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Key messages 

� The industry is aware of the major risks and challenges it faces, and formally states these in 

policy positions and goals. This provides a clear rationale for engagement and cooperation 

between NRMs, LLSs and industry groups in the horticulture industry. 

� Due to expected changes in temperature in coming decades, areas currently suitable for 

horticultural production are likely to contract in their western and northern extent. This 

may increase pressure on more eastern, coastal growing areas also experiencing 

competition from other types of land use intensification. 

� Over the next two to three decades, changes to rainfall patterns are likely to be masked by 

natural variability in the Cluster regions. However, rainfall may occur in less frequent, higher 

intensity storm events that can erode soils of farms but also increase the contribution to 

downstream water quality impacts on the environment 

� The socio-economic vulnerability of horticultural businesses to climate change differs 

significantly between regions, and between growing districts in some regions. Understanding 

this pattern can inform prioritisation and program delivery to growers. 

� Opportunity exists to partner between NRM, industry and other service providers on 

delivery of disaster preparedness, recovery and integrated approaches to on-farm risk 

management that address multiple benefits at farm scale (e.g. resource use efficiency, 

environmental benefit, preparedness). 
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Background 

The focus of this briefing note is to assist regional Natural 

Resource Management (NRM) and Local Land Services 

(LLS) groups within the East Coast Cluster to plan future 

engagement with horticultural businesses on issues 

related to climate change. The east coast of Australia 

contains several major horticultural production areas. 

Horticulture is one of the most vulnerable industries in the 

agricultural sector to projected climatic changes such as 

rising temperatures, reduced water availability and more 

extreme weather events.  

However, overall the industry need not be negatively 

impacted if well prepared. Preparing for climate change 

adaptation sooner than later is important, and may mean 

that any opportunities associated with the future 

prosperity of the industry will be better secured. 

 

This briefing note reports on climate change vulnerability and adaptation opportunities for 

horticulturalists within the six NRM/LLS regions of the East Coast Cluster (Figure 1). These regions 

include from north to south, the Queensland NRM regions of Fitzroy Basin, Burnett-Mary, South East 

Queensland (SEQ) (also referred to as East Coast North), and the New South Wales LLS regions of 

North Coast, Hunter and Greater Sydney (East Coast South).  

The briefing note is structured using a series of headings and sub-headings that reflect the main 

parts of an integrated vulnerability assessment framework, e.g. exposure, ecological/biophysical 

impacts, socio-economic impacts, and adaptive capacity. This framework has been developed 

specifically to help think about sector-based adaptation to climate change in resource dependant 

industries, and has been adapted to suit the writing of this briefing note (Marshall et al., 2013). The 

briefing note also summarises horticulture industry policy perspectives and outlines a suite of 

adaptation responses where opportunities for cooperation between industry and NRM/LLS groups 

on shared priorities exist for reducing vulnerability to climate change.   

While this document takes a whole-of-industry perspective to horticulture in the East Coast Cluster 

the description of likely ecological impacts (such as distribution of suitable production areas) later in 

the document uses avocados as case study to illustrate anticipated changes. Detailed scientific data 

used in this analysis was commissioned by the Australian Government’s Department of Environment 

and can be accessed through the references listed in the final section.  

 

 

Figure 1. Map of the East Coast Cluster (Dowdy et al., 2015) 
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A brief overview of the industry in the face of climate change 

Horticulture includes fruit (annual and perennials), perennial berry and tree crops, vegetables, tree 

nut crops, nursery, cut flowers and turf. These are typically high value products that are grown on 

relatively small areas of land. There are more than 5,500 horticultural businesses within the East 

Coast Cluster region (ABS, 2014). In 2010-11, the value of horticultural commodities produced in the 

East Coast Cluster was $1.9B and the horticulture industry employed nearly 13,800 people (Table 1) 

(ABS, 2011; 2012). In 2010-11, horticulture contributed 54% of the gross value of agricultural 

commodities in the SEQ region, followed by 49% in the Burnett Mary region and 43% in the 

Hawkesbury-Nepean1 region. Horticulture also represents 46% of the agricultural workforce in both 

the SEQ and the Hawkesbury-Nepean region and over 30% in Burnett Mary and Northern Rivers 

(Smith et al., 2014). 

 

Source: Table adapted from Smith et al., 2014 (a) Census of Population & Housing (ABS, 2011); (b) Value of Agricultural 

Commodities Produced, Australia, 2010-11 (ABS, 2012)  

Climate change is expected to impact upon the horticulture industry in various ways. Horticultural 

crops are particularly sensitive to temperature with most having specific temperature requirements 

for the development of optimum yield and quality (Deuter et al., 2011). Higher temperatures tend to 

shorten the period of growth of a number of horticultural crops (Webb and Whetton, 2010). 

