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Abstract: Cities face growing challenges from climate change, including rising temperatures, extreme 

rainfall, and intensifying urban heat islands, resulting in significant socio-cultural costs. Urban areas 

are increasingly vulnerable to food insecurity during disasters, yet the potential of urban agriculture 

(UA) to address this challenge remains underexplored. This study focuses on Wellington, New 

Zealand (NZ), a region highly prone to earthquakes, to evaluate the role of UA in enhancing post-

disaster food security. The study calculates vegetable self-sufficiency by mapping potential 

productive land, estimating vegetable yields, and assessing post-disaster food demands across 

multiple scenarios. Potential productive land was quantified using a reproducible GIS-based method, 

considering three soil-based UA types: private yards, communal gardens, and urban farms. Due to 

Wellington’s mountainous topography, slopes and aspects were used to select four land scenarios. 

Three yield scenarios were estimated using aggregated data from previous studies, cross-checked 

with local UA and NZ conventional farming data. Food demands were based on NZ’s recommended 

vegetable intake and three targeted population scenarios: the entire population, displaced 

populations, and vulnerable populations. Results indicate that potential productive land is primarily 

evenly distributed in the eastern part within city boundary, accounting for 0.3% to 1.5% of the total 

area. Vegetable self-sufficient rates for Wellington through UA range from 3% to 75%, with higher 

rates for displaced and vulnerable populations. These figures significantly exceed the current self-

sufficiency rate estimated in the authors’ preliminary research, indicating Wellington’s considerable 

potential to enhance post-disaster food security through expanding UA and promoting related 

initiatives. However, realizing this potential will require stronger policy support, integrating UA 

with urban planning and disaster preparedness. 
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1. Introduction 

Climate change poses a number of increased disaster scenarios for cities. Urban residents are 

increasingly vulnerable to extreme weather events such as droughts, heatwaves, and flooding, with 

climate change expected to further exacerbate these issues [1,2]. Addition research notes that that 

climate change is expected to increase the likelihood of disasters such as liquefaction and flooding, 

particularly in coastal areas [3,4]. In addition to the seismic risks to New Zealand (NZ), cities in NZ 

are susceptible to the projected impacts of climate change, including extreme rainfall, extreme storm 

events and urban water security [5–7]. The ability of cities’ to respond to climate change-induced 

extreme weather events has become a critical global concern [8]. Given the rising risk of disasters like 

landslides, liquefaction, and seismic activity, understanding the potential role of urban agriculture in 

enhancing post-disaster food security is crucial. 

1.1. Post-Disaster Food Security 

As the global population continues to grow, ensuring food self-sufficiency through sustainable 

food security remains a critical global priority and challenge [9]. Food security has been defined as 
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“when all people, at all times, have physical, social and economic access to sufficient, safe and 

nutritious food to meet their dietary needs and food preferences for an active and healthy life” ([10], 

p. 1). Disasters pose a direct threat to food security [11], severely disrupting the food system at every 

stage, from production and distribution to consumption [12]. Such events can lead to failures in both 

physical and social food accessibility due to environmental disruptions, reduced food availability 

from supply chain interruptions, and inadequacies in food suitability stemming from cultural, 

nutritional, or medical gaps [13]. 

Disasters causing infrastructure failures further impede access to food [14]. For instance, during 

the severe weather events in North Island, NZ, in 2023, the town of Wairoa was cut off due to 

flooding, which forced residents to rely on themselves for food and other essentials [15]. After 

disasters, the distribution of emergency food can be delayed due to road damage and congestion. 

Following the 2011 Great East Japan Earthquake, food transported from outside the affected areas 

often took longer to arrive, causing perishable items to spoil before reaching their destinations [16]. 

Such delays in emergency assistance underscore the importance of strengthening food security 

through local food systems [14]. 

While government-led support is essential for post-disaster food security, household and 

individual-level food preparedness remains a vital component of disaster resilience [17]. However, 

both household and external emergency food supplies primarily consist of non-perishable items 

designed for longevity and convenience, with little consideration for nutritional value or quality 

[16,17]. Reliance on such food supplies often results in limited food choices that may fail to meet 

dietary needs or cultural preferences [18]. 

While emergency provisions are intended for short-term use, studies indicate that affected 

populations frequently rely on them for mid-term to long-term periods, depending on severity of 

disasters [19]. Based on Nakazawa & Beppu (2012), emergency food, such as long-shelf-life stockpiles, 

can only address immediate needs in the first stage of a disaster. A complete disaster preparedness 

food strategy must go beyond just providing basic sustenance. This strategy needs to support both 

mental and physical health while helping people maintain a sense of normalcy during crisis 

situations. 

The above discussion highlights the fragility of the local food system in post-disaster contexts 

and the limitations of emergency food stockpiling [16,20]. This underscores the need for alternative 

approaches to build a more resilient food system capable of withstanding future disasters. 

1.2. Urban Agriculture 

Urban agriculture (UA) offers a potential solution to the challenges mentioned above [21]. 

Defined as the cultivation of food and other products, along with related activities, within or near 

urban areas [22], urban and peri-urban agriculture can take various forms. These are generally 

categorized into four types: home gardening (small-scale gardens that enhance household food 

security), shared gardening (collectively maintained spaces on public, vacant, or open urban land), 

commercial farming (intensively managed operations with hired staff), and institutional gardening 

(multi-purpose farming initiatives on institutional land) [22]. Vegetables and fruits are the primary 

products of UA due to their higher nutritional value and greater yields compared to staple crops 

[23,24]. 

