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Multi-decadal climate services help farmers 
assess and manage future risks

Yuwan Malakar    1 , Stephen Snow    1, Aysha Fleming    2, Simon Fielke    1, 
Emma Jakku1, Carly Tozer    2 & Rebecca Darbyshire    3

Climate services can support on-farm decisions, yet this potential is 
currently not fully realized. Here, using a participatory qualitative risk 
analysis framework, we introduced 24 Australian farmers to My Climate 
View, an Australian online, multi-decadal climate service, and asked 
them to identify, assess and discuss management of long-term risks in 
light of its projections. We found that multi-decadal projections can help 
farmers to better understand future climate risks, potentially reducing the 
psychological distance of climate change. The use of long-term climate 
projections, however, can be impeded by lack of confidence in data, so 
leveraging the expertise of trusted service providers may help boost farmers’ 
confidence. Finally, though climate services providing multi-decadal 
projections can help farmers to identify future climate risks, they require 
interactive and recurring engagement to turn awareness into action.

In 2009, the Global Framework for Climate Services was established to 
address climate risks through cohesive implementation of better ‘cli-
mate services’1, leading to an increase in climate services development. 
Climate services is a collective term for the generation and provision of 
climate information tailored to user decision-making needs2. However, 
despite initial promise, questions remain about climate services’ direct 
benefits to society3,4. Key challenges include a lack of equitable access 
to climate services, and inadequate interactions between users and 
climate service providers5. Three key tensions hinder the successful 
rollout of climate services: (1) a focus more on producing climate ser-
vice products rather than understanding processes of use or pathways 
to impact; (2) the development of climate services based on assumed 
demand rather than directly responding to user preferences; and (3) 
economic evaluation of climate services rather than real-world out-
comes. In this Article, we empirically explore these challenges from 
the perspectives of potential users of climate services.

The scope of climate services is broad. Here, we focus on multi- 
decadal climate projections (20+ years) in the future (also referred to 
as long-term projections in the subsequent sections). We also focus 
on applications in agriculture, one of the five priority areas for climate 
services identified by the Global Framework for Climate Services6.

Globally, the agriculture sector is facing serious consequences 
of climate change requiring both adaptation and mitigation7,8, and 

nations are increasingly investing in climate services targeting farm-
ers9,10. Studies have explored farmers’ risk perceptions and their use 
of climate services, including short-term weather (1–14 days) and 
seasonal forecasts (3–6 months)11,12. However, there is limited literature 
demonstrating how the agricultural sector uses multi-decadal projec-
tions to manage long-term risk3,13. Hence, the utility of multi-decadal 
climate projections in farming is far less obvious than near-term climate 
information3. We attempt to address this gap with the research question 
‘how would multi-decadal projections affect farmers’ risk management 
decisions pertaining to future climate risks?’. We use an Australian case 
study of the climate service, My Climate View (MyCV), and conduct 24 
qualitative, semi-structured interviews with farmers from different 
geographic locations and across multiple commodities.

Australian farmers are already responding to climate variabil-
ity and extreme events, such as bushfires, floods and droughts14,15.  
Climate services providing climate projections to Australian farm-
ers are increasingly becoming available (Supplementary Note 1).  
The Australian Government through the Future Drought Fund is 
investing $29 million in the Climate Services for Agriculture (CSA) 
programme from 2020–2024, jointly implemented by the Com-
monwealth Scientific and Industrial Research Organisation (CSIRO) 
and the Australian Bureau of Meteorology16. MyCV, a product of 
the CSA programme, is a national-scale service that provides local, 
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framework to engage research participants in four steps to identify, 
assess and discuss management of future climate risks in a participa-
tory way (Fig. 1).

Risk identification
Participants detailed risks associated with weather and climate hazards 
across short-term and long-term timescales, which were categorized 
into four groups based on the order of complexity associated with 
their consequences, likelihood and scale (Table 1). Our analysis of risk 
draws from ref. 26.

