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Abstract of a thesis submitted submitted in partial fulfilment of the 

requirements for the Degree of Doctor of Philosophy in Agricultural Economics. 

Abstract 

Using portfolio analysis to assess diverse agricultural landscapes under 

climate change: A case study in the Marlborough wine region. 

by 

Elizabeth Michelle Barry  

Farmers and growers are increasingly aware of climate change related risks for their operations as 

they observe a greater frequency in extreme weather events and changes in crop growth cycles. 

While reactive adaptation by farmers to climatic variability has always occurred, this may not be 

sufficient in the long term when anticipatory and planned adaptation is required, e.g., changes in 

cultivar or the development of new markets. Geographical and biological diversification of 

agricultural production systems has been proposed as a potential climate change adaptation 

strategy. Understanding how alternative crops, land-uses and management practices will perform 

under future climates and deliver to stakeholder goals is critical before extensive land-use and 

practice change occurs. Developing this understanding is difficult due to the high degree of 

uncertainty of future climatic conditions and the ability of commonly applied economic analysis tools 

to account for this deep uncertainty. To address these challenges, this PhD developed a stakeholder 

centred climate change adaptation process that utilises Portfolio Analysis to identify diversified 

vineyard portfolios and characterised their riskiness across a range of climate change scenarios. In 

developing this process, the study applied a mixed methods framework, integrating qualitative and 

quantitative approaches. These included a literature review, stakeholder mapping, focus groups, 

biophysical assessment and economic modelling, integrated in a case study on Marlborough 

Sauvignon Blanc.The research found that Portfolio Analysis can be effectively integrated with social 

and biophysical science to develop diversified vineyard portfolios that are more robust against a 

range of possible climate futures, helping to inform decision making in the context of deep 

uncertainty. To accelerate adoption, adaptation needs to be integrated into wider wine business and 

industry decision making and strategy development. Recognising that adaptation sits alongside 

existing ambitions and priorities, particularly around environmental sustainability, is also critical. 

Keywords: Climate change adaptation, Marlborough, Wine, Viticulture, Diversification, Portfolio 

Analysis, Partcipatory Approach 
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Chapter 1 

Introduction 

1.1 Climate Change and Marlborough Wine 

Climate change affects agriculture in a multitude of ways. The impacts of climate change are not 

confined to food production alone and will influence the delivery of multiple ecosystem services 

leading to economic, social, and cultural disruption (Howden et al. 2007). These impacts are 

compounded by the highly specialised nature of modern agriculture. Specialisation has been 

deployed as a strategy to increase food production and financial profitability while reducing short-

term risks. But there are limits to the efficiency benefits associated with highly specialised systems 

with climate change exposing their lack of resilience (Sanchez et al., 2022). Around the world 

agricultural systems are being forced to adapt to changes in climate, while concurrently responding 

to demands for ecological, economic, social, and cultural reform (Gori Maia et al. 2018; Millennium 

Ecosystem Assessment 2005; Mooney et al. 2009). Diversification has been proposed as a potential 

adaptation strategy (Wreford et al., 2010; van Zonnenveld et al., 2021; Alteri et al., 2015).  In this 

research, diversification within agricultural production is defined as the integration of various 

biological species at different temporal and spatial scales within an agricultural landscape (Watson, 

2019; Hansson et al, 2010; Kremen and Miles, 2012; Kremen et al. 2012). This is the form of 

diversification that we refer to throughout this study, biological and geographical diversification.  

While diversification may improve resilience, the question of how to diversify in the face of climate   

uncertainty is a dilemma faced by farmers and growers. Understanding how alternative crops, land-

uses and management practices will perform under future climates and deliver to stakeholder goals 

is critical before extensive land-use and practice change occurs. Developing this understanding is 

difficult due to the high degree of uncertainty of future climatic conditions and the ability of 

commonly applied economic analysis tools to account for this deep uncertainty. To address these 

developmental challenges, this PhD created a case study on Marlborough Sauvignon Blanc by 

constructing spatially diversified vineyard portfolios to offset Sauvignon Blanc production risk under 

a range of future climatic conditions. This transdisciplinary project combined co-design principles, 

biophysical and economic modelling, and provides critical, informed, insights into the feasibility of 

geographical diversification in the region. 
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The first grapevines were planted in Aotearoa New Zealand in 1819. However, it was not until the 

1980s that classic European grape varieties became widely available and only since the 1990s have 

the country’s wines begun to experience commercial success (Cooper, n.d). 

Nine wine regions now stretch along the length of the country, from Northland to Central Otago. In 

between are Auckland, Gisborne, Hawkes Bay, Wairarapa, Marlborough, Nelson and Waipara. In 

2020 there were 717 wineries and 694 winegrowers operating in Aotearoa New Zealand, growing, 

and making over 20 different varietals. The predominant varieties grown include Sauvignon Blanc, 

Pinot Noir, Chardonnay, Pinot Gris, Riesling, Syrah and Merlot (NZW, 2020). 

The New Zealand wine industry experienced a period of rapid expansion from the 1990s into the 

early 2000s, driven by export market demand for Marlborough Sauvignon Blanc. The industry’s 

growth was impacted by the global financial crisis (GFC) in 2008, when international wine 

consumption dropped from 25.5 billion litres to 24.1 billion litres in 2010, falling again to 23.9 billion 

litres in 2014. The effects of the GFC were compounded by the overproduction of grapes in 2008, 

leading to a price crash (average farm gate price per tonne over all varieties fell from $2161 2009 to 

$1629 in 2010), and plummeting asset values (Wallace, 2010). 

The wine industry recovered with prices per tonne of Sauvignon Blanc in excess of $2000 recorded in 

2021. ). In 2025 the indutry the entered another period in of contraction driven by a global over 

supply in wine, this has led to a subsequent drop in grape prices and cancellation of supply 

contracts.  Regardless of these changes, wine remainsNew Zealand’s largest horticulture crop by 

land area with over 39,000 Ha planted and an additional 5,150 Ha of vineyard development planned 

in the Marlborough region alone between 2020 and 2025. This is significant considering the planted 

area of New Zealand was 5900ha in 1985 (NZW, 2020; Dryden, 2021; Wallace, 2010). 

71% of wine produced in New Zealand is Marlborough Sauvignon Blanc and 88% of New Zealand 

wine exports consist of Marlborough Sauvignon Blanc (NZW, 2020). Aotearoa New Zealand is also 

the world’s second largest producer of Sauvignon Blanc after France (Lawrence, 2021). While the 

dominance of Marlborough Sauvignon Blanc in the international market is impressive, the industry’s 

reliance on a single varietal grown in a single region poses a significant risk to the viability, 

sustainability, and resilience of the industry. 

The vulnerability of the industry was seen in harvest 2021 where spring frosts combined with 

variable temperatures and high winds at flowering resulting in an estimated 30% decline in yield on 

long term average. This equated to a 63 million litre shortfall to meet market demand for the coming 

year (New Zealand Winegrowers, 2021). Climate change projections indicate that extreme weather 
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events will become more frequent into the future and changes in long term regional weather 

patterns could result in further crop management issues. 

 1.2 Objectives, Theoretical Framework and Chapter Summary 

1.2.1 Research Objectives 

The overall aim of the research project is to develop a stakeholder centred climate change 

adaptation process that applies Portfolio Analysis to assess suitable adaptation options, characterise 

their riskiness, and identify diversified vineyard portfolios that meet the goals of stakeholders and 

are robust to climate change uncertainty.  

This process mirrors that of the financial portfolio management process. Portfolio Analysis is an 

economic appraisal tool originating from financial economics, where risk is reduced through 

diversification, and optimality traded-off for resilience. This study develops the use of Portfolio 

Analysis (PA) to assess the economic and environmental performance of different portfolios of land-

use across the range of climate change scenarios.   Through this process the PhD aims to bring 

Portfolio Analysis as a climate change adaptation appraisal tool from the realm of scientific theory 

closer to application.  This aim reflects recommendations made by Hallegatte et al. (2009), Watkiss 

et al. (2015), Hunt & Fraschini (2020) and Dittrich et al. (2016).  

This aim will be achieved through fulfilling the following research objectives: 

• Identify diversification options that enhance the resilience of the Marlborough vineyards to 

climate change through engagement with wine industry stakeholders .  

• Determine the performance of different diversification options under a range of climate 

futures using available biophysical data and modelling.  

•  Calculate diversified portfolios that deliver the highest value for a specific risk aversion level 

under a range of future climates.  

1.2.2 Thesis Roadmap  

This thesis consists of 7 chapters. Chapters 4, 5, and 6 comprise submitted manuscripts. In addition 

to the papers, this thesis contains an introduction, literature review, over view of methods, an 

overall discussion and conclusion. These chapters are described in greater detail below. 
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Chapter 2 is a literature review of underlying concepts central to the overall study. This includes 

adaptation strategies in viticulture, an overview of Portfolio Analysis and its application.  

Chapter 3  provides an outline and justification of all the methods used in the stand-alone 

manuscripts in greater detail than provided in the articles presented in later chapters. Technical 

descriptions of the methods applied in each phase of the study are detailed in the corresponding 

chapters.  

The results chapter is broken down into chapters comprised of submitted manuscripts. Chapter 4  

outlines the process undertaken to engage with Marlborough wine industry stakeholders to identify 

diversification options. This phase sought to explore winegrowers’ understanding of the impact of 

climate change on the Marlborough wine region in Aotearoa New Zealand; and  the potential for 

diversification as a climate change adaptation in response to these impacts. Workshops were 

conducted with a broad range of industry stakeholders, followed by thematic analysis and 

comparison with international literature. The study found that winegrowers’ understanding of 

climate change impacts are largely aligned with those identified in literature. Diversification options 

identified included agroecological practice, alternative varieties and vineyard locations.  

The results from Chapter 4 informed the selection of diversification options to inform the remainder 

of the study. As such Chapter 5 determined the performance of Marlborough, Sauvignon Blanc 

across a range of possible future climates. This step was essential in informing portfolio construction 

and involved the development of a Production Index to ascertain the impact of future temperatures 

on yield, the relationship between the index and observed yield, and an exploration of variability to 

inform the selection of yield values. Variability analysis led to the selection of inter-model mean 

values to inform the portfolio construction.  

Chapter 6 applied Portfolio Analysis to develop geographically diverse portfolios of Sauvignon Blanc.  

We found that Portfolio Analysis is useful in creating diversified portfolios with reduced overall risk. 

Portfolio composition, number of sub regions and their weighting, is influenced by the climate 

change scenarios in question and their probability distribution. The discount rate also influenced 

portfolio composition under increased uncertainty. 

Chapter 7 synthesis the findings three previous research phases and addresses these against the 

overall research goal of the PhD. It finishes with an overall conclusion for this thesis.  
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Chapter 2 

Literature Review  

The following section provides a review of the current context of this research. Topics central to the 

PhD are explored in depth providing foundational knowledge for the three papers. The literature 

review comprised of document searches between March 2021 and June 2024, with an initial 

concentrated search  conducted during the drafting of the research proposal between March 2021 

and October 2021. Seminal papers on the research topic were provided by supervisors, from these 

papers additional sources were identified. A subsequent search of two databases, Web of Science 

(www.webofscience.com) and Scopus (www.scopus.com), and several other sources, including wine 

industry and regional government databases identified additional papers. A range of topics were 

explored in the literature review including decision making under uncertainty, climate change 

adaptation approaches in agriculture, diversification and portfolio analysis.  

2.1 Decision making under uncertainty  

Decision making and behaviour in agricultural production is largely influenced by risk and 

uncertainty. Risk is the situation under which the decision outcomes and their probability of 

occurrence are known to the decision-maker, under uncertainty information on the probability of 

potential outcomes is unknown to the decision-maker (Park & Shapria, 2017). Uncertainty and risk 

are driven by variability in the socio-economic and ecological systems in which agriculture operates 

(Ullah et al., 2016). This variability affects business (market changes and prices), production 

(weather and disease), institutional/legal changes (changes in policy), human (labour shortage and 

societal expectations) and financial changes (interest rates and asset value). The onset of climate 

change is adding to this variability, increasing uncertainty for agricultural production. Clearly, the 

presence of risk and uncertainty in agricultural production is unavoidable. What is important is the 

degree and severity of its impact, and what strategies can be used to manage this impact 

(Hallegatte, 2009; Ullah et al., 2016).  

In recent decades efforts to reduce climate change uncertainty have centred around estimating the 

likelihood of future climate change (Dessai & Hulme, 2004). Most recently the Sixth Assessment 

Report of the Intergovernmental Panel on Climate Change (IPCC, 2021) reported a 1.5°C in average 

global temperatures will be reached or exceeded in the early 2030s in all emissions scenarios 

considered (with the exception of the highest emissions scenario, for which a 1.5°C increase in global 

temperatures could occur even earlier). However, even with the confidence of this global reporting 

http://www.webofscience.com/
http://www.scopus.com/
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considerable uncertainty exists around the degree and severity of climate change impact at a 

regional level (Wilby & Dessai et al., 2010; Heal & Kriström, 2002). This uncertainty makes 

agricultural climate change adaptation planning and action difficult as the effect and consequences 

of actions are largely unknown. In situations where the consequences of a decision are unknown, or 

uncertain, the application of risk management strategies can provide some protection. Risk 

management strategies can comprise of a variety of responses, which may lower the probability of 

an adverse event occurring or reduce the adverse consequences if the event occurs (Ullah et al., 

2016). Geographical and biological diversification has been identified as one such production 

response to uncertainty and a viable climate change adaptation strategy (Ullah et al., Wreford et al., 

2010).  

While diversification may be a viable climate change adaptation strategy, the potential benefits and 

risk reduction capability may not be realised if the diversification options applied do not stand up to 

future climate conditions and meet the needs of stakeholders and decision makers. Understanding 

how geographical and biological diversification options will perform under future climates is critical 

before extensive land-use and practice change occurs. Decision-makers need methods to identify 

options, or mixes of options, and how they will perform against a range of future climates.  

Portfolio Analysis (PA), a financial economics decision support tool, has been identified as a means of 

managing uncertainty in climate change adaptation (Watkiss et al., 2015; Dittrich et al., 2016; Aerts 

et al., 2008; Hunt & Fraschini, 2020; Hunt & Watkiss, 2013; Werners and Incerti, 2007; Knoke et al., 

2015). Portfolio Analysis can identify portfolio compositions that have  reduced risk due to 

diversification, and trading-off optimality for resilience. In the context of this project, biological and 

geographical diversification options are identified (land-use and management practices), and their 

ability to deliver returns (financial or physical) under climate change assessed. The application of 

Portfolio Analysis to environmental management and climate change adaptation is further discussed 

later in this section. 

2.2 Adaptation in Agriculture 

This study follows the IPCC definition of climate change adaptation, namely ‘climate change 

adaptation can be described as the process of adjustment to actual or expected climate and its 

effects, in order to moderate harm or exploit beneficial opportunities’ (IPCC, 2022). There are 

several components to climate change adaptation, it can involve both building adaptive capacity as 

well as implementing adaptation decisions. Building adaptive capacity is focused on increasing the 
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ability of individuals, groups, organisations, or systems to adapt to climate change and 

implementation refers to actioning adaptation plans (Wreford et al., 2010).  

There are many types of adaptation options; the type of and approach to adaptation will depend on 

what is being adapted to and who or what is adapting (Smit et al., 2000). Adaptation can aim to 

reduce the sensitivity of the affected system (infrastructure and species selection), alter the 

vulneraility of a system to the effects of climate change (preparedness) or increase the resilience of 

socio-ecological systems (capacity to maintain identity, functionality or grow in the face of adversity 

or buffer against shocks and stresses) (Wreford et al.,2010; Cradock-Henry & Fountain, 2019).  

Climate change adaptation in agriculture can include all or some of these adaptation types in the 

creation of strategies and in decision making that leads to adaptation action. In order to be effective 

these strategies must be designed with and for decision makers (individual farmers, land managers, 

sectors, industries, and regions) (Cradock-Henry et al., 2020). The type of adaptation strategy 

developed depends on the dynamics of the socio-ecological system in question. In wealthier 

countries there is a tendency towards strategies that are focused on maintaining agricultural growth 

and production. These involve technological development and adoption, government programmes 

and insurance; and farm-level financial management (Wreford et al. 2010). In poorer countries 

adaptation strategies are focused on survival, maintaining livelihoods, and coping with climate 

challenges. Strategies are focused on mobility, storage, diversification, communal pooling, and 

exchange (Wreford et al. 2010). While humans have always unintentionally adapted to climate 

change, unintentional adaptation can be less effective than purposeful or informed adaptation. The 

integration of adaptation planning and action across sectors and within sectors is essential to 

achieving effective adaptation in practice (Wreford et al., 2010). 

2.2.1 Climate Change Adaptation and Wine  

Climate change presents a significant and growing challenge to the global wine industry. These 

changes are impacting the viability of established viticulture zones and shifting the geography of 

wine production. With warming trends leading to changes in grapevine phenological development 

and shifts in regional suitability for wine production there is increased need for investment in 

adaptation strategies such as vineyard relocation, varietal substitution, infrastructure developments 

and altered management practices (Mozell & Thach, 2014; Van Leeuwen & Darriet, 2016). However, 

the costs and feasibility of these adaptations vary considerably across regions, producers and 

climate scenarios.  
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Several authors have attempted to understand the economic implication of these climate impacts 

and subsequent adaptations. Studies have attempted to quantify the potential spatial and temporal 

changes in varietal distributions and regional shifts under warming scenarios (Anderson and Aryal, 

2013; Anderson and Pinilla, 2018). In some regions it has been demonstrated that without 

adaptation, output and export value could decline significantly (Anderson & Wittwer, 2013). The 

uncertainity the surrounds future climate is a particular challenge for adaptation decision making in 

the contect of vineyard development. Grapevines in New Zealand have a commercial life span of 20 

to 30 years and considerable investment in supporting infrastructure is necessary to sustain their 

productivity. While climatic conditions might be optimal now they may not be suitable in the future.  

Therefore, winegrowers should consider a range of possible climatic futures when making vineyard 

development decisions.  These findings highlight the importance of economic flexibility and timely 

investment in adaptation strategies. Climatic changes in regional suitability could also lead to a shift 

in global wine trade as cooler climates become more suitable and new producers emerge potentially 

displacing traditional producers from warmer areas (Anderson & Pinilla, 2021). 

Some authors have analysed the economic implications of adaptation. Bernetti et al. (2012) 

developed a probabilistic framework combining bioclimatic and socioeconomic models to evaluate 

the vulnerability of Tuscan viticulture. Their model quantified how climate change will threaten 

production value and how adaptation can mitigate these risks. The study found that adaptation 

measures are associated with increased costs, but when effectively implemented, can restore 

profitability. However, success depends heavily on farmers' capabilities, education, and 

responsiveness to climate signals. Enjolras and Viviani (2025) analysed Bordeaux wine producers 

using a Ricardian model, and demonstrated that implemented adaptation strategies vary by the 

scale, value and profitability of production. High value producers are more likely to increase vineyard 

area, invest in irrigation, and utilise crop insurance. Implemented adaptation actions varied on the 

basis of farm structure, with adaptation being more feasible and effective for well capitalised 

operations 

The literature has highlighted the necessity for policy and market mechanisms to support 

adaptation. Policy will be essential in facilitating structural change in the wine industry by removing 

barriers to trade, supporting research, subsidies for innovation, and providing adoption support to 

producers implementing climate adaptation measures. Market-based instruments, such as pricing 

incentives for sustainable practices can help manage the financial costs of adaptation.  
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Finally, it is important to highlight the history of innovation and adaptation that exists within the 

wine industry with research demonstrating that production volumes, export trends, and grapevine 

varieties have changed over time (Anderson, 2010). The past can act as a framework for navigating 

future climate challenges and uncertainties. 

2.3 Diversification as an Adaptation Strategy 

Diversified farming systems are a promising  adaptation strategy in the face of climate change due to 

their potential to reduce risk (Wreford et al., 2010; van Zonnenveld et al., 2021). They could perform 

better financially than specialised systems by reducing profit losses that arise from internal and 

external sources of risk e.g. yield, price, input, or output market risks (Bowman and Zilberman, 

2013). Bowman and Zilberman (2013) describe how risks can be reduced by selecting crop 

combinations with uncorrelated price risks, growing conditions or input requirements. Multiple 

studies have demonstrated the enhanced delivery of ecosystem services and ecological benefits 

within diversified farming systems (Aare et al, 2021; Alteri, 2004; Kremen and Miles, 2012) leading to 

reductions in yield risks (Sanchez et al.,  2022). Until this point viticulture adaptation studies have 

focused on spatial (or geographical) and varietal diversification (van Leeuwen et al., 2024; 

(Carroquino et al., 2020; Marín et al., 2021). Some studies have explored the impact of changing 

vineyard location on grapevine phenological development and quality, but the analysis did not 

assess the impact of diversification on vineyard profitability (Ausseil et al., 2021). Outside of 

viticulture, studies have found the impact of diversification on profitability to be variable but on 

average diversified systems have a higher gross margin relative to specialised ones  (Sanchez et al., 

2022; Beillouin et al., 2018; Rosa- Schleich et al., 2019). Sanchez et al. (2022) emphasized that profit 

variability is unsurprising, since farm system profitability is affected by a multitude of factors 

including crop selection, application of technology, farm size and inputs, and market conditions. 

Therefore, a multitude of factors must be considered when winegrowers are deciding if and how to 

diversify.  Knowledge gaps around profitability, production, physical limitations and resources, 

labour requirements, establishment capital costs and scalability, and an overall lack of information 

are delaying the development of diversified systems (Weir et al. 2018; Anderson et al., 2020; Arslan 

et al., 2020). Therefore, there is a need to invest in the development of methods that fill these 

knowledge gaps and accelerate the application of diversification as an adaptation.  
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2.4 Portfolio Analysis 

2.4.1 Modern Portfolio Theory 

The foundation of portfolio analysis began with the work of Harry Markowitz in 1952, who 

introduced the concept of Portfolio Selection (Markowitz, 1953). The approach focused on how 

investors could construct a portfolio of investments to maximize expected return based at a given 

level of risk and emphasized the importance of diversification. Modern Portfolio Theory (MPT), built 

upon these foundational concepts by introducing the Capital Asset Pricing Model (CAPM) to explain 

market equilibrium and the pricing of assets in relation to their risk, providing a more 

comprehensive understanding of portfolio management (Sharpe, 1964; Lintner, 1965).  Portfolio 

Selection is based on the mean return of individual assets and their covariance, diversification is 

applied to minimize total risk. MPT applies the CAPM to calculate expected return, considering the 

risk-free rate, the Beta Coefficient, and the market risk premium. MPT differentiates between 

systematic (market) risk and idiosyncratic (asset) risk, and aids in the management systematic risk 

which cannot be eliminated through diversification. Sharpe ratio is derived from the CAPM model. 

The Sharpe ratio of a portfolio is  a measure of returns relative to its variability. It is calculated by 

subtracting the risk free rate from the average retun of the portfolio. This is then divided by the 

standard deviation of the portfolio. The Sharpe optimal portfolio is the portfolio with maximum 

Sharpe ratio (Haugh, 2016).  In studies like this the average return would be the vineyard portfolio 

income, and the standard deviation would be derived from the yield variability across the vineyard 

portfolio..  

2.4.2 Application of Portfolio Analysis in Agriculture 

Application of MPT to Ecological and Agricultural Decision Making 

The application of MPT has expanded beyond the fields of financial investment and financial fund 

management to be utilised as a decision-making tool in agricultural and ecological management. Its 

potential to inform decision making in these fields was quickly realised (Matthies et al., 2019). The 

earliest mentions of the introduction and application of MPT to agricultural and ecological 

management were by Heady (1952) and McFarquhar (1962). Heady (1952) noted that agricultural 

land managers should utilise diversification to reduce the variance of financial returns. While 

McFarquhar (1962) applied MPT empirically to agricultural land-use planning to determine the 

optimal crop portfolio in the UK (Matthies et al., 2019; Heady, 1952; McFarquhar 1962). Since then, 

MPT has been proposed as a decision-making tool for a wide range of agricultural and ecological 

management questions including, biodiversity conservation, fisheries, forests, spatial planning, 
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invasive pest and disease surveillance, and conservation under climate uncertainty (Alvarez et al., 

2018; Hunt & Fraschini, 2020). 