UA has long been regarded as a means to combat food insecurity during crises. During the 1930s 

Depression and World War II, vegetable gardens thrived in NZ, ensuring a steady supply of fresh 

vegetables to citizens at affordable prices. In more recent crises, such as the 2020 COVID-19 

pandemic, UA played a critical role in providing food and mental support across various countries 

[25]. For example, during the lockdown in Wuhan, China, the 20,000 hectares of cultivated land 

within and around the city ensured the accessibility and availability of vegetables for its residents 

[26]. 

Alternative food sources like UA can enhance food security during disasters [18]. A disaster 

preparation food survey revealed that one-third of households identified access to vegetable gardens 
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as a post-disaster food source [17]. Examples from around the world underscore the importance of 

UA in disaster resilience. In Pakistan, private yards improved nutritional intake for families affected 

by the 2005 earthquake in North West Frontier Province [27]. In NZ, local community gardens 

supported affected populations immediately after the 2010 and 2011 Christchurch earthquakes [28]. 

Similarly, New York City community gardens contributed to food security and served as spaces for 

healing after Hurricane Sandy in 2012 [29]. 

Few studies have explored a city’s potential to utilize UA for vegetable production to enhance 

post-disaster food security, despite its widely recognized benefits [19]. The rationale for this study 

lies in the need for alternative food systems—such as UA—during disasters. To assess how UA may 

support food security after a disaster, determining the locations and quantities of vegetables a city 

can produce to meet its food needs is important. This study seeks to address this gap by using 

Wellington- a city that is vulnerable to natural hazards such as tsunamis, earthquakes, and 

liquefaction - as a case study, with an emphasis on vegetable cultivation in soil-based agricultural 

systems. Based on the definition of self-sufficiency as meeting daily food demands through local food 

production [30], this study defines vegetable self-sufficiency as the extent to which the targeted 

population’s vegetable needs can be met within urban boundary. The findings will provide valuable 

insights for urban planning and disaster preparedness. 

1.3. Case Context 

Wellington City, the capital of New Zealand (NZ), has a population of 216,200 [31], and 

encompasses approximately 290 km² of land [32]. Due to the city’s natural geography and the 

presence of several fault lines, this city faces significant hazards risks including earthquakes, 

liquefaction, tsunamis and severe weather events [33,34]. The major urban area is primarily located 

in the eastern region, where the terrain is more even, while the western region is predominantly rural, 

characterized by mountainous terrain and limited development (Figure 1b) [35]. 

The city’s vegetable supply mainly comes from farms to the north (Kapiti Coast) and across the 

sea to the east (Wairarapa), with distribution heavily dependent on two north-south corridors 

connecting these regions [36–39]. However, the city’s geography, bordered by mountains on one side 

and the sea on the other three, makes its distribution networks susceptible to disruption during 

natural disasters (Figure 1c) [34,40]. In such circumstances, residents could face severe food shortages 

during disasters, highlighting the need to rely on local food production to ensure food security [40]. 
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Figure 1. (1.a) Map of New Zealand; (1.b) Map of Wellington City: major urban area is in the eastern region; 

(1.c) Map of Wellington Region (by authors). 

On the other hand, UA has been introduced as part of the sustainable food initiatives promoted 

by the Wellington City Council (WCC) from 2011 [40], supported by resilient food system guidelines 

[41]. This promotion has driven the growth of UA in Wellington City, including an expanding 

network of community gardens [42]. While categorized broadly as “community gardens” by WCC, 

preliminary research conducted by the authors among the existing community gardens in Wellington 

identified three distinct UA types: communal gardens, allotments, and urban farms. Beyond 

community gardens, home gardening like private yards have been a longstanding tradition and 

remain popular in Wellington [43]. Additionally, productive landscapes within urban open spaces 

have also flourished in the city [44]. It was also observed that vegetables are the primary products of 

UA in Wellington. Therefore, this study focuses exclusively on vegetable production through UA. 
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Wellington’s farming-friendly climate supports year-round crop production [36]. However, 

natural challenges for cultivation include strong winds, insufficient sunlight, and steep slopes, as 

identified through the preliminary research. 

To assess Wellington City’s potential for vegetable production in enhancing food security in the 

aftermath of disasters, this study addresses the following research questions: 

1. What is the available land area for vegetable cultivation in Wellington City? 

2. What is the vegetable productivity in Wellington City, and to what extent can it meet post-

disaster vegetable demands? 

3. What is the potential contribution of UA to post-disaster Wellington? 

2. Methods 

This study assesses Wellington City’s potential to enhance post-disaster food security through 

UA by calculating vegetable self-sufficient rates based on three key variables: potential productive 

land, vegetable yields, and post-disaster demand. High-tech UA such as rooftop farming, was 

excluded due to potential vulnerability to structural damage during seismic events [19,45,46]. Instead 

this study focused on private yards, communal gardens, and urban farms as practical and disaster-

resilient solutions. Here, private yards correspond to home gardening, communal gardens to shared 

gardening, and urban farms to commercial farming (though not necessarily operated for profit). The 

methodology consists of four stages, as illustrated in Figure 2. 

 

Figure 2. Study design. 

2.1. Mapping Potential Productive Land 

A GIS-based (ArcGIS 3.2) approach was used to identify suitable productive land, with data from 

WCC1, Greater Wellington Regional Council (GW)2, and Land Information New Zealand (LINZ)3, 

along with non-public data obtained through inquiries to WCC. Slope, aspect, accessibility, hazards, 

and zoning were the key factors in determining cultivation suitability. Land with steep slopes (>30%), 

hazardous conditions, or inaccessibility was excluded. The analysis identified potential land for 

private yards, communal gardens, and urban farms within residential, open space & recreation, rural, 

 
1 https://data-wcc.opendata.arcgis.com 

2 https://data-gwrc.opendata.arcgis.com 

3 https://data.linz.govt.nz 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2025 doi:10.20944/preprints202503.0115.v2

https://doi.org/10.20944/preprints202503.0115.v2


 6 of 24 

 

and parts of special purpose zones4, based on a review of farming-permitted zones in the Wellington 

City District Plan [51]. 

