported.
supplement or
Large variation in % as in high rainfall
grazing-off, for dry
areas and cold climates such as Southland,
cows
most of the cows are wintered off.
Feed imported to
Approx. 10-20% of total feed is imported.
extend lactation
Feed to extend lactation may be imported
(typically autumn
in spring rather than autumn.
feed) and for dry
cows
Feed imported and
Approx. 20-30% of total feed is imported
used at both ends of onto the farm.
lactation and for dry
cows
Imported feed used
Approx. 25-40% (but can be up to 55%) of
all year, throughout
total feed is imported.
lactation and for dry
cows

The efficiency of the grass-based system has enabled farmers to
produce milk substantially below average world costs (BassetMens et al. 2009, Gray and Le Heron 2010), giving NZ dairy
farmers a competitive advantage (Clark et al. 2007, Gray and Le
Heron 2010, Foote et al. 2015). In response to economic pressures,
changing market conditions, and government deregulation, there
has been an increasing drive toward intensification (Basset-Mens
et al. 2009). At the farm level, farmers have sought to create
economies of scale by increasing total farm milk production
through adopting more intensive grazing and feeding regimes,
increasing production per hectare or increasing the number of
hectares in dairy use, or both. At the milk-processing level, the
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Table 2. Summary of NZ herd statistics, 2018/2019 (LICNZ and DNZ 2019).
Area

Herds

Total cows

Avg.
herd size

Kg/milksolids/cow

Kg/milksolids/ha

Avg. cows/ha

New Zealand
Bay of Plenty

11,372
858

4,946,305
399,499

435
352

381
332

1081
862.5

2.84
2.83

sector has sought both to process all the milk it receives and to
increase the value of the processed products through more
sophisticated processing technologies, packaging, and marketing
(Morad and Jay 1999, Gray and Le Heron 2010).
The average sizes of NZ dairy farms, herds, per cow production
(through selective breeding), and the number of cows per hectare
(through more intensive pasture production and pasture
management) have all increased in recent decades (Macdonald et
al. 2011, Kalaugher et al. 2017). Many smaller dairy units have
been bought out and amalgamated to make larger units (Jay 2007,
Rowarth 2013). These trends are apparent both nationally, and
in the study area; farms in the study area, for which data are
available, show a smaller than national average farm size, with
slightly lower than average stocking rates and kilograms of
milksolids production per hectare (Table 2).
The visible effects, including land-use change, water, and effluent
management, have drawn considerable attention in the literature
and media (Barnett and Pauling 2005, Foote et al. 2015, Kirk et
al. 2017). Nonpoint pollution is a feature of farm environments,
local river catchments, and river estuaries in dairying areas. These
aspects are integral to overseas perceptions about farming and
processing, and there are ongoing and continuing realignments
of policy and investment strategies, placing greater emphasis on
sustainability (Foote et al. 2015, Knook et al. 2020).

local environment, including soil and climate, but the
management practices, processes, and structures necessary to
achieve production outcomes (Kalaugher et al. 2013, van
Apeldoorn et al. 2013, Darnohofer 2014, Harrison et al. 2017).
The ecological and social components provide the basis for, and
influence (and are in turn influenced by) the economic activities
on the farm and in the wider environment. Ecological
characteristics include favorable climatic conditions, diverse soil
types (ranging from fertile peat soils through lowland areas, to
some well-drained pumice soils in upland valleys), and water
resources including the availability of groundwater for irrigation.
Alongside this natural or biophysical capital is extensive social
and economic networks and actors, including the farmers
themselves, who make direct use of those resources (Beilin et al.
2013, Kalaugher et al. 2017). At higher scales, the system also
includes the regional support and extension providers such as
farm consultants, rural financial services, infrastructure,
distribution, and processing companies across the value chain
(Bélanger et al. 2012, Kalaugher et al. 2013, De Herde et al. 2019).
Fig. 2. Developing and applying the resilience framework.

In the Bay of Plenty, dairy farming takes place throughout the
region, but is concentrated on the fertile floodplains in the east,
the legacy effects of wide-scale drainage in the 1900s (Parsons
and Nalau 2016) and uplifted marine terraces (tablelands) also
used for horticulture (Cradock-Henry 2017). Milk production
varies between farms and areas because of differences in moisture
availability, soil type, and management system.
Research methods
To develop a conceptual basis for empirical application and
comparative assessment of dairy farm resilience, the elements of
a typical dairy farm system were combined with close readings of
the literature, expert elicitation, and stakeholder workshops (Fig.
2). The methodology was significantly informed by other
resilience, vulnerability, and impacts assessments across a range
of fields including climate change research (Berardi et al. 2011,
Hammond et al. 2013, Campos et al. 2014) and environmental
risks and hazards (Adger et al. 2005, Cutter et al. 2008, Darnhofer
2010, Spector et al. 2019). These were instructive in determining
the choice and suitability of methods, and the potential challenges
associated with participatory and practice-oriented research
(Smit and Wandel 2006, Leith et al. 2012, Mapfumo et al. 2013).
The farm was initially conceptualized as a linked social-ecological
system, comprised of three interrelated domains: social,
economic, and agroecological, viz. a farm consists not only of the