The risks identified by the participants across the two timescales 
have a varying level of complexities (Fig. 2). Two types of risk, known 
and uncertain, were identified in the short term. Most participants 
knew existing hazards and the resulting consequences to their farm. 
Various hazards were discussed, such as variations in winter chilling 
requirements, fungal diseases caused by humidity, and lack of rainfall, 
and their effects on the yield. For instance, a broadacre cropping farmer 
described a short-term risk, which we classified as known risk, as, “…
lack of rainfall is obviously the bigger issue…the wet season finishing 
too early…the effect on…cutting an irrigation crop off a bit early. It 
just means reduced yield” [F18]. Participants also identified uncertain 
risks, which were mainly linked with hazards that were sudden-onset 
and extreme events, such as hail, extreme heat and extreme rain. For 
example, one mixed cropping–livestock farmer described the effects 
of extreme rain and heat events, which we classified as an uncertain risk: 
“if you get too much water in winter, it [field] can get waterlogged…if 
it dries up in spring, it [crop] won’t flower that much…if it’s raining too 
much in December like it tends to these days…that can affect getting 
the crop harvested…” [F14].

The perceived complexity of the long-term risks pre- 
demonstration of MyCV (pre-MyCV) was greater than that of the 
short-term risks. It included all categories of risks, ambiguous risks 
to the most extent and uncertain risks to a lesser extent. Participants 
who were more certain about future climate risks mostly spoke about 
the climate getting drier and hotter. Some also stated that the climate 
was going to remain unchanged. Only two farmers identified risks that 
were categorized as uncertain. In relation to ambiguous risks, partici-
pants described perceived trends in climate change as a combination 
of hazards with uncertain scale and consequences. A cropping and 
livestock farmer said, “… volatile probably. I suppose more extreme. 
So, more hot spells, more heavy torrential rain hence less consistency in 
weather” [F17]. Additionally, participants considered climate change a 
psychologically distant phenomenon and hence described that future 
risks are unknown, as one livestock farmer stated, “I actually don’t 
know. I think…the changes [in climate] are over such a long period of 
time that I don’t think I would personally notice much of a change in 
20 years” [F20].

After the MyCV demonstration (post-MyCV), the range of future 
climate risks narrowed to two categories, as opposed to the four 

agriculturally relevant historical climate data and future climate 
projections for the 2030s, 2050s and 2070s in one tool (see Supple-
mentary Note 2 for further details). Other Australian climate service 
products currently available are specific to either a single location 
or a commodity group.

Barriers exist to using multi-decadal projections informing 
on-farm decisions, including (1) limited availability to agricultural 
sector-specific needs3, (2) limited relevance to farmers’ focus on 
shorter-term decision horizons17,18 and (3) the ‘psychological distance’ 
of connecting large global changes with individual experience of the 
present19. The concept of psychological distance, noted as a barrier to 
climate change action20,21, contends that individuals only experience 
here and now, with themselves at the centre, and any other experi-
ence with other objects and people occurs at mentally constructed 
distance22. To link climate change more directly with the here and now, 
this paper aims to explore whether climate services with localized 
and commodity-specific multi-decadal climate projections can assist 
farmers to identify future climate risks and make decisions to manage 
those risks. This makes MyCV an ideal case study.

To address this, we developed a participatory qualitative risk analy-
sis framework (Fig. 1), inspired by the concept of action research—a 
method that allows the examination of an issue as well as the identifi-
cation of solutions in a participatory way23. This qualitative approach 
allows deeper engagement with participants to facilitate under-
standing of risk perceptions and management decision-making. The 
framework consists of three major components of risk analysis: risk 
identification, risk assessment and risk management24,25. We used this 

1. Short-term risks (weather and seasonal)

2. Long-term risks

2.1 Pre-MyCV

2.2 Introduction to MyCV

2.3 Post-MyCV

3. Impacts of long-term risks (post-MyCV)
    on business (that is, hazards, severity 
    and consequences on farm business)

4. Measures to address the impacts of 
    long-term risks (post-MyCV) (that is,
    interventions to address the adverse 
    impacts of future climate risks)