Application of MPT to Climate Change Adaptation Strategies 

Through the inclusion of diversification and use of portfolios, application of MPT via Portfolio 

Analysis  is a highly relevant method to inform climate change adaptation (Hunt & Fraschini, 2020). 

Portfolio Analysis  identifies a suite(s) of diversification options that, together, are effective over the 

range of possible projected future climates, rather than a single option best suited to one possible 

future (Watkiss et al., 2015). This ability to account for uncertainty through the inclusion of a range 

of possible futures and diversification scenarios makes MPT a strong analytical tool to guide climate 

change adaptation. The strength of MPT to inform climate change adaptation has garnered 

considerable attention in recent years (Watkiss et al., 2015; Crowe & Parker, 2008; Hunt & Fraschini, 

2020; Hunt & Watkiss, 2013; Ando et al., 2018; Dittrich et al., 2016). 

Ando and Mallory (2012) used MPT to allocate conservation activities among subregions in the 

Prairie Pothole Region (PPR) with consideration to climate change uncertainty. MPT was applied to 

maximize the expected conservation returns for a given level of uncertainty or to minimize 

uncertainty for given expected level of returns. The study found that MPT guided diversification 

reduced climate change induced uncertainty of future ecosystem service benefits from many land 

policy and investment initiatives, especially when outcomes are negatively correlated between 

subregions. Specifically, the study found that, when compared to existing conservation efforts, use 

of MPT achieved a 15% increase in the value of the conservation objectives for the same level of risk. 

MPT based portfolios were found to have 21% less uncertainty over benefits or 6% greater expected 

benefits than the current portfolio of PPR conservation. 

Ando and Mallory (2012) made some recommendations around the application of MPT for as a 

diversification planning tool. First, climate change possesses significant uncertainty regarding the 

future of the spatial distribution of the cost and ecological benefits of conservation activity being 

targeted. Second, action to adapt to climate change or mitigate its effects must be taken long before 

that uncertainty is resolved. Third, the adaptation outcome of interest must be somewhat fungible 

across a spatial region. Fourth, although one can carry out portfolio analysis under other 

circumstances, the greatest benefits can be had of the spatial distribution of the conservation 

outcomes variy negatively across locations. While these recommendations around the application of 

MPT might be useful in the context of conservation efforts their applicability in an agricultural 

planning contexts and provisioning of ecosystem services in agricultural systems is questionable. 
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Specifically, the third point relating to the fungibility of outcomes such as yield, or crop production 

cannot be fungible across a region or subregion when farmers and growers only receive financial 

benefit from what is produced within the boundaries of their property, the same could be said for 

certain ecosystem services. 

Mallory and Ando (2014) presented an additional paper on the PPR case study. The paper also noted 

the need for extensive data to inform MPT could be a limiting factor in the uptake of the tool. 

Subsequently the paper explored the robustness of MPT to common short cuts that might be taken 

to simplify its application e.g., exclusion of conservation costs or using benefit indices rather than 

true measures of conservation benefits.The study found that MPT can be used under a range of 

correlations, between ecological values and conservation costs, to minimize risk for a given level of 

ecological returns per dollar spent. In addition the paper advised caution with regard to the use of 

shortcuts in the application of PA, noting that portfolio recommendations can vary considerably 

depending on the linearity (or not) of the relationship between proxy values. Finally, the paper 

found that it is critical to diversify in terms of benefit–cost ratios rather than benefits alone. 

The suggestion of making shortcuts in the application of MPT is similar to Watkiss et al. (2015) and 

Hunt & Fraschini et al. (2020), who proposed that MPT be simplified without sacrificing its analytical 

qualities. They suggest that aggregated data could be used to capture the costs and benefits of 

diversification adaptation investments. This simplification would see Portfolio Analysis transition 

from a tool generally applied to large investment decisions or major risks to one that was more 

applicable to smaller scale adaptation challenges. 

Knoke et al. (2015) also attempted to tackle to issue of data availability to inform Portfolio Analysis 

through its application to the allocation of scarce land to various land-use options on the Ecuadorian 

lowlands. The study compared classical stochastic mean-variance portfolio optimization with non-

stochastic portfolios that had been optimized using robust methods. The modification to the method 

was suggested as a means of increasing its application as a land use decision making tool under 

increasing climatic uncertainty. 

The non-stochastic methods returned greater diversity in the portfolio and a slight decline in 

financial returns when compared to stochastic mean variance portfolios, this result relies on the 

mean variance optimizations being true. The study concluded that a non-stochastic model can be 

used to generate land-use portfolios and is a good alternative to the classical stochastic model, in 

situations where information on economic input parameters is scarce. 
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This review highlights the potential for MPT to inform climate change adaptation diversification 

strategies (Knoke et al., 2015; Ando & Mallory, 2012) and adaptability of MPT, but also the 

limitations of the tool due to data availability. The review has highlighted that MPT can be applied to 

a range of scenarios of varying scales and contexts. Portfolios can be constructed at the farm, 

regional, landscape or industry scale. Regardless of the scale or context it is likely that data 

limitations will be encountered during the PhD study. Hunt & Franschini (2022), Matthies et al. 

(2019), Alvarez et al. (2017) and Mallory & Ando (2014) presented guidelines on the application of 

MPT to different research questions, including a summary of different methods used to determine 

risk, returns, discount rates and portfolio selection criteria.  Although other methods exist to support 

decision-making under climate change uncertainty, such as Robust Decision Making and Real 

Options Analysis (e.g. Dittrich et al. 2016; Watkiss et al. 2015), they are less appropriate for 

considering sectoral diversificiation.  The studies reviewed here have demonstrated the usefulness 

of Portfolio Analysis when considering diversification and uncertainty in tandem. By considering a 

range of possible futures at once the tool can support decision makers in implementing actions that 

are robust againts a range of possible futures. These resources will be referred to on an ongoing 

basis to guide the application of MPT to the study context. 
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Chapter 3 

Methods 

The following chapter provides an outline and justification of all the methods used in the stand-

alone manuscripts in greater detail than provided in the articles presented in later chapters. 

Technical descriptions of the methods applied in each phase of the study are detailed in the 

corresponding chapters.  

3.1 Theoretical Framework  

The theories that inform each research objective are outlined in Figure 1 and discussed further in the 
subsequent sections.  
 

 
Figure 3-1: Theoretical Framework and Methods informing research objectives. 

3.1.1 Objective 1 Theory: Design Thinking and Human Centred Design  

Design Thinking is a summary of creative thinking theories that were brought together in the 1950s. 

The concept of design ‘as a way of thinking’ was further expanded in the late 1960s with the concept 

then quickly being adopted into architecture and education. In the 1990s the theory and method 

was adopted into business management and to address human concerns and ‘wicked’ problems in 

the 1990s (Jen, 2018). 
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Design Thinking combines several theories and methods to develop innovative solutions to 

problems. Due to the combination of theories and methods that inform Design Thinking it is perhaps 

more appropriate to think of it  as a paradigm rather than a theory alone (Dorst, 2011). One of the 

most significant theories informing design thinking is Human Centred Design, which  emphasises 

empathy as part of the design process, that is identifying who is being designed for/with and what 

their needs are. The integration of Human Centred Design into Design Thinking makes it suitable for 

application in participatory research. Several recent studies have successfully applied Human 

Cantered Design via Design Thinking to resolve issues in the agricultural sectors (Eastwood et al., 

2021; Goodspeed et al., 2016). Design Think was applied to develop the mixed method framework 

described in Section 3.2, and to inform the research activities in Chapter 4. In Chapter4  Design 

Thinking was applied to empathise with winegrowers on the climate change challenges they faced, 

define the threats and opportunities to be adapted to through diversification and ideate potential 

diversification measures to achieve adaptation outcomes. These findings informed research 

activities and methods in Chapter 5. Specifically, winegrowers identified diversification of vineyard 

location as an adaptation to maintain typicity, reduce exposure to extreme weather events, and 

water availability and drought. Understanding how Sauvignon Blanc would perform across a range of 

future scenarios was an essential first step in constructing spatially diversified vineyard portfolios. 

The study identified a knowledge gap around this and developed an approach to project the impact 

of future temperatures on yield. This is briefly outlined in the following section and described in 

greater detail in Chapter 5. 

3.1.2 Objective 2 Theory: Biophysical Assessment  

Relevant metrics identified through stakeholder engagement are used to evaluate the 

environmental, social, and economic performance of the adaptation strategies. These are quantified 

through a range of different methods, including for example published datasets, expert surveys, and 

simulation modelling when possible. Commonly used in climate change impact assessments, 

simulation modelling is the mathematical process using known data to create, process, and validate 

a model that can be used to make projections about future events (Fankenfeld, 2019; Carew, n.d.).  

This study developed a “broken sticks” model to inform the development of a Grapevine Production 

Index (GPI) that estimated the impact of increased temperature on Sauvignon Blanc production 

across a range a future climate scenarios. The broken stick model approximated the trajectory of 

Sauvignon Blanc production in the Marlborough region by a series of connected straight lines. The 

breakpoints between the straight lines were informed by temperature ranges and critical 

phenological periods in determining grape vine yield. These parameters were informed by the 
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literature. The broken sticks model was then combined with the Grapevine Flowering Veraison (GFV) 

model developed by Parker et al. (2011) was used to simulate the timing of the key phenological 

stages of flowering defined at the time at which 50% capfall had occurred. The GFV model is a linear 

growing degrees days model.  

Biophysical and empirical crop models have also been used in combination with economic farm 

optimization model to develop bio-economic or decision models. These models consider the 

decisions that farmers take in response to changing climatic, economic, or social conditions 

(Holzkämper, 2017).  

3.1.3 Objective 3 Theory: Modern Portfolio Theory  

Portfolio Analysis  

The application of MPT or Portfolio Selection is referred to as Portfolio Analysis (PA). Portfolios are 

constructed that consider both expected return and risk. The risk and return characteristics of a 

given portfolio depend on the assets, their weighting within the portfolio and covariance.  Portfolio 

analysis requires the following statistical inputs 

• The expected rate of return, E(r), for each investment candidate (that is, every stock, every 

bond, etc.).  

• The standard deviation of returns, σ, for each investment candidate.  

• The correlation coefficients, ρ, between all pairs of investment candidates. 

The theoretical foundations for these statistical inputs lie in probability theory and utility theory, 

discussed later (Francis & Kim, 2013; Prakash, 2012). The weightings of each asset are adjusted to 

explore the performance of various investment opportunities. The risk and return profiles of 

different portfolios can be visually represented on a graph, with the expected return on one axis and 

the standard deviation on the other. This minimization of risk for given level of return creates a 

minimum-variance frontier. At the left most point of the minimum-variance frontier exists the Global 

Minimum Variance Portfolio (MVP). This portfolio produces the highest returns while reducing total 

risk. The portion of the minimum-variance curve that lies above and to the right of MVP is known as 

the Efficient Frontier. It contains all portfolios that rational, risk-averse investors would choose. The 

slope of the Efficient Frontier indicates the change in units of return per unit of risk. Returns will 

increase with increased risk up until a point.  If the curve flattens returns no longer increase in line 

with risk (Francis & Kim, 2013).  
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Probability Theory  

The foundations of the probabilistic risk analysis tools utilised in Portfolio Analysis arise from 

probability theory (Francis & Kim, 2013). Probability and statistics are the branch of mathematics 

concerned with uncertain outcomes. Analysis of probability and statistics applies only if outcomes 

are uncertain. Probability can be defined as the extent to which an event is likely to occur, measured 

by the ratio of the favourable cases to the whole number of cases possible. Probability can be 

calculated through application of an experimental method or mathematical deduction (Saylor, 

2012). To calculate probability empirically, an experiment with uncertain outcomes is repeated (a 

random experiment) and the number of times the event of interest occurs is counted, n, for each 

replication of the experiment, N. The empirical probability of the event then equals n/N. Probability 

can be calculated using mathematical deduction where several outcomes are possible with defined 

probabilities. In this case you do not have to conduct a random experiment to compute the 

mathematical probability (Saylor, 2012).  

Utility Theory  

Utility is a measure of usefulness or satisfaction that an individual or group receives through the 

consumption of a service or good (Boyle, 2021). Utility theory is interested in individual preferences 

Utility function is a mathematical formulation that ranks the preferences of the individual in terms of 

satisfaction different consumption bundles provide. Utility theory operates on the assumption that 

individuals can consistently rank their choices due to their personal preferences and operate as if 

they had a utility function and acted according to it. Utility function or individuals’ ability to rank 

preferences indicates that utility theory is concerned with relative satisfaction or ordinal utility 

(Prakash, 2012; Stigler, 1950). Utility theory makes assumptions on the completeness property of 

preferences, monotonicity assumption of preferences (more is better), ‘mix is better’ assumption of 

preferences and assumption of rationality (individuals’ preferences avoid any kind of circularity) 

(Prakash,2012). From the standpoint of portfolio analysis, it refers to how much benefit investors 

obtain from portfolio performance.  aving a solid understanding of an investor’s utility can help 

make investment decisions that are more suited to their risk attitudes and investment goals and will 

therefore be integral in this study. (Fishburn, 1968). Utility theory is a positive theory that seeks to 

explain an individual’s observed behaviour and preferences (what is). The utility preference of each 

individual is unique to them alone. Thus, individuals’ preferences are intrinsic and any attempt to 

capture preferences is abstraction based on certain assumptions (Prakash, 2012). After individual 

preferences have been observed inferences can be made about expected behaviours and 

preferences in the future. If restrictions are placed around the assumed preferences, they can be 



29 
 

represented numerically and analytically using a utility function (Prakash, 2012; Fishburn, 1968; 

Boyle, 2021; Stigler, 1950). 

3.2 Research Design 

3.2.1 A Mixed Methods Framework  

Due to the transdisciplinary nature of this project the study utilised an integrated mixed methods 

approach. Mixed methods research is a research design where researchers collect, analyse, and 

integrate both quantitative and qualitative data in a single study (Creswell, 2007 in Johnson et al., 

2007).The framework illustrated in Figure 3.2 has been informed from the Design Thinking process 

and multiple studies that seek to develop innovative solutions to climate change adaptation in 

agriculture (Brown, 2008; Van, Zonnenveld et al., 2021; Kalaugher et al. 2013; Cradock Henry et al., 

2021; Romera et al., 2020; Meynard et al., 2012). The purpose of the framework is to provide ways 

to combine qualitative and quantitative research methods and to clearly identify the issue(s) to be 

tackled and goals to be achieved, while promoting the generation of innovative climate change 

adaptation strategies. The framework is also flexible enough to be used to identify and develop 

diversification adaptation plans across varying spatial and temporal scales.  
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Figure 3-2: Mixed methods framework for determining and analysing diversification options as a 

climate change adaptation strategy. 

 
 

Table 3-1: Description of mixed methods framework stages. 

Stage 1: Empathise 

The aims of this stage of research were to identify key stakeholders and develop a common 

understanding of the climate change issues encountered by winegrowers in Marlborough. These 

aims were completed through literature review and development of stakeholder map, during the 

first focus group. These methods are detailed in Chapter 4.  

Stage 2: Define & Ideate 

Here the aim was to identify the climate change threats and opportunities pertinent to  

stakeholders. These were defined with winegrowers in the second focus group. This was followed 

by a brainstorming session to generate ideas on how diversification could be applied. These 

methods are detailed in Chapter  . Stage 2 is aligned with the ‘Pool Ideas’ step in Kalaugher et al. 

(2013); Selection of on farm diversification options (Van Zonnenveld et al. 2021), Stage 1: Define 

objectives and Structured Design and Stage 2: Explore current system and situation (Cradock Henry 

et al., 2021); and Structure Design 1 (Meynard et al., 2012 and Romera et al. 2020).  
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Stage 3 consisted of two workstreams, a biophysical assessment and evaluation of economic 

performance using Portfolio Analysis. Identified diversification options were assessed in their ability 

to perform under future climatic conditions, this is detailed in Chapter 5. Portfolio analysis is 

outlined in Chapter 6. Stage 3 is aligned with Analyse of Options (Kalaugher et al., 2013); Stage 4: 

Identify, assess, and prioritize adaptation options (Cradock Henry et al. 2021); and Structured 

Design 2 (Romera et al. 2020).  

Stage 4: Test  

The overall project process and outputs were reviewed in Chapter 7 to assesses the usefulness of 

the process in answering the questions posed at the beginning of the PhD project and as an applied 

adaptation process to inform diversification. Stage 4 is aligned with Evaluate Adaptation Strategies 

(Kalaugher et al., 2013); Evaluation and Learning (Van Zonnenveld et al. 2021), Stage 5: Implement 

and Evaluate (Cradock Henry et al., 2021); and Structure Design 2 (Romera et al., 2020).  

 

3.2.2 Scope 

With a high degree of specialisation, monocropping and regionalisation, the New Zealand wine 

industry is well positioned to capitalise from the benefits of diversification. This project focused on 

the Marlborough wine region because it is New Zealand’s largest wine growing region, 78% of 

national production, with a very high degree of specialisation, 86% Sauvignon Blanc. Therefore, any 

research that focuses on diversification within the New Zealand wine industry must consider 

diversification relative to the dominance of Marlborough, Sauvignon Blanc. Diversification of the 

wine industry in New Zealand must therefore consider diversification within Sauvignon Blanc 

production systems, including diversification of Sauvignon Blanc production, including other 

subregions and regions, and diversification of varietals and regions to support Sauvignon Blanc 

production or development of other wine offerings, from Marlborough or other regions. 
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Chapter 4 

Diversification as a climate change adaptation strategy in 

viticulture systems: Winegrowers’ insights from Marlborough, New 

Zealand.  
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4.1 Abstract  

Viticulture systems face risks from a changing climate due to grapevine sensitivity and the large 

degree of specialisation that often exists. Diversification of agricultural production systems has been 

proposed as an effective adaptation strategy. Elements of diversification have featured in viticulture 

adaptation studies, but the understanding of diversification and its potential as a climate change 

adaptation strategy has not been explicitly explored with winegrowers. To develop insights in this 

area we identified regional climate challenges, defined climate change related threats and 

opportunities, and envisaged diversification solutions. Data collection involved a literature review on 

climate change impacts, adaptation and diversification in viticulture systems, followed by a focus 

group with industry stakeholders. Agroecological practices, plant material and vineyard location 

were the core diversification themes identified in the literature. The study found that winegrowers’ 

understanding of the potential for diversification   include implementing agroecological practices, 

diversification of plant material (clones, rootstocks), alternative vineyard locations, integrating 

different crops and growing alternative varieties. The study expands on current literature by 

explicitly assessing winegrower understanding of the potential for diversification as a climate change 

adaptation strategy in winegrowing systems. 

Keywords: Diversification, climate change adaptation, viticulture, Marlborough, New Zealand, wine  
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4.2 Introduction 

Viticulture is recognised as being particularly vulnerable to climate change due to the climate 

sensitivity of grapevines (Mosedale et al., 2016 Nicholas & Durham, 2012). Maintaining production 

of both grapevines and wine quality requires adaptation to climate change in many parts of the 

world (Naulleau et al., 2021). Winegrowers are aware of the risks of climate change for their 

operations as they observe an increased frequency in extreme weather events and changes in crop 

growth cycles (Henley, 2021), and will need to adapt their systems accordingly. Adaptation is defined 

as ‘the process of ad ustment to actual or expected climate and its effects, in order to moderate 

harm or exploit beneficial opportunities’ (IPCC, 2022). While reactive adaptation by winegrowers to 

climatic variability has always occurred (Henley, 2021), this may not be sufficient in either the short 

or long term when anticipatory and planned adaptation is required. Adaptation strategies in 

viticulture are wide ranging, but to our knowledge, potential for diversification as a climate change 

adaptation strategy has not been explicitly explored with winegrowers, despite being identified as a 

promising climate change adaptation strategy (Wreford et al., 2010). 

For the purposes of this study, we define diversification in viticulture as the integration of various 

biological species at different temporal and spatial scales within an agricultural landscape (Watson, 

2019; Hansson et al, 2010; Kremen and Miles, 2012; Kremen et al. 2012). Diversification could also 

be expanded to include reactive/short term (harvest dates, spray programmes, canopy 

management) and anticipatory/medium term (irrigation, trellis design) adaptations. These types of 

adaptation are  in response to short term climate conditions and can be quickly ceased or easily 

amended (Neethling et al., 2017). In this study diversification is concerned with adaptation to long 

term climatic conditions and how this affects decision making. 

While the benefits of diversification are claimed widely, little guidance exists on how to diversify 

agricultural production systems across different spatial and temporal scales, meeting the varying 

socio-ecological and economic demands of different systems (Apparao et al., 2021; Hunt et al., 2021; 

Ryan, 2019). In addition, deciding what diversification options to pursue to avoid unintended 

consequences, or maladaptation, is fraught with uncertainty due to the range of climatic conditions 

that could occur in the future (Knoke et al., 2015). Previous climate change adaptation studies and 

reviews identified some diversification options including diversification of grapevine varieties and 

the exploration of new winegrowing sites (Santos et al., 2020), but diversification has the potential 

to be more encompassing than this. Engaging with winegrowers and other industry stakeholders 

through participatory research methods offer an avenue for developing an understanding of the 

potential of diversification.  
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Participatory research approaches lead researchers to engage in activities and processes that 

develop synergies between stakeholders at different levels and draw upon broad sources of 

knowledge from local systems to global science, to develop holistic solutions to these complex issues 

(Gonsalves et al., 2005). Most importantly participatory research concepts and practices reposition 

end-users (local people, farmers) from passive beneficiaries of the research and development 

process to active participants who influence and provide key inputs to the process. The participation 

of end-users ensures that solutions developed are relevant and applicable to the context of the 

socio-ecological and economic system for which they are designed (Klerkx et al., 2017; Gonsalves et 

al., 2005; Dogliotti et al., 2014). 

The aims of this study were to empathise with stakeholders on regional climate related challenges, 

define the threats and opportunities to be considered in adaptation and to ideate solutions to these 

challenges that could be delivered through diversification. Data collection consisted of a literature 

review and focus group. The area selected for the participatory approach, is the Marlborough wine 

region in New Zealand. It is the centre of the New Zealand wine industry consisting of 29,415 

planted hectares and contributing to 80 percent of New Zealand’s producing area (Wine 

Marlborough, n.d.). Around 160 wineries and 518 grape growers operate in the region 

(Winegrowers, N.Z., 2022). Sauvignon Blanc is the dominant variety grown in the region, consisting 

of 81 percent (2 ,776 ha) of the region’s production, and 7  percent of national production 

(Winegrowers, N.Z., 2022). The success and dominance of Sauvignon Blanc drives export market 

sales with wine reported as New Zealand’s fifth largest export in 2022. While not ignoring the 

commercial and wine making success of Marlborough Sauvignon Blanc, the dominance of this single 

variety in a single region is a considerable economic and biophysical risk, which makes this a suitable 

study area to explore diversification.  . 

This study extends the existing literature in the field of climate change adaptation in viticulture by 

highlighting the opportunity that exists, in the eyes of winegrowers, to reimagine vineyard systems 

as part of climate change adaptation. The findings of the literature review and focus group highlight 

approaches to advance adaptation action. These include harnessing current enthusiasm for short 

term adaptation and diversification actions while concurrently weaving adaptation goals with other 

wine business ambitions to develop cohesive long-term strategies that consider a range of climate 

change threats and opportunities.   
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4.3 Methods 

4.3.1 Participatory Approach  

This study applied a participatory approach based on the  initial stages of the Design Thinking 

process. Design Thinking, a methodology which provides a solution-based approach to solving 

problems, was used as a framework to guide winegrower participation and research activities. 