Increases in temperature can also affect flowering, pollination and harvest dates, as well as the 

incidence of sunburn and reduced colour development. Increased night-time temperatures will lead 

to increased respiration and possible difficulties in reaching larger fruit size classes (Webb and 

Whetton, 2010). 

Horticultural enterprises require reliable irrigation supplies. Changes in rainfall and evaporation 

reducing soil moisture and runoff are expected and the challenge will be to meet increased crop 

water demand with a reduced water supply. Lower winter and spring rainfall may indirectly cause 

increased frost risk (Webb and Whetton, 2010). Carbon dioxide fertilisation, in which elevated 

atmospheric carbon dioxide can increase the efficiency of use of light, water and nitrogen and partly 

offset increases in evaporation or decreases in rainfall, is expected to be crop-specific.  

                                                           
1 During the lifetime of the project, the NSW CMAs were replaced by Local Land Services (LLSs). To date, however, the 

availability of data on agricultural commodities relevant to this briefing note is limited to the old system of CMA 

boundaries.  

Table 1: Percentage of persons employed  and total gross value of agricultural commodities produced (VACP) in 

the  horticulture industry 

 No. employed(a) % of persons 

employed in Ag.(a) 

Gross VACP 

($M)(b)* 

% of total gross VACP 

(b) 

Fitzroy      362     7%  45.7  5%  

Burnett-Mary  2,849  37%  541.1  49%  

SEQ  4,758  46%  655.5  54% 

Northern Rivers  2,643  30%  281.1  32% 

Hunter-Central Rivers      791  15%  55.4  10% 

Hawkesbury-Nepean  2,384  46%    339.5  43% 

Total 13,787  1,918.3  



Horticulture and Climate Change in the East Coast Cluster: Impacts & Opportunities, May 2015 

 

4 

 

In addition, most deciduous fruit and nut trees need a period of chilling to break the winter 

dormancy. A warmer climate may reduce fruit quality and yield and can result in ‘less-than-

desirable’ ripening of some fruit. Where rainfall and humidity may decrease, fungal pressure may be 

reduced.  

However, increased summer rain and extreme rainfall is likely to increase fungal problems. Pest 

species may also be affected. Furthermore, crops may be damaged by more frequent and extreme 

weather events, including cyclones, flooding and drought (Deuter, 2008) which also cause major 

damage to farming, packing and processing infrastructure on-farm on in the broader growing district 

and interrupt transport logistics for the movement of fresh produce to market.     

Industry perspectives on the challenge ahead 

Understanding how the horticulture industry sees and describes the challenges it faces with 

managing climate variability and extreme weather events is crucial to designing appropriate and 

effective responses from an NRM perspective.  A review of recent industry policies and submissions 

(2009-2014) show the industry recognises the connections between carbon, disaster risk, climate 

adaptation and drought policies. Several themes from that review are briefly described below:   

(i) A priority issue for a ‘vulnerable’ industry 

The problem of adapting to climate change and natural disasters are recognised as a major challenge 

for the industry:    

Climate adaptation stands out as a clear priority for the horticulture industry. Importantly, 

horticulture is one of the most vulnerable industries in the agricultural sector to projected 

changes to temperatures and water availability (Growcom, 2014, p.14).  

Moreover the industry recognises that the problem extends beyond the sector itself, describing it as 

one of “the key risks to national food supply” (Growcom, 2011a). 

(ii) Gradual, cumulative and episodic change  

Submissions highlight that “horticultural growers are well-accustomed to dealing with climate 

variability” and that many of the strategies they currently employ will continue to be useful in the 

expected range of variability under climate change in the next 10-20 years (Growcom, 2009, p.9).  

However, submissions also recognise that it is the cumulative impacts of these changes that are a 

problem and that major disasters also exacerbate this: 

…over time, the sum of these gradual changes will exceed producers’ adaptive capacity 

based on current strategies. This is already evident with extreme events, such as the most 

recent Queensland drought and Cyclone Larry, placing substantial strains on growers’ 

capacity to adapt and move forward (Growcom, 2009, p.10).  

Indeed, the impacts of extreme weather events, given several recent occurrences are forefront in 

the minds of industry bodies:   
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As recently evidenced by the destruction wrought by cyclone Yasi and the Queensland floods, 

the horticulture industry is also susceptible to natural disasters which are predicted to 

increase in frequency and severity (Growcom, 2011a, p.8). 

(iii) Ecological impacts 

The industry identifies several direct impacts of climate change on the natural assets and systems 

horticulture production is highly dependent on:  

• Irrigation water availability and demand: reduced water supply security due to changes in 

water harvesting and storages opportunities at farm and catchment scales [combined with] 

increased crop water needs could also result from decreased soil moisture and increased 

evaporation. (Growcom, 2009, p.8). 