Risk 
identification

Risk
assessment

Risk
management

Fig. 1 | Participatory risk analysis framework used in the study. The framework 
follows four steps: (1) Identification of short-term risks including risks currently 
experienced, such as extreme daily and multi-day rainfall, frosts and very wet or 
dry seasons. (2) Identification of long-term future climate risks (20+ years), either 
before (2.1) or after (2.3) the introduction of MyCV (2.2). Through this process, 
we discussed the changes in risk perceptions pre- and post-MyCV, which was a 
critical step to understand the role of MyCV in informing long-term decisions. (3) 
Risk assessment involved in identifying the impacts future climate risks (post-
MyCV) might have on agriculture. This included participants assessing hazards, 
severity and consequences on their farm business45. (4) Risk management 
involved in identifying strategies to reduce the impacts of future climate risks 
(post-MyCV). Participants were asked what they would do differently to manage 
future risks that came to light from the MyCV projections. Participants in this step 
identify interventions to address the adverse impacts of risks through proactive 
planning and engagement46.

Table 1 | Risk categories and their descriptions

Risk category Description

Known risk ▪ Risk is familiar.
▪ Exact hazard(s) and consequences have been identified.
▪ The likelihood of the risk occurring is known.

Uncertain risk ▪ Risk is familiar.
▪ Exact hazard(s) are identified, but consequences are vague.
▪ The likelihood of the risk occurring is highly uncertain.

Ambiguous risk ▪ Multiple hazards in combination have been identified.
▪ The likelihood of the risks occurring is highly uncertain.
▪ Consequences of the risks are vague.
▪ The scales of hazards are unknown.

Unknown risk ▪ Risk that cannot be identified.
▪ Unidentified hazards, likelihood and consequences.
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pre-MyCV. Most identified known risks, followed by uncertain risks. 
One viticulturist explained a decreasing frost risk and said, “…there 
will be less frost risk because some of the heat-resilient varieties actu-
ally start growing from winter sooner…So, hedging our bets on the 
frost risk decreasing” [F22]. Participants also spoke about risks with a 
high level of uncertainty. For example, while referring to the decreas-
ing rainfall trend in the projections, another viticulturist said, “…just 
being aware of the impact it may have on aquifer recharge…will the 
water be available if there isn’t the recharge over a long time and our 
water allocations are cut. How’s that going to look in terms of that 
early season period?” [F19]. Participants being able to identify specific 
future climate risks to their business post-MyCV can potentially be 
seen as an example of a reduced psychological distance to climate 
change and action.

Risk assessment
The risk assessment phase only involved assessing the impacts of 
long-term risks post-MyCV (both known and uncertain combined). 
Five themes were identified, on the basis of participants’ assessment 
of risks, which depicted the strategic assessment of impacts rather 
than the short-term business operation (Fig. 3).

Participants shared their opinions about their confidence in the 
data, diverging in some cases. Some thought that making such climate 

information available for farmers was good, but they expressed some 
scepticism. One viticulturist explained, “you’ve got to take it [projec-
tions] with a grain of salt, but it’s better than no information” [F19]. 
Participants also questioned the accuracy of multi-decadal projections. 
Other participants showed confidence in the projections and gave two 
reasons why. First, trust in the service provider was identified as critical, 
as one farmer clarified, “I wouldn’t have a problem with trusting that 
information…I trust the Bureau of Meteorology” [F4]. Second, par-
ticipant’s confidence seemed to be high if the projections match their 
perceptions, explained by one farmer, “I have to say 100% yes, because 
my instinct[s] were telling me what we’ve seen on the data” [F15].

All participants engaged in assessing the impacts on their business. 
Most discussed the impacts on their commodities; some found no 
impacts while some saw negative effects due to change in future climate 
parameters. One livestock farmer expressed, “that’s worrying, like how 
many stock are going to die if we get five days above 40 degrees” [F14]. 
Another farmer, at a different location, found the projections of annual 
hot days were not too concerning, as they said, “it’s really still not going 
to worry us. I think when you get above 35 °C is when you might have 
some issues, but the fact that we can’t even get over 30 gives us the 
confidence…” [F16]. This demonstrates that the same climate projec-
tions could have vastly different impacts on business depending on the 
scale of change, risk tolerance and individual perceptions.