Second, a literature review of agricultural and resilience research
and key informant interviews were used to identify proxies that
might provide insight into the dynamics of a resilient dairy farm.
A resilient dairy farm is defined here as one that is able to maintain
an economically viable level of productivity in the face of localized
climate change while maintaining the land’s ecological integrity.
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Interviews with key informants (n = 3) were conducted to establish
the broader national context for the dairy industry, and relevant
issues at both the national and regional (Bay of Plenty) levels, and
to solicit expert opinion on farmer responses to recent droughts.
Key differences between types of production systems were also
discussed. In addition to the farm system components, the
literature on disaster risk and resilience was reviewed to better
understand the significance of risk perception and its influence
on planning for, and coping with, change. Assessing these typical
dairy farm components against the resilience and farm-systems
literature, 16 attributes of resilient farms were identified (Table
3). These were those characteristics and attributes of individuals
and systems that could be related to the farm and would be most
likely to influence the general characteristics of social-ecological
resilience: buffering, adaptive capacity, and self-organization.
In preselecting the suite of farm characteristics, the following were
considered in deliberations. First, the focus was on the capacity
of individual dairy farms to persist or continue (i.e., maintain
their identity) rather than assess the capacity for transformation
(e.g., conversion from dairy to another land use or activity).
Second, although the focus was at the farm scale, resilience is
multiscalar, i.e., influenced by activities, actors, and actions at
multiple scales (Walker et al. 2004, Choko et al. 2019). Finally,
the focus was on the generic attributes of resilience or adaptive
capacities, that enhance capability and capacity to respond to a
range of stressors (Darnhofer et al. 2010, Folke et al. 2010) as
opposed to specified resilience, which might enable farm systems
to respond to a specific threat (e.g., biosecurity incursion, or
invasive pest such as clover root weevil; Carpenter et al. 2012).
Finally, the model and resilience proxies were peer reviewed, then
tested, and refined through qualitative case study analysis to
compare conditions across farm types to gain insight into farm
resilience. The qualitative methods involved interviews with 15
dairy farmers representing different production levels and 2
farmer workshops in the Bay of Plenty. The workshops were
facilitated by the author; and interviews were conducted by the
author and a colleague. Each interview was audio recorded and
transcribed. All names were omitted from transcripts to preserve
privacy, and approval was obtained prior to fieldwork, from the
Social Ethics panel at Manaaki Whenua - Landcare Research.
Participants were recruited through purposive and “typical case”
snowball sampling to obtain an illustrative sample of size and
spatial distribution of farms. Farmers (n = 15) were contacted by
the author and invited to take part in a structured interview and
complete a survey in which they would be asked for empirical
information to document the range of climate-related exposures/
sensitivities and adaptive capacities. Farms were sampled over a
wide geographic area and possessed differing management
systems, soil types, climate, topographic, and other biophysical
characteristics (Table 4).
The survey was sent in the mail and was completed by 14
interviewees. The survey was designed to gather contextual
information about individual farms (e.g., size, stocking rate), as
well as concerns related to climatic conditions and the general
characteristics of resilient systems (buffering, learning capacity,
and self-organization). The survey used a five-point Likert scale,
and respondents self-assessed key characteristics of their
resilience prior to the interview. A copy of the survey

questionnaire, survey results, and interview guide are available
from the author on request.
Following the survey, respondents were interviewed. All the
interviews followed a similar format and lasted from one to two
hours. Questions were developed in advance and were designed
to solicit input on a range of topics related to agricultural risk,
and not climate alone (Smit and Skinner 2002, Darnhofer 2010,
Miller et al. 2010, Pomeroy 2015). Interviewees were asked first
about the general features of the farm (size, location, soil types,
length of time in operation) and then responded to a series of
questions on their experiences with the current drought, future
prospects, and the farm management practices related to the
characteristics of resilient systems under investigation.
Two farm resilience workshops were held. The workshops were
each attended by eight people, including a mix of interviewees,
other dairy farmers (often neighbors or acquaintances of those
interviewed), and local government staff. The workshops were
used to discuss the likely impacts of climate change on dairy
farming in the Bay of Plenty, the characteristics of resilient
production systems, differences between production systems and
what, if any, options might exist for supporting resilience to
climate change. Workshops were interactive and generated
additional insight into resilience.
The methodology used is broadly consistent with analytical and
methodological frameworks elsewhere (Leith et al. 2012, Liu
2014, Bronen 2015). The methodology also satisfies the criteria
proposed by Schröter et al. (2005) who suggested assessments
should (1) be derived on the basis of stakeholder participation,
(2) be place specific, (3) consider multiple interacting stresses, (4)
consider differential capacities, and (5) be prospective as well as
historical.
RESULTS AND DISCUSSION
Climate change impacts and dairying in the Bay of Plenty
To gain insight into the potential impacts of climate change,
information was derived from downscaled climate modeling and
combined with insights from experts and stakeholders through
structured interviews and workshop elicitation.
Table 5 summarizes projected changes in key climate variables for
a range of dates (Griffiths et al. 2011, MFE 2018). Projections
for the Bay of Plenty indicate warmer temperatures and hotter,
drier conditions (MFE 2018), consistent with those predicted for
much of eastern NZ (Harrington et al. 2014, Salinger et al. 2019).
The Bay of Plenty warms by an average of approximately +0.80 °
C by the 2030s, and by about +1.80 °C by the 2080s (Griffiths et
al. 2011). Changes in seasonal rainfall are predicted, while mean
annual rainfall remains relatively unchanged (MFE 2018).
Precipitation in NZ is strongly influenced by El Niño–Southern
Oscillation (ENSO)/Interdecadal Pacific Oscillation (IPO)
including variability and extremes (Harrington et al. 2016,
Salinger et al. 2019). Changes in precipitation therefore will be
superimposed on existing interannual and interdecadal
variability.
By the 2030s, annual precipitation may decrease by as much as
15%, varying seasonally from a slightly wetter winter to a much
drier spring and summer. By the 2080s, the drying trend evident
in the 2030s in summer and autumn will be reversed. Summer
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Table 3. Characteristics of farm-level resilience.
Domain/Proxies
Agroecological
Water security and effluent
management