• Biosecurity: In warmer environments [some] pests and diseases may be active for longer 

periods of the year, change…behaviours or shift their geographical range. The efficacy of 

some chemical control methods may also be reduced. (Growcom, 2009, p.8). 

• Production capacity, regions and cropping cycles: Broadly, “because of the narrow thermal 

tolerances of many horticulture commodities, climate change presents a significant risk to 

our ongoing production capacity” (Growcom, 2011a, p.8). Changes affecting temperature or 

water availability may alter growing regions and cropping times…lead[ing] to changes in the 

optimum locations for fruit and vegetable industries. Changes in plant growth, productivity 

and growing seasons are also predicted. For example, changes may result in a “possible 

…southward expansion of areas suitable for tropical and sub-tropical crops and a 

corresponding contraction of areas for temperate crops” (Growcom, 2009, p.11). 

• Crop losses: Greater crop damage and losses as a result of frost, heat stress, fruit drop, 

sunburn and extreme weather events. Another predicted change includes reduced product 

quality due to warmer temperatures (Growcom, 2009, p.8). 

• NRM impacts: could include increased risk of soil erosion and off-farm impacts from nutrient 

and pesticide runoff due to more extreme rainfall events.  (Growcom, 2009, p.8). 

 

(iv) Socio-economic impacts 

In its submissions the industry also identified several socio-economic and market impacts of climate 

change:  

• The industry is already subject to “price increases to core components of their cost 

structure, in particular wages, fuel and fertilisers and climate changes, and policies related to 

climate change are expected to put further pressure on the costs of production” (Growcom, 

2010).   

• Shifts in seasons and rates of maturation could alter growers’ ability to meet contractual 

requirements of supply or time production to hit the market windows that underpin the 

profitability of their crops (Growcom, 2009, p.8).  

• An industry already experiencing labour shortages “may experience further difficulties in 

attracting and retaining labour resources” due to less desirable working environments (e.g. 

heat stress) (Growcom, 2010).  
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(v) A multi-faceted response is needed  

The industry is aware that an effective response will require action at several levels and across 

several policy ‘issue’ areas. These include emissions reductions, contributing to carbon 

sequestration, adapting to climate changes, and influencing and responding to new policy settings, 

(Growcom, 2010), as well as emergency response planning and preparing for minimising the impacts 

of natural disasters (Growcom, 2011a). Support for changes at the enterprise level is also mooted: 

Growers require support to adjust farm practices, employ new technologies, mitigate on-

farm carbon emissions and drive energy efficiencies (Growcom, 2013, p.13).  

Industry recognises that because of the diversity of commodities, enterprise types and wide 

geographical diversity of horticulture operations “impacts are likely to vary across regions and 

commodities” (Growcom, 2010) and that this significantly complicates the response. Industry 

perspectives on appropriate and suitable adaptation responses are also incorporated into the final 

section of this paper, Adaptation opportunities and responses. 

Exposure 

This section provides a summary of future climate projections for the East Coast Cluster region 

based on the CMIP5 model, which also underpins the Fifth Assessment Report of the IPCC. A set of 

four scenarios, also referred to as Representative Concentration Pathways (RCPs), has been 

produced which represent the full range of plausible future emission scenarios. This report focuses 

on the high scenario (in terms of future carbon emissions – RCP8.5) and the moderate scenario 

(intermediate scenario resulting from moderate emissions reduction - RCP4.5). 

Due to the large climate diversity of the East Coast cluster region, projections are presented 

individually for the Queensland and the New South Wales parts of the region, namely: East Coast 

North (comprising Fitzroy, Burnett Mary and SEQ), and East Coast South (comprising North Coast, 

Hunter and Greater Sydney) (see Figure 1) (Dowdy et al., 2015). 

Current climate for the East Coast Cluster 

The East Coast Cluster region spans a large range of latitude and altitude, resulting in a diverse range 

of climatic conditions. Its climate is predominantly subtropical, with regional variations such as 

tropical influences in the north and temperate influences in the south. Since the close proximity to 

the ocean has a moderating influence on temperatures, the East Coast Cluster generally experiences 

fewer hot days than locations elsewhere in Australia at similar latitudes.  

Overall, the East Coast North region exhibits a clear seasonal variation in temperature with daily 

mean temperatures ranging from about 26°C degrees in summer to about 15°C in winter (Figure 2). 