Participants assessed their existing capacity to deal with long-term 
risks identified post-MyCV; some believed they have adequate capac-
ity to manage the risks, while others reflected on needing additional 
measures going forward. For instance, one mixed cropping–livestock 
farmer said, “I don’t think there’s much more we could do to plan for 
that increase in heat. We’ve done what we can already” [F11]. Another 
farmer explained not having capacity to install irrigation in response 
to projections of decreased rainfall because they “are not on a natural 
waterway and have to pump from eight kilometres away to fill the big 
dam” [F13].

Participants assessed the suitability of their location for their cur-
rent operation in the future. When asked what the projections would 
mean for them, one participant said, “I’d think that that chart would 
tell me that I’m in the right area [for my crop]” [F5]. Some compared 
different locations to find how other regions that grow the same crop 

Increased
complexities

Decreased
complexities

Longer term

Known risks

Uncertain risks

Ambiguous risks

Unknown risks

Short term Pre-MyCV Post-MyCV

Fig. 2 | Distribution of risks across two timescales. The unshaded area shows 
short-term risks, and the shaded area shows long-term risks pre- and post-MyCV. 
For the short term, risks were categorized mainly into known and uncertain risks. 
In the long term, risks pre-MyCV were mostly identified as either ambiguous or 
unknown, followed by known, and only a few identified uncertain risks. Thus, 
participants perceived long-term climate risks as more complex than current 
risks. The range of risks post-MyCV was narrower than pre-MyCV and were 
categorized into only two types of risk: known and uncertain. This indicated that 
the climate information provided by MyCV helped participants to reduce their 
perceived complexities of future risks. The data points within the risk categories 
indicates individual participants identifying risks belonging to the risk category. 
Participants were allowed to identify multiple risk types across both timescales. 
Our analysis explored whether these risk categories would vary across business, 
climatic zones and commodities (Supplementary Note 3).

Confidence in data

Existing capacity

Impacts on commodities

Location suitability
Water requirements

Fig. 3 | Risk assessment subthemes showing how participants anticipated 
future risks might affect their business post-MyCV. The coloured circles 
represent risk assessment subthemes; the size indicates the frequency of these 
subthemes being discussed by participants (↑ size of circle means ↑ frequency). 
The grey circles represent individual participants. The links show individual 
participants identifying a subtheme or subthemes. MyCV prompted participants 
to think about their business in the future and their commodities under future 
scenarios. We also examined whether these risk assessment themes would vary 
across businesses, climatic zones and commodities (Supplementary Note 4).
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might be affected, as one apple farmer said, “I’d be interested in going 
to have a look at this [My Climate View] to see what it’s going to do to 
other farms…compared to what mine is going to be like. That’d make 
me think about business decisions going on in the future” [F8].

Water requirements for their business, for example, sources of 
irrigation, water allocations, filling existing dams and ways to irrigate 
crops, were frequently discussed. One farmer questioned, “If it is going 
to be dry, then where do we source our water from?” [F1]. Another 
farmer further added, “…because of the increasing heat, I now have to 
have two forms of irrigation” [F12]. Some expressed their confidence 
in their existing irrigation sources, as one said, “we’ve got more water 
than we need at the moment, so hopefully that [less rainfall] won’t be 
so much of an issue” [F17].

Risk management
Participants discussed various approaches to managing long-term risks 
(both known and uncertain combined), informed by MyCV, which we 
grouped into five themes (Fig. 4). They identified changes to their farm-
ing practices and their commodities to stay in business by, for example, 
efficiently managing irrigation, retaining soil moisture, altering fruit 
harvesting time and adjusting livestock numbers. For example, one 
viticulturist said, “maintain irrigation systems…I’m definitely looking 
at [making] changes to our canopy management. Similarly, looking at 
soil health, so using composts and mulches to better utilise the mois-
ture…” [F19]. Some participants expressed considering changing their 
commodities altogether. For instance, an avocado farmer observed that 
“We’ve done avocadoes for 40 years, and I think we do it pretty well, 
but if it gets to the stage where you can’t grow avocadoes, you’ve got to 
look at something else” [F12]. This farmer emphasized the complexity 
with a perennial crop because they require long-term planning, “…the 
trouble with a perennial crop like avocado is that you can’t say one year 
I’ve got avocadoes and the next I’m going to do something else. It’s a 
long timeframe…if you looked at that [projections] maybe you should 
come up with a 10-year plan to work on something else” [F12].