Soil properties and management

Stocking rate
Trees

Microclimate

Social
Attachment to place

Environmental values

Social capital

Trust in and participation with
government and sector bodies

Management structure and culture
Economic
Financial resources
Profitability
Diversification
Feed security

Management practices that reduce
impacts of drought
Diverse local economy

Description
Farms may secure their water supply in a number of ways and may have different levels of use for that water supply. The principal
uses will be for stock water and to ensure adequate soil moisture for pasture growth. The latter may be achieved through
irrigation or through farm system management (Fielke and Srinivasan 2018).
Farms with a secure and affordable water supply will be more resilient in times of drought. At the macro scale however
overdependency on drawing water from rivers may reduce catchment level resilience (Walker et al. 2009).
Farmers around lakes and harbors, and with waterways through their farm, are being increasingly sensitized to runoff,
sedimentation, and water quality issues. The capacity of the lakes to cope with nutrient loading will be diminished with increased
lake temperatures.
Soil type will determine the underlying conditions that the farmer has to manage.
There are a number of soil properties that can be used to indicate the relative resilience of a particular soil type. These are
documented in detail in Shepherd’s (2009) Visual Soil Assessment.
The number of animals allocated to an area of land (i.e., cows/ha) relative to the overall carrying capacity of the farm. The
stocking rate influences milk production, gross revenue, operating expenses, and operating profit (Macdonald et al. 2011).
The pattern of woodlands, wetland, and individual or groves of trees within a farm system can reduce costs and provide free
ecological services (e.g., shelter; shade; microclimate; soil conservation; water infiltration; landscape water retention and flood
mitigation; nutrient cycling from soil depths; sediment retention; reduction in runoff of natural capital, deep-rooting droughtresistant browse; stock health; and quality stock water; England et al. 2020). In most farm situations, trees are compatible with
lower production or higher risk areas under pasture, where correlated costs are high (including directed overhead costs, such as
stock losses or weed control) and net margins low.
Some farms might be more vulnerable to drought than others because of microclimatic conditions that will work in combination
with soil type and other agroecological factors.
Drought will impact the Bay of Plenty at the mesoscale; at the microlevel, farms may be impacted differently by, for example, late
frosts, prevalent winds, etc., which might intensify or reduce macrolevel climate change impacts. Potential exposure to the effects
of rising sea-levels could be included here. Impacts could include saltwater intrusion and risk of flooding and inundation
(Griffiths et al. 2011, Cradock-Henry 2017).
Research has identified that having an attachment to place and to the people living in that place can increase a person’s
“emotional investment in their community” making them more likely to adopt adaptation measures and more likely to work
collaboratively to do so (Paton 2013, Ross and Berkes 2014, Cradock-Henry et al. 2019b).
Individuals who organize environmental values high in their hierarchy may be more likely to adopt production practices that
maintain ecological integrity. Managing dairy production while maintaining ecological integrity requires balancing economic and
ecological outcomes. Even when people value the local environment, they also hold other values that relate to all different aspects
of their lives (e.g., the value of having secure income, etc.) and people generally organize their values hierarchically (Paton 2013).
Assessing a farmer’s hierarchy of values could provide insights on the degree that they will adopt practices that improve
ecological resilience (Sinclair et al. 2014).
Social capital describes the informal social networks and collective life of a community. Individuals tend to make sense of and
explore ways to address risks in ways relevant to their specific context, through discussion with other people who share common
values and circumstances with them (Ross and Berkes 2014, Aldrich and Meyer 2015). Having strong social networks facilitates
these discussions.
Social capital also provides social support in times of crisis (Smith et al. 2011, Cradock-Henry et al. 2019b).
A subset of social capital (vertical social capital). If individuals trust and participate in government and sector networks, they are
often more likely to accept information on climate change risks. This is especially important when they are being asked to take
action to adapt in an environment of high uncertainty (Siegrist and Cvetkovich 2000).
Vertical social capital includes the degree and quality of participatory decision making between farmers, communities, and public
and sector bodies, which can increase the ability for collective agreement and action on climate adaptation (Adger 2003, RodimaTaylor 2012).
The degree to which the (often complex) decision-making unit of the farm enables innovation, adaptive capacity, learning, longterm thinking, and rapid response (Berkes and Turner 2006, Fazey et al. 2007).
The availability of financial resources to buffer shocks and to facilitate drought adaptation measures. Quality of relationship with
bank manager (links to social capital).
The margin on production per kilogram of milksolids. Farmers with a higher margin are more resilient to any increased costs
arising from drought or adaptation investment (dependent on their debt loading).
The household is involved in other income-earning activities, off-farm (Darnhofer 2010, Kandulu et al. 2012). The diversification
of income sources provides additional security.
This encompasses pasture composition and management as well as the use of supplementary feed (on-farm and imported).
Different management decisions and biological processes influence feed security. Changing pasture composition (e.g., an increase
in subtropical grasses such as paspalum and kikuyu) could lead to lower feed quality (Lee et al. 2013). On the other hand, it could
contribute to greater drought resilience.
Pasture management practices such as longer covers can, along with appropriate soil management, lead to deeper rooting plants.
Different species are more drought tolerant.
On-farm and off-farm sources of supplementary feed relate to the degree of self-organization.
Some farm management practices may be adopted specifically for drought whereas others may be adopted for other or multiple
benefits. It will be important to determine if some production systems find it easier to adopt drought measures than others.
Many farm households rely on off-farm income and rural communities are more resilient to economic shocks if there is diversity
of local employment.
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Table 4. Distribution of farms (n = 15) participating in study.
Catchment
Tauranga Harbor
Rotorua Lakes
Te Puke
Rangaitaki Plains
Opotiki