The methodology for mapping potential productive land consists of three steps (Figure 3). 

 

Figure 3. Process of mapping potential productive areas. 1 Slopes were reclassified based on the following 

criteria: a ) Slopes <15% were as ideal for agricultural practices [52,53]. b) 15% < Slopes < 30%, were not optimal 

but still suitable for agricultural activities without requiring significant technical interventions [54]. c) Slopes 

 
4  Residential parcels include single-unit (S) — designed for one household, multi-unit (M) — 

accommodating two or more households, bach (B) —Holiday house, and vacant (V) — undeveloped 

residential parcels,  located in residential zones and rural zones [47], [48]. Among them, S, M and B 

parcels are considered suitable for private yards, while V parcels are suitable for communal gardens. 

Although the sport and active recreation zone and the quarry zone are designated as farming-

permitted areas, they were excluded from this analysis due to potential soil contamination risks [49], 

[50]. 
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>30% were excluded due to the need for advanced techniques for agricultural purposes [54]. Aspect selection 

prioritized non-south-facing slopes, as they receive more sunlight and are therefore more suitable for farming 

in New Zealand’s Southern Hemisphere context [54]. 2 For private yards in S, M and B residential parcels, 20% 

was reserved for landscaping [51] and 90% for common spaces, including for relaxation, facilities and paths [55]. 

3 For communal gardens in V residential parcels, 80% of the potential area was retained for UA [30]. 4 For 

communal gardens in open & recreation zones, and urban gardens in special purpose zones and rural zones, 

20% of the potential area was designated for cultivation, with the remaining 80% allocated for other purposes 

such as playgrounds and natural green space, thereby excluded from the potential UA land [56]. 

Step 1: The input parcels data, excluding roads and highways, was used to clip the 

corresponding urban zones. For the potential parcels designated for communal gardens and urban 

farms, existing land-use attributes on parcels layer were verified and cross-checked with aerial 

imagery5 to exclude unsuitable areas (e.g., botanical gardens, cemeteries, dams, motorways, and 

landfills). To address post-disaster food demands, this study prioritized accessible, non-hazardous 

land near major population centres to ensure easy and safe food access following a disaster. 

Inaccessible parcels were excluded using road network data and aerial imagery6, while hazard-prone 

areas, including fault lines, tsunami zones, and liquefaction zones, were also removed. 

As discussed in Section 1.3, steep slopes and limited sunlight have been identified as challenges 

for UA in Wellington due to its mountainous terrain. To address this, slope and aspect analyses were 

performed using the 2019-2020 1-M digital elevation model (DEM) of Wellington Region to identify 

land suitable for cultivation. The resulting raster data were clipped with the parcel data for each 

urban zone, to determine the basic potential area for each UA type. 

Step 2: To enhance urban land-use efficiency and avoid small, narrow or fragmented areas, a 

certain percentage was deducted from the basic potential area in each zone based on review of 

previous studies (Figure 3) [53,54,56–58]: 

Step 3: A ratio of each potential productive land was deducted in each scenario to account for 

possible non-productive spaces (Figure 3). 

Finally, to ensure the robustness and accuracy of the mapping process and results, validation 

was conducted by randomly selecting five parcels in each land sub zone and analysing their aerial 

imagery for visual comparison. After mapping potential productive land using GIS, the study then 

estimated potential vegetable yields based on literature and survey data. 

2.2. Estimating Vegetable Yields 

Due to the lack of any available data on UA yields in Wellington City, the first author (Liu) 

conducted preliminary research across the existing allotments, communal gardens, and urban farms 

in the Wellington Region to compile first-hand local UA yield data. However, as most gardeners do 

not record their harvests, the collected data was insufficient to support this study, with only two 

participants providing yield information. Due to this limitation, potential food yields were estimated 

through synthesizing previous published UA studies that included first-hand vegetable yield data, 

supplemented by the data collected by the first author (Table 1). Distinguishing between different 

UA types is crucial, as variations in farming techniques and labour intensity can influence yields [59]. 

Thus, the previous studies were categorized by UA types. Conventional farming yields are typically 

lower than UA yields and thus serve as a conservative benchmark [60]. To ensure the synthesized 

data accurately reflects local conditions, it was cross-validated with estimated conventional farming 

 
5The aerial imagery for this study was LINZ 0.3-m orthophotography of the Wellington 

Region, captured in 2021.  
6 To ensure accessibility in rural zones, where many parcels are distant from dense population areas, 

aerial imagery was used to identify and exclude those far from major population centres or separated 

by mountains. 
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yields in NZ [61] and early preliminary fieldwork findings, which confirmed its alignment and 

suitability for this study. 

Table 1. Summary of yields based on literature review and field survey. 

Allotments/Private yards1 

Source Location Yield (Kg/㎡) 

[62] South Australian 3.4 

[63] Brighton and Hove, UK 1.0 

[64] Paris  1.2 

[65] San Jose, California, USA 6.0 

[66] Laramie, Wyoming, USA 2.4 

[67] Leicester, UK 2.3 

[57] Guelph, Canada 1.4 

Average   2.5 

Communal gardens 

Source Location Yield (Kg/㎡) 

[64] 
Paris  1.4 

Montreal 1.9 

[68] New York, USA 
5.8 

1.6 

[69] UK 1.6 

Average   2.5 

Urban farms 

Source Location Yield (Kg/㎡) 

[70] Chiba & Tokyo, Japan 
4.2 

8.5 

[71] Manila, the Philippines 3.0 

This study survey  
Urban Farm 1 in Wellington, 

NZ 
4.0 

This study survey  
Urban Farm 2 in Wellington, 

NZ 
3.7 

Average   4.7 

Conventional farming data [61] 2.5 (Kg/㎡) 

1 Private gardens and allotments were grouped into the same category, as both involve individuals growing 

their own crops and therefore exhibit similar yield patterns [72]. 