Participants also discussed options for managing future business 
investments. One participant explained that they would discuss the 
projected risks in their board meeting “just so they can actually put that 
in the back of their minds for any of their long-term planning” [F10]. 
Similarly, another participant said, “…if you tell me the temperature 
is going to keep up and the rainfall is not, then I am already at the edge 
with everything that I have to consider not investing up here” [F15]. 
Future investments also included purchasing new machinery and 
building new infrastructure to manage future risks, such as adding 
overhead sprinklers, building new sheds for livestock to provide shade 
during extreme heat, and establishing more dams. For example, as 
rainfall declines were apparent in the projections, one farmer said, “…
we need to look more at purchasing more water or establishing more 
dams…” [F9].

Participants also spoke about continuing their existing practices in 
the future for two reasons. First, if they did not identify new risks. One 
viticulturalist who was trialling heat-resilient grape varieties said, “it 
[the projection] tells me we’re probably doing the right thing looking 
for heat-tolerant varieties” [F22]. Additionally, some participants did 
not identify any risk management activities for those risks that they 
already have resources to address. For example, some were less wor-
ried about increasing temperature because they already have a reliable 
water supply. Second, participants who expressed low confidence in the 
projections were not entirely sure how to act on them. One sugarcane 
farmer said, “there’s probably not a lot of decision-making I can make 
on any of this climate data…we’ve just got to harvest when we can, and 
we stop when we can’t” [F5].

Discussion
Our work has three major findings. First, our research suggests 
that MyCV can help farmers better understand future climate risks, 

through reducing complexity and potentially reducing psychologi-
cal distance. This finding helps to contribute to the lack of empirical 
evidence about how multi-decadal projections can be operationalized 
in farm decisions27,28. The comparison between future climate risks pre- 
and post-MyCV was valuable to show the changes in risk perception 
after participants were introduced to contextualized climate infor-
mation, which helped reduce their perceived complexities of future 
climate risks, that is, from ambiguous and unknown risks to known 
and uncertain risks. The pre-MyCV exercise provided a baseline to 
compare post-MyCV risk perceptions. This guided process helped 
participants to discuss the implications of climate projections for 
their commodity and region and use this information to assess the 
risks on their business and identify risk management plans, in terms 
of strategic rather than operational decisions18. Further, existing lit-
erature posits that localizing (and contextualizing) climate impacts 
can decrease psychological distance29,30. MyCV offers location-based 
and commodity-specific climate projections, which, we argue, played 
a vital role for participants to understand and identify some specific 
future climate risks to their business.

Second, we found that confidence in data is an important driver 
for participants to meaningfully interact with projections and sub-
sequently identify future climate risks and actions to address them. 
It is not uncommon for farmers to express their scepticism towards 
climate change projections, and this is often based on their experience 
in perceptions of inaccurate short-term weather and seasonal fore-
casts31. Our research participants similarly reported their confidence in 
multi-decadal projections as low because of perceived limited accuracy 
in short-term forecasts (although we recognize there is no link between 
the accuracy of forecasts and the reliability of projections, partici-
pants evidently felt there to be a connection). Participants’ scepticism 
towards projections may also be a function of climate change scepti-
cism generally32. The availability of online long-term climate projec-
tions is emerging but new, nonetheless33. Farmers are not as familiar 
with climate projections as they are with weather forecasts. Farmers’ 
planning cycles are generally short and are often more concerned with 
the here-and-now effects on their farm18.