Low-input

High-input

Organic

**
**
*
*
*

*
*
**
**

*

*

rainfall for the Bay of Plenty is projected to return to near the
current climatology, with increased flow in the westerly winds.
Autumn will also be wetter than currently by the 2080s, and winter
also slightly wetter than the 2030s. Spring is expected to continue
to get drier and by the 2080s spring rainfall is projected to be
about 10% lower throughout the district (Griffiths et al. 2011).
Other changes in climatic conditions include a greater number of
hot days above 25 °C (MFE 2018) with a corresponding increase
in drought frequency (Fowler and Adams 2004, Harrington et al.
2014, Salinger et al. 2019). The drying of pastures in eastern NZ
in spring is very likely to be advanced by one month, with an
expansion of droughts into both spring and autumn (Kenny
2011).
Mean westerly winds are expected to increase and may enhance
drying trends and increase the risk of fire. By the 2080s, 10-50%
more days with very high and extreme fire danger may be likely
in eastern areas of NZ, including the Bay of Plenty (Pearce et al.
2011). Other changes include more intense rainfall associated with
ex-tropical cyclones (Griffiths et al. 2011). Although floods are
complex hydrometeorological events, the Bay of Plenty may
become more prone to such heavy rainfall (Griffiths et al. 2011).
This is likely to exacerbate the existing flood risk in the area,
further compounded by the legacy effects of land-use change (Liu
et al. 2007, Parsons and Nalau 2016).
Given these changes in key climatic variables, the focus of the
analysis is on the suitability of the resilience framework and the
extent to which it might usefully characterize differences between
production systems. How can we better understand the resilience
of different farm types: are there strengths and weaknesses, or
features of different systems that can effectively support or act as
a constraint on resilience?
What can we learn about dairy farm resilience?
Agroecological factors
The biophysical characteristics or attributes of any farm (e.g.,
microclimate, soil and substrate, terrain and altitude) influence
the farm’s exposure to drought, its sensitivity, and its capacity to
bounce back. These biophysical factors can be tempered or
enhanced by different management practices used by farmers or
land managers. This includes the farm, distinguished from the
surrounding environment by the manipulation of biophysical or
ecological stocks, flows, and stores (e.g., water, nutrients) for milk
production. It includes everything contained within the farm gate,
as well as those components related to the interactions, inputs,
and management of those biophysical characteristics, such as soil
and pasture-management practices.
Results from workshops, interviews, and surveys indicated that
water security, which includes average rainfall especially over

spring and summer, on-farm reticulation, and irrigation, was most
important. Rainfall varied significantly between the farms
surveyed, from 1200 to 2000 mm, within the same catchment.
Those farms located in higher rainfall areas were able to withstand
drought conditions much longer than even neighboring farms.
We are just high enough, so that at night we would get a
good dew, and that probably kept us going a lot longer
than guys down the road, who are much lower down,
reported one Rotorua Lakes farmer.
In addition to annual rainfall, irrigation was understood to be a
critical indicator, particularly for future water security. Of the
farms surveyed, only two were currently irrigated, though nearly
all respondents indicated they would consider irrigation in the
future if conditions became drier. One of the farms we surveyed
had a consented river take, and another nearby property irrigated
50% of the farm using a storage pond.
Other important characteristics for resilience were sustainable
stocking rate, soil fertility, and soil moisture content. With respect
to soils, there was considerable variation between the different
farms, each with related management challenges. The majority of
farmers described their soils as having low resilience to summer
dry. During one farmer workshop, much of the discussion focused
on farmer practices and experiences with trying to increase soil
moisture capacity and fertility, often through biological means,
to enhance the resilience of the pasture. Several participants had
recently adopted biological farming practices in an effort to
increase soil fertility, as well as to try to reduce costs. Three farmers
described greater rooting depth of grass after two years of
biological application and believed the biological soil
management had helped preserve pasture during drought.
Social factors
As per the conceptual framework (Table 3), social attributes and
characteristics of resilience of different farms were also of
interest.
The suitability of the social indicators for characterizing resilience
was also high. Discussion in workshops identified three social
factors that were most relevant: critical awareness of potential
risks, positive outcome expectancy, and self-efficacy. Critical
awareness of potential risks enables an individual to be aware of
a risk and assess the potential impacts exposure to that risk will
have on their farm (Paton 2006, Norris et al. 2008). Positive
outcome expectancy is a measure of an individual’s belief that
there are solutions available that will be adequate for the
mitigation of that exposure (Marshall and Marshall 2007).
Finally, self-efficacy is the measure of the individual’s belief in
their ability to carry out those solutions, to adapt (Bandura 1982).
In this framing, there is a logical sequence that links the three
factors: belief in the risk, belief in the solution to the risk, and
belief in one’s ability to implement that solution.
Based on the interviews, the majority of farmers had taken early
action in response to drought conditions. This is characteristic of
proactive and resilient farm decision making. In the survey,
critical awareness was tested for by asking farmers to respond to
a series of questions related to their understanding or knowledge
of climate change and other climate-related risks. On a scale of
1-5 (very low to very high), the majority of farmers in our study
ranked themselves as being medium to high. For example, several
of the farmers mentioned that by early summer, despite enjoying
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Table 5. Climate change projections for the Bay of Plenty.
Climatic variable