2.3. Estimating Post-Disaster Food Demands 

Post-disaster demands were affected by two variables: per capita vegetable intake and the 

targeted population. 

Most studies chose from two types of vegetable intake data: recommended intake and actual 

consumption [23,30,54,56,71,73–77]. This study utilized recommended vegetable intake of 

375g/day/capita based on NZ government guidelines [78]. This is because actual consumption is often 

lower than true demand and fails to account for waste and spoilage during food processing 

[23,30,71,79]. 
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The targeted population included three types of people: the entire population of Wellington 

City, estimated displaced population, and vulnerable populations. Displaced population estimates 

were according to WENIRP projections for major earthquake scenario7 [80]. Vulnerable populations 

include the elderly (over 65) and children (under 15), as they are more susceptible to food insecurity 

due to higher food quality requirements [19,81]. While pregnant and lactating women also have 

higher food quality needs [82], this study excludes them due to a lack of census data for this group. 

2.4. Scenario Settings and Self-Sufficient Rates Calculation 

Self-sufficient rate scenarios were developed as a matrix by combining variations in potential 

productive land, yields, and post-disaster food demands, as discussed in Section 2.1, 2.2 and 2.3. 

For potential productive land, four land-use scenarios were developed based on the slopes and 

aspects selections in Figure 2. 

• Scenario A: Land with slopes <15% and W(West), NW (Northwest), N (North), NE (Northeast), 

E (East) -facing aspects. 

• Scenario B: Land with slopes <30% and W, NW, N, NE, E-facing aspects. 

• Scenario C: Land with slopes <15% across all aspects. 

• Scenario D: Land with slopes <30% across all aspects. 

Among them, Scenario A represents the optimal and conservative land use conditions for UA, 

while Scenario D assumes a highly improbable scenario with minimal constraints. The four land 

scenarios address Research Question 1 and illustrate the varying possibilities for productive land in 

Wellington. 

For yield scenarios, previous studies offered a range of yield data that were influenced by 

locations, soil types, climate, compost quality, irrigation systems, pest management, and the 

gardener’s motivation, etc [56,64,69,75,83]. Thus, three yield scenarios were considered for each UA 

type, following the methodology of De Simone et al. (2023) (Table 2): 

Table 2. Estimating vegetable yield scenarios for Wellington City. 

1 The definitions of the yield scenarios were informed by relevant prior studies [19,72]. 

 
7 It includes commenters, flat dwellers and visitors in the event of an earthquake occurring during 

working hours. 

Yield scenarios Definition1 
Allotment/Priva

te Garden 

Communal 

gardens 

Urban 

farms 

Yield 1 

Lowest yield in each UA type, with 

low labour intensity, poor soil 

quality, unsuitable farming climate, 

and gardeners treating UA as a 

hobby. 

1.0 1.4 3.0 

Yield 2 

Average yield in each UA type, with 

medium labour intensity, moderate 

soil quality, and a reasonably 

suitable farming climate. 

2.5 2.5 4.7 

Yield 3 

Highest yield in each UA type, with 

high labour intensity, excellent soil 

quality, an optimal farming climate, 

and professional gardeners. 

6.0 5.8 8.5 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2025 doi:10.20944/preprints202503.0115.v2

https://doi.org/10.20944/preprints202503.0115.v2


 10 of 24 

 

As for post-disaster food demand scenarios, they were categorized by the three targeted 

populations outlined in Section 2.3, are summarized in Table 3. 

Table 3. Post-disaster food demand scenarios for Wellington City. 

Minimum daily vegetable intake (g/ day/capita) Data sources 

Minimum vegetable demands 375 [78] 

Targeted population scenarios  

I Entire population 216,200 [31]  

II Displaced population 67,000 [80] 

III Vulnerable population 54,300 [31]  

Based on the above four productive land patterns and three yield scenarios, a productivity 

matrix comprising 12 scenarios was developed. A 20% crop refuse rate was applied to the 

productivity estimates to account for losses during cooking and storage [84]. The 12 productivity 

scenarios were then combined with the three demand scenarios, resulting in a total of 36 self-

sufficiency rate scenarios. This analysis addresses Research Question 2, evaluating Wellington’s 

capacity to produce food and sustain its population within the city boundary. 

3. Results 

3.1. Potential UA Land 

The potential productive land is primarily concentrated in the eastern part of Wellington City, 

spanning various urban land types (Figure 4). This concentration is attributed to the area’s built-up 

land and higher population density. Although Wellington has substantial land in its western rural 

region, it is unsuitable for agriculture purposes due to its steep slopes. Additionally, considering 

post-disaster food security, this area is too distant from the population centre and would likely be 

inaccessible during emergencies. Potential land for private yards and communal gardens is evenly 

distributed in the eastern region, while potential land for urban farms is predominantly located in 

the northeast, where more future urban and rural land is available. 

In terms of land zones composition, the majority of potential UA land across the four potential 

land scenarios is located in residential zones, followed by open space & recreation zones and special 

purpose zones, with rural zones occupying significantly less land. This distribution is because rural 

zones have comparatively smaller land areas. 
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Figure 4. Mapping of potential UA land in Wellington City: four scenarios were overlapped on the map (before 

applying ratios in Step 3 from Section 2.1). 