In the East Coast South region temperatures are somewhat lower, with daily mean temperatures 

ranging from about 22°C in summer to about 10°C in winter. The annual average temperature is 

21.3°C for East Coast North and 16.4°C for East Coast South (Dowdy et al., 2015).  
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Figure 2. Seasonal rainfall (blue bars) and temperature characteristics for the East Coast Cluster North (a) and South (b) 

(1986-2005).  Monthly mean temperature (green line), monthly mean maximum temperature (orange line), monthly 

mean minimum temperature (blue line), and annual average of mean temperature (grey line). Temperature and rainfall 

data are from the Australian Water Availability Project (AWAP) (Dowdy et al., 2015).   

The seasonal rainfall characteristics in the East Coast Cluster are determined by a complex series of 

rain-bearing weather systems that occur in this region (i.e. trade winds, easterly trough, tropical 

cyclones, fronts and low-pressure systems, changes in sea surface temperatures). There is a clear 

variation in rainfall throughout the year in both the East Coast North and the East Coast South 

regions. In both regions, February is the wettest month, followed by a dry period during the cooler 

months (June to September) (see Figure 1 above). However, in contrast to the East Coast South 

region, the East Coast North region has a more pronounced difference between the wet and the dry 

months of the year, relating to stronger tropical influences. Across the region, there is a spatial 

gradient in rainfall, where locations near the coast generally experience more rainfall than locations 

further inland (Dowdy et al., 2015).  

Climate futures for the East Coast Cluster 

Overall, the East Coast Cluster region is projected to continue to warm throughout the 21st century. 

Mean surface air temperature between 1910 and 2013 has already increased by about 1°C in the 

East Coast North and by about 0.8°C in the East Coast South. For the near future (2030) the mean 

warming is around 0.4 to 1.3°C above the climate of 1986-2005, with only minor differences 

between the model scenarios (RCPs) (Table 2). For the far future (2090) the mean warming is 1.3 to 

2.5°C for the moderate scenario (RCP4.5) and 2.7 to 4.7°C for the high scenario (RCP8.5). There will 

also be changes to temperature extremes, including a substantial increase in temperature of the 

hottest days, a greater frequency of hot days, and a substantial decrease in frost frequency (Dowdy 

et al., 2015).  

  

(b) East Coast South (a) East Coast North 
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Table 2. Projected temperature change (°C). Compared to 1986-2005. For 20-Year 

Periods (centred on 2030 and 2090) and three RCPs. The median projection across the 

models is shown. With the 10th to 90th percentile range of model results in brackets. 

 RCP2.6 

Low emissions 

RCP4.5 

Intermediate 

emissions 

RCP8.5 

High emissions 

2030 0.8 

(0.4 to 1.1) 

0.9 

(0.6 to 1.2) 

1.0 

(0.6 to 1.3) 

2090 0.9 

(0.5 to 1.5) 

1.9 

(1.3 to 2.5) 

3.7 

(2.7 to 4.7) 

Source: Adapted from Dowdy et al., 2015 

Projections of rainfall changes are less clear than temperature changes for the East Coast Cluster. 

Overall, annual rainfall has not shown any long-term trend during the 20th century, but has 

demonstrated intermittent periods of wetter and drier conditions. Over the next few decades, such 

as by 2030, rainfall projections are similar across all emissions scenarios. During this near future 

period, changes in rainfall are expected to be within the bounds of existing, natural climate 

variability in the cluster or that natural variability will mask or enhance any trends of increasing or 

decreasing rainfall (Dowdy et al., 2015). 

In the East Coast North region, models show a range of results under both moderate (RCP4.5) and 

high (RCP8.5) emission scenarios in the far future (2090). Generally, models show either little change 

or slight decreases of rainfall, particularly in winter and spring. In the East Coast South region, 

models project a decrease in winter rainfall in the far future under both scenarios. A range of 

changes is projected in the other seasons, with a tendency for increase in summer rainfall. However, 

uncertainty over driving processes and some inconsistent results from downscaling mean that the 

direction of change cannot be reliably projected (Dowdy et al., 2015). With such contrasting model 

simulations, it is therefore important for horticultural businesses to consider the risk of both a drier 

and wetter climate in any planning activities longer term and the improved management of 

variability in the near term.  

Importantly, many of the earliest and most significant impacts of a changing climate are likely to be 

experienced as changes in extreme weather events rather than changes to the mean climate. For 

instance, whilst the projection for mean rainfall is tending towards a decrease in the East Coast 

Cluster region, the intensity of heavy rainfall events is projected to increase, causing flooding 

impacts. Projected changes to drought share much of the uncertainty of mean rainfall change, and 

there is no clear indication on changes to drought condition. Under the high emission scenario 

(RCP8.5) there is evidence which indicates an increase in the proportion of time spent in drought 

towards the end of this century. However, the picture is less clear for the moderate emission 

scenario (RCP4.5) (Dowdy et al., 2015).  
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Ecological and biophysical impacts  

As discussed above, climate change will impact horticultural businesses in the East Coast Cluster due 

to the effects of increasing temperatures, changing rainfall regimes and more frequent extreme 

weather events. Horticulture in Australia consists of a large number of diverse industries grown in a 

wide range of production regions. All horticultural crops are sensitive to climatic changes, and most 

have specific temperature requirements for the development of optimum yield and quality (Deuter, 

2008). This section predominantly focuses on avocado production, but its broader messages may be 

informative for other types of horticultural crops. The East Coast Cluster is an important avocado 

production area and the majority of the Australia’s avocados are grown within the East Coast 

Cluster’s boundary.  

