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Abstract
In this study, we examined urban agricultural production potential in New York city (NYC) in the United States and Osaka 
in Japan in a comparative study not only due to their similarities in population and region size but also differences in his-
torical geographies and urban formation processes. We utilized available high-resolution land-use- and land-cover data to 
map and empirically compare size, land use, and spatial patterns of sites of current urban agriculture as well as land areas 
with potential for expanding urban agriculture. By linking current vegetable production data, and potential future urban 
agriculture land with per capita vegetable consumption data, we were able to estimate the total potential population that 
could be supported by locally produced vegetables. Our results showed that by scaling up current vegetable production in 
existing NYC community gardens, potential agricultural productivity on other underutilized or vacant land was 0.26 kg/m2/
year for NYC. For Osaka, existing rice and dry fields could produce in comparison 0.54 and 0.74 kg/m2/year, respectively. 
By combining potential urban and peri-urban vegetable production measures with estimated needed vegetable caloric intake 
per person per year, we show that the current vegetable production levels in Osaka can feed approximately 0.50 million 
people. However, if the region maximizes existing underused speculative dry fields, urban and peri-urban agriculture could 
feed approximately 3.4 million people per year. In NYC, current vegetable production in community gardens is estimated to 
feed only 1700 people per year. However, if NYC maximized all available urban vacant lots and other open spaces, potential 
vegetable production could provide food annually for 0.55 million people. We discuss how though both community gardens 
in NYC and remaining rice and dry fields in Osaka have been out of formal city planning with clear land-use definition in 
zoning, these agricultural practices have nonetheless emerged as important sources of local food production and nutrition 
on the one hand, and sites of social benefit on the other.
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Introduction

Local food systems are drawing increasing public attention 
worldwide because of their roles in improving food security, 
food safety, human health, the environment, and sustain-
ability (Gatrell et al. 2011; Heer and Mann 2010; Hein et al. 
2006). In the United States (US), a lack of access to healthy 
food due to the current supermarket-based supply chain, in 
which one or more suppliers may supply food obtained from 
a wide territory, has been referred to as a “food desert” (Rus-
sell and Heidkamp 2011); that is, little or no food is pro-
duced near a typical US city, making the area surrounding 
the city analogous to a desert. Recognition of this problem 
has led to a growth in local food movements, such as com-
munity gardens and “buy local” movements (Metcalf and 
Widener 2011). These local food movements are believed 
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to contribute to both community stability and environmental 
sustainability (Jones 2002).

In Japan, local food movements have recently been pro-
moted by the government and by advocacy groups. In par-
ticular, the “local production for local consumption” move-
ment, originally influenced by the US community garden 
system (Koshikawa 2002), is booming (Kuroki and Horita 
2007; Oba et al. 2006). These movements focus on the pro-
duction of fresh food as close as possible to where it will be 
consumed, with less use of synthetic chemicals and more 
use of organic production methods, thereby promoting food 
safety (Hara et al. 2013a). Yokohari (2012) pointed out that 
this also improves accessibility to food, thereby promoting 
food security, particularly after disasters, such as the 2011 
Tohoku Earthquake, when long-distance transportation 
infrastructure was badly damaged. These trends are increas-
ingly observed in other Asian countries. In the Philippines, 
many poor people intensively grow vegetables using vacant 
lots and supply almost one-third of the vegetables needed in 
the city (Hara et al. 2013b). In Thailand, peri-urban agricul-
ture sustains urban fringe populations of mega-urban regions 
(Hara et al. 2010; Tsuchiya et al. 2015).

These movements are creating new social and productive 
urban landscapes in cities around the world. For instance, 
in New York city (NYC) in the US, community gardens and 
urban farms utilizing vacant lots have become major places 
to produce fresh vegetables for neighborhoods (Cohen et al. 
2012), and they function as key solutions to the challenge of 
food deserts and promote stability and social justice in the 
community (Reynolds and Cohen 2016). These new types 
of urban agriculture are also highlighted in terms of solving 
the limited access to vegetables in the daily diet and related 
health issues among low-income communities (Li et al. 
2016; Urban Design Lab 2012). In the Osaka city region in 
Japan, roof-top vegetable gardens (Yamaji et al. 2014) and 
other types of small productive green space have emerged in 
the city center, and vegetable patches on vacant lots held for 
land speculation (Tsuchiya et al. 2012) and pick-your-own 
farms (Hara et al. 2013a) have emerged in the peri-urban 
area.

