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Pressures from urban development in metropolitan peri-urban areas has led to decline in agricultural 
activity. Methodologies that address the impacts of climate change on agriculture are better at creating 
adaptive capacity for local communities. Land Suitability Analysis (LSA) methodology has been used to 
investigate the bio-physical and climatic crop growth requirements, defining three main criteria: soil, 
landscape and climate. The analysis creates a spatial composite map that displays areas of various 
suitability ranked from 0 to 10. The timeframe includes baseline, and 2030, 2050, and 2070 based on 
higher emission scenario projections, and include irrigated and non-irrigated models. This paper 
presents the versatility LSA maps of ten commodities: Phalaris, Perennial Ryegrass, Lucerne, 
Brassicas, Citrus, Plums, Cherry, Raspberry, Cut Flowers, and Blue Gum. The case study area was 
City of Whittlesea, a Council in Northern Metropolitan Melbourne. The results indicate that agricultural 
land is highly suitable and versatile. The purpose of the analysis is to inform decision-makers and create 
the opportunity to discuss future agricultural development initiatives, which account for climate change 
as an enabler of agricultural activity. In conjunction with this approach, overarching strategies to ensure 
climate change adaptation are equally important.  

1. INTRODUCTION  

Peri-urban areas have received much attention from researchers and policy makers for their potential 
role in addressing food security issues, landscape preservation, cultural value, and resource 
management (Opitz et al., 2016; Paül et al., 2013; Thompson et al., 2006; Zasada, 2011). The 
dichotomy between urban and rural environments has resulted in limited recognition of the unique 
characteristics of peri-urban areas. Therefore, any discussion has been hampered due to a lack of 
agreement on the role of these spaces, oversimplification of existing relationships and conflicts, and 
inadequate institutional and organizational structures (Iaquinta and Drescher, 2000).  
  
Agriculture in peri-urban areas is confronted two main challenges, one related to changes of the overall 
industry, and the other related to location (Simón et al., 2014). The proximity to the city creates tension 
between urban and rural land-use due to urban sprawl, land fragmentation, land banking, and land 
prices. The benefits of preserving, maintaining, and protecting peri-urban metropolitan areas for 
agriculture have both economic and non-economic value. This includes, local business retention and 
employment, resource use efficiency in production and processing of agricultural commodities, 
ecosystem functions (water, soil quality, and air, biodiversity), quality of life, recreation and heritage, 
community coherence, education, health, and tourism opportunities (Brinkley, 2012). With urgent needs 
to build adaptive capacity for climate change, peri-urban areas could become transformational spaces.  
 
Incorporating Geographical Information Systems (GIS) utilisation, land-use planning can be coupled 
with Land Suitability Analysis (LSA) to categorise spatial patters of land-use according to specific 
requirements – agricultural land-use (Kalogirou, 2002; Sposito et al., 2013), wildlife habitat (Store et al., 
2001), environmental impact assessment (Moreno et al., 1988), and planning (Church, 2002; Janssen 
et al., 1990; Miller et al., 1998). Moreover, the LSA approach is based on the land’s intrinsic bio-physical 
characteristics which act as constraints to land-use and can be easily presented in a non-technical 
manner making it attractive to a wide range of users – planners, land managers, farmers, and policy 
makers (Brown et al., 2008). LSA is not only a representation of databases and spatial information, 
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rather it represents a participatory approach which adds a social dimension that, at times, has been 
neglected (Harvey et al., 1998). 
 
Based on the context presented and the approach mentioned, LSA represents a tool for decision 
makers to make informed decision that account for modifications in agricultural land suitability 
considering climate change at a local level. The methodology in this instance is explained by application 
in the City of Whittlesea Council, in Melbourne, Victoria (for a complete methodological explanation and 
other applications see (Sposito et al., 2013; Sposito et al., 2015). 