Several recent studies have successfully applied Design Thinking to address issues in the agricultural 

sectors (Eastwood et al., 2021; Goodspeed et al., 2016). The process consists of five stages: 

empathise, define, ideate, prototype and test (Brown, 2008). With the study aiming to identify 

climate change challenges, define threats and explore diversification options, this study applied the 

first three stages. Godspeed (2016) described the stages as follows: empathise, involves identifying 

who you are designing for/with and what their needs are. Define relates to identifying a specific 

problem to be solved. Ideate involves creating ideas as solutions to the problem.  

The first step, empathising with wine industry stakeholders, involved a literature review and 

stakeholder identification and mapping exercise. The problem and/or opportunity was defined with 

winegrowers in the focus group. Once defined, the second and third step, ideation of diversification 

measures to reduce the negative impact of climate change or capitalise on opportunities, were 

identified. These steps involved a literature review and focus group as is described in detail below. 

 

4.3.2 Literature Review  

Sources of information 

The literature review comprised of two document searches between July 2021 and April 2022. We 

applied an approach similar to previous scoping studies in participatory research (Ohly et al., 2023; 

 rksey and  ’Malley, 2005) The first search aimed to identify climate projections the Marlborough 

wine region, climate impacts to viticulture locally and globally, and develop a general awareness 

industry perceptions of climate change and adaptation. Documents were identified from two 

databases, Web of Science (www.webofscience.com) and Scopus (www.scopus.com), and several 

other sources, including wine industry and regional government databases. Key words applied to the 

various searches included: climate change, viticulture*, Marlborough, New Zealand, climate change 

adaptation, diversification. A second comprehensive search applied a systematic approach, in order 

to develop a characterisation of viticulture adaptation and diversification measures. Results were 

screened based on title, abstract and the following criteria: the study i) can be applied within the 

http://www.webofscience.com/
http://www.scopus.com/
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vineyard system, and ii) relates to the integration of various biological species across different 

temporal and spatial scales. Figure 1 illustrates both search approaches.  

 

Figure 4-1: Outline of literature review screen process 

Literature Analysis 

Results from the first search were evaluated to develop a general overview of  climate projections 

for the region, impacts on viticulture, and attitudes towards climate change and adaptation in the 

industry. Results from the second search, 52 peer-reviewed papers, were read in full and analysed 

on the following measures. First, the biological species in question was considered to determine 

whether the diversification option pertained to grapevine or other species that could be integrated 

into the vineyard system. Second, the spatial application of the diversification adaptation was 

analysed to identify the scale. Third, the time frame for the application of the diversification 

measure was assessed to determine the category of adaptation. From this analysis a categorisation 

of diversification measures was developed. The categorisation was later applied to contextualise 

focus group participant responses.  
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4.3.3 Focus Group 

Data Collection 

Stakeholder Mapping Exercise 

In order to identify local growers as part of the empathising stage of the participatory approach, a 

stakeholder mapping exercise was held in October 2021. The first author engaged Bragato Research 

Institute (BRI) staff members to participate in the mapping exercise. BRI is a regional research 

institute based in the Marlborough wine region and the research arm of New Zealand Winegrowers 

(industry body). Seven staff members with expertise in viticulture and wine research, extension, 

wine business management, and wine growing and production, participated in a mapping exercise. 

The exercise was divided into two sessions. It began with an exercise to identify internal and external 

stakeholders who were interested in and influenced climate change adaptation in the Marlborough 

wine industry. Internal stakeholders worked directly in the wine industry and played an important 

role in adaptation decision making. External stakeholders were those who worked outside of the 

industry but indirectly affect adaptation decisions. 21 internal stakeholder groups, and 27 external 

stakeholder groups were identified. Session two involved ranking stakeholders’ interest and 

influence in climate change adaptation in the region, independently by each participant. Interest 

related to the level of  interest a stakeholder has in climate change adaptation in the Marlborough 

wine region, with 1 being a low level of interest and 10 being a high level of interest. Influence 

relates to the level of influence a stakeholder has on climate change adaptation decision making and 

action in Marlborough wine region, again with 1 being a low level of interest and 10 being a high 

level of interest.  

Participant scores from the stakeholder ranking exercise were used to calculate the average rank for 

each stakeholder and mapped in Microsoft Excel. Stakeholder mapping allowed us to identify 

individuals and organisations who had a high interest in climate change adaptation and a high 

influence in climate change adaptation decision making. The majority of respondents were ranked as 

having high interest and high influence. 

The stakeholder mapping exercise informed the identification and selection of participants for the 

focus group. Following selection, the drafting process relied on convenience sampling, utilizing 

researchers’ existing contacts within the region, and snowball sampling. Twelve individuals were 

approached and invited to participate in the second workshop, ten attended (with two cancelling at 

short notice on the day of the workshop). Focus group participants assumed a range of different 

roles across the wine industry. Included were wine business owners, viticulturalists, winemakers, 
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vineyard managers, winegrowers and sustainability professionals from the industry body and 

regional government. They were selected to capture as many of the stakeholder groups as possible.  

Focus Group 

The focus group was held in early December 2021. Participants were identified and invited based on 

the outcome from the stakeholder mapping exercise. The focus group aimed to define the threats 

and opportunities to be considered in adaptation, and ideate diversification measures that could be 

applied to adapt to the defined threats and opportunities. The focus group was divided into four 

sessions. In the opening session participants introduced themselves, stated their role and motivation 

for choosing to participate in the study. Participants then completed a live online exercise via Slido, 

an audience interaction platform, to identify future threats to the Marlborough wine region, 

desirable outcomes of a successful wine industry in Marlborough, and understanding and 

interpretation of diversification. This was followed by a presentation giving an overview of the 

research project, the project definition of diversification, examples of diversification and the aims of 

the workshop. In session two (Define) participants identified climate change threats and climate 

change related opportunities. Here participants were to think of the effect of climate change on 

Marlborough, and to identify three or more climate change related threats to the Marlborough wine 

industry and region.  fter identifying ‘threats’, the participating stakeholders were asked to share 

their identified threats with the rest of the workshop. The threats (which were written on Post-It 

notes) were then placed on the wall and grouped into themes. This exercise was then repeated for 

'opportunities’, with stakeholders being asked to think of the effect of climate change on the 

Marlborough wine region and identify three or more climate change related opportunities to the 

Marlborough wine industry and region. The third session (Define) was a prioritisation exercise where 

the previously identified threats and opportunities were ranked by frequency. Session four (Ideate) 

focused on identifying diversification actions to reduce sensitivity and build resilience to climate 

change threats and capitalise on adaptation opportunities.  

Data Analysis 

Findings from the  focus group were analysed to deepen our knowledge of winegrower 

understanding of climate change impact, and the potential for diversification as an adaptation 

strategy in the Marlborough region. Climate change threats were categorised as either a climate 

change hazard or a consequence. This categorisation was informed by the Framework for the 

National Climate Change Risk Assessment for Aotearoa New Zealand (Ministry for the Environment, 

2019). The findings from the analysis are described in section 4.4. 
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Ethical approval was sought and achieved for the project from the University Ethics Committee. The 

research was conducted in line with the  niversity’s ethical guidelines, including informed consent, 

assurance of anonymity and a reminder of the option to withdraw from the study. Details of the 

study and ethical concerns, including consent sheet, were provided to potential participants an 

information sheet via email after initial contact prior to the focus group. 
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4.4 Findings 

This section presents the findings from the literature review and focus group.  

4.4.1 Literature Review 

To empathise with winegrowers, the researchers deepened their understanding of the climate 

change risks winegrowers face, and how they interpret and adapt to these risks. Developing this 

understanding ensured that solutions developed during the ideation stage were informed by 

stakeholders’ context, leading to the development of results that can be more effectively extended 

and applied (Vaughan & Jacques, 2020). 

Climate Risks in Viticulture and Marlborough 

Climate change poses a risk to winegrowing (Santos et al., 2020).  Viticulture systems will need to 

adapt to maintain viability in the face of climate change (Naulleau et al., 2021). We followed the 

IPCC’s (201 ) framing of risk as the “intersection of hazard, exposure and vulnerability”, when 

determining climatic risk to viticulture production. Based on this framing, the hazards that can cause 

damage need to be identified as well as the degree of exposure to the hazard and the vulnerability 

of the exposed regions, varieties and systems. Climate change hazards to vineyards include, but are 

not limited to, an increase in the frequency of extreme weather events (Pearce et al., 2018a); an 

increase in average temperatures (Van Leeuwen et al., 2019); changes in rainfall (Naulleau et al., 

2021); and an increase in fire risk (Monteverde & De Sales, 2020). Hazards interact with non-climatic 

drivers of exposure and vulnerability leading to adverse consequences and impacts for viticulture. 

An example of this was recently observed in Hawkes Bay, New Zealand, when a cyclone hit the 

region on the cusp of harvest 2023. Both vineyards and wineries were severely affected by the 

weather event that caused widespread flooding and silt deposition across the region, leading to a 

reduced harvest (Prasad, 2023).  

  review of recent literature revealed that Marlborough’s climate is changing, and that these 

changes will continue (Macara et al., 2021; Pearce et al., 2018). Overall, the region is getting hotter 

and drier, but with an increase in the likelihood of extreme water events such as droughts and 

flooding (Craig et al., 2021; Pearce et al., 2018; Cradock Henry et al., 2019). Warming is projected 

under all climate change scenarios (Pearce et al., 2018). Projected increases in mean temperature by 

the end of the century range from 0.5 to 2.0  under RCP 4.5, or 2.0 to 3.5 under RCP 8.5 (Macara et 

al., 2021). Consistent decreases in total rainfall are projected for existing winegrowing areas for 

November to January (up to 30% less rain in Nov), while consistent increases  are projected for 

September, October, February, and April, with up to 20% more rain in April under RCP8.5 by 2090 
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(Pearce et al., 2018). Observed consequences of climate change in the region include rising sea levels 

(Macara et al., 2021) and increased evapotranspiration levels (Schultz et al., 2021). Marlborough has 

been marred by several extreme weather events (wildfire, snowstorm, drought, and flood) over the 

past decade that are expected to continue (Cradock  enry   Fountain, 2019). The region’s climate is 

currently well suited for viticulture production, but this may change in the future (Grevan, 2007; 

Chappell, 2016; Ausseil et al., 2021). A shift in the timing of key phenological dates has been 

observed in the region over the last decade ( usseil et al., 2021). It’s likely that grapevine 

productivity and quality will continue be affected by these projected changes in regional climate 

(Macara et al., 2021; Ausseil et al., 2021).  

Winegrowers’ understanding of climate change and adaptation. 

Understanding winegrower perspectives of the impacts of climate change is an essential step in 

developing adaptation solutions that are relevant and lead to action (Brown, 2008; Vaughan & 

Jacques, 2020). Several international studies explored winegrowers’ understanding of climate 

change, its impact and their adaptation response. Battaglini et al. (2009) found that French, German, 

and Italian winegrowers are aware of climate change risks and have an interest in adaptation. For 

example, German growers said they would consider changing varieties to adapt to warming 

temperatures, while a minority of Italian and French growers said they would consider such changes. 

In Australia, Fleming et al. (2015) found that winegrowers considered tactical short-term adaptation 

to be sufficient to address long-term changes in climate, and adaptation would occur alongside 

other business priorities. A similar study of Canadian winegrowers revealed winegrowers believed 

climate change would have both positive and negative impacts (Poirier et al., 2019). In New Zealand, 

 enley (2021) explored winegrowers’ understanding of adaptation through a series of interviews 

with Marlborough wine industry professionals and reported similar findings to those found 

internationally. Winegrowers thought that climate change was an important issue, and had observed 

the effects of climate change on fruit production and regional weather patterns. Some were working 

on adaptation plans. But few had implemented adaptation strategies. Threats identified by Henley 

(2021) included increasing temperature, water availability, frost, and changing wine style, while 

varietal specialisation and harvest infrastructure were identified as factors that increase the 

vulnerability of the region. These findings mirror those of Ryan (2019), who captured perceptions of 

climate change across three New Zealand winegrowing regions, Marlborough, Hawkes Bay and 

Central  tago. Winegrowers’ perceptions of climate change impacts centred around themes of 

phenology, weather, sea level rise and salt intrusion, seasonal variability, pests and diseases, alcohol, 

wine style, and uncertainty and extremes. A minority of winegrowers interviewed in that study were 

developing or implementing a climate change adaptation strategy. The majority of the adaptation 



43 
 

measures under consideration were short term adaptation strategies such as changes to pest and 

disease management, winemaking techniques, canopy management and irrigation management. 

Ryan (2019) and Henley (2021) both explored the topic of varietal diversification in the New Zealand 

context in their respective studies. Both studies found a lack of interest in varietal diversification as 

an adaptation measure, with market demand identified as a greater driver of diversification than 

climate change. In all the studies reviewed none explicitly explored winegrowers’ understanding of 

diversification and its potential as a climate change adaptation strategy. 

Adaptation and Diversification 

The review found a range of terms attempting to categorise adaptations relative to the time frame 

for implementation and scale of the adaptation (Fleming et al., 2015, Nicholas & Durham, 2012; 

Holland & Smit, 2014) ). Some authors apply short, medium and long-term as a typology (Quenol et 

al., 2014), which categorises adaptations based on the time horizons over which they are planned. 

Others use incremental, anticipatory, and transformational adaptation (Holland & Smit, 2014; 

Fleming et al., 2015) to describe the scale and depth of the changes being implemented. Short, 

medium, and long term adaptation typologies interact with incremental and transformational 

approaches in dynamic and sometimes complex ways. Effective climate adaptation requires 

balancing the need for immediate, incremental actions with the long-term vision necessary for 

transformational change (IPCC, 2022). This balance ensures that adaptation strategies remain 

flexible, resilient, and capable of addressing both current and future climate risks (Siders, 2019).This 

study attempts to merge both categorisations.  

Short-, medium-, and long-term adaptation typologies interact with incremental and 

transformational approaches in dynamic and sometimes complex ways. Effective climate adaptation 

requires balancing the need for immediate, incremental actions with the long-term vision necessary 

for transformational change. This balance ensures that adaptation strategies remain flexible, 

resilient, and capable of addressing both current and future climate risks. 

Short term adaptation measures can be reactive or anticipatory. Reactive adaptation can be less 

effective than planned adaptation or can lead to maladaptation (Wreford et al., 2010; Buzási, 2021). 

Although short term adaptation measures have historically been reactive and unintentional in 

nature, they can also be planned and purposefully executed with the deliberate intention of 

adapting to climate change.. Understanding how short term adaptation responses link to and 

support long term adaptation strategies will be of particular importance as will ensuring that short 

term adaptation strategies do not undermine the ability to cope with potentially larger climate 

change impacts later in the century (Howden et al., 2007). Long term adaptation measures can be 
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considered as more a strategic response to climate change and should endeavour to ensure the 

longevity of wine production in a region under future climatic conditions or prepare winegrowers to 

transition to new growing locations or other production systems (Bernardo et al., 2018; Fraga et al., 

2012; Fraga, 2019). Long term adaptation analyses can help inform winegrowers, wine companies, 

supporting businesses and organisations of the investment (or disinvestment) decisions they need to 

make in relation to grape growing (Howden et al., 2007). This particularly applies to long term 

investments such as grapevine breeding programs; building adaptative capacity (research and 

extension); purchasing or selling land; or building (or decommissioning) major infrastructure such as 

vineyard trellising, dams and irrigation systems, and storage and processing facilities (Howden et al., 

2007; Ruehl et al., 2015; Georgopoulou et al 2017; Roehrdanz & Hannah, 2016). Table 1 provides a 

categorisation of diversification adaptations identified in the literature review. 

Table 4-1: Categorisation of diversification adaptations in viticulture 

Adaptation Measure Example References 

Short & Medium Term – Incremental & Anticipatory 

Agroecological 

Practices  

Cover Crops Chrysargyris et al., 2018; Dinis et al., 2024; 

Naulleau et al., 2022; Carroquino et al., 

2020 

Biological Stimulants Dinis et al., 2024; Pino and Griffon, 2024; 

Trouvelot et al., 2015;  

Allowing natural vegetation 

to grow 

Xryafis et al., 2023;  

Long term -Transformational 

Plant Material Clonal selection, 

diversification and 

development 

Frioni et al., 2020; Hayes, 2016; Javier Portu 

et al., 2024;Mosedale et al., 2016; Van 

Houten et al., 2020; Van Leeuwen et al., 

2019 

Variety selection, 

diversification and 

development 

Ashenfelter, 2017; Camargo et al., 2011;  

Dry and Smart, 2022; Mosedale et al., 2016; 

Bai et al., 2022; Hayes, 2016; Atak, 2024; 

Naulleau et al., 2022; Nicholas & Durham, 

2012 Ollat et al., 2016; Parker et al., 2020; 

Topfer, 2022: Van Leeuwen et al., 2019; 
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To date studies on diversification of viticulture systems have not sought to develop a shared 

understanding of the potential for diversification within viticulture production. Many studies have 

focused on testing the impact of a particular agroecological practice on grapevine performance and 

certain ecological factors. Examples of practices include managing soil moisture and nutrient levels 

under cover cropping or influencing insect populations through habitat provision within the vineyard 

(Seeger et al., 2020; Dittrich et al., 2020; Miles et al., 2012 & 2017). Diversification as a climate 

change adaptation strategy in viticulture systems has only been explored as a small part of larger 

adaptation studies. Examples include geographical diversification by changing vineyard location 

(Carroquino et al., 2020; Cabre & Nunez, 2020) and plant material diversification through using 

different clones, rootstock, adapted varieties and alternative varieties (Ausseil et al., 2021; Marín et 

al., 2021; Morales-Castilla et al., 2020). 

Wolkovich and Morales - Castilla, 2019; 

Bernardo et al. 2018 

Rootstocks Bucur et al., 2022; Marin et al., 2021; 

Mosedale et al., 2016; Van Leeuwen et al., 

2019 

Vineyard Location  Site selection Ashenfelter, 2017; Bucur et al., 2022; 

Nicholas & Durham, 2012; Ollat et al., 2016; 

Cabre & Nunez, 2020; Roehrdanz & 

Hannah, 2016 

Cooler sites with lower solar 

exposure 

Bernardo et al., 2018; Poirier et al., 2021; 

Monteverde & de Sales, 2020 

Higher altitude Arias et al., 2022; Lasanta et al., 2022; 

Bernardo et al., 2018; Poirier et al., 2021; 

Carroquino et al., 2020, Schafer et al., 2022 

Vineyard relocation Bucur et al., 2022; Hayes, 2016;  

Soil with higher water holding 

capacity 

Lasanta et al., 2022; Van Leeuwen et al., 

2019 
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4.4.2 Findings from the Focus Group 

Threats and Opportunities 

The focus group captured winegrowers’ understanding of climate change threats and opportunities. 

We collectively refer to threats and opportunities as climate change impacts. Here we describe what 

was discussed in the focus group, illustrating key points with quotes collected from Post-It® notes (in 

itallics). Table 2 summarises the priority impacts and their descriptions as described by focus group 

participants. We prioritised themes that were directly relevant to the question of biological and 

geographical diversification. The discussion was wide ranging, additional social and economic 

themes are mentioned in the text below to reflect the multifaceted nature of climate change 

adaptation in primary production systems. 

Priority climate hazards discussed included an increase in the frequency of extreme weather events, 

with participants writing statements such as: 

“Extreme weather events and their frequency”; and “ Management of extreme weather events” 

 

Concerns were raised over changes in regional weather patterns, driven mainly by increasing 

temperatures and precipitation patterns. Participants discussed how these hazards could have 

consequences for water availability in the region, supplemented by the threat of sea level rise and its 

salinising effect on soil and ground water. Examples of statements include: 

“Lack of water to grow quality grapes”.  

“Rising Sea Levels causing salinity” 

“Saltwater intrusion to groundwater”.  

 

Grapevine specific consequences included increased pest and disease pressure, and changes in the 

growing season impacting on wine typicity and meeting consumer preferences, as illustrated in the 

following statements: 

 “Change in Marlborough Sauvignon Blanc style”, and “Loss of New Zealand Sauvignon Blanc flavour 

profile”.  

 

Social and economic consequences also discussed, but not covered in Table 2, included impacts on 

labour availability due to increased demand and climate impacts in labourer home countries, supply 

chain vulnerability impacting on the supply of goods to the region, increasing production costs, and 

the potential negative impact on the local economy, as illustrated in statements below: 
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“…not wanting to come due to issues at home,” and “Increase in cost to manage vineyards.” 

 

The greatest opportunity discussed by participants was the opportunity to change how vineyards 

were currently imagined, designed and managed. This is described under “Change how we do 

things” in Table 2. Winegrowers identified alternative grapevine varieties as a potential opportunity 

within the context of a changing climate, this ranged from exploring warm climate varieties to 

creating climate resilient varieties and clones. Alternative crops that were more profitable, could be 

integrated into current systems and led to the development of other industries in the region were 

also identified as a potential opportunity. 

 

Workshop participants recognised that achieving opportunities or reducing the impact of threats 

would require support from technology. Technology was seen as key to informing better adaptation 

decision making and vineyard management: 

“…in response to climate change, be able to make more informed management decisions”.  

 

Social, business and sector collaboration was identified as necessary for achieving adaptation and 

diversification. Winegrowers wanted to see their adaptation efforts and ambitions recognised in 

marketing material, to tell the story of Marlborough winegrowing and making to consumers. 

 

Table 4-2: Thematic descriptions of climate change priority threats and opportunities as identified 

by participants.  

Theme Description 

Threats 

Pest and Disease An increase in pest and disease pressure as a result of climatic changes 

over time, inclusive on an increase in fecundity of current pests and 

diseases, and incursions of new pests and diseases which extends to 

an increase in biosecurity breaches. 

Extreme Weather Events 

(EWE) 

An increase in the severity and frequency of EWE including hail, frost, 

wind, rainfall, and hot days. With increased fire and flood risk 

identified as a consequence on these weather events. 

Water Shortages of ground and surface water, future access to water and 

management of access, insufficient water availability to grow quality 

grapes and concerns over water quality. 
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Maintaining Typicity Changes in Marlborough Sauvignon Blanc style and quality driven by 

changes in flavour and aromatic compound development because of 

climatic changes (loss of cool climate status). 

Opportunities 

Change How We Do 

Things 

Participant recognition of the need and willingness to adapt, with 

responses focusing on the development of a curious and innovative 

mindset, questioning the current system and practices, and willingness 

to try new things such as implementation of agroecological practices 

and new technologies. 

Alternative Varieties The cultivation of different varieties or clones that maybe better 

adapted to future climatic conditions.  

Alternative Crops The cultivation of other, potentially more profitable, crops alongside 

grapevines that support but also the potential for land use change in 

the region. 

 

Diversification Measures 

In the next stage of the focus group, participants brainstormed biological and geographical 

diversification measures that would aid adaptation to the threats and opportunities previously 

identified. Participants conceived a wide range of diversification measures, some of which were 

outside the boundaries of biological and geographical diversification. The findings of the thematic 

analysis and categorisation are summarised in the words of participants in Table 3, with some 

examples from the post it notes included in the following descriptions.  

The biological and geographical diversification options identified include a combination of short and 

long term adaptation strategies. Short term strategies included the implementation of 

agroecological practices such as cover cropping,  and practices to improve soil health and 

management, with participants writing statements such as: 

 

“Crop grows well alongside grapes and is productive” 

“Grass cover to limit erosion” 

“Use of mulches for soil water retention” 

 

Long term strategies included alternative growing sites, plant material and growing alternative crops 

in vineyards. Diversification of vineyard locations was understood to reduce exposure to weather 
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extremes, changes to grapevine phenological development, while creating opportunity for the 

development of new subregions and terroirs’, as illustrated in the following statements: 

“Extension of Marlborough growing region to new sub-regions, expand the growing area”. ” 

“Explore areas previously too marginal” 

 

Plant material encompassed genetic diversification through clonal development alternative varieties 

that were adapted to warmer climatic conditions and utilise different varieties for different sub 

regions.  