Data source

Temperature (Δ in °C)

Griffiths et al. (2011)
0.80 (2030), 1.80 (2080)

Summer
Autumn

0.0-1.2, 0.3-3.8
0.1-1.3, 0.4-3.9

Winter
Spring
Precipitation (Δ%, Tauranga)

0.4-1.6, 0.8-4.2
0.2-1.2, 0.4-3.6
(9)-2, (15)-2

Summer

(10)-4, (7)-19

Autumn
Winter
Spring
Hot days > 25 °C
Frost-free days
Extreme rainfall
Wind events

(16)-4, (18)-15
(5)-7, (2)-9
(20)-8, (41)-(3)

Ex-tropical cyclones (ETCs) and
midlatitude storms

More intense midlatitude storms

MFE (2018)
Up to 1.1 increase by 2040s, 0.7 to 3.1
warmer by 2090s
Autumn and winter warm slightly more
than spring and summer

Rainfall will vary locally within the region,
with little change in mean annual rainfall
but change in seasonal patterns.
More variable precipitation in summer and
autumn

Increase in number of frost-free days
Increase in severe wind risk

an extremely good spring, they felt they might be in for a drought
and therefore they had begun to prepare for one. One farmer, for
example, observed that plants were flowering at different times,
which triggered concern that they were facing a drought year.
Others recognized that the weather pattern was settling into a
drought in January/February and started to buy supplementary
feed.
Most of the interviewees had a reasonably positive outcome
expectancy that they would bounce back from the drought. For
some, the rain they had received had been enough to prepare them
for winter pasture, while others still needed additional substantial
rainfall. Interestingly, nearly every interviewee mentioned they
felt that their farm had coped better than other farms in their
area.
Discussing with farmers their “critical awareness of potential
risks” provided insight into beliefs about climate change. The
majority of farmers surveyed, when asked about their perceptions
of the risk of climate change, either did not believe that climate
change was occurring, or were neutral about whether it was
occurring. These results are consistent with other studies showing
low critical awareness of climate change risks in other NZ regions
(Niles and Mueller 2016).
In terms of self-efficacy, most of farmers surveyed scored
themselves medium-high and the majority believed their
responses to the drought were the right ones. Some farmers
contrasted their personal ability to cope with the drought to the
ability of their farm manager or share-milker, who were thought
to have been too stressed. As one farmer said, “if you couldn’t
cope with the challenges of the weather, you were in the wrong
profession.” For older and more experienced farm owners, much
of the learning to manage adverse conditions was based on
previous experience. This suggests that farming requires
considerable resilience at a psychological or emotional level, an

Drier spring
Likely increase in number of hot days
Frosts are rare by 2090s
Up to a 10% increase in strong winds (> 10
m/s)
ETCs will likely be stronger and bring
heavier rainfall; increased flooding risks

ability to persevere in situations that cannot be accurately
predicted or controlled, but only managed, such as drought.
Previous experience with drought has aided farmers in predicting,
responding effectively, and maintaining their belief that they
would get through. This reflects results of other studies that show
that self-efficacy is often developed through previous experiences
of dealing with challenging situations, including adaptation to
current climate risks (Meinke et al. 2009, Kenny 2011, Nicholas
and Durham 2012, Cradock-Henry 2017, Buelow and CradockHenry 2018).
Economic factors
The third set of attributes was used to characterize economic
resilience. New Zealand dairy farmers are very highly indebted,
making them vulnerable to interest rate increases, a drop in land
prices, and fluctuations in milk prices. A number of farmers in
the study described themselves as being “asset rich” but having
poor cash flow. The rise in land prices and the rapid expansion
of the dairy sector have been largely funded by debt. Debt
servicing can take up a large portion of farm-gate returns, limiting
producers’ ability to invest in on-farm improvements and lowering
their overall resilience to any unexpected shocks or stresses (Greig
et al. 2019).
Lower debt-equity ratios provide farmers with greater ability to
borrow money in a bad year, to purchase additional feed, and
“just get through” when productivity is reduced. Higher debt can
reduce flexibility and make it more difficult for farmers to invest
in long-term, strategic, adaptive responses.
Milk prices and compliance costs, both those of government as
well as sector, were identified as influencing short-term
profitability and longer-term stocking rates. Economic
diversification at the household level was considered less
important by the farmers we interviewed. Some farmers had
deliberately diversified household and family trust investments
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Table 6. Differences in exposure to input costs (Source: Research findings).
Market exposure