2. THE NEED FOR CLIMATE CHANGE ADAPTATION IN THE AGRICULTURAL 
SECTOR 

The impact relationship between climate change and agriculture is not straightforward. The non-climatic 
factors of production such as breeding, use of irrigation, fertilizer and pesticide use, and disease 
incidence have a greater impact on production in the short-term than climatic changes. On the other 
hand, the most notable impacts of climate change on the short-term are extreme weather events such 
as drought, floods, and fires. On the long-term, continuous increase in temperatures that lead to higher 
day and night difference with negative impact on certain crops, and potential losses to pests, weeds, 
and diseases. Climate change has also positive impacts on crops such as reduced frost occurrence 
and improved yield due to increased CO2 levels which assists especially C3 plants (Porter et al., 2014). 
Such climatic changes could alter agricultural activity, especially in marginal areas, resulting in the need 
to relocate agricultural production in areas better suited to future changes in climate. One example is 
the current “foodbowl” of Victoria, Murray-Darling basin, where higher temperatures, hotter and more 
frequent hot days, prolonged periods of extensive drying and increased occurrence of extreme events 
will continue to put pressure on agricultural production (Timbal et al., 2015). In this context, peri-urban 
metropolitan Melbourne has the opportunity to contribute to Melbourne’s food security, where climate 
impacts will be less severe. 
  
For the agricultural sector, adaptation implies a flexible, risk-based approach that incorporates future 
uncertainty and is based on an active role of Local Government to provide vision, support and 
implementation. Importantly, the initial efforts need to prepare farmers with alternative options suitable 
for a range of uncertain future local climate changes (CSIRO, 2010, pp. 1-13). Local Government could 
show leadership in three main areas. These include shifting strategies from mitigation only to 
adaptation, pushing for reform of planning frameworks at higher levels of government, and enabling 
adaptation throughout council functions (Measham et al., 2011). 
 
There are arguments that the Australian Government has delivered short-term responses to mounting 
evidence that the impacts of European-style farming practices have been damaging the Australian 
environments. The crops and livestock introduced coupled with intensification of input use has resulted 
in soil and water degradation (soil erosion, salinization, and acidification), pest plant and animal 
problems, and disregard for native vegetation (Gray et al., 2001). Globalization and neo-liberal 
economic rationale has left rural areas and peri-urban metropolitan areas struggling with loss of jobs 
and growing social inequalities, where poverty is largely differentiated by postcode (Alston, 2004). The 
position of competitors such as United States and European Union (EU) that continue to protect their 
agricultural sector coupled with exposure of Australian farmers to international market forces has 
lowered the economic viability of many small farm families (Cocklin et al., 2006). Furthermore, lack of 
political commitment and broader vision of those within the agricultural sector can result in decrease 
resilience in the face of climate variability.  

3. A CASE FOR MULTIFUNCTIONAL AGRICULTURE IN PERI-URBAN AREAS 

The adaptive capacity of farmers to changes in markets, consumer preferences, and climate change 
can be explored through new modes of agricultural activity. One of the most topical theoretical concepts 
is Multifunctional Agriculture (MFA). It is a concept that investigates the contribution of agriculture to 
local economies that go beyond the traditional function of food and fibre provision; it considers goods 
and services such as conservation of environmental resources, amenity, recreation, protection of 
biodiversity and rural landscapes, and social care and cohesion (Wilson, 2001; Wilson, 2008) . The 

 



concept of MFA has been coined to address these multiple façade of agriculture that go beyond 
“productivism” (Renting et al., 2009). The necessity to address agriculture in the wider context of 
sustainable development is due to agriculture having negative impacts on the environment which could 
be addressed by a more integrated and holistic approach to agricultural activity. Therefore, the main 
functions of agriculture under MFA are food security; environmental functions viewed through positive 
and negative externalities, economic functions which include primary production together with products 
and services with wider economic effects, and socio-cultural functions that address viability of rural 
communities, cultural values and farmer’s livelihoods (Calvo et al., 2009). 

3.1. Possibility of MFA expression in metropolitan peri-urban areas 

The transitional character of MFA in Australia has been conceptualised by Holmes (2008) and described 
as multifunctional rural transition. He argues that MRT represents the radical re-orientation of 
production, consumption and protection values. The driving forces include agricultural overcapacity, 
new market-driven amenity values, and changing societal values towards sustainability and 
preservation. Agricultural overcapacity is linked to the production goal, 80 per cent of farm profit is 
attributed to 10 per cent of Australian farmers. In part, this is due to farm amalgamation where large 
farms are the dominant type, and due to increase in small-scale hobby-farming type as a response to 
urbanization (Barr, 2002). New market-driven amenity values is linked to the consumption goal – rural 
land is increasingly valued for its aesthetic, pristine or near-pristine qualities. Therefore, certain rural 
areas are recognised for their heritage, connectivity and uniqueness. Changing societal values towards 
sustainability and preservation is linked to the protection goal – concerns about sustainability, habitat 
preservation, indigenous rights lead to modes of integrating environmental services within agricultural 
production. Metropolitan peri-urban areas, characterised by intense competition between production, 
consumption, and protection values, have the possibility to transition towards MFA due to immediate 
metropolitan demand, access to resource and waste disposal, market differentiation, and demand for 
rural residential, country estates, and recreational activities. Service corridors and other infrastructure 
for transport, utilities and education can further facilitate alternative trajectories (Holmes, 2006).   