“New Sauvignon Blanc clones that are adapted to conditions” 

“Varieties that like warmer, drier climates” 

”Target sites for particular varieties”. ” 

Alternative crops included cultivating other horticulture crops in place of grapevines and integrating 

other crops into the vineyard system to maximise land use . 

”Other horticulture crops e.g.  stone fruit and pipfruit“ 

“High protein crop to plant and harvest in the interrow” 

 

While not a diversification measure, winegrowers again shared their desire to share climate change 

adaptation action, success stories and credentials with consumers, as illustrated in the following 

text: 

“Deliver on climate change then market it to the world”. 

 

In the next stage of the focus group, participants brainstormed biological and geographical 

diversification measures that would aid adaptation to the threats and opportunities previously 

identified. Participants conceived a wide range of diversification measures, some of which were 

outside the boundaries of biological and geographical diversification. The findings of the thematic 

analysis and categorisation are summarised in the words of participants in Table 3. The biological 

and geographical diversification options identified include a combination of short and long term 

adaptation strategies.  

Short term strategies included the implementation of agroecological practices such as cover cropping, 

and practices to improve soil health. Soil management practices centred around reducing soil erosion 

and increasing soil water holding capacity. Examples of these sentiments are included below: 
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“Crop grows well alongside grapes and is productive” 

“Grass cover to limit erosion“ 

“Use of mulches for soil water retention” 

 

Long term strategies included alternative growing sites, plant material and growing alternative crops 

in vineyards. Diversification of vineyard locations was understood to reduce exposure to weather 

extremes, changes to grapevine phenological development, while creating opportunity for the 

development of new subregions and terroirs. 

“Extension of Marlborough growing region to new sub-regions, expand the growing area, alternative 

varieties that were adapted to warmer climatic conditions, and utilise different varieties for different 

sub regions. 

“Plant material encompassed genetic diversification through clonal development” 

“New Sauvignon Blanc clones that are adapted to conditions” 

“Varieties that like warmer, drier climates” 

”Target sites for particular varieties” 

 

Alternative crops included cultivating other horticulture crops in place of grapevines and integrating 

other crops into the vineyard system to maximise land use. Examples include: 

”Other horticulture crops e.g. stone fruit and pipfruit“  

“High protein crop to plant and harvest in the interrow” 

 

While not a diversification measure, winegrowers again shared their desire to share climate change 

adaptation action, success stories and credentials with consumers. Demonstrated through statements 

like: 

“Deliver on climate change then market it to the world” 

Table 4-3:Thematic descriptions of diversification options as identified by participants.  

Theme  Description 
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Agroecological Practices Increasing biodiversity, the introduction of beneficial plants to 

support grapevine production and the use of biological 

controls. Increasing biodiversity related to the integration of 

other plant species (native and exotic) and associated habitat 

provision within the vineyard system. Examples include 

planting native shelter belts and cover cropping in the interrow 

and undervine area. Beneficial plants were seen to support 

grapevine production via provision of habitat for beneficial 

insects (to combat grapevine pests) and improve the delivery 

of soil ecosystem services to support grapevine production 

with a specific focus on soil biology and microorganisms. 

Biological controls related to the use of biological 

microorganisms to control grapevine pests and diseases.   

Alternative Crops A diversification measure that would both generate an 

additional income stream for winegrowers, utilise more of the 

productive land and support grapevine production.  

Plant Material Plant Material was the second most identified diversification 

measure  and relates to intra-varietal diversification, through 

the cultivation of different clones, rootstock species 

diversification and the introduction of alternative varieties and 

variety selection.   

Alternative Sites This diversification measure included growing Sauvignon Blanc 

in new areas of the region, specifically further south where land 

that is currently not suitable for Sauvignon Blanc production 

may become more suitable in future.  

 

The relationship between different long and short term diversification options, how they reduce 

vulnerability and exposure to climate change threats, while also providing a means to capitalise on 

opportunities is illustrated in Figure 1.  
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Figure 4-2: Synthesis of the potential for diversification options to support adaptation to climate 

change threats (orange) and opportunities (purple), including the enablers (yellow) 

and indirect benefits (blue) of adaptation (Photo Credit New Zealand Winegrowers 

Inc). 

 

Figure 2 syntheses the potential for diversification to address climate change threats (orange) and 

opportunities (purple). Alternative Crops and Varieties are both climate change adaptation 

opportunities and diversification measures. The figure also illustrates that winegrowers see 

diversification and adaptation as an opportunity for transformation. “Change how we do things”, 

technology and collaboration (yellow) will be key in supporting diversification and adaptation; these 

efforts can be used as a marketing opportunity by becoming part of the wine story as a Marketing 

Opportunity (blue).  
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4.5 Discussion and Conclusion 

The aims of this study were to explore perspectives on climate related challenges in the region and 

industry, define the threats and opportunities to be considered in adaptation and to envisage 

solutions to these challenges that could be delivered through diversification. To empathise with 

winegrowers the research team conducted a literature review and stakeholder mapping exercise to 

deepen their understanding of the climate change challenges faced by winegrowers and who should 

be involved in identifying solutions. In the focus group  climate change threats and opportunities 

were defined with stakeholders, and diversification solutions ideated. Winegrowers identified 

several threats and opportunities relating to climate change; the most frequently mentioned was the 

opportunity to question, challenge and change the current viticulture production model (Change 

How We Do Things). Climate change threats identified by participants generally aligned with climate 

change projections for the Marlborough region (Pearce et al., 2018; Macara et al., 2021), the results 

of biophysical impact studies, and quantitative studies of winegrowers’ perceptions of climate 

change  in the region and nationally (Henley, 2020; Ryan, 2019; Craddock Henry et al, 2019.; Craig et 

al., 2021; Ausseil et al., 2021; Schultz et al., 2021). The literature review revealed that there is a 

knowledge gap around the impact of climate change on yield. Research conducted to date has not 

yet attempted to model the impact or consequences of climate change on grapevine production in 

Marlborough or New Zealand. Consequently, there is no quantitative data to which winegrowers’ 

understanding of climate impact can be compared against. Two previous qualitative studies have 

explored winegrower perception of climate change impacts in Marlborough and New Zealand. There 

is considerable overlap between the themes identified by Ryan (2019), Henley (2021) and this study. 

The parallel findings, in addition to the projection and impact study findings confirm the key climate 

change impacts of concern to New Zealand and Marlborough winegrowers. This finding gives us 

confidence that the priorities that were used to guide ideation of diversification options were the 

appropriate impacts to explore, therefore increasing the relevance of the diversification options 

identified as potential climate change adaptation strategies. Specific focus should be placed on the 

prioritised threats and opportunities to guide climate change impacts and adaptation research, and 

extension for the New Zealand wine industry.  Climate change consequences for viticulture 

identified in the international literature aligned with winegrower interpretation and mirrored those 

for studies on New Zealand and Marlborough. Similar challenges internationally create opportunities 

for collaboration in the development of approaches to wine system adaptation that could be applied 

globally across winegrowing regions. Climate change opportunities identified by participants were 

biophysical (decreased water use, alternative varieties, alternative crops) and agricultural system 

redesign (change how we do things). The priority opportunities included alternative varieties, 
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alternative crops and change how we do things. Several studies previously explored winegrowers 

understanding of the potential positive impacts of climate change, they too identified alternative 

varieties as an opportunity (Henley, 2021; Ryan, 2019; Battaglini, 2009; Fleming et al., 2015). While 

winegrowers recognise alternative varieties as a potential opportunity there is considerable 

variability in winegrowers’ willingness to engage with the opportunity. Battaglini et al. (2009) found 

that growers in Germany were open to the opportunity of changing varieties, while winegrowers in 

France and Italy were not, while Henley (2021) and Fleming et al. (2015) found that winegrowers 

would be led by market demand when considering the development of alternative varieties. 

Adaptation will not be the sole driver for varietal diversification, other factors like market 

development, reducing business operating costs, environmental impact, and viticulture production 

will also be influential (Fleming et al., 2015). By positioning conversations around adaptation as an 

opportunity that can be integrated into wider business strategic development it could help cultivate 

a growth mindset that is positively related to climate change action (Duchi et al., 2020). 

This study establishes that winegrowers in Marlborough see potential for diversification within 

viticulture systems and as a climate change adaptation strategy. The literature review revealed that 

this study is the first to specifically focus on gaining an understanding of the potential for 

diversification in winegrowing systems and as a climate change adaptation. Many previous studies 

have considered diversification as part of adaptation research but had only investigated 

diversification from the perspective of changing vineyard location (geographical diversification) 

(Carroquino et al. 2020; Cabre & Nunez, 2020) and diversification of plant material (clones, 

rootstock, adapted varieties, alternative varieties) (Morales-Castilla et al., 2020; Ausseil et al., 2021; 

Marin et al., 2021). Similarly, studies that have considered diversification of vineyard systems have 

taken a narrow focus, exploring the impact of a single practice change a particular ecological metric 

(Seeger et al., 2020; Dittrich et al., 2020; Miles et al., 2012 & 2017).  

Based on winegrowers’ descriptions of the application of the various diversification measures we 

can conclude that a combination of different types of diversification options will need to be 

implemented to address their adaptation priorities over different time scales. For example, the 

implementation of agroecological practices is required to manage and retain the delivery of certain 

ecosystem services now and into the future, while long term adaptations such as the development 

of new sites and plant material will be required for the strategic development of the industry into 

the future. A broader approach needs to be taken to exploring diversification of vineyard systems 

that focuses on the diversification options identified in this study and others. To progress the 

potential for diversification, diversification and long-term strategic adaptation needs to be 
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integrated with wider agriculture system redesign that considers multiple drivers for change, not just 

climatic (Fleming et al., 2015). This might involve, for example, exploring a combination of short and 

long term diversification actions as part of an approach to diversification that is integrated with 

vineyard, region, and industry ambitions. This is reflected in in Figure 1 which illustrates 

winegrowers’ understanding of the potential for diversification as a climate change adaptation and 

how it can promote adaptation to multiple threats, and capitalisation of opportunities 

simultaneously. Highlighting the multiple benefits that can be delivered concurrently through 

diversification will be key in encouraging wine growers to consider diversification in their broader 

production development and adaptation plans. Previous authors have highlighted that short term 

thinking limits strategic adaptation (Fleming et al., 2015). To overcome this barrier, it may be 

pertinent to focus initially on short term diversification actions that can be readily adopted into 

current systems. Demonstrating the benefits of system diversification in the short term might assist 

in stimulating a transition to a more strategic and transformational approach to diversification and 

adaptation. Implementation of diversification options have a range of practical implications 

depending on the diversification measure in question. Even integrating short term diversification 

measure requires knowledge on impacts at the vineyard scale, including how to implement the new 

measure into vineyard operations, impact on grapevine production and ecosystem service delivery, 

and access to appropriate equipment, labour and financial resources. Implementing long term 

diversification would require a greater depth of information on the financial implications to inform 

decision-making.  Developing this understanding is difficult, especially in the context of climate 

change where uncertainty exists around the magnitude, pace and scale of impacts. Overcoming 

these challenges will require research into the biophysical performance of current and different 

varieties in current and future vineyard locations, and the application of decision making approaches 

that account for deep uncertainty. Developing this understanding would require investment at the 

industry scale, with winegrowers granted access to data to inform decision making.  

In addition to the geographical and biological diversification measures identified, winegrowers also 

discussed a range of social, economic, and technological factors that could enable diversification and 

adaptation. Figure 1 summarises how these elements support the implementation of diversification. 

Overall adaptation and diversification are perceived as an opportunity to change how things are 

done, which is indicative of a desire for agriculture system redesign, (Lamine, 2011; Alteri & Rosset, 

1996). Technology and Collaboration are determinants of adaptative capacity (Sider, 2019). Their 

presence will be key in supporting diversification.  The technology participants focused on involved 

current and emerging tools to decrease the industry’s environmental impact with a strong focus on 

reducing fossil fuel and water in future viticulture systems. Collaboration encompassed efforts to 
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work together and share knowledge and support at regional, industry, cross-sector and global scales. 

Finally, participants felt that adaptation and diversification efforts could be leveraged as a 

differentiator in market by becoming part of our wine story.  

 

Future research should focus on further exploration, potentially with a larger group of stakeholders. 

While Marlborough is well poised to benefit from diversification and the largest wine region in New 

Zealand the insights garnered from winegrowers as part of this study may not represent 

winegrowers across the country. Other regions grow different varieties and operate different 

business models.  The subject matter discussed with winegrowers was niche and technical. This led 

to some difficulty communicating the concepts of adaptation and diversification to winegrowers. 

Their lack of technical understanding meant that they identified a lot of threats and opportunities 

that were not directly related to grapevine production or adaptation. In identifying diversification 

measures they also identified a range of items that were not classified as  geographical and 

biological diversification. In some ways this was helpful because  some of the themes identified 

could still aid adaptation in the region and industry. Finally, it may not be possible to provide 

winegrowers with research on the performance of the identified diversification options or 

implement all their suggestions which may lead them to become disillusioned and engaged in the 

process, a downside to using participatory methods such as Design Thinking. Future research should 

focus on  determining the impact of climate change on vineyard systems and diversification options 

and  developing approaches to integrate adaptation and diversification with overall 

business/winegrower ambition and strategy. Specifically, there is a need to develop a greater 

understanding of the biophysical and economic performance of alternative vineyard locations, 

grapevine varieties, crops and agroecological practices under climate change. Harnessing 

winegrower enthusiasm for short term diversification actions will be crucial in proving the benefits 

of diversification and progressing towards the development of strategic diversification and 

adaptation that is incorporated with overall business strategy and ambition.  
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5.1 Abstract 

Viticulture regions and systems are often exposed to climatic hazards such as rising temperatures and 

extreme weather events. A lack of knowledge on the complexity surrounding climate impacts is one 

of the key challenges winegrowers face around adapting to climate change. Supporting winegrowers 

through this challenge has led to an increased interest in approaches that support decision-making 

under uncertainty. However, to be able to aid growers in decision making, robust data is required, and 

this is often a limiting factor. This paper proposes a solution to the lack of data by presenting an 

approach to generating yield data from a biophysical index model to inform economic analysis. The 

paper describes the methodological approach and presents the application of this methodology to a 

New Zealand case study: Sauvignon Blanc in the Marlborough wine region. This includes 

characterisation of the temperature function informing the index, establishing the relationship 

between the index and observed yield, and assessing the index performance now and in the future.   

This study contributes to the current body of knowledge by outlining an approach and identifying the 

challenges, to generating biophysical outputs and subsequent economic data. During this process, the 

study has generated valuable insights into the potential impact of future temperature on key yield 

components of Marlborough Sauvignon Blanc. This will be an important component for accelerating 

the implementation of climate change adaptation strategies in the region.  

 
 
Key Words: Climate Change Adaptation, Viticulture, Yield, Marlborough,  New Zealand 
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5.2.Introduction 

Viticulture regions and systems are often exposed to climate hazards including variable rainfall, 

heatwaves, and less frequent extreme cold temperatures and cold waves (Jones et al., 2022; 

Candiago et al., 2023). The consequence of this exposure includes changes to the timing of 

grapevine phenological and physiological development which affects yield, composition and wine 

quality (Jones et al., 2022; van Leeuwen et al., 2024). Reducing exposure and vulnerability to climate 

hazards will require adaptation (Naulleau et al., 2021). The IPPC (2022p. 2898) defines adaptation as 

‘the process of ad ustment to actual or expected climate and its effects, to moderate harm or exploit 

beneficial opportunities’. Given the associated cost of adaptation there is a need to translate the 

biophysical impacts of climate change and adaptation into economic metrics to enable economic 

appraisal of adaptations. Understanding future grapevine yield can help inform such appraisals as it 

can be easily converted into a monetary value.  This research developed a case study on the 

Marlborough region of New Zealand, where there is a knowledge gap surrounding future yield. This 

paper presents a method for developing yield estimates to inform economic analysis into developing 

and implementing appropriate adaptation strategies  (Grazia et al., 2023; van Leeuwen et al., 2024). 

Developing this understanding is difficult due to the high degree of uncertainty that surrounds 

future climatic conditions; the impact on different ecological, economic and social systems; and 

societies’ response to these climate challenges (Hallegatte et al., 2012; IPCC, 2014; Ranger & 

Garbett-Shiels, 2011). Managing uncertainty has given rise to an increased interest in ‘robust’ 

decision-making approaches(Hallegatte, 2009). Traditional economic approaches, such as cost 

benefit analysis, usually assume one fixed future path and in their basic form are less helpful in the 

face of such uncertainty. Robust methods offer a way to navigate unpredictable futures by 

prioritising flexibility and resilience over optimisation (Lempert et al., 2003). Portfolio Analysis is an 

example of one such method. Portfolio Analysis is an economic appraisal tool originating from 

financial economics, where total risk is reduced through diversification, and optimality traded-off for 

resilience. Application of Portfolio Analysis requires data on the mean return of individual assets, 

their deviation from the mean and covariance (Markowitz, 1952). However, a lack of data is often a 

barrier to the application of robust methods like Portfolio Analysis (Knoke et al., 2015). To overcome 

this barrier economists are faced with the challenge of translating the outputs of biophysical models 

to measures of economic return (Piontek et al., 2021). Challenges lie in the fundamental differences 

between the actuality of biophysical impacts due to climate change and the economic frameworks 

used to assess these impacts. Researchers must consider uncertainty, misalignment of spatial and 

temporal scales, nonlinear responses, and assumptions about future adaptation (Stern, 2007; IPCC, 
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2021; Weitzman, 2009). Simplifying this complexity can produce economic projections that vary 

widely due to the assumptions applied (Nordhaus, 1991). 

In this paper we describe the process and challenges of generating yield data to inform economic 

models used for decision-making under uncertainty, such as portfolio analysis. To outline this 

process, we developed a case study on Marlborough Sauvignon Blanc. We selected this area because 

of the potential risk associated with the high degree of specialisation in the region. Spatial 

diversification has been identified as a potential adaptation strategy for the region (Barry et al. 

(2025), because of its potential to reduce exposure to extreme weather events, maintain typicity and 

access to water.  Furthermore, previous studies identified a knowledge gap pertaining to the 

biophysical impacts of climate change on grapevine production in the Marlborough region (Ryan, 

2019; Henley,2021). To bridge the knowledge gap and develop spatially diversified portfolios, this 

study brings together the outputs of a biophysical index model and historic yield data to generate 

inputs for Portfolio Analysis and other types of economic appraisal.  

The following sections describe the case study region and underlying concepts informing the 

research design; the approach adopted to create the Grapevine Production Index (GPI); the process 

of linking the production index to yield; and an assessment of future yield variability across the 

Marlborough region.   
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5.3. Contextual Background 

5.3.1 The Marlborough Wine Region 

The Marlborough region is located at the top of the South Island of New Zealand. The main wine 

variety produced in this area is Sauvignon Blanc, which represents the majority (77%) of NZ wine 

export market sales (NZ winegrowers report, 2023). Wine accounts for over 19% of the local 

economy, directly employing 2,908 people in the region (Torshizian et al., 2020; Marlborough 

District Council, 2022). While not ignoring the commercial and wine making success of Marlborough 

Sauvignon Blanc, the dominance of this single variety in a single region is a considerable economic, 

social and biophysical risk. Developing an understanding of the risks is difficult due to the high 

degree of uncertainty of future climatic conditions (Watkiss et al., 2015; Dittrich et al., 2016). While 

there is scientific consensus that increased greenhouse gas emissions are warming the planet, 

uncertainty remains around the timing, magnitude and impact of warming (Kalra et al, 2014). 

Understanding how Sauvignon Blanc will perform across a range of future climatic conditions is 

necessary to inform adaptation decision making. 

While Marlborough’s climate is currently well suited for viticulture production, this may not always 

be the case (Henley, 2021; Grevan et al., 2007; Chappell, 2016; Ausseil et al., 2021). An advance in 

the timing of key phenological dates has been observed in the region over the last decade and 

pro ections indicate that Marlborough’s climate will continue to change, potentially with further 

phenological advances ( usseil et al., 2021). Several studies have pro ected the region’s future 

climate under representative concentration pathway (RCP) 4.5 and 8.5 (Pearce et al., 2018; Macara 

et al., 2021), with warming projected under all climate change scenarios (Pearce et al., 2018). By 

2090 under RCP 8.5 mean temperature is projected to increase by 2 to 3°C, mean minimum 

temperature is expected to increase 1.5 to 2.5°C, and mean maximum temperature will rise 2 to 4°C 

for winegrowing areas, with most warming projected for November to April. The number of hot days 

(days with a temperature higher than 25°C) in the region is projected to increase across the growing 

season with the largest increase in Dec and Jan (up to 10-15 more hot days per month). Monthly 

growing degree days are projected to increase by 10 to 30 units (base 10°C), as well as an increase in 

the risk of drought and decreased relative humidity (Pearce et al., 2018). These changes in climate 

are expected to advance flowering, véraison, and sugar ripeness by mid-century with a more 

pronounced advancement by the end of the century (Ausseil et al., 2021). In addition to these 

changes in climate, Marlborough has been marred by several extreme weather events (wildfire, 

snowstorm, drought, and flood) over the past decade. These events are expected to continue 

(Cradock Henry & Fountain, 2019). Different pedological, topographical and climatic conditions exist 
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across the Marlborough GI leading to a range of different growing environments between 

subregions. This variability could be utilised to reduce overall production risk by developing spatially 

diversified vineyard portfolios 

5.3.2 Informing Adaptation Strategies 

This section describes the process of generating future yield data that can be monetised to inform 

economic analysis. Here we describe some of the underlying concepts informing the GPI. These 

include previous adaptation studies that, to inform economic analysis, generated yield or 

performance values through the application of indices, the effect of temperature at critical periods 

in the development of grapevine yield components, and the impact of GCM and RCP variability on 

future yield projections.        

Biophysical index values can be used as a quantitative measure of plant or ecosystem 

performance.They are derived from the physical and physiological properties of plants and 

ecosystems and to measure and monitor how a plant or ecosystem reacts to global change (Ezzaher 

et al., 2023; Jones et al., 2017 ). Important principles to consider in the development of indices 

include the biological relevance of the index; the scientific validity of the assumptions informing the 

index;  can it be reiterated,; is it scalable  and transferable to other regions or species; and finally 

that it is practical and usable being designed with the end user in mind. A review of literature 

revealed that index values were applied in several studies to estimate future biophysical 

performance to inform Portfolio Analysis (Mallory and Ando, 2014; Fraschini et al., 2022; Crowe & 

Parker, 2008). Here we describe those studies, indices, and how General Circulation Models (GCM) 

and RCP variability was accounted for.  

Fraschini et al. (2022) developed a production index based on the yield response of tea to 

temperature. The study expanded on work by Elbehri et al. (2015) who found a significant positive 

correlation between tea yield and temperature. Ideal growing conditions for tea arise at average 

annual temperatures of 18 to 20◦C, with maximum production occurring at 19.2°C. Elhebri et al. 

(2015) identified the gradient of the function connecting the three temperatures. Fraschini et al. 