 

Avocado is a tropical fruit and has major growing areas around Bundaberg-Childers, the Sunshine 

Coast, Central Burnett, Tamborine and Toowoomba. Avocadoes are known to be highly sensitive to 

climatic conditions. Average daily temperatures between 20-25°C provide optimal conditions for 

avocado production. During flowering and fruiting (October/November), temperatures below 33°C 

are critical to avoid pollination failure and abscission of fruit (Deuter et al., 2011; Muller et al., 2010).  

Increased heat stress will adversely affect fruit size and the capacity to ‘store’ a mature crop on the 

tree (Deuter, 2008).  

Distribution models using software called MaxEnt were used to predict the probability of an area 

being suitable for avocado production in the future, based on changes in climate variables. Two 

potential future climate scenarios (or Global Climate Models (GCMs)) were developed, representing 

(i) a ‘worst case’ warmer and drier future, and (ii) a ‘best case’ wetter and cooler future (Hosking et 

al., 2014 (a, b, c, d, e, f)). The modelling was undertaken for avocado production in only four of the 

six NRM/LLS regions within the East Coast Cluster (i.e. Burnett-Mary, South East Queensland, North 

Coast and Hunter). In the Fitzroy Basin NRM region and the Greater Sydney LLS region avocado 

production was not modelled since production is not significant in these two regions.  

The analysis showed that ‘maximum temperature in November’ was the most important predictor 

for the future suitability of avocado growing in the four assessed NRM regions of the East Coast 

Cluster. This variable acts as an indicator for the flowering and fruiting period. ‘Elevation’, ‘soil – 

yellow duplex’, and ‘minimum temperature in July’ were other important variables affecting the 

suitability (Hosking et al., 2014 (a, b, c, d, e, f)). The latter variable acts as an indicator for flower 

induction affected by frost.  

Climate change will impact the suitability of avocado production in the East Coast Cluster to varying 

degrees. In general, modelling predicts that avocado production will contract in western parts of the 

region and shift eastwards. Nonetheless, avocado production is believed to remain suitable in much 

of its current eastern range. In summary, modelling undertaken within four of the six NRM regions of 

the East Coast Cluster shows the following results: 

• In the Burnett Mary NRM region, avocado production is predicted to contract in the west 

and shift eastwards, but remain suitable in much of its current eastern range under both 

climate scenarios (Hosking et al., 2014b). 
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• In the SEQ region, avocado production is predicted to shift and contract eastwards and 

southwards, particularly under the ‘worst’ case warmer and drier climate scenario. It will 

remain suitable in much of its current eastern range (Hosking et al., 2014c). 

• In the North Coast LLS region, the suitability of avocado production is predicted to contract 

and decrease to patchy areas throughout the region under both climate scenarios (Hosking 

et al., 2014d). 

• In the Hunter LLS region, land suitable for avocado production is predicted to contract in the 

west but remain suitable in many eastern regions under both climate scenarios (Hosking et 

al. 2014e). 

These estimates are for broad climatic variables and may not reflect the micro-climatic variations in 

particular growing locations. 

Socio-economic impacts 

The socio-economic impacts of climate change on the horticulture industry in the East Coast Cluster 

are likely to be complex and far-reaching. For instance, climate change is expected to put further 

pressure on the profitability of horticultural production due to increased input costs for a range of 

commodities and resources, such as water, fuel, fertilisers and pesticides (Deuter, 2008). Together 

with production impacts, these increased input costs may eventually threaten the economic viability 

of the industry.  

Due to the industry’s dependence on irrigation water, changes in water availability are likely to have 

direct economic impacts on horticultural businesses in the East Coast Cluster. Under warmer 

conditions water demand will increase for most horticultural crops, which will increase the cost of 

irrigation water in most locations (Deuter, 2008). At the same time, competition for water resources 

between horticulturalists and other users is likely to put increasing pressure on water allocations for 

growers. Increased water demand combined with reduced water availability therefore poses 

significant challenges and could potentially have adverse economic impacts on horticultural 

businesses.  