All participants engaged in risk assessment and management 
discussions despite some raising views about low confidence in the 
data. This exemplifies that farmers’ confidence in climate projections 
can be addressed by providing sufficiently detailed and contextualized 
information through discussion and using the language and context 

Change commodities

Change farming practices

Inform business investments

Add machinery and infrastructure

Continuing existing practices

Fig. 4 | Risk management subthemes showing measures to address the 
impacts of risks identified on the basis of MyCV. The coloured circles 
represent risk management subthemes; the size indicates the frequency of 
these subthemes discussed by participants (↑ size of circle means ↑ frequency). 
The grey circles represent individual participants. The links show individual 
participants identifying a subtheme or subthemes, which reflect strategic plans 
that participants perceived would help them to adapt their business to future 
climates. Supplementary Note 4 explores whether these risk management 
themes would vary across businesses, climatic zones and commodities.
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they are familiar with. Additionally, participants expressed confidence 
in MyCV if the projections matched their lived experiences, which sug-
gests that farmers’ perceptions should be an active point of discussion 
and connection for climate services. Our findings suggest that these 
connections will be important to ensure decision-making based on 
long-term projections. Participants spoke of their trust in service 
providers as a driver to establishing confidence in MyCV. Examples of 
advisors acting in an intermediary role to promote adoption of best 
agriculture conservation practices are well documented34,35. We there-
fore see value in leveraging the expertise of trusted service providers 
to boost confidence in multi-decadal climate projections via open 
discussion and dialogue36.

Third, climate information that scientists think is useful can be 
different to what is usable for users37,38. Although substantial scien-
tific advancements have been made in the modelling of climate pro-
jections, making these digital tools usable requires the adoption of 
co-production principles in the design of climate services37,39. As digital 
tools, they provide climate information, which could help farmers to 
identify future climate risks, but turning awareness into action requires 
guidance and understanding of farmers’ specific contexts, which needs 
deeper and often sustained engagement. This aligns with policy docu-
ments and studies that call for building collaborative efforts with 
farmers to improve their practices1,40,41. Moreover, ref. 42 documented 
that such interactions play a profound role in the utility of long-term 
projections, particularly to assess and manage future risks, which, we 
argue, requires interactive and recurring engagement between trusted 
advisor and farmers (Fig. 5). Previous studies frequently show how it 
is the combination of relevant information, such as that provided by 
tailored decision support, with the ability to discuss, explore, test and 
experiment with different interpretations and management options, 
that empowers farmers to act43,44.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of data and code avail-
ability are available at https://doi.org/10.1038/s41558-024-02021-2.
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Methods
The study was designed in line with the participatory risk analysis 
framework (Fig. 1), underpinned by principles of qualitative ‘action 
research’ methodology (sometimes also referred as participatory 
action research)48. Although action research is primarily characterized 
by its iterative cycles of planning–action–reflection, it is also known 
as a problem-solving exercise23. Action research, according to ref. 23, 
can be performed in many ways, but building participatory relation-
ships between researcher and participants to critically investigate a 
problem is an integral element of action research49. Additionally, ref. 48 
underscores that the value of action research is as much in developing 
actions as in developing understanding of practices through collabo-
rative learning. This influenced the design of our framework, which is 
grounded on the participatory understanding of farmers practices and 
collaboratively building new knowledge on the use of multi-decadal 
climate projections.

Guided by this participatory risk analysis framework, we employed 
a qualitative, semi-structured interviewing model to engage with par-
ticipants and discuss their on-farm risks across two timescales (short 
term and long term), collectively discuss the projections of MyCV and 
identify future climate risks, assess their impacts and develop measures 
to manage those impacts. This approach allowed us to follow an itera-
tive structure as well as engage flexibly and deeply with participants 
with open-ended questions50. The iterative approach was applied to 
discuss short- and long-term risks and build collective knowledge, 
but the implementation of the identified risk management activities 
was not pursued and reflected on due to the nature of the study. We, 
however, argue that an approach underpinned by action research in 
which farmers are involved in iterative planning–action–reflection 
cycles can be valuable in building capacity51 to identify future risks on 
the basis of multi-decadal climate projections as well as appropriate 
risk management strategies. Further, we purposefully applied a quali-
tative approach because we were interested in exploring participants’ 
perspectives, interpretations and nuances in the identification, assess-
ment and management of future climate risks.