Under Scenario D—the highly improbable scenario, where all land with slopes under 30% was 

considered—the maximum potential productive area was estimated at 4,249,898 m², comprising 34% 

private gardens, 42% communal gardens, and 24% urban farms. While Scenario D offers the greatest 

potential for productive land in Wellington, it may not be entirely realistic in the local context. 

Although slopes under 30% are considered cultivable, they are less ideal for agriculture compared to 

slopes under 15% [52,54,85]. Therefore, more feasible UA land options may align with Scenarios A 

and C, which focus on land with slopes under 15%. Scenario A, the optimal scenario for cultivation 

and the most conservative scenario in land selection criteria (land under 15% slope without south-

facing aspects), identifies 867,803 m² of potential land, with a composition of 42.5% private yards, 

57% communal gardens, and 0.5% urban farms. Scenarios B (excluding south-facing aspects under 
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30% slopes) and C (including all aspects under 15% slopes) exhibit similar results, with 1,717,136 m² 

and 1,958,733 m², respectively. 

3.2. Potential Vegetable Productivity and Post-Disaster Vegetable Self-Sufficient Rate 

The 12 productivity scenarios are detailed in Table 4, with the 36 self-sufficient rate scenarios 

presented in Table 5. To meet the entire population’s vegetable needs, the lowest potential was 3% 

under the most conservative scenario, SA1, which incorporated minimal land and the lowest yields. 

This equates to meeting the vegetable demands of 6,486 people. Under Scenario SA1, the self-

sufficient rates increased to 9% and 12% for displaced or vulnerable populations during disasters, 

respectively. In contrast, the highest self-sufficient rate for the entire population was 75% under SD3, 

which included the most land and highest yields. Under Scenario C, which focused on all land with 

slopes under 15% (a more feasible option as discussed in Section 3.1), self-sufficiency in SC1 (lowest 

yields) for the entire population was 8%, approximately 2.5 times higher than in SA1. Notably, in 

SB3, SC3, SD2, and SD3, self-sufficiency exceeded 100% for either the displaced or vulnerable 

population, indicating that all vegetable needs for these groups could be met during disasters. 

Table 4. Productivity scenarios under different land use patterns (scenario A to D) and yields (yield 1-3). 

Productivity (Kg) 

  Yield 1 Yield 2 Yield 3 

Scenario A 859,578 1,736,721 4,095,579 

Scenario B 1,717,501 4,273,249 8,075,240 

Scenario C 2,345,955 4,475,346 9,914,803 

Scenario D 5,620,146 10,258,102 22,142,588 

Table 5. Self-sufficient rates scenarios based on three types of targeted population. 

Targeted population Self-sufficiency rate 

Entire population 

SA1 SA2 SA3 

3% 6% 14% 

SB1 SB2 SB3 

6% 14% 27% 

SC1 SC2 SC3 

8% 15% 34% 

SD1 SD2 SD3 

19% 35% 75% 

Displaced population 

SA1 SA2 SA3 

9% 19% 45% 

SB1 SB2 SB3 

19% 47% 88% 

SC1 SC2 SC3 

26% 49% 108% 

SD1 SD2 SD3 

61% 112% 241% 

Vulnerable population 
SA1 SA2 SA3 

12% 23% 55% 
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SB1 SB2 SB3 

23% 57% 109% 

SC1 SC2 SC3 

32% 60% 133% 

SD1 SD2 SD3 

76% 138% 298% 

4. Discussion 

This study seeks to explore the potential of UA as an alternative food system in Wellington City 

to support post-disaster vegetable demands. Results demonstrate that Wellington City could provide 

anywhere from 3% at the minimum to 75% of the entire population’s vegetable demands based on 

different UA scenarios. During disasters, for the estimated displaced or vulnerable residents, UA 

could provide even higher self-sufficiency. The subsequent Section 4.1 and 4.2 compares these 

findings with previous studies and examines how they align with Wellington’s current UA capacity. 

Additionally, Section 4.3 and 4.4 discusses the significance of UA for the city’s post-disaster food 

security and its development prospects, which addresses Research Question 3. 

4.1. Wellington City vs. Other Cities 

Table 6 compares the current study with previous studies that calculated the potential future 

self-sufficiency rates for vegetables and/or fruits using soil-based UA. Due to differences in land use, 

UA types, population density, regional variations and other factors, these rates are not directly 

comparable but could be viewed as approximate references. Most studies applied various scenarios 

based on different yields and land potentials (e.g., land types and ratios of uncultivable spaces), 

resulting in a wide range of self-sufficiency rates. Some report exceptionally high rates, likely due to 

overly idealized assumptions, such as unrealistically high yields and improbable land selection. 

Additionally, including rooftop UA can significantly boost self-sufficiency due to its high yields and 

the extensive rooftop areas available in urban environments [53,55,56]. Notably, only two studies 

accounted for slopes and aspects [53,54]. 

Table 6. Self-sufficient rates comparison. 

Studies Self-sufficient rate  

Dubbo, Australia [86] 23.4%-84.3% 

Sydney, Australia [87] 15%-34% 

Oakland, USA [54] 0.6%-7.7% 

Berlin, Germany [55] 5%-82% 

Tokyo, Japan [59] 11.73% 

Midlands, UK [88]  9% 

New York, USA [53] 50% 

Mestre, Italy [56] 319% 

Current Study (Wellington City) 3%-75% 

To ensure accuracy, this study adopted a more conservative approach. First-hand yield data 

from published studies were cross-validated with preliminary local UA data collected by the author 
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and NZ conventional farming data to avoid unrealistic estimates. Land selection considered zoning, 

uncultivable spaces, accessibility, hazards, and suitable slopes and aspects, ensuring legal compliance 

and contextual appropriateness for Wellington. Conservative ratios of uncultivable spaces were 

incorporated, recognizing that UA cannot replace all other land uses, particularly urban public 

spaces, which must serve multiple functions. Given that actual vegetable demand is always lower 

than the recommended intake, the study used recommended figures to adopt a more rigorous 

approach [54]. 