Following these local food and urban agriculture move-
ments worldwide, government departments in various cities 
around the world, together with urban planners and scien-
tists, are trying to promote urban agricultural activities and 
to develop supportive schemes by referring to successful 
cases in other cities and countries. For example, a number of 
municipalities in Japan have invited experts from NYC, Port-
land, and other North American cities to seek their advice 
and guidance before starting up new urban agriculture pro-
jects, farmers’ markets, and other related green infrastruc-
ture planning projects (Fukuoka and Kato 2015). Under such 
circumstances, it is possible (even likely) that these Japanese 
municipalities refer to the successful foreign design projects 

but may miss fundamental historical and geographic con-
text important to ensuring the success of new urban agri-
culture implementation. Further, there is a paucity of work 
to understand how historical geographic context influences 
the mechanisms of project management or the stakeholders 
and institutional structures underlying the visible shapes of 
the projects. However, such projects inherently contain the 
outcomes of some level of social consensus building among 
stakeholders and are carried out on land the spatial extent of 
which is formed through land-use processes regulated by the 
local ecology and natural land conditions. Therefore, when-
ever referring to other successful projects related to urban 
planning and agriculture, it is vital for the recipient side (the 
side receiving the information) to understand scientifically 
the socio-cultural, historical, and geographical contexts of 
the project (Hara et al. 2014).

In addition, when offering information to other audiences, 
it is important that the case study information is presented 
carefully and includes country and site background (Antrop 
2005; Eisenhardt 1989). Moreover, language can be a bar-
rier, in particular for non-native English speakers, when the 
providing side attempts to present correct information on 
their urban agriculture practices with a deeper historical 
geographical background to a worldwide audience. In fact, 
Japanese urban planning and agricultural practices have not 
been well recognized in other countries because most of 
the documentation and publications have been in Japanese 
(Shelton 2012; Sorensen 2002). Hence, it is essential to pro-
vide and refer to international case studies and information 
about urban agriculture that include correct onsite historical 
and geographical contexts.

These new landscapes have been also studied as emerg-
ing globally important urban green spaces and infrastruc-
ture in the fields of urban ecosystems and ecosystem 
services (Andersson et al. 2014; Gittleman et al. 2017; 
Lovell 2010). Further, an urban systems approach can help 
integrate these new productive urban green spaces into 
sustainability planning to help transform future land use 
to meet critical sustainability targets (McPhearson et al. 
2016), including local food production. To achieve this, 
accumulation of many international comparative stud-
ies is essential to extract, classify, prioritize, and scale 
globally common and regionally different points in the 
physical and social structures of urban ecosystems in cities 
around the world. However, such a comparative approach 
is a challenge in terms of data availability, resolution, 
accuracy, and calibration for robust meaningful compari-
son. Recent trends in digital data accumulation at high 
resolutions and development of geographic information 
sciences are beginning to allow the affordable compari-
son of urban ecosystem services (Larondelle et al. 2014), 
including emerging urban agricultures, in cities around the 
world. Detailed landscape pattern analyses using such data 
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could include some of the sociocultural aspects behind the 
physical landscape together with documents and interview 
surveys (Hara et al. 2013b), thereby making it possible to 
conduct reliable international comparisons of urban agri-
culture initiatives and their ecosystem services.

Considering these points, in this study, we have selected 
Osaka in Japan and NYC in the US for a comparative study 
of urban agriculture and its ecosystem services. By maxi-
mizing existing high-resolution spatial data, and by utiliz-
ing statistics and databases on agricultural production, we 
examined the detailed spatial pattern of urban agricultural 
initiatives and their productivities as one of the most impor-
tant ecosystem-provisioning services in each city. These 
two cities are similar in terms of the size of the region and 
population, and they have contrastive historical development 
processes; therefore, it is appropriate to use them as com-
parative case study cities for identifying and categorizing 
common and site-specific issues rooted in historical agri-
cultural and urban development processes. We review the 
current and past urban planning related to urban agriculture 
in each city and identify the definition and status of urban 
agriculture in their urban-planning contexts. We then exam-
ine the historical and geographical factors and the internal 
mechanisms that form the current spatial patterns and the 
productivities of the urban agriculture in each city and the 
common and different points between them. Finally, we dis-
cuss the applicability of such a comparative and quantita-
tive case study in urban agriculture with respect to reliable 
international project references as well as the establishment 
of broader science for urban ecosystems.