(2022) applied the gradient of the function connecting the three temperatures and assumed yield to 

be zero outside of the upper and lower ideal temperatures. Yield was assessed for four RCPs and a 

no climate change scenario using an ensemble of 16 GCMs.  The 10th lowest percentile of RCP 2.6, 

median temperature increases for RCP 4.5 and 6, and the 90th percentile for RCP 8.5 were 

considered. The temperature productivity functions developed by Fraschini et al. (2022) inspired the 

approach for the GPI in this study.  
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Other examples of studies that used indexes for implementation in portfolio analysis combined with 

climate projections include Mallory and Ando (2014) and Crowe and Parker (2008). Mallory and 

Ando (2014) utilised a Cover Cycle Index to determine wetland performance quality under climate 

change (Johnson et al., 2010). In this example current and future values of the index were modelled 

for four possible scenarios: a ‘no climate change’ scenario, warming of 2 ◦C, warming of   ◦C, and 

warming of   ◦C plus precipitation increased by 10%. However, which GCMs informed the index is 

not discussed. Crowe and Parker (2008) developed spatially diversified portfolios to select genetic 

material (seeds) for forest restoration in Canada. Each portfolio would be optimally adapted to 

multiple, equally probable future climates informed by CGCM2, HADCM3 and CSIRO for A2 and B2 

scenarios (an earlier generation of climate change scenarios). Like these studies this research 

develops a biophysical index to quantify grapevine yield under future climatic conditions. The 

outputs of the which will be used to inform the development of economic analysis in the 

development of wine industry adaptation strategies. 

Here we summarise known research on the drivers of yield used to inform the GPI. Annual variation 

in grapevine yield can be largely attributed to temperature at critical periods during the season. 

These periods arise in late spring and early summer and affect initiation of inflorescence primordia in 

latent buds for next season’s crop and flowering on inflorescences for the current season (Trought, 

2005; Zhu et al., 2020). Low temperatures at flowering can disrupt both the formation and function 

of ovules and pollen during flowering. Inversely, high temperatures have been found to significantly 

lower fruit set (Kliewer, 1977). Merril et al. (2020) found that mean flower abortion rates decrease 

from 20 to 26 °C, increased again at 30°C with the greatest average number of flower buds aborted 

seen in 37°C. 

Previous research on Marlborough Sauvignon Blanc yield projections demonstrated that 

temperature was the strongest driver of yield components. The critical period for bunch number was 

identified as 15.9 thermal days before 50 percent flowering either in the previous season during 

inflorescence initiation, and 1.27 thermal days after 50 percent flowering of the current season (Zhu 

et al., 2020). The critical period for berry number was found to be 7.08 thermal days before 50 

percent flowering till 0.02 thermal days after (Zhu et al., 2020). However, these linear models have 

not created temperature caps which may be of importance in the context of climate change, above 

which it could be assumed that elevated temperatures at these times could lead to no further 

increases in yield, or a negative consequence on yield. Zhu et al. (2021) developed a new model for 

Sauvignon Blanc grapevines using the Agricultural Production System sIMulator (APSIM) Next 

Generation framework. This research is a significant contribution to viticulture science. Once the 
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model is validated it will become a useful tool in demonstrating the impacts of climate change on 

current viticulture production. This model could not be applied in this study due to the resolution of 

data required.  

Early authors in viticulture climate impact research recognised the projected effect of climate 

change on mean yield and yield variability strongly depended on the GCM selected (Bindi et al., 

1996). While differing significantly, and having limitations in capturing interannual variability, GCM 

projections are considered a reasonable input for calculating temperature and temperature-based 

indices (e.g. Huglin Index) in a first approximation and for methods of regionalisation (Stock et al., 

2005; Bindi et al., 1996). To overcome the lack of variability associated with using a single GCM, 

some studies utilised multi-model ensembles (Santos et al., 2011 & 2013; Prada et al., 2024; Fraga et 

al., 2016) as ensembles offer consistently better performance when considering all aspects of 

projections (Hagedorn et al., 2005). Despite the recognised limitations associated with using a single 

climate model recent studies have continued to apply them for a range of reasons including to allow 

for comparison with previous regional studies (Gouveia et al., 2011) or if they fall in the middle of 

the range of variation projected by different global models (Webb et al., 2006). Additionally, yield 

was generally assessed under a narrow range of possible future climate scenarios with most studies 

considering either a moderate or high emission scenario in isolation (Gouveia et al., 2011; Prada et 

al., 2024; Webb et al., 2006; Puga et al., 2023 ). A limited number of studies considered climate 

scenario probabilities (Resco et al., 2010). Considering multi model assembly across a wide range of 

RCPs would be appropriate due the consistency of performance associated with assemblies and the 

uncertainty that surrounds future emission scenarios.  
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5.4. Method 

Here we outline the method for developing the GPI. Developing the index attempts to bridge an 

existing knowledge gap pertaining to future Sauvignon Blanc yield performance in the Marlborough 

region under future climatic conditions. Advancing understanding of future yield will facilitate the 

integration of economic appraisal into the creation of future adaptation strategies for the region.  

5.4.1 Vineyard Area 

The research area was defined under the current Geographical Indicator (GI) for Marlborough (as 

demarcated by the Geographical Indications Wine and Spirit Registration Act of 2006), which 

identifies a product as originating in a region, area or locality where its quality, reputation or other 

characteristic is attributable to its geographical origin (MBIE, 2022).  The area defined as the 

Marlborough GI, Figure 1, at the time of this study included areas where vineyards were not 

currently developed. These non-vineyard areas were included in the analysis as they represent 

potential future vineyard land. Historic data to inform the development of the model was collected 

for six long term monitoring sites, included in the Vine Facts1 programme, located in various 

subregions across GI area.  

 
1  Vine Facts is a grapevine phenological development monitoring programme ran by New Zealand 
Winegrowers in collaboration with Plant and Food Research. 



66 
 

 

Figure 5-1: Map of the Marlborough GI with the general location of VineFacts sites marked in red (MPI, 

2017).  
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5.4.2 Climate Change Projections 

Six GCMs from the Coupled Model Inter-comparison Project (CMIP5), were previously used to 

downscale simulations of the RCPs for New Zealand (Tait et al., 2016; Ministry for the Environment, 

2018). The GCMs considered in the analysis were BCC-CSM1.1, CESM1-CAM5, GFDL-CM3, GISSE2-R, 

HadGEM2-ES, and NorESM1-M.  Climate outcomes are based on a set of RCPs representing scenarios 

for approximate total radiative forcing at 2100, relative to 1750. The fifth IPCC assessment 

(Intergovernmental Panel on Climate Change, 2014) selected four scenarios referenced as RCP 2.6, 

4.5, 6.0, and 8.5 (for respective radiative forcing of 2.6, 4.5, 6.0, and 8.5 W.m-2). The variables 

considered in this analysis were maximum and minimum daily air temperature. Daily mean 

temperatures for the period 1970–2100, were calculated from the minimum and maximum daily 

temperatures from datasets downscaled by the New Zealand National Institute of Water and 

Atmospheric Research (NIWA). The three periods of interest were determined as current (1981–

2005), mid-century (2046–2065), and end of century (2081–2100).  

5.4.3 Temperature profiles as proxy of production risk 

We developed a temperature-response function based on cardinal temperatures for yield 

component formation described in the literature (Zhu et al., 2020; Trought, 2005; Merril et al. 2020; 

McGregor, 2002; Greer & Weddon, 2014).  The model (see Figure 2 parameterisation is informed by 

several different papers that investigate the impact of temperature on yield (Trought, 2005; 

McGregor, 2002). In this model, optimal temperature for maximum number of bunches occurs at 

28°C (Staudt, 1982). After 36°C it becomes too hot for initiation (Greer & Weddon, 2013). 40°C has 

been previously used as a maximum temperature for aspects of grapevine yield development (Zhu et 

al., 2020; Merrill et al., 2020). The relationship between temperature and the relative effectiveness 

of inflorescence primordia formation and flowering was scaled from 0 to 1 to create a production 

index, where 0 = no production and 1 = full production. The average temperature value for the 

critical period prior to flowering in the previous season gave one PI value (corresponding to PI for 

inflorescence primordia formation) and a PI value was also generated or the three weeks prior to 

flowering of the current season (corresponding to the flowering PI) based on information from Zhu 

et al. (2020). The two PIs were combined on the assumption of equal weighting to produce one final 

PI, referred to as the Grapevine Production Index (GPI) The process was then applied to future 

climate scenarios to determine future risk factors for the critical yield components of IP formation 

and flowering.   
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Figure 5-2: Production index as a function of temperature for inflorescence initiation and flowering to 

fruitset.  

 

The Grapevine Flowering Veraison (GFV) model developed by Parker et al. (2011) was used to 

simulate the timing of the key phenological stages of flowering defined at the time at which 50% 

flowering had occurred in each season. The GFV model has been validated in the New Zealand 

context for Marlborough Sauvignon Blanc, the cultivar in question in this study (Parker et al., 2014, 

2015, 2020b).  

5.4.4  Relationship between historic yield and the GPI  

To determine the relationship between GPI values and historic yield we first had to determine the 

historic GPI. Phenological, yield and temperature data from 2005 to 2023 was collected for six 

Sauvignon Blanc monitoring sites across the Marlborough region. The data was collected as part of 

the VineFacts grapevine monitoring service. 

The observed dates of 50% flowering informed the timing of the critical temperature window for 

each year. The mean temperature for the critical period was then calculated from field temperature 

data from each Vine Facts site. The GPI for each season was determined from the temperature 

function in Figure 2. The average GPI of all sites and years was calculated to be 0.35. The average 

Vine Facts observed yield across all years and locations was calculated to be 11.94 tonnes per 

hectare. These values were used to determine the range of yield values for the production index 

range, 0 to 1, using Equation 1. The range of yield values is illustrated in Figure 3  

 

𝑌𝑖𝑒𝑙𝑑 = (1 + (𝐺𝑃𝐼 − 0.35)) ∗ 11.94       Equation. 1 
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Next, for each Vine Facts vineyard and year, the projected GPI values were calculated for each GCM 

and the inter model mean. These values were applied to Equation 1 to calculate yield for the historic 

period for each RCP. Estimated yield for the historic period was calculated from the inter model 

mean and from GCMs representing the 10th lowest temperature percentile of RCP 2.6, 50th 

percentile of RCP 4.5 and 6, and the 90th percentile of RCP 8.5 as per the approach of Fraschini et al. 

(2022).  

 
Figure 5-3: Relationship between yield and production index. 

5.4.5  Data Analysis 

Statistical analysis included a characterisation of historic yield and production index values, and an 

evaluation of projected yield between 2024 and 2100. Average yield, standard deviation, coefficient 

of variation and the range of values was calculated for historic, projected historic and for two 

different combinations of GCM values across a range of time periods and RCPs was calculated in 

Microsoft Excel®. All figures were graphed using Microsoft Excel®. 
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5.6 Results 

5.6.1 Characterisation of historic yield and production index values 

VineFacts Observed Yield 

Here the results of the characterisation of historic yield are reported. Yield for the period, 2005 to 

2023, across all sites ranges from 3.26 to 20.83 tonnes per hectare. Average yield for the period 

across all sites is 11.94 tonnes per hectare. Relative variability between sites was compared: Seaview 

Awatere had the highest degree of relative variability (CV = 38.20% ), Central Rapaura had the lowest 

(CV = 28.14% ), the median value was reported for Upper Brancott (CV = 30.58%. Figure 4 illustrates 

interannual and regional variability.  

 

 
 

Figure 5-4: Historic annual yield for Vine Facts sites. 

 

Table 5-1: Historic yield for Marlborough Sauvignon Blanc Vine Facts sites from 2005 to 2023. 

Vineyard Western 
Wairau 

Central 
Rapaura 

Upper 
Brancott 

Seaview 
Awatere 

Upper 
Awatere 

Upper 
Wairau 

Regional 

Yield (Tonnes/Ha) 

Average 12.59 11.71 12.98 9.81 10.52 14.02 11.94 

Standard Deviation 4.27 3.29 3.97 3.75 3.33 4.11 1.58 

CV 33.89% 28.14% 30.58% 38.20% 31.68% 29.32% 13.23% 

Min 4.40 4.98 4.44 3.26 4.40 5.60 9.81 

Max 20.83 19.35 20.13 17.77 15.78 19.05 14.02 

Range 16.43 14.38 15.69 14.51 11.38 13.45 4.22 
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Vine Facts GPI Values 

GPI values were calculated from observed temperatures for all Vine Facts sites for 2003 to 2023. 

Figure 5 illustrates these results and demonstrates a similar trend to Figure 4. The GPI produced a 

higher Flowering PI on average than the Inflorescence Primordia PI, Table 2.  

 

 
 

Figure 5-5: GPI values calculated for Vine Facts sites from observed temperatures  for 2005 to 2023 

 

Table 5-2: GPI values for Marlborough Sauvignon Blanc Vine Facts sites from 2005 to 2023. 

Vineyard Western 
Wairau 

Central 
Rapaura 

Upper 
Brancott 

Seaview 
Awatere 

Upper 
Awatere 

Upper 
Wairau 

Regional 

Inflorescence Primordia PI 

Average 0.28 0.27 0.27 0.25 0.32 0.34 0.29 

Standard Deviation  0.07 0.06 0.09 0.08 0.08 0.08 0.03 

CV 26.33% 21.07% 34.36% 29.89% 24.18% 23.78% 11.95% 

Min 0.13 0.16 0.07 0.08 0.24 0.28 0.25 

Max 0.40 0.36 0.45 0.37 0.46 0.52 0.34 

Range 0.28 0.19 0.38 0.28 0.22 0.24 0.09 

Flowering PI 

 Average 0.40 0.39 0.39 0.37 0.44 0.47 0.41 

Standard Deviation  0.08 0.06 0.10 0.08 0.09 0.10 0.04 

CV 21.17% 16.44% 25.82% 21.30% 19.53% 20.31% 9.13% 

Min 0.23 0.27 0.17 0.20 0.33 0.40 0.37 

Max 0.53 0.47 0.60 0.47 0.60 0.67 0.47 

Range 0.30 0.20 0.43 0.27 0.27 0.27 0.1 
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Standard Deviation  0.08 0.06 0.10 0.08 0.08 0.09 0.04 

CV 22.97% 17.84% 29.38% 24.68% 21.42% 21.76% 10.21% 

Min 0.18 0.22 0.12 0.14 0.28 0.34 0.31 

Max 0.47 0.41 0.52 0.42 0.53 0.59 0.41 

Range 0.29 0.20 0.40 0.28 0.24 0.25 0.09 

Comparison of Vine Facts Yield and  Production Index Values 

The relationship between different yield components (bunch number, berry number and kilograms 

per vine) and respective production index values was examined in greater detail. Weak but 

significant correlations were reported for all three relationships (Table 3). The strongest correlation 

was reported for the GPI and kilograms of fruit per vine (Figure 6). The correlation between berry 

number and the flowering production index (0.244) was greater than the correlation between bunch 

number and inflorescence production index(0.055). No subregional trend was observed for the 

period. Yield values from 2019 are clustered together at the bottom of the graph.  

 

 
Figure 5-0-6: Correlation of GPI values versus kilograms per vine for 2005 to 2023 

 

Table 0-3: Correlations between Vine Facts yield components and production index values. 

Relationship Correlation 
Coefficient 

R2 P Value 

Inflorescence Primordia Production Index versus Bunch 
Number 

0.055 0.003 <0.01 

Flowering Production Index versus Berry Number 0.244 0.059 <0.01 

Combined Production Index versus kilograms per Vine 0.302 0.091 <0.01 
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Upper Brancott Vineyard Case Study - Historic Yield Comparison 

A case study was developed on Upper Brancott vineyard comparing projected yield based on the GPI 

to observed yield for 2005 to 2023. Projected yield was calculated from 1) the inter model mean and 

2) from the GCMs representing the 10th lowest percentile of RCP 2.6, 50th percentile for RCP 4.5 

and 6, and the highest 90th percentile for RCP 8.5. The results from both approaches are graphed in 

Figure 7. Observed results from Upper Brancott vineyard were also reported in Table 2.  From 2005 

to 2023, yield ranged from 4.44 to 20.13 T/Ha , a mean of 12.98 T/Ha with a standard deviation of 

3.97 tonnes per hectare. These results and Figure 7 illustrate the observed interannual variability of 

yield. Projected yield values for the same period show little interannual variation projecting average 

values for the period. Results in Figure 7d are more variable than 7c, demonstrating that, in this 

instance, the inter model mean was less variable than the percentile approach.  

 
Figure 5-7: Comparison of historic versus projected yield for Upper Brancott Vineyard comparing 

inter model and percentile projected yield.  

 

5.5.2 Future Yield 

Upper Brancott Vineyard Case Study - Future Yield Comparison 

We explored Sauvignon Blanc yield for Upper Brancott vineyard for three different future periods, 

2024 to 2100, 2046 to 2065, and 2081 to 2100 across RCPs 2.6, 4.5, 6.0 and 8.5.  Table 4 shows yield 

and variability results for a range of scenarios, GCMs and future time periods. The left side of Table 4 

shows yield and variability results for GCMs representing the 10th lowest percentile of RCP 2.6, 50th 

percentile for RCP 4.5 and 6, and the highest 90th percentile for RCP 8.5 for 2024 - 2100, 2046 - 
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2065, and 2081 - 2100.  The right-hand side of the table shows average yield values across all 6 

GCMs for the same RCPs and future time periods.  Yield and variability values are higher for all time 

periods and RCPs for mean values calculated across all 6 GCMs. There is one exception to this result 

with the GCM representing the 90th percentile for RCP 8.5 projecting an average yield of 16.2 

tonnes per hectare from 2024 to 2100. Figure 8 clearly illustrates the difference in variability 

between the two sets of results. Figure 8 was generated using the data presented in Table 4. The 

inter model average yield values in Figure 8  demonstrates a trend towards an increase in yield 

across all scenarios and future time periods, while the percentile values indicate a trend towards 

decreasing yield. This demonstrates the difference in results that can arise when applying different 

models and approaches to accounting for climate change impacts.  

 

Figure 5-8: Histogram illustrating the projected average yield values averaged across all 6 GCMs for 

RCPs 2.6, 4.5, 6.0 and 8.5, and projected yield value for the 10th lowest percentile of 

RCP 2.6, 50th percentile of RCP 4.5 and 6, and the highest 90th percentile of RCP 8.5 

for the future time periods 2024 - 2100, 2046 - 2065, and 2081 - 2100.  
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5.6 Discussion 

This study sought to generate grapevine yield data that could be converted into measure of 

economic return. To generate this data this study integrated the outputs of a biophysical index 

model and historic yield.  Translating the outputs of biophysical models into economic metrics is 

often a challenge where there is a lack of data to inform economic appraisal in the development of 

adaptation strategies. The research involved the development of a GPI using temperature as a proxy 

of production risk, defining the relationship between the GPI and observed yield, and assessing 

future yield variability across the Marlborough GI under a range of future climate change scenarios. 

Development of the GPI bridges an existing knowledge gap in the New Zealand wine industry, being 

the first estimate of Marlborough, Sauvignon Blanc performance across a range of future scenarios.  

Historic yield and GPI values calculated from observed temperatures at each monitoring site follow a 

similar trend, Figure 3 and 4. This indicates that the GPI has potential as an indicator of temperature 

impact on yield. Correlations between the observed yield components (bunch number, berry 

number, kilograms per vine) and GPI were obtained;  while the R2 values were low, the approach to 

develop the GPI  could serve as a useful first approximation of future climate impact on regional 

yield. Temperature-based indices (Stock et al., 2005; Bindi et al., 1996) have been used in cases such 

as this where there is little existing data on grapevine production, and a subsequent lack of 

economic data to inform adaptation analysis. 

The LTA yield for the Vine Facts sites from 2005 to 2023 was 11.94 T/Ha, lower than the industry 

reported LTA for the region of 14.5 T/Ha (New Zealand Winegrowers, 2022). This difference is 

substantial and indicates that the yield values from the Vine Facts sites underrepresent the yield for 

the region. These differences are likely attributable to the scale in which data is collected, with 

VineFacts yield values being generated at a bay level (3-4 vines averaged) and industry yield being 

reported from harvest values at winery. Therefore, the application of the Vine Facts regional LTA 

yield value to establish the parameters informing the relationship between historic yield and GPI 

may lead to the projection of yield values that are lower than could be. 

An exploration of future yield revealed differences in yield projections between the different 

methods of accounting for GCMs. These differences are captured in Figure 6 and Table 3. Overall, 

the percentile approach projected lower mean values and less variability across all time slices when 

compared to the inter-model mean. Under the percentile approach, yields increased with increased 

radiative forcing from 2024 to 2100. Similar trends in yield by RCP were observed between both 

approaches from 2046 to 2065, with yield increasing with increased radiative forcing. Both 
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approaches projected yield to be highest under RCP 8.5 from 2081 to 2100, RCP 6.0 projecting the 

second lowest yields of the four scenarios concerned. When compared to historic yield values for 

the site all scenarios and both approaches project lower and less variable yield in the future. 

Together these findings indicate that yield will behave differently under different RCPs and time 

slices. While there are differences in projected average yield and variability between both 

approaches some similarities exist between projected yield trends.  

This research has illustrated the process of developing the GPI, evaluating its performance against 

historic yield through to estimating future yield outcomes. However, it must be noted that deep 

uncertainty surrounds which emissions scenario will eventuate, and the magnitude and timing of 

associated impacts on Sauvignon Blanc yield in the region.  To our knowledge, this is the fourth study 

to utilise a temperature driven production index to inform the development of spatially diverse 

portfolios by applying Portfolio Analysis in a climate change context.  Preceding studies include 

Mallory and Ando (2014) and (Crowe & Parker (2008) who applied temperature based ecological 

index values in developing habitat and species conservation strategies.  Fraschini et al. (2022) 

utilised a similar approach in quantifying the impact of climate change on tea production in Rwanda. 

In their study tea yield was assumed to be zero above the upper ( 0◦C) and lower (12◦C) 

temperature boundaries for tea production. Our study expanded on this approach by developing a 

model (Figure 1), allowing for a degree of change in yield based on increasing or decreasing 

temperature.  The development of the production index adds to the current body of viticulture 

research by providing a new approach for estimating climate change impact on yield. For example, 

the approach could be applied to other winegrowing regions and varieties where there is knowledge 

on the timing of critical periods in yield development (initiation and flowering) and historic yield 

data. This study and others have demonstrated the usefulness of indices in situations where there is 

an absence of process based biophysical to inform economic analysis and climate change adaptation 

decision making. The impact of GCM and RCP variability in informing economic analysis has also 

been highlighted in this study. The results previously discussed highlight the variability between 

GCMs, RCPs and observations. There is a need to consider this variability when selecting appropriate 

data in both viticulture and economic analysis seeking to account for climate change. Studies 

reviewed as part of this research revealed a lack of consideration for this variability (Leolini et al., 

2019). With the growth of climate change adaptation research and the entry of new researchers to 

the field, accounting for GCM and RCP variability in research should be highlighted by researchers.   

Previous authors identified the need for additional research on the impact of climate change on 

Sauvignon Blanc production in the Marlborough to support winegrowers in adaptation decision 
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making region (Ryan, 2019; Henley, 2021). This research has demonstrated one approach to 

addressing this need through the development of the GPI. While there are some areas where the 

GPI can be improved, it has been applied to generate yield values which can be directly integrated 

into adaptation planning or serve as a metric of economic performance to inform other types of 

analysis. For instance, future research developing the application of Portfolio Analysis in viticulture 

adaptation planning can therefore use the approach and associated data to provide winegrowers 

with the information needed to make adaptation decisions in the context of climate change.  It is 

hoped that the GPI will support the acceleration of climate change adaptation decision making in the 

region and beyond. 

That said, the discrepancies between observed and projected yield for the historic period is a 

potential limitation of this study. If yield is under-projected, it will have consequences for the 

economic analysis that follows, potentially leading to complacency and inaction. However, the GPI 

and yield estimations developed in this study are a first approximation of climate change impact on 

Sauvignon Blanc in the region and this research has now developed a framework where values could 

be further refined if input data becomes available. Such temperature -yield based relationships have 

also been used elsewhere for this purpose (Stock et al., 2005; Bindi et al., 1996), and while there is 

scope for refinement, as the first study of its kind in this context, the outputs are still useful in 

informing climate change adaptation. 