Following a more stringent data selection process, the results should be viewed as a reliable 

estimate, not reflecting the maximum potential for UA in Wellington. These findings fall within a 

consistent range compared to previous studies. Even under the most conservative Scenario SA1 (with 

minimal potential land and the lowest yields), 3% of the city’s vegetable demand could be met (Table 

5). While this percentage may appear modest, it is comparable to findings from studies in Oakland 

and Berlin, where the most conservative scenarios yielded self-sufficient rates of 0.6% and 5%, 

respectively, based on similar land selection criteria [54,55]. For post-disaster vegetable needs, 

achieving self-sufficient rates of 9% for the displaced population or 12% for vulnerable groups would 

significantly benefit the affected people in crisis. This finding aligns with a similar post-disaster study 

conducted in Nerima Ward (part of Tokyo prefecture), Japan, which reported a nutritional self-

sufficiency rate of 11% for displaced populations [19]. Although the Tokyo study focused on current 

UA capacity for nutritional self-sufficiency—a more challenging metric than self-sufficiency by 

weight—Wellington’s results are in line with the Tokyo’s finding. 

In terms of potential productive land, potential land in Scenarios A and D accounts for 0.3% and 

1.5% of Wellington’s total area, respectively, while Scenarios B and C each represent 0.6%. In 

comparison to previous studies, these figures are smaller than the corresponding percentages in 

Berlin (5% and 1.67%) and Tokyo (3.6%) [55,59]. However, given Wellington’s lower population 

density (746 people/km²) compared to Berlin (4,418 people/km²) and Tokyo (6,168 people/km²), it is 

suggested that Wellington may have a greater capacity to meet its population’s vegetable needs on a 

per-capita basis, even under the conservative Scenario A [31,32,55,59]. 

4.2. Potential UA VS. Current UA in Wellington City 

The authors’ preliminary research found Wellington’s current vegetable self-sufficient rate for 

the entire population to be only 0.04%, highlighting its insufficiency in addressing the city’s post-

disaster food security needs. This low rate was attributed to the limited land and UA types considered 

(only community gardens), due to a lack of data on other existing UA types. In contrast, this study 

estimated self-sufficient rates for the entire population ranging from 3% to 75%. The wide variation 

stems from differing scenarios of productive land availability and yield assumptions, suggesting that 

improved land use and growing conditions could enhance self-sufficiency. Even the lowest 

estimate—3%—far exceeds the current rate of 0.04%. Additionally, this study accounted for a broader 

spectrum of UA types, offering a more comprehensive assessment of UA’s potential. 

If this study had followed the same scope as the preliminary research, considering only the 

potential of communal gardens8, the most conservative Scenario A1 would result in self-sufficient 

rates of 1.9% for the entire population, 6% for the displaced population, and 7.4% for the vulnerable 

population. These figures demonstrate that even within the scope of communal gardens alone, 

expanding land availability significantly improves Wellington’s vegetable self-sufficiency. 

The preliminary research excluded private yards due to a lack of relevant data, whereas this 

study highlights their significant potential for self-sufficiency. Across the 12 productivity scenarios, 

 
8 Although the current community gardens in Wellington include more than just communal gardens, 

they primarily consist of communal gardens; therefore, only communal gardens are used for 

calculation here. Since the current yield from communal gardens is similar to that of allotments but 

lower than urban farms, the results remain robust. 
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the contribution of private yards ranged from 25.74% to 54.16%, demonstrating their potential to 

notably enhance self-sufficiency. Although the final calculation indicates that potential land for 

private yards account for a relatively smaller proportion than that for communal gardens, before 

applying the non-cultivable space ratios from Step 3 in Section 2.2, there is more land suitable for 

private yards than for communal gardens. The ratio of land utilized for UA varies depending on 

factors such as UA types and garden sizes [64]. This study applied the most conservative ratio for 

private yards, based on reviewed studies, allocating 20% for landscaping according to the City 

District Plan [51], and 90% of the land to common spaces [55,56,87,89]. This suggests that, in practice, 

a larger proportion of residential parcels could potentially be used as private yards, increasing the 

city’s UA capacity. 

The preliminary research indicates that the current community gardens include one urban farm 

with higher productivity due to intensive labour input. However, this urban farm has limited land 

due to its location in a densely populated area. Most urban farms operate as commercial ventures 

and must prioritize profitability [90]. Even for non-profit urban farms, such as this existing example, 

ensuring their continued operation remains a key concern. This study has proposed potential land 

for urban farms in special purpose zones and rural zones, offering larger land opportunities while 

remaining close to surrounding communities. 

4.3. The Significance of Urban Agriculture for Post-Disaster Wellington 

Currently, Wellington’s disaster preparedness food policy encourages families to store seven 

days’ worth of food at the household level, and promotes food sharing among families and local 

suppliers at the community level [91]. While food storage is an effective strategy for addressing short-

term food insecurity after disasters, it has limitations as discussed in Section 1.1. In a worst-case 

scenario, Wellington could face isolation lasting well beyond seven days, and external emergency 

food supplies might take longer to arrive [80]. Even when distribution is restored, most emergency 

food is non-perishable and lower in nutrients as their primary aim is for restoring energy [92]. This 

suggests that food security is at great risk in the short, mid, and long term. 