Another climate impact threatening the economic viability of horticultural businesses is the threat of 

crop damage caused by extreme weather events, such as tropical cyclones, floods or droughts. For 

example, the Queensland floods and Cyclone Yasi in 2011 had a significant economic impact on the 

horticulture industry, causing damages worth more than $500 million (Growcom, 2011b). Similarly, 

in January 2013 Cyclone Oswald caused significant damage to fruit orchards with losses to citrus tree 

crops estimated to be $60 million (QFF, 2014). More recently, Cyclone Marcia destroyed a vast 

number of crops and fruit trees in the horticultural production region of Yeppoon in the Fitzroy NRM 

region (Growcom, 2015). Horticulturalists lost entire planting and mature trees that take years to 

replace, in addition to substantial amounts of top-soil. They are now faced with lengthy recovery 

periods, resulting in serious financial losses. Re-establishing plantings is expensive and it may take 

several years before full production is restored (FBA, 2015). 
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Apart from economic impacts, climate variability and extreme weather events can also have 

significant social, psychological and mental health impacts. Recurrent natural disasters, in particular, 

contribute to increased levels of stress and anxiety, greater occurrences of domestic violence, as 

well as elevated rates of substance abuse, depression and suicide (Hossain et al., 2012; Alston, 

2012).  

Reduced incomes for farming families and communities have many impacts. Apart from contributing 

to increased levels of mental health problems, financial difficulties can also put a strain on family 

relationships and lead to changes in succession planning as well as social isolation (Hossain et al., 

2012; Productivity Commission, 2009). Financial stress and a decline in profitability of farming mean 

that many families have developed ways to diversify their income through secondary off-farm 

employment. However, studies from other regions such as the Wet Tropics suggest that 

occupational identity around being a farmer can be so strong that social impacts around loss of 

identity can be expected (Marshall et al., 2014). Reduced farm output also has direct effects on the 

local economy and employment opportunities.  Local jobs may be lost in areas such as harvesting 

contractors as well as farm machinery and equipment suppliers. Unemployment and rural decline 

are also possible community impacts that may arise from widespread loss in enterprise viability.  

Social vulnerability to climate change 

Vulnerability to climate change impacts within the East Coast Cluster is likely to reflect the nature 

and extent of vulnerability to broader changes within the region. Each region has its own strengths 

and weaknesses and these are important to recognise in climate adaptation planning. Geographic 

remoteness, percentage of labour force employed in agriculture, socio-economic advantage and 

disadvantage, economic diversity and age are five influences on the likely social impacts of 

horticulturalists in the East Coast Cluster (Smith et al., 2014). Geographic remoteness is important 

because areas that are further from services centres are generally more vulnerable due to the 

interaction between socio-economic characteristics of the population and the characteristics of the 

particular places. Regions with higher proportions of people employed within agriculture are more 

sensitive to climate change because more people are dependent upon natural resources that are 

climate sensitive. The Index of Relative Socio-economic Advantage and Disadvantage is used by the 

Australian Bureau of Statistics to measure people’s access to material and social resources, and their 

ability to participate in society. Populations with higher levels of disadvantage tend to be more 

vulnerable. Economic diversity can be important to reduce vulnerability as it provides a broader 

range of employment opportunities if needed. Finally, age is a complex factor influencing 

vulnerability. People of different age groups are sensitive to climate changes in different ways. Older 

people tend to be more sensitive to negative health impacts but younger people may have reduced 

adaptive capacity to economic changes that adversely affect their employment, families, emotional 

state and income levels (Smith et al., 2014). 

A recent study assessed the socio-economic vulnerability of the horticulture industry to the impacts 

of climate change in three NRM regions of the East Coast Cluster (i.e. Burnett-Mary, SEQ and 

Hawkesbury-Nepean) (Smith et al., 2014). The Burnett-Mary’s main horticultural region stretches 

from Moore Park in the north east through Bundaberg and Childers, and then south west up the 

Burnett River to Biggenden, Gayndah, Mundubbera and the western boundary.  
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The western section (west of Biggenden) is characterised by high potential vulnerability due to high 

levels of socio-economic disadvantage, low economic diversity, relatively high levels of remoteness 

and a high percentage of the labour force employed in horticulture. The eastern section 

(surrounding Bundaberg), on the other hand, displays lower potential vulnerability due to this area 

having better access to labour markets, services and supply chains, and a smaller percentage of the 

labour force employed in agriculture (Smith et al., 2014).  

In the SEQ region, the horticulture industry is generally characterised by high potential socio-

economic vulnerability to the impacts of climate change. The main horticultural areas within SEQ are 

situated in two distinct locations: i) the Lockyer Valley and ii) the area between Caboolture and 

Beerwah. A clear strength of the horticulture industry in the SEQ region is its close proximity to 

major infrastructure and service centres such as Toowoomba, Gatton and Caboolture. Furthermore, 

a number of other agricultural employment opportunities exist should a downturn in the 

horticulture industry occur. However, when compared to other regions of SEQ, horticultural areas 

are characterised by relatively high levels of socio-economic disadvantage and less diverse local 

economies (Smith et al., 2014).   