Production system

Rising input costs Dairy - High Input
Dairy - Low input

Exposure
High
Low

into other sectors (e.g., commercial property) to spread risk to
moderate the impact of price shocks and climactic extremes.
Others had chosen to diversify into other farming activities. Of
the 15 farmers interviewed, 9 had had no other income activities.
How do characteristics of resilience differ between farm types?
The second objective was to evaluate differences in farm-level
resilience using the framework. Although future studies may
involve large-N surveys and probabilistic, economic, or farmsystems modeling (e.g., Kalaugher et al. 2017, Buekes et al. 2019),
the focus here is on the potential of the framework to characterize
differences between production systems. Notwithstanding the
small sample size, preliminary observations regarding features of
different systems that might enable and enhance resilience across
high-input, low-input, or grass-based systems and organic dairy
farms are identified.
High-input
As noted earlier, there is a trend throughout NZ toward more
intensive, high-input farms, with higher than average stocking
rates, due to consolidation of smaller farms, rationalizing
processing capacity, and the need to realize greater efficiencies.
Results from the interviews and workshops show that high-input
farms may be more exposed to market risks and price increases,
and buffered against drought through their use of supplemental
feeds. The key risks for intensive producers are their exposure to
higher input costs and long-term security of feed supply (Table
6), especially when compared to low-input, grass-based systems.
Farm inputs can include labor, fertilizer, fuel, stock, seed, and
materials. Additional inputs may also be related to the type of
farm, the farm-management system, and the scale of the
operation. There is tremendous variation as well in the scale of
inputs between low- and high-input farms. The degree of
resilience was correlated strongly with the management (feeding)
system. High-input systems, unsurprisingly, were most sensitive.
Producers also described how input costs interacted dynamically
with other market forces. All agricultural input costs increased,
for example, as payout to dairy farmers increased.
Within the study, the biggest determinant of sensitivity to rising
input costs was the feed management system. The distinction is
made here between all-grass (pasture based) or largely grass
based, low-input systems, and high-input systems, which by
definition, source as much 55% of animal feed from outside the
farm (Basset-Mens et al. 2009, DairyNZ 2010). Typical imported
feeds include maize (Stockdale 1995) and increasingly common
is palm kernel expeller (PKE), a by-product from the production
of palm oil (Dias et al. 2008).
Dairy farmers are paid for milksolids (per kg). The actual return
to dairy farmers in inflation adjusted terms has remained

Conditions
Farmers reliant on supplemental feed or high inputs of
fertilizer are more exposed-sensitive to cost increases
Low-input, all grass systems reliant on fewer inputs, but
more sensitive to climatic conditions as they affect pasture
production.

relatively constant and so efficiencies have to be found in the
system to improve profitability (Jay 2007, Foote et al. 2015).
Increased protein intake, through supplementation is one way to
boost production, and supplementation was also cited by a
number of dairy farmers as a way to reduce their exposure to
climatic variability and extremes by decreasing their reliance on
pasture growth. Recurring droughts over the last several years
have resulted in an increase in the amount of supplemental feed
being used by NZ dairy farmers (MPI 2015). Between 2004 and
2008, imports of PKE rose from 42,700 tonnes to over 1,000,000
tonnes (MPI 2015). Palm kernel imports for 2017/2018 exceeded
2,300,000 tonnes.
With widespread droughts in recent years, prices have risen
dramatically, driven as well by global demand. Within a single
season, a tonne of palm kernel landed on the farm, more than
doubled in price (MPI 2015). Furthermore, these input costs are
“sticky downwards;” rising quickly in response to external
conditions such as a high pay-out to dairy farmers, but falling
slowly, if at all.
Think about the long-term effects of this drought, said
one farmer, right, grazing, for instance, is going to go up
by at least fifty percent, and it’s not going to go back to
normal next year, is it? Palm kernel has gone from
NZ$230 to NZ$450. You know, they give you a good
pay-out, and everyone puts their costs up and then when
the pay-out drops, those costs stay high and you’re stuck
with them. All that’s happened is pay-out has gone up,
but everything else has gone up too.
Finally, high-input dairy producers found themselves exposed on
the supply side. During the drought, not only did feed prices rise
dramatically, but feed was difficult to come by. Some farmers
reported paying NZ$200 a bale (up from NZ$60), for “the dregs
of the chest - if you can find it, because that constant supply has
been a bit wayward this year.”
Others described maize growers running out of silage:
My neighbour, he’s really upset. One of the major growers
of maize around here ran out, just didn’t get a good enough
crop, so basically told him he couldn't have any. So that’s
his whole winter feed suddenly not arriving.
By adopting a high-input system, farmers reduce their exposure
to some climatic risks, buffering themselves against climate-driven
effects on pasture production; however, they significantly increase
their exposure to rises in input costs. These dynamics illustrate
the way in which risk is transferred elsewhere in the system, but
not eliminated or reduced, potentially lowering resilience of
certain farming systems. The risks of a high-input system relative
to a low-input one, are not unknown to producers, who identified
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increased exposure to price increases, sticky downward prices, and
supply problems as concerns.
As one dairy farmer commented: To me the risk factor
behind brought-in feed is horrendous. Sure, weather is
our biggest risk, but there’s nothing much we can do about
that. But if you are high input you’re very exposed to
what prices do, if you’re even able to get the feed in the
first place.
Shifting from a low-input or all-grass system to a high-input
system may increase overall production, but it is not cost-neutral.
Changing management systems requires a concrete feed-pad, a
dedicated tractor, and often an additional labor unit as well as
the ongoing cost of PKE or maize silage. This adaptation,
changing from a low to high-input system, for example, changes
the nature of the system to make it better adapted to the climatic
conditions but potentially increases exposure to market stresses.
At the same time, intensification may increase market risk.
Anecdotally, some dairy farmers stated that milk produced from
cows that are fed a highly supplemented diet, may be of lower
quality with higher cell counts and water content; and one study
has concluded milk from cows fed a diet high in PKE contains
elevated levels of harmful transfatty acids (Benatar et al. 2011).
Hence, dairy farmers are now more sensitive to market conditions
as well as to conditions that effect quality, and farm income as
well because payout is determined, among other things, by milk
fat content (Verkerk 2003). Another market-related risk that was
identified by producers, and that would indicate lower relative
resilience than lower input systems, is the perception of NZ dairy
products in key overseas markets.
We get a premium for our milk, and I’m not so sure that
would last if everyone knew we were standing our cows
on concrete and not out in the grass.
Finally, a number of farmers commented on the potential
biosecurity risks associated with PKE, particularly fears of foot
and mouth, which would devastate the sector.
Low-input
The results of interviews and workshops also highlighted the
extent to which conventional dairy farming is relatively welladapted to current conditions. Producers using a grass-based
system are more exposed/sensitive to climatic variability and
extremes than those on feed-based systems. Reliance on pasture
production can be mitigated in some ways through the use of
supplemental feeds and a shift to higher inputs; however, this may
increase exposure/sensitivity and system-dependency elsewhere
in the system.
Low-input, grass-based systems (DairyNZ system 1 and 2) made
up the majority of farmers interviewed. This is possibly due to
the moderate climate of the Bay of Plenty region, and
intensification is not as pronounced as in some other regions.
Low-input farms were typically referred to by participants as “the
way we’ve farmed this country for the last hundred years.” Using
the framework provides insight into both the merits and the
exposures of these systems to climate change.
Low-input systems, reliant on grass growth, were most exposed
to climatic conditions. There is some level of climatic risk that
will be irreducible because dairy cows cannot subsist on