The self-sufficiency results from this study demonstrate that Wellington has the capacity to meet 

its population’s vegetable demands, particularly during disasters. In the short term, this capacity 

could provide the affected population with access to fresh vegetables. In the mid to long term, it could 

ensure balanced diets by offering essential nutrients [19]. Previous studies have emphasized the 

critical need for multi-nutrient diets during the mid to long term, as prolonged reliance on emergency 

food can lead to health issues, especially among vulnerable groups [19,93]. This study indicates that 

the self-sufficient rate for the vulnerable population ranges from 12% to 298%. In four optimistic 

scenarios (SB3, SC3, SD2, SD3), the vegetable needs of all vulnerable individuals could be fully met, 

ensuring improved access to diverse and nutritious diets for the entire vulnerable population. Under 

more realistic conditions, such as Scenario A, 12% to 55% of the vulnerable population would have 

access to vegetables. 

Access to fresh vegetables is not only about ensuring a diverse nutrient intake but also about 

providing a familiar and acceptable food source [94]. Providing inappropriate or unfamiliar food has 

been noticed to adversely affect disaster affected population’s health [92]. Lessons from Japan 

highlight that emergency food should prioritize both quantity and quality, taking into account the 

specific needs of recipients [16]. Additionally, locally grown vegetables could serve as a stable food 

source for the affected population in the long term, who are more vulnerable to food instability due 

to fluctuations in food prices [92,95]. 

UA’s benefits goes beyond food security; it provides emotional comfort and a sense of normalcy 

[96]. Evidence suggests that UA, particularly community gardens, plays a vital role in strengthening 

psychosocial resilience after disasters through encouraging community involvement and fostering 

emotional well-beings [97]. A survey of community gardeners after the Canterbury earthquakes 

revealed that participants viewed their gardens as opportunities to relieve stress and regain a sense 

of routine after experiencing earthquakes [96]. Disasters can adversely affect food utilization among 
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affected populations due to stress and trauma [14]. UA spaces offer ideal settings for supporting 

mental well-being [97], which, in turn, can improve food security by enhancing food utilization. In 

New York, community gardens played a significant role as multi-functional spaces post-Hurricane 

Sandy, providing restorative activities that helped individuals rediscover a sense of purpose [29]. 

The multifunctionality of UA gardens and farms extends beyond providing social and emotional 

support; they also offer space for various post-disaster needs. As open spaces are often perceived as 

safer than buildings, UA areas, like other urban public spaces such as playgrounds and parks, can 

offer shelter space during earthquakes [96,98]. Besides, community gardens can provide essential 

emergency resources, such as water and electricity during crises [96]. 

The significance of UA to post-disaster Wellington is undeniable; whether the city has 

recognized and utilized it will be examined in the following section. 

4.4. The Potential Of Developing UA for Post-Disaster Wellington 

Though achieving 100% self-sufficiency through UA is neither practical nor the purpose of this 

study, the findings highlight the great possibility for Wellington to produce 3%-75% of its vegetable 

supply within its boundary. This is particularly crucial to post-disaster food security, when food 

accessibility, availability and affordability are highly disrupted. Beyond food provision, UA offers 

numerous additional benefits for post-disaster recovery. However, the feasibility of Wellington fully 

capitalizing on these advantages remains to be explored. 

Wellington has long been committed to fostering sustainable food networks through initiatives 

such as providing land and funding for community gardens, offering sustainable agriculture 

workshops, and coordinating emergency food distribution during crises [38]. To build a more 

resilient city in response to inevitable seismic events and rising sea levels, WCC has proposed 

strategies, including scaling up UA development to ensure local food availability during crises [99]. 

Despite top-down efforts, Wellington’s UA growth has largely relied on bottom-up, community-

driven enthusiasm, as noted in the authors’ preliminary research. This research revealed significant 

challenges such as limited spaces and funding, etc. Additionally, the research indicated that the 

relationships between community gardens and WCC are relatively informal and weak. While this 

informality allows greater freedom for community gardens, it also limits the support they receive 

from the council, making it a double-edged sword. 

To maximizing the potential of existing UA spaces and adding new farmland, urban planning 

could play a key role [100]. In Wellington, although more land is needed, the city district plan remains 

too vague to effectively guide UA development [101]. A review of the district plan revealed that UA 

initiatives are only explicitly encouraged in a few zones, while the potential for UA in other areas 

remains unclear [51]. The current study selected land use based on zones identified in the current 

district plan allowing for UA. If more zones explicitly encourage UA activities, it would expand 

Wellington’s potential UA land and increase its capacity in a more resilient food system. 

On the other hand, WCC has realized the importance of multi-functional community spaces, 

and expressed support for actions on optimizing and redeveloping such spaces [99]. The post-disaster 

roles of such spaces to secure people’s basic needs including food, water and shelters, has been 

acknowledged, but more actions are needed to make it happen. As discussed in Section 4.3, UA 

gardens and farms are well-suited to fulfil these roles in Wellington. The idea of converting more 

urban spaces, especially community spaces into UA areas and integrating them into disaster 

preparedness strategies has yet to be included in government policy discussions. 

Japan serves as a model for leveraging the multifunctionality of UA through integrating UA 

policies with urban planning and disaster preparedness strategies. The Japanese government has 

amended and enacted a series of laws and acts to protect urban farmland from encroachment by 

urban expansion, creating a landscape of mixed rural and urban land use [102]. Based on this 

foundation, the government has implemented detailed regulations for the development of urban 

gardens and farms, enhancing their quality and attracting greater community participation [103]. In 

Tokyo, a key milestone in safeguarding UA land was the 1991 revision of the Productive Green Land 
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Act, which introduced a 30-year tax incentive for designated productive farmland [104]. Furthermore, 

protecting and utilizing productive green land has been incorporated in the scope of the Tokyo 

government’s framework of greenery initiatives plan [105]. In Nerima ward, the local government 

established a dedicated UA department that support UA initiatives and encourage UA engagement 

[19]. 