The research informing the critical temperature periods affecting Sauvignon Blanc yield in 

Marlborough was based on research on the variety in the region in question. Some of the research 

informing the temperature function was performed on other varieties and regions and did not 

investigate Marlborough, Sauvignon Blanc (McGregor, 2002; Merill et al., 2020; Staudt, 1982). This 

could be considered a limiting factor in the construction of the temperature profile informing the  

model but due to an absence of regional and varietal specific studies no alternative could be 

considered within the confines of the study. However, the generalised nature of the temperature 

function means that it is flexible enough to be applied to other regions and varieties or updated if 

more information becomes available that adjusts some of the temperature setting.  However, the 

generalised nature could be useful in scenarios where there is an absence of biophysical modelling 

to inform economic analysis for climate change adaptation. The production index could be 

strengthened with the inclusion of larger data sets and collaboration with other researchers active in 

this area. Projections could be improved by applying subregional historic yield values to the GPI 

relationship as opposed to a regional average. Bramley et al. (2019) collaborated with a several wine 

companies to develop yield maps of the Marlborough region.  Future research could consider further 
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bringing together these spatially detailed yield data to refine GPIs for the purpose of developing 

climate change yield projections. 
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5.7 Conclusion 

This study has bridged an existing knowledge gap by developing an approach to generating 

estimates of future Sauvignon Blanc yield in the Marlborough region. Data outputs from the 

biophysical index model can be applied to inform climate change adaptation analysis. The research 

builds on existing approaches to quantifying future biophysical performance using indices to inform 

the application of robust methods. In this process the research team established a novel approach to 

quantifying the impact of future temperatures on grapevine production risk. Through the application 

of the production index the study developed a first approximation of climate change impact on 

Sauvignon Blanc yield in the Marlborough region. While the discrepancy between observed and 

projected yield for the historic period could be further addressed, likewise detailing subregional yield 

data at a higher spatial resolution, overall, the study has demonstrated a useful and informative 

method for assessing production in the context of climate change. The projected yield of this study 

and implementing the methodological framework in future studies provides outputs to  better 

support winegrowers in decision-making under uncertainty, and the development of adaptation 

strategies in the Marlborough region. 
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6.1 Abstract 

 iticulture systems are at risk from climate change due to the sensitivity of grapevines to climatic 
conditions and the large degree of varietal specialisation that exists in many winegrowing regions. 
While climate change pro ections provide useful information regarding a range of potential futures, 
considerable uncertainty remains regarding the location, pace, magnitude, and timing of impacts. This 
can make decision-making challenging and has given rise to interest in approaches that support 
decision-making under uncertainty. Diversification of agricultural production systems has been 
identified as a viable climate change adaptation strategy, which could reduce the vulnerability of 
highly specialised agricultural systems, like wine, to climate change. We use Portfolio  nalysis to  
assess the economic performance of spatially diversified portfolios of wine production in the 
Marlborough region of New Zealand. This study seeks to understand whether the application of 
Portfolio  nalysis can identify geographically diverse portfolios of Sauvignon Blanc that are more 
robust against a range of possible futures. We found that Portfolio  nalysis is useful in creating 
diversified portfolios with reduced overall risk. Portfolio composition, number of sub-regions, and 
their weighting, is influenced by the climate change scenarios in question,  assumptions regarding 
their probability and the discount rate applied. This study highlights the need for considering both 
winegrower risk preferences, wider business ambitions and a range of climate change scenarios in 
viticulture adaptation research. 
 
Keywords: Diversification, climate adaptation, adaptation, viticulture, Marlborough, New Zealand, 
wine, portfolio analysis 
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6.2 Introduction 

The risk of climate change to agricultural production has become more apparent over the past 

decades (Jones et al., 2022). Viticulture regions and systems are particularly at risk to climate change 

due to their exposure to climatic hazards such as variable rainfall, heatwaves, and cold waves (Jones 

et al., 2022; Candiago et al., 2023). The consequence of this exposure includes changes to the timing 

of grapevine phenological and physiological development which affects yield composition and wine 

quality (Jones et al., 2022; van Leeuwen et al., 2024). Given the potential impacts of climate change 

on grapevine and wine production it is necessary to understand the array of possible effects and  

develop and implement adaptation strategies that can cope in a range of possible futures (Grazia et 

al., 2023; van Leeuwen et al., 2024).  

The Marlborough region of New Zealand is a globally recognised leader in Sauvignon Blanc 

production and holds a pivotal role in New Zealand’s wine industry.  t over 29,000 ha the region is 

New Zealand’s largest wine-growing region and contributes approximately 77% of national wine 

production. The success and dominance of Sauvignon Blanc drives export market sales with wine 

reported as New Zealand’s fifth largest export in 2022 (New Zealand Winegrowers, 2022). While not 

diminishing the commercial and wine making success of Marlborough Sauvignon Blanc, the 

dominance of this single variety in a single region is a considerable economic and biophysical risk, 

particularly in the face of climate change. While Marlborough’s climate is currently well suited for 

viticulture production (Henley, 2021; Grevan, 2007; Chappell, 2016) the region’s climate is changing 

and may not always be as suitable for winegrowing (Grevan, 2007; Ausseil et al., 2021). 

While the need to develop and implement adaptation strategies to reduce biophysical, economic 

and social risk might appear obvious, winegrowers in Marlborough and elsewhere have mixed views 

on the need for, and timing of, adaptation (Fleming et al., 2015; Henley, 2021; Ryan, 2019). Climate 

change adaptation can be described as the process of adjustment to actual or expected climate and 

its effects, in order to moderate harm or exploit beneficial opportunities (IPCC, 2022). Many 

Marlborough winegrowers consider adaptation itself to be risky and view climate change a problem 

to be dealt with ’50 years from now’ ( yan, 2019). Similar attitudes are reported internationally with 

other industry studies highlighting that climate change adaptation exists alongside other business 

priorities and to be implemented adaptation needs to be incorporated into overall wine business 

strategy (Fleming et al., 2015). By positioning conversations around adaptation as an opportunity 

that can be integrated into wider business strategic development it could help cultivate a growth 

mindset that is positively related to climate change action (Fleming et al., 2015; Duchi et al., 2020). 
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Therefore, approaches to adaptation in the wine industry need to also address current business 

priorities, future ambitions and reduce the perceived risk associated with adaptation.  

Understanding how adaptation will impact on the business, perform under future climates, and 

support winegrowers in achieving their goals is critical before extensive land-use and practice 

change occurs. Developing this understanding is difficult due to the high degree of uncertainty 

surrounding future climatic conditions and the inability of commonly applied economic analysis tools 

to account for this deep uncertainty (Watkiss et al., 2015; Dittrich et al., 2016).  

To address these challenges this study explores and develops the use of Portfolio Analysis (PA) to 

assess the economic performance of geographically diversified vineyard portfolios for the 

Marlborough region under climate change. Portfolio Analysis is an economic appraisal tool 

originating from financial economics, where risk is reduced through diversification, and optimality 

traded-off for resilience. This study seeks to address the following questions: 1) Can the application 

of Portfolio Analysis identify geographically diverse portfolios of Sauvignon Blanc across a range of 

climate change scenarios for the Marlborough region in New Zealand? and 2) Does the application of 

Portfolio Analysis lead to the development of solutions that are more robust across a range of 

possible climatic futures? 
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6.3 Contextual Background 

6.3.1 Uncertainty, Future Climate  and Grapevine Production in Marlborough 

While Marlborough’s climate is currently well suited for viticulture production, this may change in 

the future  (Henley, 2021; Grevan, 2007; Chappell, 2016; Ausseil et al., 2021). A shift in the timing of 

key phenological dates has been observed in the region over the last decade and projections 

indicate that Marlborough’s climate will continue to change (Pearce et al., 2018; Ausseil et al., 2021).  

While there is scientific consensus that the planet is warming due to increased greenhouse gas 

emissions, uncertainty remains around the magnitude and timing of warming, as well as its impact 

(Kalra et al, 2014). The four Representative Concentration Pathways (RCPs) considered in this study 

represent a range of possible warming futures, the likelihood of which is largely unknown (Kalra et 

al., 2014). They vary from very stringent mitigation efforts (RCP2.6), to mid-range scenarios where 

greenhouse gas concentrations stabilise by 2100 (RCP 4.5 and 6.0), to a high greenhouse gas 

emissions scenario with little mitigation (RCP8.5) (Pearce et al., 2018). Achieving RCP2.6 appears 

unlikely due to economic and political barriers (Van Vuuren et al., 2011). RCP4.5 and RCP6.0 are 

considered more plausible as they reflect moderate mitigation strategies, balancing economic 

growth with some environmental controls (Clarke et al., 2014). RCP8.5, once described as a 

"business-as-usual" scenario, is now seen as less likely due to ongoing and potential future policies 

aimed at reducing emissions (Hausfather & Peters, 2020). There is deep uncertainty surrounding the 

likelihood of each RCP scenario due to factors such as socio-economic developments, technological 

advancements, and political actions, which cannot be reliably quantified into the distant future 

(Kalra et al., 2014). This uncertainty extends to climate feedbacks and sensitivity including the 

degree and severity of climate change impact at a regional level (Wilby & Dessai et al., 2010; Heal & 

Kriström, 2002). Assigning accurate probabilities to each RCP scenario is difficult due to the highly 

variable and interrelated nature of many of these factors (IPCC, 2014) and would require accurate 

predictions on their performance which is currently beyond our capability (O'Neill et al., 2016; Riahi 

et al., 2017). Therefore, RCPs are designed to serve as illustrative scenarios and better applied as a 

framework  for understanding future climate impact and risk. 

RCPs are informed by General Circulation Models (GCMs). GCMs simulate climatic response to 

increased radiative forcing. Each model projects the climate in a slightly different way and the 

simulated climate they produce is somewhat different from the actual climate system (Zhang et al., 

2024). Early authors in viticulture climate impact research recognised the projected effect of climate 

change on mean yield and yield variability strongly depended on the GCM selected (Bindi et al., 
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1996). The question of how to account for variability between GCMs in climate change projections 

has been long discussed within the IPCC (IPCC, 2010). The Coupled Model Intercomparison Project 

Phase 6 (CMIP6) demonstrated with high confidence that the CMIP6 multi-model mean captures 

most aspects of observed climate change well, and better than any single model in isolation (IPCC, 

2022).  

A 2018 regional climate change study explored changes under RCP 4.5 and 8.5 in Marlborough 

(Pearce et al 2018). The GCMs used for the projections were the six that have been downscaled for 

Aotearoa New Zealand (BCC-CSM1.1, CESM1-CAM5, GFDL-CM3, GISSE2-R, HadGEM2-ES, and 

NorESM1-M) (MfE, 2018). Warming is projected under both climate change scenarios, for all six 

GCMs (Pearce et al., 2018). By 2090 under RCP 8.5 mean temperature is projected to increase by 2 

to 3°C from pre-industrial times, mean minimum temperature is expected to increase 1.5 to 2.5°C, 

and mean maximum temperature is expected to rise 2 to 4°C for winegrowing areas with most 

warming projected for November to April. The number of hot days (days with a temperature higher 

than 25°C) in the region is projected to increase across the growing season with the largest increase 

in Dec and Jan (up to 10-15 more hot days per month). Increased temperatures will also increase the 

risk of drought, decrease relative humidity, and shorten the frost season (Pearce et al., 2018). These 

changes in climate are expected to advance flowering, véraison, and sugar ripeness by mid-century 

with a more pronounced advancement by the end of the century (Ausseil et al., 2021). In addition to 

these changes in climate, Marlborough has been marred by a number of extreme weather events 

(wildfire, snowstorm, drought, and flood) over the past decade. These events are expected to 

continue (Cradock Henry & Fountain, 2019).  

Understanding how the range of future climate conditions will impact grapevine production is 

essential to inform adaptation in the Marlborough region. Yield is the primary determinant of 

profitability in vineyard systems; therefore, this study is specifically interested in understanding the 

impact of climate change on Sauvignon Blanc yield in the Marlborough region.  

6.3.2 Adaptation and Diversification 

While winegrowers have always responded to variations in weather and climate, reactive adaptation 

may not be sufficient to deal with the range of potential shifts in climate projected between now 

and the end of the century and beyond (Henley, 2021; Wreford et al. 2010).    

Diversification has been identified by many authors as a viable climate change adaptation strategy in 

agriculture (Paschoud et al., 2024, Wreford et al., 2010; van Zonnenveld et al., 2021; Alteri et al., 

2015). Diversified farming systems have proven to be more profitable and deliver more ecosystem 
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services over time than monocultural systems ( Li, et al., 2024, Priyadarshana et al., 2024, 

Raveloaritiana et al., 2024, Sánchez et al., 2022). Diversification has different meanings within 

agricultural production and agri-business (Hansson et al. 2010). This study focuses on diversification 

within viticultural production. We refer to diversification as the integration of various biological 

species at different temporal and spatial scales within an agricultural landscape (Watson, 2019; 

Hansson et al, 2010; Kremen and Miles, 2012; Kremen et al. 2012), i.e. biological and geographical 

diversification.  To date viticultural adaptation studies have explored diversification as part of wider 

adaptation studies and have largely centred on diversification of plant material (clones and varieties) 

and changing vineyard location (Carroquino et al., 2020; Cabre & Nunez, 2020; Ausseil et al., 2021; 

Marín et al., 2021; Morales-Castilla et al., 2020). Barry et al. (2025a) determined that Marlborough 

winegrowers are interested in diversification; with examples identified ranging from cover cropping 

to diversifying vineyard location.  

6.3.3 Diversification and Portfolio Analysis 

While the benefits are clear, minimal guidance exists on how to diversify (Hunt et al., 2021; Apparao 

et al., 2021). Portfolio Analysis, a tool arising from financial economics, has been applied to several 

agricultural and ecological questions to support land use and adaptation decision making, with some 

studies also considering climate change uncertainty (Fraschini et al., 2022; Paut et al., 2019; Ando & 

Mallory,  2012; Crowe & Parker, 2008).  

Portfolio Analysis supports investors in the allocation of scarce resources under uncertainty and can 

be used to direct practice or investment (Markowitz, 1552, 1991). It was designed to facilitate the 

selection of a diversified investment portfolio by evaluating assets on the basis of the return 

relationship between different assets and their deviation, rather than an asset's individual 

characteristics in isolation. This reduces the uncertainty of future returns of the portfolio while also 

minimising potential loss in the value of those returns (depending on the risk preference of the 

investor) (Matthies et al., 2019; Saylor, 2012).  

Through the inclusion of diversification and use of portfolios, Portfolio Analysis is a highly relevant 

method to inform climate change adaptation because it is designed to reduce risk in the face of 

uncertainty (Hunt & Fraschini, 2020). Portfolio Analysis identifies a suite(s) of diversification options 

that, together, are effective over the range of possible projected future climates, rather than a single 

option best suited to one possible future (Watkiss et al., 2015). The strength of Portfolio Analysis to 

inform climate change adaptation has garnered considerable attention in recent years (Watkiss et 
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al., 2015; Crowe & Parker, 2008; Hunt & Fraschini, 2020; Hunt & Watkiss, 2013; Ando et al., 2016; 

Dittrich et al., 2016).  

Despite the method’s ability to account for a range of possible scenarios, most of the studies 

reviewed do not consider or justify their selection of scenario probability and considered future 

climate in different ways.  Crowe and Parker (2008) consider different RCPs and GCMs in isolation. In 

Ando and Mallory (2012) climate change probability is considered within an external wetland index 

model which had been used as a source of data for the study and thus there was no visibility of how 

climate change probability was accounted for.  Fraschini et al. (2022) give the most consideration to 

the question and explore different climate probability distributions. Fraschini et al. (2022) also 

highlight the impact of the discount rate on investment performance and the extensive debate 

surrounding discounting. In recent years, low or declining social discount rates have been proposed 

for policies which have an intergenerational time horizon (Arrow et al., 2014). Rates of 3% and 3.5% 

have been suggested in recent versions of the  K Treasury’s ‘ reen Book for the  ppraisal and 

 valuation of the Public Interventions’ (HM Treasury, 2018 & 2022). In New Zealand, agri-business 

financial analysis generally applies the New Zealand Treasury discount rate, which at the time of this 

study is 7% (The Treasury, 2024).  

In this study we use Portfolio Analysis to examine whether spatial diversification of the Sauvignon 

Blanc varietal within the Marlborough region can reduce the risk presented under a changing 

climate.  Earlier work identified that growers in the region were favoured the development of new 

growing locations for Sauvignon Blanc above other forms of transformational diversification (varietal 

diversifcation) (Barry et al. 2024), therefore this study examines whether spatial diversification could 

also provide a mechanism to spread risk.  The Marlborough region is relatively large and covers a 

range of microclimates, pedologies and geographies proving it a suitable region for this form of 

diversification.  
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6.4 Method 

The following section begins with a description of the case study area and sources of data used in 

the analysis. This is followed by an account of the climate scenarios and discount rates applied to 

assess the performance of Sauvignon Blanc under different conditions. It ends in a description of the 

analysis undertaken to construct spatially diversified portfolios of Sauvignon Blanc.  

6.4.1 Case Study Area and Data Sources 

Case Study Area: Marlborough, Aotearoa New Zealand 

This study focuses on the area included under the current Geographical Indicator (GI) for 

Marlborough. The Geographical Indications (Wine and Spirits) Registration Act 2006 establishes a 

registration regime for the geographical indications of wine and spirits. At the time of this research 

the Marlborough GI included areas where vineyards were not currently developed.  

Land Suitability  

Land use capability (LUC) classification (Manaaki Whenua – Landcare Research, 2018) was used to 

identify land that was not affected by fundamental characteristics that would preclude viticulture 

(e.g., a high water table, or a hazardous area). LUC classes 1,2,3 and 4 (Dry) were identified within 

the Marlborough GI. The dataset was resampled to match the confines of the Marlborough GI and 

the 0.05° climate dataset used to perform the climate change scenario analysis. Figure 1 illustrates 

the land area suitable for viticulture within the Marlborough GI.  

Subregions 

For this study the Marlborough GI was divided into sixteen subregions. These subregions, illustrated 

in Figure 1, were identified on the basis of land suitability, combined with local expert opinion and 

the findings of previous studies (Bramley et al., 2019 & 2022; Appellation Marlborough, n.d.). 
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Figure 6-1: Map of the Marlborough GI, outlined in red, with land area suitable for viticulture 

indicated in the yellow polygons and subregions labelled. 

 

6.4.2 Data Source 

Yield Data 

Yield data was determined from a production index developed for the region based on grapevine 

response to future temperature at key period in the grapevine development cycle. The development 

of this production index is outlined in Barry et al. (2025b) (submitted for publication). Projected 

values were determined for RCP 2.6, 4.5, 6.0, and 8.5, generated from the six GCMs discussed 

previously.  

Price Data 

All price and cost information for grape production in Marlborough was obtained from the vineyard 

benchmarking datasets (New Zealand Winegrowers Incorporated, & Ministry for Primary Industries, 

2023). The grape prices from 2013 to 2023 are the vineyard gate price and were deflated using the 

Consumer Price Index (CPI) time series reported by the Reserve Bank of New Zealand (Reserve Bank 
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of New Zealand, n.d.) The 10-year average grape price adjusted for inflation was calculated to be  

$2,249.33 per tonne. Operating costs on a per hectare basis for 2023 was obtained from the 

Vineyard Benchmarking Report, the final estimated annual cost structure is presented in Table 1. 

 

 
Figure 6-0-2: Ten year grape price data for Marlborough Sauvignon Blanc, 2013 to 2023. 

 

Table 6-0-1: Marlborough Sauvignon Blanc Production Expenses Vintage 

2023 

Expense Item $/Ha 

Total labour expenses 9,085 

Total other vineyard expenses 5,610 

Total overhead expenses 1,260 

Total Expenses 15,955 

 
Land values for 2023 were retrieved from Marlborough District Council rateable valuations database 

(Marlborough District Council DC, 2023)  

6.4.3 Discount Rates & Climate Scenarios 

14 scenarios were developed that considered different discount rates and RCPs. Scenarios 1 to 7 

applied a discount rate of 3%,  while a discount rate of 7% was applied to scenarios 8 to 14. RCPs 

were considered both in isolation as well as with differing assumptions regarding the likelihood of 

future climate. These distributions were based on examples from the literature (Ando and Mallory, 

2012; Fraschini et al.,2022). Table 2 provides a description of each scenario and RCP distribution. 
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Table 6-0-2: Scenario descriptions and probability distributions 

ENPV Scenario Social Discount Rate Scenario 

1 3% EP 

2 3% LCCF 

3 3% HCCF 

4 3% 2.6  

5 3% 4.5 

6 3% 6 

7 3% 8.5 

8 7% EP 

9 7% LCCF 

10 7% HCCF 

11 7% 2.6 

12 7% 4.5 

13 7% 6 

14 7% 8.5 

Distribution RCP Weighting 

Equal Probability (EP) RCP 2.6 – 25%; RCP4.5 - 25%; RCP6.0 - 25%; RCP 8.5 - 25% 

Light Climate Change Future (LCCF) RCP 2.6 – 80%; RCP4.5 - 10% ; RCP6.0 - 5%; RCP 8.5 - 5% 

Heavy Climate Change Future (HCCF) RCP 2.6 – 10%; RCP4.5 - 10% ; RCP6.0 - 40%; RCP 8.5 - 40% 

6.4.4 Analysis 

The analysis closely followed the method published in Fraschini et al. (2022). In this section the 

process for constructing and identifying portfolios of subregions is outlined. An array of portfolios 

was constructed to reflect a range of risk preferences, including the Minimum Variance Portfolio, the 

Optimum Variance Portfolio and the Maximum Value Portfolio. These portfolios are constructed for 

different discount rates and climate scenarios to help winegrowers better understand future climate 

impact and risk. 

Yield, Cash Flow and Cost Benefit Analysis 

This section describes the sources of yield and descriptions of the subregions. The following yield 

calculation was conducted under each RCP (𝑟). Yield (𝑌)  was calculated for each GCM (𝑔), for each 

year (t) in the period (2023 to 2099), for each cell (𝑐) in every subregion, where 𝐺 is the total number 

of GCMs. The inter model mean and for each year of the period was then calculated for each cell in 

every subregion. 

 

𝑌𝑟,𝑡,𝑐
̅̅ ̅̅ ̅̅ =

1

𝐺
∑ 𝑌𝑟,𝑔,𝑡,𝑐

𝐺
𝑔=1           (1) 
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A cash flow approach was used to compare the NPVs generated from different wine growing 

subregions in Marlborough from 2023 to 2099 with reestablishment every 25 years. NPV (npv) and 

cash surplus (cs) were calculated as follows:     

𝑛𝑝𝑣 = ∑
𝑐𝑠

(1+𝑖)𝑡

𝑇=76

𝑡=0
          (2) 

𝑐𝑠𝑡 = 𝑛𝑐𝑖𝑡 − 𝑣𝑤𝑒𝑡 − 𝑚𝑔𝑡𝑡         (3) 
The net present value (npv) consists of the stream of annual cash surplus (cs) discounted at the 

discount rate (i). All figures are expressed in dollars per hectare. Annual cash surplus consists of net 

cash income (nci), net vineyard operational working (vwe) and management expenses (mgt). The net 

cash income (nci) is of an annual nature, gyd represents grapevine yield in tonnes per hectare, gpr the 

grape price in dollars per tonne.  