In the Hawkesbury-Nepean region, the horticulture industry is generally characterised by moderate 

socio-economic vulnerability to the impacts of climate change. Its main horticultural region stretches 

in an arch from the north east near Berowra in a south westerly direction via Richmond down to 

Bowral. Strengths of the horticulture industry within the Hawkesbury-Nepean region include low 

levels of remoteness and generally good access to services, as well as relatively low levels of socio-

economic disadvantage and high economic diversity. However, small pockets of high potential 

vulnerability can be observed in areas around Richmond and Silverdale, where levels of socio-

economic disadvantage are higher than elsewhere, and where the horticultural workforce is 

characterised by high percentages of workers in age cohorts who may be more vulnerable to climate 

change impacts (Smith et al., 2014).    

Adaptive capacity 

Adaptation processes are dynamic, continual and can be influenced at any time. Growers that can 

anticipate or effectively react to the effects of climate change are more likely to adapt to new 

climate conditions. Growers with a higher adaptive capacity tend to display consistent characteristics 

that have enabled researchers to more clearly define or describe what makes for a higher adaptive 

capacity. Recognising and enhancing adaptive capacity becomes increasingly important for resource-

dependent industries facing significant climate change. 

Managing climate change and adapting is about planning for the future even though the future is 

uncertain. A constructive approach for climate adaptation planning is to plan for a range of plausible 

climate scenarios, and take the path of “least regrets”, which accounts for a range of uncertainties 

about the future. Uncertainty can exist due to the level of variability in ecological conditions, 

insufficient information specificity, failure to observe change, inadequate communication, lack of 

clear goal setting, and outcome uncertainty.  
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The section above describes how socio-economic vulnerability of farming businesses to climate 

change is not the same across the different regions with some regions and locations displaying 

relatively higher and lower levels of socio-economic vulnerability. We might also assume then that 

some horticulturalists are better able to manage the risks associated with uncertainty than others 

and have sufficient capacity to meet the challenges of the future. This research has not assessed 

adaptive capacity of growers in the East Coast Cluster, however, work in neighbouring regions such 

as the Wet Tropics points to an extremely low proportion of primary producers in other sectors (e.g. 

fishers and cattle producers) that have sufficient adaptive capacity (Marshall et al., 2014).  

Adaptive capacity is the ability to convert existing resources (natural, financial, human, social or 

physical resources) into a successful adaptation strategy (Marshall et al., 2014). Importantly, 

adaptive capacity is not only or primarily about having or providing financial resources.  

Characteristics that contribute to adaptive capacity include: possessing creativity and innovation (for 

identifying solutions or adaptation options); testing and experimenting with options; recognizing and 

responding to effective feedback mechanisms; employing adaptive management approaches; 

possessing flexibility; being able to reorganize given novel information; managing risk and, having 

necessary resources at hand (Marshall et al., 2010). Adaptive capacity of Australian primary 

producers has been identified according to four measurable attributes reflecting skills, 

circumstances, perceptions and willingness to change (Marshall et al., 2012). These are described as: 

1) how risks and uncertainty are managed, 2) the extent of skills in planning, learning and 

reorganising, 3) the level of financial and psychological flexibility; and 4) the anticipation of the need 

and willingness to contemplate and undertake change (Marshall, 2011; Park et al., 2011). These 

dimensions are strongly skills based or can be learned. NRM and LLS may have an important role in 

assisting farmers to enhance their adaptive capacity.  

Horticulturalists may autonomously adapt to climate change impacts through adjusting gradually to 

changes such as increasing temperatures on a year-by-year basis by modifying the time of plantings 

(Marshall et al., 2012). However, there will be instances when incremental changes will be 

insufficient as a strategy and more active planning may be needed. Earlier, national level research on 

adaptation in horticulture suggests growers and the industry at large would benefit from a flexible, 

risk-based approach that incorporates future uncertainty and provides strategies that will enable 

them to cope with a range of possible future local climate change scenarios (Howden and Stokes, 

2010). They will need the capacity to evaluate and implement these as needed, rather than 

focussing too strongly on what the future will exactly look like. The challenge for developing and 

implementing adaptation actions within the horticulture industry is how to identify and incorporate 

opportunities where they may exist.  
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Adaptation opportunities and responses 

Considering the range of material presented above, this section proposes potential adaptation 

responses. A significant proportion of these adaptation responses are identified already in, and 

drawn from, industry submissions and planning documents (Growcom, 2009; Growcom, 2010; 

Growcom, 2011a). These responses fall into three broad and often inter-related categories: 

 

(i) Enhancing the adaptive capacity of growers and horticultural businesses 

(ii) Planning for industry-wide, landscape and regional level changes 

(iii) Policy and research 

Each of these categories represents a different level or scale of intervention. Some of the responses 

may be actionable by individual growers or the industry as a whole. In other cases they may require 

local or strategic partnerships between industry and other stakeholders such as governments, 

research organisations, regional NRM or LLS groups and other NGOs.   