supplemental feed alone (Verkerk 2003). In this way, drought can
also be experienced at the farm level as a financial or marketrelated risk.
Producers using a low-input or all-grass system are not totally
sheltered from rising input costs. The dependence on grass growth
requires that soils are “adequately resourced” as some farmers
put it, through the application of fertilizer, nutrients, and moisture
through irrigation, to maintain production. Farmers are also
exposed to any increases in electricity costs. During drought,
grass-based farmers are also more sensitive to the drier weather
conditions and in many cases either dried off early (i.e., stopped
milking) or purchased supplementary feed to see them through.
If they purchased supplement, then they were just as exposed to
the rise in feed costs as others. Some low-input farms are, in fact,
more exposed. If supplementary feed is required, then they may
not have access through social and business networks from which
to source the feed; without forward contracts, feed may be difficult
to come by; and there is typically insufficient farm infrastructure
(i.e., no feed pad), so wastage can be high.
For low-input producers, this problem is compounded by access.
Most of the feed that was available to farmers in the last drought
was absorbed by producers on high-input systems that already
had forward contracts for feed purchase. As recent droughts have
been more widespread, some farmers described problems with
finding feed on short notice.
The problem we’ve had this year is that people like us,
that didn’t have things in place, if you like, didn’t have
their risk management for something like this, we couldn’t
source feed once it [the drought] came, because it was so
widespread. The whole country was short of feed, and we
just couldn’t get it. Whereas some of the people that were
on farms that dried every year, and had decided to manage
it with feed pads, they got that feed organized before and
it comes. They’ve been able to manage a lot better.
Low-input farmers, in general, assessed themselves better on key
agroecological characteristics. Soil fertility, soil-moisture
capacity, and the “engine room of the farm” was more closely
monitored by farmers on grass-based systems and was a key
characteristic of resilience. Some producers took a long-term
view, focusing on building the buffering capacity of their soils as
a strategy to mitigate against future climate. As one dairy farmer
stated:
What I’m doing is creating a soil that is a buffer; that is
sequestering carbon, that is healthy, and passing that
down the chain. And if the sun’s up there for 24 hours a
day, burning a hole somewhere, it’s having less effect
inside my fences than anyone else’s.
Low-input farmers, in general, were also more likely to be forward
thinking. In short, they had fewer safety nets, limited options:
“We can’t just ring up and get feed,” and so needed to have a
longer term, strategic view. One dairy farmer ended up doing
record production during the drought, an increase in yield that
he attributed to closely watching all aspects of production.
When you fall in a hole, you know you’re in it; whereas
with monitoring you tend to know you’re going to fall in
a hole - try and avoid the hole. It helps knowing.

Ecology and Society 26(1): 3
https://www.ecologyandsociety.org/vol26/iss1/art3/

By closely monitoring soil fertility, not only is the farm better able
to withstand dry conditions, but it also has reduced their exposure
to a spike in input costs.
It’s preventative... risk, all the things we do - whether it’s
fertilizer, our animal health is the same, the emphasis is
on preventative care, it makes things a little bit more
expensive along the way but the disasters are a lot fewer.
When pasture growth is limited, farmers on low-input or all-grass
systems must bring in supplemental feed; whereas high-input
farms will adjust the ratio of pasture to supplementary feed so
that stock get a greater percentage of their diet from imported
foodstuffs. This can be a short-term, tactical response with
farmers purchasing feed as needed; or as part of a longer-term
strategy involving forward contracts or changes in farm
production practices. By installing a feed pad or meal feeder
system, producers have more control over feed supply, reducing
exposure/sensitivity to climatic variability and extremes as they
pertain to grass growth. As this dairy farmer stated:
One of the reasons people went to feed pads was because
they can control their feed through the year - used to be
shitloads of grass in October, November, dry out in the
summer, alright in the autumn, bugger all in the winter.
So you get this up and down through the season, so
alright, let’s feed them all year and we can control the
situation and growing grass becomes a secondary thing.
There are limitations to this strategy, however. Buying
supplementary feed is constrained both by farm income, only if
the payout was good were producers able to make a margin, and
the availability of feed. In normal drought years, this response
has been adequate. Recent droughts in 2008, 2009, 2010,
2012/2013, and 2017/2018 have been far more extensive, however,
covering large portions of the country (Harrington et al. 2014,
Salinger et al. 2019), rendering normal adaptive strategies
insufficient.
Organic
Organic dairy farms represent only a small percentage of NZs
total production, and only two organic farmers participated in
the study. Both organic farmers who participated said that the
greatest impacts of climate change for their operations would be
pasture production and animal health, and they felt they were less
resilient overall to drought and future climate change compared
to other farms. Unlike other farming systems, the two organic
producers said they had less flexibility to respond to drought, and
had to dry cows off early, resulting in lost production. The main
constraint was strict rules and conditions associated with organic
certification. As one farmer said, during the drought:
We could get feed, but it was coming from the Hawke’s
Bay and it was low on the ground... there was a tanker of
[certified organic] barley in port, in Tauranga, but they’d
sold it all before the ship even docked. That [organic
certification] makes it really hard for us to get feed
quickly when we need it. There’s only so much around.
Organic producers did rate themselves highly for agroecological
characteristics, particularly for soil management. Although there
is considerable variation in Bay of Plenty soils at the regional and
even farm scale, the two organic farmers were more familiar with