Metropolitan peri-urban areas are defined by unique characteristics that can be reflected in agricultural 
production, marketing, and consumption. Arguments to protect high quality agricultural land already 
exist. Food production within peri-urban areas optimises the use of natural resources, gives access to 
valuable waste streams such as recycled water and organic wastes, and contributes $2.45 
billion/annum to the city’s regional economy creating 21,000 Full-Time Equivalent Jobs. Local 
economies benefit from maintaining local agricultural profile through job creation, multiplier effect, 
farmland preservation, farm viability, increased resilience, and diversity of supply chains acting as a 
buffer for future shocks by climate change and market distortions (Carey et al., 2016). The MFA overlay 
could give directions on how to create a more prosperous and innovative local agricultural community. 

4. CASE STUDY AREA AND METHODOLOGY 

The case study area is City of Whittlesea, located 20 km from Melbourne CBD with a current population 
of 215 407 residents (Economy ID, 2017). Overall population growth in the municipality is estimated to 
78 per cent by 2041, with two suburbs projected to become major future growth areas, Donnybrook and 
Wollert. These areas are surrounded by farming zones and the conflicts between urban and rural uses 
of land have been left unaddressed. Farming occurs on small blocks, and in the proximity to the Urban 
Growth Boundary. Land banking together with idle land and ’lifestyle’ farming reduces overall 
agricultural productivity potential. The agri-businesses in the municipality are predominantly engaged 
in extensive meet production (beef and lamb), and limited horticultural production (mainly mushrooms, 
some vegetables, pome fruit, and stone fruit). The total area of agricultural holding is approximately 
13000 ha, agricultural activity mainly concentrated in the north of the municipality (ABS, 2016a). The 
number of agri-businesses has continued to decrease since 2011 from 179 to 143 in 2016. Most agri-
businesses have a small to medium turnover size, less than $50,000 and most of these agri-businesses 
are family farms that do not employ external labour, 84 per cent, and 15 per cent employ between one 
and four people (ABS, 2016b). 

 



4.1. Methodology 

Through integration of Multi-Criteria Evaluation (MCE) with Analytical Hierarchy Process (AHP) in GIS 
space, composite maps were created that rank land suitability on the basis of three criteria: soil, 
landscape, and climate. The scale is from 0 to 10 suitability, where 0 represent not suitable (0%) and 
10 represents highly suitable (100%). Soil properties represent important factors in providing physical, 
chemical, and biological support for plant growth. The criteria considered across all commodities were 
pH, electrical conductivity, texture, drainage, and soil depth. The information has been sourced from 
Soils and Landform Mapping undertaken by the Victoria State Government (VRO, 2015) and Australian 
Soil Resource Information System (ASRIS).  Landscape data used a Victorian wide Digital Elevation 
Model (DEM) sourced from NASA’s Shuttle Radar Topography Mission hosted in conjunction with the 
United States Geological Survey at a resolution of 30 meters that provided information on slope, aspect 
and altitude (NASA et al., 2014).  Baseline climate data included climate variables over a period of 30 
years. The World Meteorological Organization (WMO) uses the period of 1961 to 1990, which is also 
used by Australian meteorological references. Future climate projections were derived from the 
ACCESS 1.0 Global Climate Model (CSIRO and BoM, 2015; Knutti et al., 2012).The higher emission 
scenario (RCP8.5) was chosen as representative. Ten commodities were chosen for the analysis: 
Phalaris, Perennial Ryegrass, Lucerne, Brassicas, Citrus, Plums, Cherry, Raspberry, Proteas, and Blue 
Gum. Versatility maps (for irrigation and non-irrigation models) have been created through weighted 
overlay of final commodity land suitability, where pastures received a weight of 0.3 (Phalaris 0.33; 
Perennial Ryegrass 0.33, Lucerne 0.34), Brassica of 0.2, Fruits of 0.35 (Citrus 0.25, Cherry 0.25, Plum 
0.25, Raspberry 0.25), Cut flowers of 0.1, and Blue Gum 0.05 (weighting condition equals one).  
 