Enhancing the adaptive capacity of growers and horticultural businesses  

Adaptive capacity in horticultural businesses can be enhanced by supporting improved use of various 

risk management strategies, and tools, in farm management and planning that have production and 

adaptation benefits, such as:  

• water use efficiency, water availability, management and storage; 

• biosecurity and integrated pest management;  

• natural disaster preparedness;  

• physical crop protection (e.g. netting);  

• weather forecasting and warnings; and, 

• exploring farm diversification strategies.  

Industry bodies such as Growcom are active in progressing the incorporation of risk management 

modules into the delivery of its Farm Management System, and, linking this work with soil health 

and biosecurity objectives. Similarly, during 2014-15 the industry has also been conducting natural 

disaster preparedness workshops with horticultural growers in several districts in Queensland 

regions (e.g. South Burnett, Gympie).  There are clear opportunities for synergies between regional 

NRM/LLS groups to enhance farm adaptive capacity. For example, regional NRM groups such as 

Burnett Mary have been heavily involved in providing disaster recovery services to farm businesses 

and communities. LLS boards, who are accountable for helping communities respond to 

emergencies like flood, fire and drought, are also providers and facilitators of training and education 

in this and other areas of natural resource management and biosecurity. 

In the near future strategies that seek to manage climate change along the lines of low-regret, 

strategies that make ecological and economic sense in the current climate may provide a means of 

protection as the climate continues to change. This is reflected in industry policy positions that argue 

progress can be made by working on the principle of “multiple benefit” i.e. identifying and 

encouraging farm management practices that offer carbon emission reduction as well as water 

quality improvement and increased water use efficiency.  
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While achieving greenhouse gas mitigation benefits, these and other strategies such as “encouraging 

a shift to improved energy efficiency in packing and processing operations, including alternative 

energy supply sources” have the potential to improve business viability under increasing input costs 

while contributing to better adapted businesses.  

Planning for industry-wide, landscape and regional level changes  

There are several ‘mid-level’ adaptation strategies that will require consideration at regional or 

‘landscape’ levels:  

• New crops and practices suited to diverse and changing regions: to adapt to the changing 

conditions in different regions it will be necessary to: identify and use different crop 

varieties; modify planting and harvesting dates; and develop new technologies and 

techniques to maintain profitability. This will require a mix of high-level strategic investment 

in R&D but also assisted local experimentation by growers.   

• Improved extension services: there is a widely recognised need given the complexity of 

information and the challenges ahead that effective responses to these issues will require 

increased investment in climate change adaptation extension to growers. It is likely this will 

benefit from increased cooperation amongst a range of service providers to regions and 

growing districts. 

• Regional or basin-wide water planning: Influencing water planning and management 

arrangements to ensure they effectively incorporate climate change considerations and 

protect the security of water entitlements.  

• Planning for land use change and conflict: Changes to the distribution of areas suitable for 

different crops, or indeed greater reliance on suitable coastal locations is likely. These areas 

are also close to expanding major towns and cities. Regional level policies and plans may 

need to consider the likely future land use needs, intensification, or exacerbation of existing 

conflicts between farming, industry and residential land uses. 

• Emergency response planning: Effective emergency response plans need to be developed at 

all levels to ensure the impacts of natural disasters are minimised and recovery times are 

reduced. 

• Mental health impacts: Emerging recognition and activity within the industry about the 

mental health impacts of recurrent natural disasters and the need to improve availability, 

access to appropriate support services, and equipping producers and their communities with 

appropriate coping strategies.  

Policy and research  

There is research currently underway on the effectiveness of nitrification inhibitors for reducing 

emissions of greenhouse gases (N20 for fertiliser use) on horticulture farms. A number of trial sites 

have been established on six farms in South East Queensland. There is, however, also a recognised 

need for strategic, high level analyses that provide information relevant to adaptation:  

• the impacts of climate change on the whole value chain and improving resilience and 

efficiencies in the supply chain;  

• the impacts of different national and state-level policy settings on the adaptive capacity of 

the industry;  
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• understanding the complex interactions between mitigation and adaptation responses at 

different scales; and,  

• assisting the design of incentives and industry assistance for improved risk management and 

adaptation. 
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