𝑛𝑐𝑖 = 𝑔𝑦𝑑𝑡 ∗ 𝑔𝑝𝑟𝑡          (4) 
 

The NPV was calculated for all 16 subregions for the period 2023 to 2099. Development costs were 

accounted for in 2023, with reestablishment costs in 2049 and 2075. In the four years preceding 

development and reestablishment, yield and therefore income was estimated at 20%, 40%, 60% and 

80% of the regional long-term average.  Land cost was originally included but resulted in negative 

NPV values across all RCPs, Figure 6., so was excluded from further analysis. Cost of land is not 

accounted for in other studies applying portfolio analysis (Franchini et al. 2022). The expected NPV 

for each subregion in each of the 14 scenarios was calculated by weighting the NPV relative to the 

RCP weightings as described in Table 2.  This is represented here in Equation 4 with the example of 

an equal probability climate scenario with four RCPs in consideration.  

𝐸𝑁𝑃𝑉𝑖 = 0.25 (𝑁𝑃𝑉𝑖𝑗1 ) + 0.25 (𝑁𝑃𝑉𝑖𝑗2) + 0.25 (𝑁𝑃𝑉𝑖𝑗3) +  0.25 (𝑁𝑃𝑉𝑖𝑗4)   (5) 

Where, 𝐸𝑁𝑃𝑉𝑖= expected net present value of subregion 𝑖, with 𝑖 = 1, …, 16  
𝑁𝑃𝑉𝑖𝑗 = Net present value of subregion 𝑖 for climate scenario 𝑗, with 𝑗1 = RCP 2.6, 𝑗2 = RCP 4.5…,  𝑗4 

= RCP 8.5  
0.25  = the probability of each climate scenario 𝑗  
 

Portfolio Construction 

A variance covariance matrix of the subregions was constructed across different scenarios.  This was 

performed using the Covariance Data Analysis Tool in Microsoft Excel®, but the underlying 

mathematical equations are outlined below. First the covariance between assets is determined: 

𝐶𝑜𝑣𝑖1𝑖2
=  

∑(𝑟𝑖1,𝑗1  − 𝑟𝑖1
̅̅ ̅̅ ) (𝑟𝑖2,𝑗1

 
−  𝑟𝑖1

̅̅ ̅̅ )

𝑁−1
          (6) 

Where 𝑟𝑖,𝑗 is the ENPV of sub region 𝑖, in scenario 𝑗, and 𝑟𝑖̅ is the average ENPV across all four 

scenarios. 𝑁 is the number of climate change scenarios. 
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This is followed by the construction of the matrix (7): 

∑ = (
1

𝑁
) 𝑋𝑇𝑋           (7) 

Where 𝑋 is the is the 𝑁 ∗ 𝑛 matrix of excess returns e.g. 𝑟𝑖1,1 
−   𝑟𝑖1

̅̅ ̅,  𝑋𝑇is the transpose of 𝑋 and Σ.  

The Minimum Variance Portfolio, Optimum Variance Portfolio, and the Maximum Value Portfolio  

were then identified using Solver in Microsoft Excel®. Using Solver, an objective can be set to 

maximise or minimise specific values by changing input values and adding constraints. In this way 

Solver identifies the portfolio with the lowest variance, maximum Sharpe ratio, and maximum value. 

The underlying mathematical equations are outlined below. The Minimum Variance Portfolio is the 

left most portfolio on the curve of the Efficient Frontier. It produces the highest returns while 

reducing total risk, and can be formulated as follows: 

𝜎𝑝
2 =  𝑤𝑇 ∑ 𝑤           (8) 

Where 𝑤 is the vector of the portfolio weights for each asset, 𝑤𝑇 is the transpose of 𝑤, ∑ is the 

covariance matrix of the asset returns., and the Solver objective is to minimise 𝜎𝑝
2. 

The Optimum Variance Portfolio is the portfolio with the maximum Sharpe ratio, the ratio of the 

expected excess return of the portfolio relative to the portfolio's volatility , its described as follows: 

𝐸[𝑅𝑝]− 𝑅𝑓

𝜎𝑝
           (9) 

Where 𝐸 [𝑅𝑝] s the expected return of the portfolio calculated as 𝑤𝑇𝜇, with 𝜇 being the vector of 

expected returns, 𝑅𝑓 is the risk free rate and 𝜎𝑝 is the standard deviation. The solver objective is to 

maximise the Sharpe ratio. 

For the Maximum Value Portfolio, the Solver objective is to maximise 𝐸 [𝑅𝑝] to identify the portfolio 

with the highest possible level of returns, the formula is given as:  

𝐸 [𝑅𝑝] =  𝑤𝑇𝜇           (10) 

In the construction of all portfolios several constraints were applied. The first ensured that the total 

sum of the weights in any portfolio did not exceed 1 (10); the second was a non-negativity constraint 

(11) and  of the weightings did not exceed 1.  

∑ 𝑤𝑖 = 1𝑛
𝑖=1            (11) 

𝑤𝑖 ≥ 0            (12) 

Each portfolio optimization has a unique objective function (minimum variance, maximum Sharpe 

ratio, or maximum return), and Solver in Excel allows for setting these objectives by adjusting the 
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weights, 𝑤, within specified constraints. This approach identifies the portfolio weights that achieve 

the desired characteristics. The expression for the weights 𝑤 is: 

𝑤 =  
∑ 1−1

1T ∑ 1−1            (13) 

To construct the Efficient Frontier the variance and returns of the minimum variance portfolio and 

maximum value portfolio were applied. The variance, standard deviation and returns of each 

portfolio along the Efficient Frontier was then determined by applying the following calculation for 

each. 

𝑃1 = 0.01(𝑀𝑉𝑃) + 0.99 (𝑀𝑎𝑥𝑉𝑃); 𝑃2 = 0.02 (𝑀𝑉𝑃) + 0.98(𝑀𝑎𝑥𝑉𝑃); … ; 𝑃𝑛 =  
𝑛

100
 (𝑀𝑉𝑃) +

 
100−𝑛

100
 (𝑀𝑎𝑥𝑉𝑃)          (14) 

Where, 𝑃1 = Portfolio 1; 𝑃2 = Portfolio 2. Etc. 𝑀𝑉𝑃 =  Minimum Variance Portfolio, 𝑀𝑎𝑥𝑉𝑃 = 
Maximum Value Portfolio, 𝑛 = individual percentiles 1 – 100. 
 
 
  



95 
 

6.5. Results  

6.5.1 Yield and Variability Under Future Scenarios 

Portfolio Analysis requires that the returns of different assets diverge under the same conditions i.e. 

that they are negatively correlated. Therefore, we explored subregional yield projections under 

different RCPs for current and future subregions across the Marlborough GI. Figure 3 illustrates the 

grapevine production for four RCPs and all subregions from 2023 to 2099. All scenarios project 

different yield outcomes between now and the end of the century. Under RCP 2.5 yield remains 

constant between now and the end of the century. Interannual variability by subregion is the lowest 

under this scenario and the range of yield values, 2.97 tonnes, between subregions is second highest 

after RCP 8.5, Table3. Yield in all subregions trends upwards across the period under RCP 4.5, as 

does sub regional interannual variability, Figure 3 and Table 3. Yield and variability declines under 

RCP 6.0 and rises again under RCP 8.5. The greatest range of yield is projected under RCP8.5, 3.49 

tonnes across the region. While regional and subregional yield increases under RCP 8.5 and 4.5 so 

too does yield variability. Variability between subregions increases in line with increased radiative 

forcing from 0.02 at RCP 2.6 to 0.08 under RCP 8.5, Table 3. Overall, regional and subregional yield 

does not increase in line with increased radiative forcing. For example, in Figure 3, Ward reported a 

highest average yield under RCP 4.5 followed by 2.6, 8.5 and 6.0, while Rai Valley reported a highest 

average yield for RCP 4.5 followed by 8.5, 6.0 and 2.6. This indicates that Sauvignon Blanc production 

in different subregions will be affected differently by the same degree of radiative forcing. 
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Figure 6-3: Average yield by subregion between 2023 and 2099 for RCP 2.6, 4.5, 6.0 and 8.5. 
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Table 6-3: Regional and subregional descriptive statistics by RCP from 2023 to 2099 

Subregion AS AU IK LNK LW MW NB OK PK RAI RB SK UW WAI WARD WW MLB 
RCP 2.6 

Average 11.90 11.25 10.51 11.39 12.07 11.82 11.38 11.64 11.51 10.84 10.07 10.43 11.03 11.34 11.36 10.84 11.21 
Min 11.50 10.76 10.12 10.92 11.63 11.26 10.90 11.18 11.08 10.46 9.62 10.09 10.64 10.81 10.97 10.47 9.62 
Max 12.34 11.63 10.87 11.69 12.59 12.25 11.78 11.98 11.87 11.07 10.61 10.73 11.38 11.75 11.71 11.10 12.59 
Range 0.84 0.87 0.75 0.77 0.96 0.99 0.88 0.80 0.78 0.61 0.99 0.65 0.74 0.94 0.75 0.62 2.97 
SD 0.19 0.17 0.15 0.17 0.21 0.18 0.16 0.15 0.16 0.14 0.20 0.13 0.17 0.18 0.16 0.13 0.57 0.02 

RCP 4.5 

Average 11.98 11.43 11.15 11.65 12.20 11.81 11.45 11.66 11.50 11.73 10.72 11.06 11.45 11.35 11.58 11.34 11.5 
Min 11.21 10.91 10.77 10.99 11.44 11.13 10.90 11.04 10.79 11.21 9.97 10.63 10.84 10.72 11.05 10.80 9.97 
Max 12.57 11.84 11.77 12.01 12.90 12.39 11.90 12.11 12.04 12.10 11.27 11.59 11.95 11.92 12.04 11.82 12.9 
Range 1.37 0.92 1.01 1.03 1.46 1.26 1.00 1.07 1.25 0.89 1.30 0.96 1.11 1.20 0.99 1.02 2.94 
SD 0.29 0.21 0.21 0.21 0.33 0.29 0.23 0.25 0.24 0.21 0.30 0.19 0.25 0.25 0.22 0.23 0.43 0.04 

RCP 6.0 

Average 11.66 10.97 10.73 11.22 11.83 11.57 11.28 11.38 11.24 11.27 10.05 10.27 10.94 11.15 11.05 11.16 11.11 
Min 11.13 10.63 10.44 10.91 11.15 11.04 10.87 10.98 10.93 11.03 9.45 10.07 10.48 10.79 10.72 10.78 9.45 
Max 12.13 11.26 10.95 11.51 12.37 12.09 11.61 11.80 11.60 11.54 10.51 10.50 11.32 11.46 11.32 11.51 12.37 
Range 1.00 0.63 0.51 0.61 1.22 1.05 0.74 0.82 0.67 0.51 1.06 0.43 0.84 0.66 0.60 0.73 2.92 
SD 0.20 0.16 0.12 0.12 0.25 0.20 0.15 0.15 0.13 0.12 0.30 0.11 0.21 0.16 0.15 0.16 0.48 0.05 

RCP 8.5 

Average 11.87 11.24 10.59 11.34 12.07 11.77 11.36 11.54 11.34 11.38 10.42 10.42 11.13 11.32 11.21 11.31 11.27 
Min 11.23 10.71 10.04 10.89 11.39 11.20 10.85 11.02 10.80 10.96 9.45 9.96 10.42 10.78 10.65 10.78 9.45 
Max 12.57 11.79 11.08 11.82 12.95 12.53 11.90 12.10 11.90 11.87 11.44 10.82 11.83 11.92 11.73 11.85 12.95 
Range 1.33 1.09 1.04 0.93 1.55 1.33 1.05 1.09 1.10 0.91 1.99 0.85 1.41 1.14 1.08 1.08 3.49 
SD 0.30 0.28 0.28 0.23 0.36 0.31 0.28 0.26 0.23 0.21 0.53 0.21 0.36 0.29 0.26 0.29 0.55 0.08 
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Figure 6-4: Average yield across all sub regions in the Marlborough GI from 2023 to 2099 by RCP.  

 

 
 

Figure 6-5: Standard deviation of  yield across all sub regions in the Marlborough GI from 2023 to 

2099 by RCP.  

 

6.5.2 Cost Benefit Analysis 

Initial analyses included land cost, but this was later excluded because all subregions returned 

negative NPV values across all RCPs, as illustrated in Figure 5. This unprofitability may have been due 

to only accounting for income from grapes in the analysis - had income from wine sales been 

accounted for a different result may have been returned.  
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Figure 6-6: Subregional NPV values across all RCPs with land cost included.  

When land values were excluded from NPV analysis, positive returns were projected for all 

subregions at a social discount rate of 3%, Figure 6. At an DR of 7% lower NPV values were reported 

for all subregions and negative values were reported for three to four subregions depending on the 

scenario in question. These subregions included Rainbow, Seaward Kaikoura and Western Wairau 

under RCP 2.6, Rainbow and Western Wairau  under RCP 4.5, Rainbow , Seaward Kaikoura and 

Western Wairau under RCP 6.0 and Inland Kaikoura, Rainbow, Seaward Kaikoura and Western 

Wairau under RCP 8.5, shown in Figure 7.  
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Figure 6-7: Subregional NPV by RCP from 2023 to 2099 at a DR of 3%.  

 

 
Figure 6-8: Subregional NPV by RCP from 2023 to 2099 at a DRDR of 7%.  

 

Similar results were reported for ENPV analysis. Different RCP weightings were used to calculate the 

ENPV for each scenario. Overall scenarios 1 to 7 with a DR of 3% all reported positive values. 

Scenarios 8 to 14 at a DR of 7%  reported negative returns were for Rainbow , Inland Kaikoura, 

 $-

 $50,000.00

 $100,000.00

 $150,000.00

 $200,000.00

 $250,000.00

N
et

 P
re

se
nt

 V
al

ue
 ($

/H
a)

Sub Region

Subregional NPV by RCP (DR 3%)

RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5

 $(60,000.00)
 $(40,000.00)
 $(20,000.00)

 $-
 $20,000.00
 $40,000.00
 $60,000.00
 $80,000.00

 $100,000.00

N
et

 P
re

se
nt

 V
al

ue

Sub Region

Sub Regional NPV by RCP (DR 7%)

2.6 4.5 6 8.5



101 
 

Seaward Kaikoura  and Western Wairau across different scenarios. Figures 8 and 9 illustrate the 

change in returns when different DRs are applied but RCP weighting is kept the same. 

 
Figure 6-9: Scenario 1 ENPV with a DR 3% and equal probability between all RCPs 

 

 
Figure 6-10: Scenario 8 ENPV with a DR 7% and equal probability between all RCPs 

 
Conversely Figures 8 and 10 depict the ENPV when the discount rate is maintained, and climate 

scenarios are weighted differently.  For example, Figure 10 specifically shows that EPNVs reduced 

overall when a probability of 100% RCP 6.0 was used when compared to equal probability between all 

scenarios.  
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Figure 6-11: Scenario 1 ENPV with a DR 3% and 100% RCP 6.0 

 

6.5.3 Portfolio Creation 

Portfolio Construction 

Negative correlation in the performance of different assets under the same conditions is a key 

parameter in the selection of assets to include in portfolios. To assess asset suitability, a correlation 

coefficient matrix was compiled for each of the scenarios.  

Following this step a variance covariance matrix was produced for each scenario which was then 

used to identify the Minimum Variance Portfolio, Optimum Variance Portfolio and Maximum Value 

Portfolio. This range of portfolios was identified to reflect individual risk preferences. Ultimately, the 

portfolio selected by the winegrower would reflect their individual risk preferences – i.e. whether 

they are trying to minimise risk, maximise returns or construct an optimal portfolio.  The Minimum 

Variance Portfolio is located at the left most point of the efficient frontier and is the portfolio with 

the lowest possible risk. The Optimum Variance Portfolio seeks to find the best ratio of expected 

return to risk by maximising the Sharpe Ratio. The Sharpe ratio measures the performance of a 

portfolio compared to a risk-free asset. The risk-free rate applied in this study was 0.065% (The 

Treasury, 2020). The Maximum Value Portfolio is located at the top right of the frontier and will 

generate the highest returns for greatest risk.  

These portfolios were created by combining different proportions of the entire investment across 

the range of subregions ranging from 1 to 100%. As the portfolios were theoretical, the total 

portfolio weighting equalled 100% as opposed to a total number of hectares. Portfolios were 

identified for each of the 14 scenarios. For each scenario an Efficient Frontier was created from the 
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identified portfolios. The Efficient Frontier is the set of portfolios that maximise return for a given 

level of risk or minimises risk for a given level of return. The slope of the efficient frontier illustrates 

the relative increase in risk for an increase in returns. A steep slope indicates higher returns for 

relatively less increase in risk. A gradual slope indicates higher returns but with higher relative risk. 

The efficient frontier and portfolio weighting for Scenario 1 (3%, EP),  8 (7%, EP) and 6 (7%, RCP 6.0) 

are illustrated below. The relatively gradual EF in Figure 11 illustrates returns would range from 

$103,811 to $201,014 by selecting the Maximum Value Portfolio over the Minimum Variance 

Portfolio in Scenario 1(3%, EP), but the deviation of returns would increase from $795 to $2,032. The 

sharper EF in Figure 10, Scenario 6 (7%, RCP 6.0), illustrates an increase in return from $159,972 to 

$188,286 by selecting the Maximum Value Portfolio over the Minimum Variance Portfolio; deviation 

of returns increases by $132 and overall risk decreases.  Similar results are reported in Figure 13 

where the portfolios from Scenario 8 (7%, EP) are illustrated.  

 
  

 
Figure 6-12: Scenario 1 Efficient Frontier 
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Figure 6-13: Scenario 6 Efficient Frontier 

 

 
Figure 6-14: Scenario 8 Efficient Frontier 

 

Portfolio Weightings 

The aim of this study was to determine whether geographical diversification of vineyard portfolios 

could reduce risk to future climate change in the Marlborough region. We examined this across all 

14 scenarios focusing on different DRs and climate scenario probabilities,  illustrating the benefit of 

diversification on Minimum Variance Portfolio, Optimum Variance Portfolio and Maximum Value 
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At a discount rate of 3%, the Minimum Variance Portfolio  for scenarios 1 (3%, EP),2 (3%, LCCF), 4 

(3%, RCP 2.6) and 5 (3%, RCP 4.5) all benefit from portfolio diversification to reduce risk, but 

scenarios 3 (3%, HCCF),6 (3%, RCP 6.0) and 7 (3%, RCP 8.5) did not benefit from diversification and 

identified single asset portfolios. Scenarios 1 (3%, EP) and 3 (3%, HCCF) benefitted from 

diversification to achieve the Optimum Variance Portfolio, while the Maximum Value Portfolio  was 

found to be 100% weighted to Lower Wairau across scenarios 1 to 7. At a discount rate of 7%, the 

Minimum Variance Portfolio for scenarios 8 (7%, EP), 9 (7%, LCCF), 11 (7%, RCP 2.6) & 12 (7%, RCP 

4.5) all benefit from portfolio diversification to reduce risk. Scenarios 8 and 9 benefitted from 

diversification to achieve the Optimum Variance Portfolio, while the Maximum Value Portfolio was 

found to be 100% weighted to Lower Wairau across scenarios 8 to 14.  

The assumptions regarding the likelihood of the different RCPs influenced portfolio diversification in 

different ways. Portfolio diversification, assuming equal probability across RCPs, was found to be 

beneficial for Minimum Variance Portfolio and Optimum Variance Portfolio for both scenario 1 and 

8. Diversification was found to be beneficial under a LCCF at a discount rate of 7% (Scenario 9) for 

both Minimum Variance Portfolio and Optimum Variance Portfolio, but not at a discount rate of 3% 

(Scenario 2(3%, LCCF)). Conversely, diversification was found to be beneficial in constructing the 

Optimum Variance Portfolio under a high climate change future at 7%, while there was no benefit 

from diversification at 3% under the same climate change future.  Diversification was found to be 

beneficial in achieving the Minimum Variance Portfolio under both DRs and 100% probability of RCP 

2.6 (Scenarios 4 (3%) and 11 (7%)), and RCP 4.5 (scenarios 5 (3%) and 12 (7%)). Diversification was 

not found to be beneficial in achieving the Minimum Variance Portfolio, Optimum Variance Portfolio 

or Maximum Value Portfolio under both DRs and 100% probability of RCP 6.0 (scenarios 6 (3%) and 

13 (7%)) and RCP 8.5 (scenarios 7 (3%) and 14 (7%)
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Table 6-4: Summary of portfolio returns, deviation and weighting s for Scenarios 1, 6 and 8.  

Scena
rio 

Description  Portfolio Performance Weightings PA 

1 DR 3%.  
Equal Probability 

Minimum Variance 
Portfolio  

ENP
V 

$103,81
1 

 NB (0.384), Wai 
(0.364), WW (0.252)  

SD $796 

CV 0.008 

Optimal Variance 
Portfolio  

ENP
V 

$111,62
6 

LW (0.05),NB (0.76), 
WW(0.19) 

SD $840 

CV 0.008 

Maximum Value 
Portfolio 

ENP
V 

 
$201,01
5 

LW (1.0) 

SD  
$2,032.
21  

CV 0.010 

6 DR 3%;RCP 6.0 Minimum Variance 
Portfolio  

ENP
V 

$159,97
2 

MW (1.0) 

SD $13,556 

CV 0.085 

Optimal Variance 
Portfolio  

ENP
V 

$188,28
6 

LW (1.0) 

SD $13,679 

CV 0.073 

Maximum Value 
Portfolio 

ENP
V 

$188,28
6 

LW (1.0) 

SD $13,679 

CV 0.073 

8 DR 7%.  
Equal Probability 

Minimum Variance 
Portfolio  

ENP
V 

 
$16,661 

 Rai (0.2), Wai (0.8)  

SD  $494 

CV 0.030 

Optimal Variance 
Portfolio  

ENP
V 

 
$56,991
. 

LW (0.72),Rai (0.28) 

SD  $690 

CV 0.012 

Maximum Value 
Portfolio 

ENP
V 

 
$72,468 

LW (1.0) 

SD  $1,084 

CV 0.015 
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6.6 Discussion 

The overall aim of this study was to explore and develop the use of Portfolio Analysis in creating 

geographically diverse portfolios of Sauvignon Blanc growing locations across the Marlborough GI, 

under a backdrop of climate uncertainty. This study sought to address the following questions: 1) Can 

the application of Portfolio Analysis identify geographically diverse portfolios of Sauvignon Blanc 

across a range of climate change scenarios for the Marlborough region in New Zealand? and 2) Does 

diversification lead to combinations of locations that are more robust to a range of possible climatic 

futures? Overall, Portfolio Analysis was effective in identifying diverse portfolios across a range of 

possible futures, and diversification was beneficial in reducing overall risk in certain scenarios. 

Assumptions regarding the probability of each RCP influenced portfolio composition and structure in 

different ways. Portfolio Analysis is informed by NPV, which in this study derived from future yield.  

Discount rates reflect the time value of money and the necessary return on investment desired by an 

investor, in our case winegrowers. When land cost was excluded, positive returns were reported for 

all subregions at a discount rate of 3%;  at 7% negative returns were reported for some subregions 

under certain RCPs. A higher discount rate is selected to compensate investors assuming greater risk, 

which should coincide with greater return potential. This results in lower NPV values. It could be 

argued that 7% is the more plausible discount rate to apply to this case study as vineyards are 

commercial businesses and therefore a commercial rate should be applied. A lower discount rate 

results in a higher NPV because the cash flows are more certain. It has been argued that a lower DR 

can be applied to investments with an intergenerational timeline (Arrow et al., 2014). Therefore, the 

application of a low or declining DR could be appropriate for Iwi Māori or family-owned entities due 

to the intergenerational nature of investments. 