Methods

Selecting the two comparative case study cities: 
Osaka and NYC

We selected Osaka in Japan and NYC in the United States 
as the comparative case study cities because of their simi-
larities in populations and spatial boundaries, and because 
of their differences in historical development processes and 
geographical conditions. In Osaka, main farmland uses are 
rice and dry fields mixed with urban land uses on alluvial 
landforms, whereas in NYC, main urban agriculture places 
are community gardens in vacant lots and there is almost 
no cereal production within the city (Fig. 1). For Osaka, 
we selected not the city boundary but rather the prefecture 
boundary because it corresponds more clearly to a natural 
geomorphologic system and contains a seamless popu-
lated area (Hara et al. 2014). For NYC, we selected the city 
boundary that includes the five boroughs, which closely 
matched Osaka prefecture in population and area.

Data source and calibration for comparison

Table 1 illustrates the data sources for both cities in this 
study. Despite ongoing challenges in the literature in cross-
city comparison studies for similar scale and resolution of 
spatial data, we were successfully able to collect detailed 
land-use data and agricultural productivity data for both 
study cities.

Agricultural production in Osaka

In Osaka, we used the most recent 1:5000 land-use dataset 
(GSI 2008) as the base map for investigating spatial pat-
terns of urban agricultures instead of parcel-based data (as 
we used for the NYC investigation, as described below) 
because of the lack of cadastral parcel-based data, not only 
in Osaka but for the whole of Japan. Lack of and inaccu-
racies in cadastral survey and parcel-based mapping have 
been major obstacles to land-use research, land-use man-
agement, urban planning, disaster reconstruction, and many 
other land-related issues (Yamamoto and Hagiwara 2003). 
Indeed even now, many land property tax assessor’s offices 
in Japan use cadastral maps that were surveyed during the 
Meiji Revolution (1868) for legal processes (Samejima 
2011). Therefore, we chose to use the most detailed land-
use database at a scale of 1:5000 for 2008 provided by the 
Geospatial Information Authority of Japan even if it did not 
include parcel boundaries. These data were useful in terms 
of scale and resolution because the data were produced in 
vector format through aerial photo interpretation. Although 
some tiny adjoining agricultural lots were merged due to 
the invisibility of the narrow agricultural ridges between 
lots, most of the farmlands surrounded by pathways and 
roads were identified. Note that these data were provided in 
2008 and there is a time gap between then and 2016 when 
the NYC land parcel data that we used were constructed. 
However, because of the recent relatively, slow pace of land-
use change in the Osaka area due to the economic reces-
sion (Sakai 2014) and the purpose of this study as a broader 
holistic comparison of urban agriculture, we used the 1:5000 
vector land-use dataset for 2008 in this study.

Agricultural productivity data required additional work 
to deal with the scale, resolution, and definition of statistics, 
and the land data itself. For Osaka, we used the city bound-
ary-based annual rice and vegetable production statistics 
provided by Ministry of Agriculture, Forestry and Fisheries 
(MAFF) (2014), which were different from the most detailed 
traditional village boundary-based agricultural census data 
by MAFF (2015). This highly detailed agricultural census 
(bottom up from individual farmers and organizations) is 
promoted by Food and Agriculture Organization (FAO) of 
the United Nations and has been long used for research in 
the fields of rural planning, agricultural economics, and 
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other related study areas in Japan as a fundamental source 
of statistical data (Senda and Fujie 2013). However, the 
data on vegetable production was very detailed with local 
varieties produced only in few specific villages; moreover, 
recently the villages with 2 or less samples were excluded 
because of rising privacy issues, although the actual data of 
these excluded villages was reflected in the upper levels of 
aggregated statistical data. Hence, we used the city bound-
ary-based vegetable and rice production statistics for our 
estimates of urban agriculture productivities for compari-
son. The data on city boundary-based vegetable production 

[both for the growers’ own use (self-consumption) and for 
sale] included 41 major vegetables set by MAFF, and were 
originally counted by the staff of several onsite agricul-
tural organizations (not by all individual farmers) and sent 
to MAFF online or by mail. Therefore, very rare types of 
vegetables in small production (particularly for self-con-
sumption) were excluded from the count, and even some 
production amounts of the 41 major vegetables might be 
omitted due to the ability, social networking, and efficiency 
of the onsite staff. Nevertheless, data are reliable and rep-
resentative since the majority of vegetable production was 

Fig. 1  Comparative case study cities: Osaka and New York city

Table 1  Data sources

Osaka NYC

Land use 1:5000 land-use dataset (GSI 2008) MapPLUTO dataset (NYC Department of City Planning 2016)
Community garden polygon data (Gittleman et al. 2017)
Landcover raster data (New York City Department of Parks 

and Recreation 2010)
Production Production statistics by municipality (MAFF 2014) Farming concrete database (Farming Concrete 2016)
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integrated into the data (Hara et al. 2013a). We found that 
across the whole of our study area, (Fig. 1) there were seven 
types of growing vegetables being grown of the 41 major 
vegetables: summer–autumn cucumber, winter–spring egg-
plant, summer–autumn eggplant, spring cabbage, winter 
cabbage, onion, and Japanese taro (satoimo).