The additional value of this methodology consists in public engagement with local farmers through the 
validation process. This step insures that results have local relevance and reflect local knowledge. 
Therefore, baseline maps have been presented to farmers in City of Whittlesea through a series of one-
on-one consultations and one group workshop following individual interviews. A total of ten farmers 
have been interviewed individually. In phase one, the farmers were presented with initial baseline maps 
of the models created through literature consultation. They were asked a set of questions that related 
to the accuracy of the results. They were asked to describe local growing conditions, namely soil 
conditions, to estimate yields, and to list limiting bio-physical and climatic growing factors. The 
comments from individual consultations were translated into the models and in the second phase, 
during the group consultation, participants were asked to assess the LSA weighted hierarchical tree 
(the complete LSA methodology is described elsewhere) and final comments were recorded. The 
validation process was conducted from December 2016 to April 2017. All the comments served to 
modify the weights of the model to reflect local characteristics. 
 
Important caveats accompany the methodology considering the scope of the analysis and data 
availability. The resolution of LSA maps is 1 km2 and is not intended to infer current and future conditions 
at site level. The methodology was developed as a tool for long-term policy making, as it is based on 
long-term climate change projections and do not take into account short-term seasonal changes. The 
main aim of this analysis is to assess the potential of agriculture into the future in order to make a case 
for the viability of protecting agricultural land or to signal the need for changes where agricultural 
suitability would deteriorate over time. At the same time, due to the difficulty of accounting for all farm 
management practices, the analysis focuses only on bio-physical and climatic influences on commodity 
growth. Finally, extreme events (extreme heat days, flooding conditions) and plant growth 
characteristics with no spatial data although important for crop growth, such as organic carbon, soil 
moisture accounting, and frost occurrence were not included in the analysis. 

5. RESULTS 

In City of Whittlesea, annual average temperatures are expected to increase up to 3.5 °C by 2070 (2.5 
°C by 2050) with higher increase for the summer months than winter months (Figure 1a). Annual 
average precipitation is expected to decrease by 8 per cent. Monthly changes indicate that precipitation 
in summer months will increase slightly (5 to 9 per cent), with almost 30 per cent increase in February, 
and decrease in the rest of the season, in winter by 10 to 12 per cent, with almost 30 per cent in June 
(Figure 1b). This shift in precipitation patterns has important implications for agriculture since the 
seeding and growing season will be altered. The LSA models attribute more importance to annual 
precipitation, therefore the slight variation did not cause the models to change drastically. Temperature 

 



increase has the benefit of reducing local frost incidence, leading to a possible positive effect on plant 
development.  

Figure 1 Key climate variables used in Land Suitability Analysis and their variation with time; a. 
Changes in mean surface temperature from baseline; b. Percentage change of monthly average 

precipitation from baseline 

5.1. Versatility Land Suitability Analysis results 

 
The capacity of land to grow multiple crops, defined as the versatility of all ten commodities, is 
summarized in Figures 2. Built areas and public land have not been included in the results since they 
have no value in the discussion of future agricultural productivity. Table 1 summarizes classes of 
versatility suitability under irrigated and non-irrigated models, further grouped under high suitability (100 
to 80 per cent), medium suitability (70 to 50 per cent), low suitability (40 to 10 per cent), and restricted, 
for the entire municipality. In City of Whittlesea 56 per cent of the municipality consist of land with 
agricultural potential, out of which highly suitable land increases from 60 per cent to 68 per cent. The 
most important comparison remains that of irrigated and non-irrigated models. Without any irrigation 
only 30 per cent (baseline) to 42 per cent (2070 RCP8.5) is classified as highly suitable. 
 