Generally, more diverse portfolios performed better under increased climate uncertainty, with 

Portfolio Analysis proving affective in reducing overall risk across a range of scenarios, Table 4.  This 

characteristic of Portfolio Analysis could increase its appeal to decision makers with conservative risk 

preferences seeking to minimise or optimise their portfolios. Diversification did not maximise 

portfolio returns under any scenario in this case study. Therefore, in the context of this study, 

Portfolio Analysis or diversification has minimal utility for decision makers with high-risk thresholds 

seeking to maximise returns. When all RCPs were considered with Equal Probability, diversification 

performed better than individual subregions under both discount rates. In scenarios with a Light 

Climate Change Future, diversification performed better under a higher discount rate, optimising 

returns and minimising overall risk. In scenarios with a Heavy Climate Change Future, where 

extremes in temperature will exacerbate interannual yield variation, diversification improved the 
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performance of the Optimum Variance Portfolio under a lower discount rate. Diversification reduced 

overall risk under both discount rates for RCP2.6 and 4.5. These RCPs projected the highest 

interannual variability, supporting the idea that Portfolio Analysis and diversification are most 

effective under increasing variability. Portfolio composition of the Minimum Variance Portfolio, 

assets and weightings, did not vary between discount rates. This result demonstrates the ability of 

diversification to reduce total risk. Under RCP 6.0 and 8.5, diversification did not improve portfolio 

performance, either through reducing risk or increasing returns. This could be due to less interannual 

variability in these scenarios, as illustrated in Figure 2. The above demonstrates the ability of 

Portfolio Analysis to reduce risk in the face of uncertainty by accounting for a range of possible 

futures. This result highlights the need to at least consider the range of possible climate futures 

through the incorporation of multiple RCPs as part of analysis, a consideration that has been omitted 

in previous research (Ando & Mallory, 2012; Crowe & Parker, 2008).  

The results of this study are important because they demonstrate that geographical diversification of 

Sauvignon Blanc production in the Marlborough GI could reduce production risk in the face of future 

climate uncertainty.  Previous authors have highlighted how consideration of risk and business goals 

influence adaptation decision making (Fleming et al., 2015 & 2014).  Existing views on climate change 

adaptation within the wine industry indicate that winegrowers prioritise geographical diversification 

of existing varieties ahead of varietal diversification (Barry et al., 2024) for reasons ranging from 

provenance to market positioning. The degree to which diversification can reduce risk depends on 

the risk preferences of the winegrower, whether they are trying to minimise risk, maximise returns or 

construct an optimal portfolio.  Applying approaches such as Portfolio Analysis could reduce 

winegrowers’ concerns around “risky adaptation” ( yan, 2019) by illustrating the production risk 

profile of their current and future vineyard portfolios and how they might fare under a range of 

possible futures. In this regard incorporating Portfolio Analysis would aid in incorporating climate 

change adaptation into overall business strategy and assist in achieving business goals, as 

recommended by Fleming et al. (2015). Fleming et al. (2015) also highlighted the complexity of the 

viticulture industry, the conflicting priorities of different stakeholders along the value chain and the 

influence this has on adaptation decision making. The sophistication of the analysis in this study 

could be extended to include other sources of risk that maybe a priority at other points along the 

value chain such as price fluctuations and changes in consumer preferences.  

While there is considerable potential for the application of Portfolio Analysis the construction of 

portfolios would not be without complexity. The development of geographically diverse portfolios 

would require the acquisition of new land and lease or sale of existing vineyards. If new subregions 

were incorporated into portfolios, costs would include infrastructure development, and higher 

operational cost, especially for more remote investments. The development of more remote 
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locations could also lead to greater environmental and ecological impacts. The omission of land cost 

and income from wine, while a limitation, acts to highlight this complexity. The inclusion of these 

costs and revenues in the analysis would provide a more thorough understanding of whole business 

performance. Additionally other variables of significance to wine production could be included such 

as the effect of climate change on sugar accumulation by incorporating the Grapevine Sugar Ripeness 

model (Parker et al. 2020a). Portfolio analysis could be applied to other types of viticulture 

diversification options such as rootstocks, clones and alternative varieties, although in New Zealand 

there is an absence of data on how these options will perform under future climate conditions, 

limiting the potential for analysis.  
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6.6. Conclusion 

The purpose of this study was to explore and develop the use of Portfolio Analysis in developing 

geographically diverse portfolios of Sauvignon Blanc growing locations across the Marlborough GI. 

The research determined that Portfolio Analysis can be effectively applied to develop geographically 

diverse portfolios of Sauvignon Blanc. The composition of these portfolios, subregions and 

weightings, vary depending on assumptions about the likelihood of future climate scenarios, and the 

discount rate applied. Greater climatic variability leads to more diverse portfolios and different 

compositions under different discount rates. Specifically, diversification led to the development of 

portfolios that minimised absolute risk and optimised returns.  Future research on this topic could 

explore the inclusion of other wine production variables such as sugar accumulation and the 

development of applied case studies. This study demonstrates how Portfolio Analysis can be applied 

to incorporate climate change adaptation into current wine and agri-business strategy, accounting 

for individual and organisational risk preference. 
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Chapter 7 

Overall Discussion and Conclusion 

7.1 Introduction 

This PhD research recognises challenges of decision making under uncertainty and has pursued the 

development of an integrated process that acknowledges stakeholder ambition and biophysical 

performance while attempting to manage uncertainty in decision-making. The research responds to 

the needs of decision makers in the context of climate change adaptation, and the necessity to 

consider a multitude of factors and competing priorities when adapting to climate change.  

This research explored the development of a diversification decision making process by applying a 

mixed methods framework, integrating qualitative and quantitative approaches. These included a 

literature review, stakeholder mapping, focus groups, biophysical assessment and Portfolio  nalysis, 

integrated in a case study on Marlborough Sauvignon Blanc. This chapter first revisits the research 

aims and questions, including an explanation of how these have been answered, followed by an 

overall examination of the study’s contributions and implications for diversification and climate 

change adaptation. The mixed methods framework outlined in Chapter  , Figure 2, details the stages 

followed in this study, they include  mpathise   Define, Ideate, Prototype and Test. This chapter 

fulfils the aims of the final stage of the mixed methods framework, Test, .  by assessing the overall 

usefulness of the process as an applied adaptation process to inform diversification. The chapter 

concludes with an exploration of the research limitations and directions for future research and 

closes with concluding remarks. 

7.2 Overview of Research Aims and Questions  

This PhD aimed to develop a stakeholder centred climate change adaptation process that utilises 

Portfolio  nalysis to identify diversified vineyard portfolios and characterised their riskiness across a 

range of climate change scenarios. The main research question guiding this study was  ow can the 

integration of Portfolio  nalysis with stakeholder adaptation goals and biophysical performance 

inform the development of diverse portfolios?  In this way the study sought to bring Portfolio 

 nalysis, as a climate change adaptation strategy development and appraisal tool, from the realm of 

scientific theory closer to application.  Three sub-questions were studied in this thesis:  

1. What is the potential for diversification as a climate change adaptation strategy in the 

Marlborough wine region? 



 
 

112 

2.  ow will diversification options perform biophysically under future climatic conditions?  

 . Can the application of Portfolio  nalysis lead to the development of adaptation measures that 

are robust across a range of possible climatic futures?  

The research questions bridged the gap between theory and practice in the application of Portfolio 

 nalysis to developing robust climate change adaptation solutions.  This reflects recommendations 

made by previous authors who advocated for the integration of Portfolio  nalysis with stakeholder 

engagement and other inquiries with the aim of designing more comprehensive adaptation 

strategies ( allegatte et al., 2009; Watkiss et al., 2015;  unt   Fraschini, 2020; Dittrich et al., 2016). 

These steps are outlined in chapter 1. 

Chapter 2 is a literature review of underlying concepts central to the overall study.  Chapter   

outlines the theoretical framework and research design for the later chapters. Chapter   outlines the 

stakeholder engagement process applied by the study to determine answers to  esearch Question 1. 

Chapter 5 consists of a biophysical assessment to determine the performance of Marlborough, 

Sauvignon Blanc across a range of possible future climates and addresses  esearch Question 2. 

Finally, Chapter 6 applies Portfolio  nalysis to develop geographically diverse portfolios of Sauvignon 

Blanc and answers  esearch Question  . This chapter, Chapter 7, synthesises the findings of the three 

previous research phases and addresses these against the overall research goal of the PhD. Then it 

discusses the limitations and learnings from each of the papers, providing suggestions for further 

research before drawing conclusions. 

7.3 Research Findings 

This section presents a summary of the key findings from this study. The overall findings are 

organised in response to each of the three research questions: the potential for diversification, 

future performance of diversification options, and how the application of Portfolio  nalysis leads to 

the development of di erent portfolios. 

7.3.1 There is potential for diversification within viticulture systems; it will be 
influenced by other business drivers and must address climate change threats 
and opportunities  

The research illustrates the interwoven elements of adaptation and diversification decision making. 

While elements of diversification had been explored by previous authors, the potential for 

diversification as a climate change adaptation strategy had not been overtly explored in viticulture 

systems (van Leeuwen et al., 202 ; Cabre   Nunez, 202; Marín et al., 2021; Seeger et al., 2020). To 

develop an understanding of the potential for diversification within viticulture adaptation, this study 

applied participatory methods to identify key players with interest in and influence over adaptation 
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decision making. Following identification, a representative group of influential decision makers were 

engaged to determine the possibilities for diversification.   Followed by a categorisation of 

adaptations was developed from the existing literature to contextualise diversification options. 

Together these findings conceptualised the role diversification can play in adaption within vineyard 

systems. 

 

Table 7-1: Summary of Findings: Research Question 1 

What is the potential for diversification as a climate change adaptation strategy in the 
Marlborough wine region? 

Findings Contribution & Implications Written Output 

Winegrowers’ understanding 

 of climate change impacts 

are largely aligned  

with those identified in 

literature. 

A categorisation of climate 

change diversification 

adaptations in viticulture. 

Diversification as a climate 

change adaptation strategy in 

viticulture systems:  

Insights from the Marlborough 

wine region in Aotearoa New 

Zealand 

 

Published in Agroecology and 

Sustainable Food Systems,. 

November 2024.  

There is potential for 

diversification as a climate 

change adaptation strategy 

in the wine industry. 

The study expands on current 

literature by explicitly 

 assessing winegrower 

understanding of the potential 

 for diversification in 

winegrowing systems and as a  

climate change adaptation 

strategy 

Climate action via 

diversification comprises 

both short term and long 

term adaptations. 

There is a need to better 

understand the biophysical and 

economic performance of 

diversification options before 

change can occur 

Winegrowers see 

diversification as an 

opportunity for 

transformation. It can 

promote adaptation to 

multiple threats and 

capitalise on opportunities 

simultaneously.  

Winegrower enthusiasm for 

short term diversification within 

vineyard systems should be 

harnessed to progress towards 

more strategic diversification. 
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Priority threats and 

opportunities identified in 

the study should guide 

climate change impacts and 

adaptation research. 

Drivers and business ambitions 

outside of adaptation will 

influence diversification. 

7.3.2 Marlborough Sauvignon Blanc will perform differently under different GCMs 
and RCPs 

The results from this stage of the PhD describe the processes of generating yield data to inform 

economic analysis and determining the variability of pro ected yield using two approaches. This 

research filled an existing knowledge gap on the impact of climate change on Sauvignon Blanc 

performance in Marlborough. This knowledge gap had previously been cited as a barrier to 

adaptation in the region ( yan, 2019). The methods included the development of a temperature 

function to inform a production index to ascertain the impact of future temperatures on Sauvignon 

Blanc yield, the relationship between the index and observed yield, and an exploration of variability 

to inform the selection of yield values.  ariability analysis led to the selection of inter-model mean 

values to future adaptation analysis and decision making. 

Table 7-2: Summary of Findings: Research Question 2 

How will diversification options perform biophysically under future climatic conditions? 

Findings Contribution & Implications Written Output 

A Production Index was 

developed to ascertain the 

 impact of future temperatures 

on Sauvignon Blanc yield. The 

Index was based on a broken 

stick model of temperature 

functions at key phenological 

stages. Temperature was used 

as a proxy for production risk. 

The development of the 

Production Index has filled an 

existing  

knowledge gap on the 

performance of Marlborough, 

Sauvignon Blanc under future 

climatic conditions. The 

approach applied in the PhD is 

new to viticulture research and 

could be applied in other wine 

regions and varieties.  

A grapevine production index 

to inform climate change 

adaptation: A case study on 

diversification of 

Marlborough, Sauvignon 

Blanc 

 

 

Submitted to Wine Research 

December 2022. The relationship between the 

index and historic yield 

 was established. 

Projected yield values for the 

historic period show little 

interannual variation  (CV 

Previous viticulture research 

exploring the effect of climate 

 change on grapevine 
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3.65%)  when compared to 

observed long-term average  

(30.58%).  

production did not account for 

RCP and GCM variability. This 

study highlights the need for 

careful consideration of these 

factors when selecting models 

and RCPs to assess the impact of 

future climate conditions on 

grapevine performance.  

Yield and variability values are 

higher for all time periods and 

RCPs for mean values 

calculated across all 6 GCMs 

when compared to percentile 

GCM values.  

Variability analysis led to the 

selection of inter-model  

mean values. 

Based on the inter-model 

mean values the average yield 

by subregion did not decrease 

in line with increased radiative 

forcing. Standard deviation of 

average yield by subregion did 

increase in line with radiative 

forcing.  

This result highlights the need to 

consider average yield values 

but also  

variability of yield when making 

adaptation and vineyard 

development decisions.  

 

7.3.3 Application of Portfolio Analysis can lead to the development of adaptation 
solutions that are more robust across a range of possible futures  

The results demonstrate that Portfolio  nalysis is useful in identifying and appraising diversified 

portfolios with reduced overall risk. Portfolio composition, number of sub regions and their 

weighting, is influenced by the climate change scenarios in question and assumptions about their 

probability. The discount rate also influenced portfolio composition under increased uncertainty. This 

highlights the need for considering both winegrower investment goals and a range of climate change 

scenarios in viticulture adaptation research. Integrating Portfolio  nalysis into vineyard development 

planning could increase the efficiency of adaptation decisions  in the industry. 

 

Table 7-3: Summary of Findings: Research Question 3:  

Can the application of Portfolio Analysis lead to the development of adaptation approaches that 

are more robust across a range of possible climatic futures? 
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Findings Contribution & Implications Written Output 

Portfolio Analysis resulted 

in the creation of   

diversified portfolios under 

certain scenarios. 

A demonstration of how 

Portfolio Analysis can be applied 

to incorporate climate change 

adaptation into current wine 

and agri-business strategy, 

account for individual risk 

preference, and  improve the 

efficiency of  adaptation 

decisions.  

Diversification under 

uncertainty: Insights from the 

application of Portfolio  nalysis 

to vineyard diversification in 

Marlborough,  otearoa New 

Zealand.   

 

Submitted to Wine  conomics. 

December 202 . Higher discount rates led to 

negative returns for 

diversified portfolios in 

some sub regions under 

certain RCPs. 

The study demonstrates that 

 geographical diversification of 

Sauvignon Blanc production in 

the Marlborough GI could 

reduce production risk in the 

face of future climate 

uncertainty.  

Portfolio composition, 

number of sub regions and 

their weighting, was 

influenced by the climate 

change scenarios in 

question and assumptions 

regarding their probability. 

Less diverse portfolios 

performed better when 

single, less variable RCPs 

were considered. Divers 

portfolios performed better 

when a range of scenarios 

was considered.  

Applying approaches such as 

Portfolio Analysis  could reduce 

winegrowers’  

concerns around “risky 

adaptation” by illustrating the 

production risk profile of their 

current vineyard portfolio and 

how it might fare under a range 

of possible futures.  

The discount rate 

influenced portfolio 

composition 

Incorporating  Portfolio Analysis 

into vineyard risk assessment 

and development planning 
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 under increased 

uncertainty. 

would aid in incorporating 

climate change adaptation into 

overall business strategy and in 

achieving business goals. 

Demonstration of its benefits 

may increase the rate of 

adaptation. 

Portfolio Analysis resulted 

in the creation of   

diversified portfolios with 

reduced overall risk under 

certain scenarios. 
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7.4 Thesis Contributions and Implications 

This section provides a synthesis and discussion of the significant contribution of this research. First, I 

summarise the implications for climate change research in viticulture systems. This is followed by a 

discussion on the practical and theoretical impactions of the study for transdisciplinary research in 

the context of deep uncertainty.  

7. .1 Broader implications for viticulture research  

Throughout this research the ad hoc nature of climate change research in viticulture was apparent. 

 verall, there is a lack of contextualisation of climate change adaptation research. This includes a 

lack of consideration for the categorisation, scale and timeframes of adaptation research, the deep 

uncertainty that surrounds future climate change scenarios, and the variability between approaches 

to pro ecting climatic changes and impacts. The lack of consideration and clarity surrounding these 

aspects could be contributing to a misunderstanding of future climate impacts amongst 

winegrowers. Future research should endeavour to contextualise findings, highlight their limitations 

and provide guidance on what the research means for adaptation decision making.  

The lack of contextualisation is compounded by the lack of focus surround adaptation research 

priorities. In exploring climate change impacts for the Marlborough region the study, in collaboration 

with wine industry representatives, established adaptation priorities. These priorities mirrored those 

identified in previous adaptation studies ( yan, 2019). This finding has practical implications for 

Marlborough and the wider industry in guiding future research and extension activities. This study 

builds on Fleming et al. (2015) who found that adaptation e orts should be aligned with wider wine 

business ambitions and by stating that adaptation priorities should be aligned to wider industry 

ambitions, specifically sustainability. These synthesised priorities should be used to guide cohesive 

investment in climate change adaptation and impact research. 

7. .2 Implications for transdisciplinary research in the context of deep uncertainty 

Climate change adaptation transcends multiple fields of research. In agricultural systems it is 

necessary to weave together di erent approaches and bodies of knowledge to support transitions to 

more climate resilient systems. Creating this integration can be difficult due to the specialised nature 

of research. Design Thinking was applied at the outset of this study as a framework for guiding 

winegrower participation and research activities. Design Thinking is informed by  uman Centred 

Design, which emphasises empathy as part of the design process, that is identifying who is being 

designed for/with and what their needs are ( oodspeed et al., 2016). The end user and solution-

centred nature of Design Thinking focused the study and maintained connectivity between the 

di erent stages and fields of research, as the findings of the previous stage informed actions in the 
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next. This facilitated the assimilation of findings across the study, ensuring that solutions developed 

in the final stage were aligned with stakeholder priorities. The application of Design Thinking in the 

study could have had more impact if several iterations of Prototyping and Testing portfolios was 

conducted. This would have provided clarity on the usefulness of the portfolio approach in 

supporting decision making and implementing adaptation actions.  

Frameworks like Design Thinking should be applied in other transdisciplinary agricultural adaptation 

pro ects where social, biophysical and economic approaches need to be assembled to inform 

adaptation decision making and strategy development in the primary sector. It ensures that solutions 

developed are fit for the purpose intended by maintaining close ties with end users throughout. This 

connectivity and focus has the potential to increase the rate of application and action towards 

adaptation upon completion of the research.  

Deep uncertainty refers to situations where decision-makers face significant challenges in predicting 

future outcomes due to a lack of knowledge, complexity, or disagreement about various aspects of 

the system in question. In the context of climate change, deep uncertainty arises because the future 

impacts of climate change involve complex interactions between physical, ecological, social, and 

economic systems, making it difficult to forecast precise outcomes or identify the best course of 

action.  egardless of this uncertainty, winegrowers must make decisions on how to manage and 

adapt their systems to future challenges regardless of what they might be. They must make decisions 

now that are flexible and resilient across a range of possible futures. Few viticulture studies account 

for a range of possible futures in the adaptation solutions developed. Through the application of 

Portfolio  nalysis this study did that. In doing so it helps winegrowers understand the uncertainty 

surrounding future conditions and the impact of decision making. This approach has implications for 

future adaptation research and extension by highlighting the advantages of robust methods.  

This study has generated  information for one type of adaptation strategy, assessing its performance 

across a range of possible futures. Winegrowers understand that a range of di erent adaptation and 

diversification strategies exist to achieve their adaptation goals. Some actions are easier to 

implement than others, making them more attractive.  elping winegrowers understand the scale 

and timeframe for implementation of adaptations, in addition information on their performance 

across a range of possible futures  will be helpful in informing decision making. Incorporating 

di erent types of uncertainty (market, labour) into adaptation decision making would further assist 

decision making and adaptation. 
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7.5 Limitations, Learnings and Future Research 

 ere the limitations, learnings and ideas for future research are discussed for the wider study. These 

a separate to those discussed in previous earlier chapters.  

I have identified several limitations and learnings around the participatory approach adopted in the 

study. The study originally aimed to have several rounds of interaction with wine industry 

stakeholder throughout the research process, to select diversification options for inclusion in 

Portfolio  nalysis and final portfolios. Stakeholder engagement in the later stages of the study did 

not occur due to time and resource constraints surrounding the study. Later engagement would have 

provided valuable insights into the usefulness of Portfolio  nalysis outputs and provided guidance on 

future steps for application.  xploring who within the industry has the capacity and capability to 

apply such decision-making tools would enable more target extension of research and adaptation 

decision making tools such as Portfolio  nalysis. While alternative vineyard locations were identified 

as a diversification measure in Chapter  , winegrowers were in fact most interested in the application 

of agroecological measure into vineyard systems. Implementation of these measures has the 

potential to increase the stocks and flows of ecosystem services through the vineyard system, 

increasing resilience to future climate risks and potentially generating an additional source of income 

by generating soil carbon credits. This was not explored as a diversification option because of data 

imitations surrounding the impact of agroecological measures on grapevine performance and soil 

carbon accumulation into the future. Failure to explore this diversification measure is a limitation of 

this research because it ignores winegrower enthusiasm for this adaptation.  arnessing winegrower 

eagerness for a particular adaptation is important if research is to support them in transitioning their 

current systems to ones with increased climate resilience. With recent developments in soil carbon 

accounting future research should attempt to quantify the environmental and economic 

performance of adaptation and diversification measures based in agroecological practice.  

Limitations around data persisted into Chapter 5.   considerable portion of the study was spent 

generating biophysical data from which to derive economic outputs.  ad the study taken a data first 

approach, where the research was built around existing data sets, more time could have been spent 

on the economic analysis. The transdisciplinary nature of the thesis and supervisor team meant that 

this aspect of the study garnered more attention than if it had solely been an economics study. In 

generating the biophysical data, the challenges of transdisciplinary research were most apparent. 

Communication was the by far the biggest challenge with issues arising around understanding of 

terminology and the application of research outputs.  

 dditional challenges relating to the transdisciplinary nature of the pro ect included bringing diverse 

disciplinary areas and individuals together and acknowledging each specialist area while making 
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pragmatic decisions in the interest of the integrated aim. Future transdisciplinary research pro ects 

should take the time develop a common language and agreed ob ectives at the beginning of the 

pro ect. From a learning perspective developing the depth of knowledge require for a PhD that 

straddles three sub ect matter areas is not without its challenges, this was most apparent in the final 

stages of the study when switching between writing styles. 

While Chapter 6 achieved its ob ectives of developing diversified vineyard portfolios the study could 

be further expanded to consider the operational and logistical implications of such portfolios. The 

data and approach could be developed into a calculator that winegrowers could use to assess the 

current and future production risk of their vineyard holdings.   
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7.6 Concluding Remarks 

This thesis has focused on creating climate change adaptation strategies based in diversification by 

integrating participatory methods, biophysical outputs and economic analysis. By developing a case 

study on the Marlborough wine region, the research has established adaptation priorities for the 

region and demonstrated that winegrowers see potential for diversification as a climate change 

adaptation strategy. In generating data to inform the development of diversified vineyard portfolios 

the study determined that Sauvignon Blanc will perform di erently under di erent  CPs between 

now and the end of the century. Portfolio  nalysis can be e ectively integrated with social and 

biophysical science to develop diversified vineyard portfolios that are more robust against a range of 

possible climate futures, helping to inform decision making in the context of deep uncertainty. To 

accelerate adoption, adaptation needs to be integrated into wider wine business and industry 

decision making and strategy development.  ecognising that adaptation sits alongside existing 

ambitions and priorities, particularly around environmental sustainability, is also critical. 
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