For participant recruitment, we employed three strategies. First, 
we sought assistance of an external agency, working in the outreach 
and extension of agricultural research in Australia. Participants were 
predominantly recruited via this approach. Second, we used exist-
ing professional contacts of the study team to identify potential par-
ticipants, who were then invited to partake in interviews via email and 
telephone. Third, a snowball sampling method was used, in which 
interviewed participants identified other potential participants and 
made a connection with the study team. The invitation to participate 
in the study was accompanied by a brief project information sheet, 
outlining conditions of participation and privacy. We used a ‘satura-
tion’ method52 to determine the number of interviewees. We reached 
saturation after 24 interviews, meaning no new information was per-
ceived to have emerged. State of residence, climatic zones, commodi-
ties and business type were considered for participant selection (see 
Supplementary Table 3 for participant characteristics). The number 
of participants was not intended to be representative of all Australian 
farmers. Engaging with a small number of participants is common in 
qualitative research in which the objective is not to generalize but to 
generate new insights53.

Data collection was performed via online interviews. A set of 
semi-structured questions were developed and pre-tested before use 
(a copy questionnaire is available in Supplementary Note 7). On aver-
age, interviews lasted an hour. With verbal consent from participants, 
all interviews were audio-recorded and professionally transcribed.

All transcripts were cleaned, verified and de-identified before 
uploading them to R software54 for data analysis. We performed the-
matic analysis using the RQDA package55, in which references made 
by participants against risk identification, risk assessment and risk 
management were separately assigned to codes56. All transcripts were 

read and re-read to form a general understanding of the key responses 
in relation to the study objectives. Similar meaning codes were then 
grouped together to generate themes within the three components of 
the framework. Although some argue that coding transcripts for data 
analysis by a single researcher is sufficient for qualitative research57, 
we invited two additional researchers to review and comment on all the 
codes and themes. This helped to identify and resolve discrepancies58 
and resulted in recoding of the transcripts and redefining the themes. 
Codes used to visualize the results are publicly available on CSIRO’s 
Data Access Portal59.

Transcripts were coded and recorded five times to generate the 
final themes for reporting. In the first attempt, 33 subthemes were 
generated against the five themes of risk identification (short term, 
pre-MyCV and post-MyCV), risk assessment and risk management. Sev-
eral subthemes were merged, and new subthemes were created after 
they were reviewed by two additional researchers. On the fifth attempt, 
subthemes were reduced to 18, which the researchers agreed and pre-
sented in this manuscript. The involvement of multiple researchers 
and comparing notes were useful to harmonize the coding process 
and added rigour to the data analysis as justifications for decisions 
about code allocations were made more transparent and consistent60. 
For visualization of the results, we documented how many times each 
theme has been discussed by participants in the interviews. As this 
study is exploratory in nature, we did not highlight the prominence of 
themes, based on their frequency of occurrence, in the results. The R 
packages used for visualizations are provided in Supplementary Note 8.

Limitations
Our study demonstrated that participants were able to identify future 
risks on the basis of MyCV. While we cannot conclusively single out 
the impact of the MyCV interface, we are confident that the process 
of discussing risks from MyCV data played an important role in the 
apparent change in risk perceptions.

Although all of the participants identified risk management deci-
sions, this research was not able to return to assess whether these were 
in fact implemented. Further work is planned to continue this approach 
and to return to follow up with outcomes. We suggest that others could 
utilize a similar risk analysis framing to engage with farmers to identify 
risk management plans and assess outcomes. Dissemination of these 
findings could demonstrate examples of climate adaptation, of which 
empirical examples, learnings and lessons for scaling out are still much 
needed3,5. Additionally, while our qualitative research suggests that the 
use of multi-decadal projections may be consistent across businesses, 
climatic zones and commodities, further research is warranted to 
statistically validate these findings.

Ethical statement
Ethics clearance was obtained from CSIRO’s Human Research Ethics 
Committee (ethics application ID: 001/21).

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
The interview data are confidential and not publicly available because 
they contain personal information of participants. Data to reproduce 
the visualizations are publicly available on CSIRO’s Data Access Portal 
(https://doi.org/10.25919/a178-fp44).