their own soil types and were more inclined “to get a spade out”
and inspect their soil regularly. One farmer noted that although
the drought had had an impact on pasture growth, “We were able
to ride out the dry a lot longer than most, and I think that was
because of our soil... we’ve worked hard to improve it.” Both
farmers also noted the value of having trees on their properties
for shading animals and in one case for use as an emergency fodder
crop.
When surveyed, the organic farmers said they were less likely to
consult with their peers about on-farm decisions and had
comparatively smaller social networks than their colleagues. Part
of this may simply be due to the function of the small sample, it
might reflect the individualistic nature of organic producers, or
because there are fewer organic farmers, they may have fewer
options for peer consultation. Research elsewhere has highlighted
the importance of networks for transformational adaptation
(Dowd et al. 2014) and further research with a large sample would
be needed to better understand the correlation, if any, between
social networks, adaptation intentions, and organic farming
practices (Kummer et al. 2012, Guzmán et al. 2013).
For the organic producers, rules relating to organic certification
and the long lead-times required to become certified, can inhibit
rapid response and limit flexibility. Climate change is likely to
extend the range of subtropical invasive grasses, for example (Lee
et al. 2013). However, unlike conventional farms, which can apply
herbicide, these farmers noted they would need to use biological
methods, which may have limited effectiveness and are expensive
to apply. The increased frequency and severity of drought was
also identified as a challenge. Dairy farms currently use
supplemental feed to maintain production during drought,
however organic farms need to be able to source certified organic
feeds as a temporary measure but may be competing with other
larger, nonorganic, farms, especially during widespread drought
events.
Given the investment required to obtain certification, adherence
to the guidelines was central to the farms’ identity. Converting a
farm to the required certified organic system and standards takes
a minimum of three years, and profitability during that conversion
is likely to be minimal.
A significant positive factor for organic producers was the
premium paid by the milk company. Farmers on fully converted
properties earn a NZ$1.05 premium on each kilogram of
milksolids. This premium, which was recently reviewed, ensured
that at least one of the farmers interviewed managed to stay afloat
during drought.
As the farmer noted, Without the premium we’re getting
it’s not worth it. I’d go to a conventional farm - but on a
biological system - if we didn’t get that extra.
Nonetheless, ensuring the security of certified feed supply during
drought and managing invasives are two of the biggest challenges
to a more resilient organic dairy farm.
CONCLUSION
In this study of dairy farms in NZ’s Bay of Plenty region, a
resilience-based framework was developed and applied to gain
insight into the dynamics of farm-level responses to climatic
extremes. Evidence of a range of responses employed to cope with
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environmental, market, and other stresses was found. The
framework, and the proxies for social, economic, and
agroecological resilience, was sensitive to the differences between
organic, low- and high-input farm types, and provided insight
into the ways each are differentially affected by drought. For the
most part, all farms seek to maintain production where possible,
through the use of supplemental feed or forage, but may be
constrained by costs or regulatory requirements in the case of
organic farmers. Most of the strategies employed are short-term,
reactive, and able to cope with interannual variability, but may
not be sufficient for long-term changes
The conceptual framework provides an initial assessment of farmlevel resilience, in which qualitative information is derived from
stakeholders. The framework includes proxies for assessing farmlevel resilience, which although subjective, might form the basis
for further development, composite indicators, or additional
empirical examples. Indicators for resilience remain an active area
of research internationally. Quantitative metrics are not without
their limitations, however they may be able to facilitate larger
studies, comparative analysis at the regional scale, and quantify
the costs-and-benefits associated with each farm type, more
robustly. The framework, furthermore, has not considered
potential for identifying win-wins, for example, that provide
adaptation benefits while also reducing a farm’s greenhouse gas
emissions. Given NZ’s unique emissions profile and the need for
farm to meet multiple objectives (including freshwater standards),
resilience-based metrics may be desirable.
The current study was also limited by the small sample size, and
future work could scale the analysis to consider a larger area, as
well as assess its versatility for use in other primary industries.
Many of the proxies identified are relevant for other industries.
For example, recent work on resilience in the wine industry used
a model of resilience to characterize a stability landscape
(Cradock-Henry and Fountain 2019), which could be combined
with proxy indicators developed here for more detailed analysis.
Finally, the proxies might also be used in other processes, or as
input to decision-support systems, to help identify critical
decision thresholds or triggers (Yletyinen et al. 2019).
As the impacts of climate change accelerate, it will be necessary
to closely monitor the ways in which farms and agricultural
sectors adapt. Regardless of how the future unfolds, the resilience
of the dairy industry is likely to be watched with interest, given
its prominence. Enhancing dairy farming’s resilience through
innovative and sustainable practices can help showcase
adaptation options for other sectors in anticipation of future
changes.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
php/12122
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