Table 1 Versatility of usable land in City of Whittlesea municipality, irrigated models (top), non-
irrigated models (bottom) using emissions scenario RCP 8.5 

 

 
The LSA indicates that given the changes in temperature and precipitation predicted by the climate 
change scenario RCP8.5, most commodities modelled will continue to be suitable, indicated by the 
versatility results. This has two major implications. One relates to the importance of continuing soil 
health management practices given that projected climatic variability is not extreme. This is due, in part, 
to the use of average values rather than focusing on extremes. The other relates to the importance of 
supporting local agriculture given high versatility of agricultural land into the future. The functions of 
agriculture that go beyond production can offset other impacts of climate change, ranging from lower 
population density which reduces stress on natural resources and community services, and CO2 
emissions, trees planted on farm that serve multiple purposes, local food production, local job creation, 
and the protection of rural areas as cultural heritage. Multifunctional agriculture presents farmers with 
opportunities to expand into the non-commodity goods and services, thus encouraging local 
expressions of rural and peri-urban development. 

% total Usable land Baseline  2030 2050 2070 
High Suitability 60.4 65.7 64.2 68.8 
Moderate Suitability 36.6 31.5 33.0 28.4 
Low Suitability 3.0 2.8 2.8 2.8 

% total Usable land Baseline  2030 2050 2070 
High Suitability 30.8 40.6 40.1 41.8 
Moderate Suitability 66.2 56.5 57.0 55.4 
Low Suitability 2.9 2.9 2.9 2.8 

b. a. 

 



 

Figure 2 Versatility land suitability comparing results for irrigated and non-irrigated models, baseline 
and 2050 (the commodities with irrigation include Brassicas, Citrus, Cherry, Plum and Raspberry)  

5.2. Workshop outputs 

The models’ validation through farmer’s consultation has refined the understanding of local bio-physical 
and climatic conditions that otherwise might have been omitted. The common themes included 
importance of the wind factor, soil limitation around Eden Park, importance of alluvial soils and black 
cracking clay soils along waterways, and impact of water availability.  
 
Winds in City of Whittlesea average to 25 km/h (annual average 1993 – 2010), while wind gust can be 
as high at 122 km/h (annual average 2003 – 2017) (BoM, 2017). Site specific soil conditions of Eden 
Park relate to the rocky relief results in soils with poor structure and highly dispersible. Generally, 
farmers have indicated over-estimation of land suitability of that region. The weights within the model 
could not be altered without compromising relevance in other regions, therefore the agreement has 
been to indicate the land suitability limitation of Eden Park. Alluvial soils and black cracking clays have 
been recognised as a valuable resource, many farmers relying on the fertility along waterways (Marri 
Creek and Plenty River, plus tributaries) for favourable yield. The model has been adjusted to reflect 
this knowledge. Finally, concerns about availability of irrigation water in the area, mainly for horticulture 
cultivation, led to the decision to create both irrigated and non-irrigated LSA models in other to account 
for the impact of limited water access, currently and in the future. 
 
The engagement of farmers in the validation process has been three-fold beneficial. First, local 
conditions could not be incorporated from literature alone. Second, farmers were able to voice their 
concern about the future of agriculture in the region in an open discussion. Lastly, the Local Government 
action towards addressing the issue of agricultural viability creates new collaboration opportunities. Of 
particular importance is the potential of recycled water use for irrigation through partnership with Yarra 
Valley Water and educational collaborations with Melbourne Polytechnic. 

 



6. CONCLUSION  

With pressures on the current “foodbowl” in Victoria, peri-urban metropolitan Melbourne has the 
opportunity to contribute to Melbourne’s food security. As highlighted, the benefits of maintaining peri-
urban agriculture have economic and non-economic benefits, including local business retention and 
employment, resource use efficiency in production and processing of agricultural commodities, 
ecosystem functions (water, soil quality, air, and biodiversity), quality of life, recreation and heritage, 
community coherence, education, health, and tourism opportunities. Versatility maps show that land 
suitability of all ten commodities is high, reflecting the inherent capacity for agricultural diversification. 
This analysis provides Local Government with the opportunity to take leadership in maintaining, 
supporting, and promoting local agriculture. The LSA is based on principles of stakeholders’ 
participation in the validation process, which greatly enhances transparency, communication and 
discussion. The paper has also introduced the concept of multifunctional agriculture, defined as a 
means to increase farm viability in the broader context of sustainability, worth exploring in building a 
more prosperous local agricultural sector, and in building adaptive capacity to climate change. 
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