Code availability
No computer-assisted algorithms were used in data analysis to gener-
ate codes and themes. Codes used to visualize the results are publicly 
available on CSIRO’s Data Access Portal (https://doi.org/10.25919/
a178-fp44).

http://www.nature.com/natureclimatechange
https://doi.org/10.25919/a178-fp44
https://doi.org/10.25919/a178-fp44
https://doi.org/10.25919/a178-fp44


Nature Climate Change

Article https://doi.org/10.1038/s41558-024-02021-2

References
48. Kemmis, S. What is to be done? The place of action research. 

Educ. Action Res. 18, 417–427 (2010).
49. Costello, P. J. M. Action Research (Bloomsbury, 2003).
50. Minichiello, V., Aroni, R. & Hays, T. In-Depth Interviewing: 

Principles, Techniques, Analysis 3rd edn (Pearson Education 
Australia, 2008).

51. Mapfumo, P. et al. Participatory action research (PAR) as an entry 
point for supporting climate change adaptation by smallholder 
farmers in Africa. Environ. Dev. 5, 6–22 (2013).

52. Miles, M. B. & Huberman, A. M., Qualitative Data Analysis: An 
Expanded Sourcebook 2nd edn (Sage Publications, 1994).

53. Powers of qualitative research. Nat. Clim. Change 11, 717  
(2021).

54. R Core Team. R: A Language and Environment for  
Statistical Computing (R Foundation for Statistical Computing, 
2018).

55. Huang, R. RQDA: R-Based Qualitative Data Analysis. R  
Package Version 0.3.1 ((R Foundation for Statistical  
Computing, 2018).

56. Bradley, E. H., Curry, L. A. & Devers, K. J. Qualitative data  
analysis for health services research: developing taxonomy, 
themes, and theory. Health Services Res. 42, 1758–1772  
(2007).

57. Janesick, V. in Strategies of Qualitative Inquiry (eds Denzin, N. & 
Lincoln, Y. S.) 46–79 (Sage Publications, 2003).

58. Braun, V. & Clarke, V. Using thematic analysis in psychology. Qual. 
Res. Psychol. 3, 77–101 (2006).

59. Malakar, Y. et al. R Codes Used in the Paper Entitled ‘Multi-decadal 
Climate Services Help Farmers Assess and Manage Future Risks’ 
(CSIRO, 2024).

60. Morse, J. M. et al. Verification strategies for establishing reliability 
and validity in qualitative research. Int. J. Qual. Methods 1, 13–22 
(2002).

Acknowledgements
This study was funded by the Future Drought Fund, administered by 
the Department of Agriculture Fisheries and Forestry (DAFF). We thank 
the CSA programme team for their support in conducting this study 
and give particular thanks to all of the farmers who were interviewed. 
We are also thankful to S. Clary from FarmLink Research for helping us 
recruit interview participants.

Author contributions
Y.M., A.F., S.F. and E.J. designed the study. Y.M. and S.S. conducted 
the interviews. Y.M. performed the data analysis, and S.S. and A.F. 
reviewed the codes. Y.M. wrote the first draft. S.S., A.F., S.F., E.J., R.D. 
and C.T. contributed to writing, reviewing and editing the manuscript.

Funding
Open access funding provided by CSIRO Library Services.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary 
material available at https://doi.org/10.1038/s41558-024-02021-2.

Correspondence and requests for materials should be addressed to 
Yuwan Malakar.

Peer review information Nature Climate Change thanks Junyu 
Lu, Pranay Ranjan and the other, anonymous, reviewer(s) for their 
contribution to the peer review of this work.

Reprints and permissions information is available at  
www.nature.com/reprints.

http://www.nature.com/natureclimatechange
https://doi.org/10.1038/s41558-024-02021-2
http://www.nature.com/reprints







	Multi-decadal climate services help farmers assess and manage future risks
	Risk identification
	Risk assessment
	Risk management
	Discussion
	Online content
	Fig. 1 Participatory risk analysis framework used in the study.
	Fig. 2 Distribution of risks across two timescales.
	Fig. 3 Risk assessment subthemes showing how participants anticipated future risks might affect their business post-MyCV.
	Fig. 4 Risk management subthemes showing measures to address the impacts of risks identified on the basis of MyCV.
	Fig. 5 A schematic showing the scope of multi-decadal climate services.
	Table 1 Risk categories and their descriptions.