In Japan, UA is recognized not only as a source of fresh produce but also as a provider of 

agricultural experiences and green spaces during normal times, and as open spaces that can serve 

critical disaster response functions during emergencies [106]. Based on MAFF (2024b), disaster 

prevention cooperation farmlands could be designated through voluntary registration by urban 

farmers with local governments. This allows the use of their farmland for purposes such as 

evacuation spaces or temporary housing construction during disasters. The Nerima ward 

government conducts emergency drills involving local urban farms, offering residents an 

opportunity getting to know nearby UA spaces [19]. Familiarity with local UA gardens and farms is 

crucial, as highlighted in Shimpo et al. (2019)’s study on the Canterbury earthquake. They found that, 

although affected individuals needed access to water and electricity, they were unaware that these 

resources could be accessed from their community gardens. This underscores the importance of 

including UA into disaster preparedness. 

Although both NZ and Japan are disaster-prone countries, they have distinct national contexts. 

The stable and sustainable development of UA, and the ability to leverage its benefits in post-disaster 

contexts, requires policy support tailored to the specific national context (Chan et al., 2015; Su et l., 

2023). This study demonstrates that Wellington has the potential to enhance food security during 

disasters through UA. However, the government must recognize the potential of UA and its 

additional benefits in post-disaster situations. What Wellington could learn from the above 

experience is the government intervention and policy formulation in encouraging UA development, 

and including UA into urban planning and disaster management planning. Preliminary research by 

the authors revealed an idea proposed by a garden coordinator: developing a network of UA spaces 

within communities, integrating private yards and community gardens. Community gardens could 

serve as multifunctional spaces, providing technical support and material resources such as seeds, to 

private yards during normal times. During disasters, this network could enhance food accessibility 

and availability. To further strengthen this UA network idea for disaster resilience, the distribution 

of community gardens could be aligned with community emergency hubs, which serve as key 

support centres after disasters. In such assumptions, community gardens could function as 

coordination centres, not only producing food but also facilitating the collection and distribution of 

locally available supplies to affected populations. Additionally, these spaces could serve as 

evacuation sites, offering shelter, water, and food for displaced individuals. 

Based on this premise, integrating UA policy with urban planning and disaster preparedness 

will further promote UA development in Wellington, thereby enhancing post-disaster food security 

and maximizing complementary benefits. 

4.5. Limitations 

This study has several limitations. 

Yield data was derived from global studies, which may lack accuracy without considering the 

specific local conditions in Wellington. Despite efforts by the first author to collect yield data from 

Wellington UA gardens, the sample size was too small to make this study robust. This data and NZ 

conventional farming data, was used as a reference to validate the aggregated yield data from 

previous studies, which showed consistency with the reference data. 

This study did not account for the specific needs of pregnant and lactating individuals, who are 

considered a vulnerable population, due to the lack of available data. Future research should address 

this gap, as understanding their requirements would be highly valuable. 

Although slope classification was based on reasonable ranges from previous studies, this 

classification lacks sufficient precision due to the need to group categories. For instance, slopes of 
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16% and 29% were grouped into the same category, despite the significant differences for agricultural 

cultivation. 

Wellington is a city that strictly conserves urban reserves and open spaces to protect native 

species and habitats [108]. Although the ratio of uncultivable land was conservatively estimated 

based on previous studies, the result may not be sufficiently accurate. Additionally, current data on 

the recreational and leisure use of potential agricultural land is insufficient for precise calculations. 

Future research should address these limitations to enhance the accuracy of land use assessments. 

Although this research has highlighted the potential of UA as a viable strategy for enhancing 

post-disaster food security in Wellington, its successful implementation necessitates further 

investigation. This includes comprehensive analysis of the economic, social, and environmental 

dimensions in UA, as well as different detailed types of scenarios including consideration of disaster 

types, seasonality, disruption duration and infrastructure availability. Such an approach could form 

the basis for future research, contributing to the continued development and deeper understanding 

of this topic. 

5. Conclusions 

This study evaluated the potential role of UA to enhance post-disaster food security in 

Wellington City by calculating vegetable self-sufficiency rates, based on estimates of food production 

and post-disaster demand scenarios. Food production were assessed using a GIS-based analysis of 

potential productive land scenarios and hypothetical vegetable yield scenarios. Post-disaster demand 

was evaluated using New Zealand’s recommended food intake guidelines and targeted population 

scenarios. 

The results indicated that self-sufficient rates for all Wellingtonians could range from 3% to 75%, 

depending on yield assumptions and land-use patterns. If the focus is narrowed to displaced or 

vulnerable populations—those most likely to experience food insecurity after a disaster—higher self-

sufficiency rates could be achieved. The potential productive land accounts for 0.3% to 1.5% of the 

total Wellington area across different scenarios, with distribution primarily concentrated in the 

eastern part of the city. 

Although preliminary research demonstrated that self-sufficiency is currently not possible, this 

study highlighted the potential for significant improvement through the expansion of UA land and 

diversification of UA types, thereby strengthening post-disaster food security. Beyond food 

production, UA offers additional benefits, such as social and emotional support, as well as providing 

evacuation spaces during emergencies. 

While achieving self-sufficiency does not guarantee food security, it serves as an important 

cornerstone in evaluating a city’s capacity to meet its food needs. Wellington has the potential to meet 

its vegetable demands during disasters. However, this potential depends on effective planning and 

utilization. WCC has proposed developing resilient, multi-purpose open and community spaces for 

post-disaster use and creating a sustainable food system to ensure food availability during crises [99]. 

However, integrating these proposals into a single solution-developing UA- has not yet been 

addressed in relevant documents. Drawing inspiration from international examples, Wellington 

could benefit from integrating UA policies with urban planning and disaster preparedness to fully 

harness UA’s role in post-disaster scenarios. 
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