These city boundary-based statistics also included data 
on the area used for the production of rice and each veg-
etable. We found that the area data for vegetables reported 
in these statistics differed greatly from area data calculated 
by GIS using the 2008 land-use dataset. In the case of rice, 
on the other hand, we found a smaller difference in area 
between that reported in these statistics and the results of 
the land-use dataset. As we have mentioned above, these 
statistics were compiled on the basis of field investiga-
tions by selected onsite staff. Hence, a limited number 
of dry fields were investigated that had been intensively 
producing vegetables for sale. The data may exclude non-
intensive dry fields and dry fields on speculative landhold-
ings privately used to grow vegetables for the growers’ 
own consumption and/or those held by a small number of 
emerging young individual farmers with entrepreneurial 

spirits not in contact with larger agricultural associations 
(Yoshino 2015). In the case of rice, with the smaller gap 
in area between that reported in the statistics and that from 
the land-use dataset, supported this view because rice pro-
duction was perhaps more commercial and market-based 
and was produced more by family labor-based farmers 
having a large common sales channel such as the Japan 
Agricultural Cooperatives. On the premise of these condi-
tions, to make a comparison to NYC, we defined current 
productivity as:

current productivity = (production data reported in the 
city boundary-based statistics)/(area determined by the 
land-use dataset calculation)

and defined the potential productivity as:
potential productivity = (production data reported in 

the city boundary–based statistics)/(area reported in the 
same statistics).

Figure 2 presents an example image (Tondabayashi city, 
south-eastern part of Osaka prefecture) showing the reso-
lution and the agricultural land-use patterns and productiv-
ity in our Osaka analysis.

Fig. 2  An example image of spatial resolution of land use and productivity in the Osaka analysis
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Agricultural production in NYC

In NYC, we used the MapPLUTO dataset for 2016 at a 
scale of 1:5000 (NYC Department of City Planning 2016) 
as the basis for land-use data. This dataset was compiled 
for property tax assessment, and therefore, showed per-lot 
land use, land ownership, and other detailed land, build-
ing, and property information. It was, therefore, appropriate 
for use for detailed geographic, urban planning, and other 
related analyses and has been used similarly in other related 
studies (McPhearson et al. 2013, Kremer et al. 2013). The 
MapPLUTO dataset included vacant lots among the per-lot 
land-use categories; however, community gardens and urban 
farms set up in these vacant lots were not identified. There-
fore, we used the community garden polygon data provided 
independently by Gittleman et al. (2017) to assess the sizes 
of land parcels on which actual agricultural practices were 
carried out in NYC. We also used 1-m-resolution land-cover 
data (New York City Department of Parks and Recreation 
2010) to identify land with grass/shrub cover and bare sur-
face that could be used for potential vegetable production in 
our scenario estimate described below.

There were no official statistics on vegetable production 
data in NYC because agricultural practices mainly took 
place in community gardens and urban farms in vacant lots 
and other informal urban spaces as well as in some private 
backyards and gardens (Reynolds and Cohen 2016). How-
ever, we were able to apply the Farming Concrete (2016) 
database to our vegetable productivity assessment for NYC. 
This database includes valuable production data from NYC 
community gardens as counted by participants in these coop-
erative gardens, although, like most similar data sources, this 
data lacks annual continuity. Moreover, because of privacy 
issues, the names and locations of sample community gar-
dens are basically anonymous, and the most detailed reso-
lution of each garden location was the ZIP code boundary 
within the five NYC boroughs. This database also includes 
raised bed size used for some specific types of vegetable 
production in selected gardens though we recognize that 
the data fluctuate (for instance, between 2 and 20 feet in 
raised bed width, and 2 and 50 feet in length). Therefore, 
we first extracted from this database sample community gar-
dens with continuous annual coverage records of vegetable 
production. We then looked at the abovementioned land-
use dataset and found the ZIP boundary for each garden 
extracted with annual production records. From there we 
used the community garden polygon data within this ZIP 
boundary and calculated the average size of a community 
garden within that ZIP boundary. We obtained unit area veg-
etable productivity in a specific ZIP boundary as follows:

unit area vegetable productivity in a specific ZIP bound-
ary =  (per-garden average annual vegetable production 
among anonymous gardens in a specific ZIP boundary)/

(average size of community gardens in the specific ZIP 
boundary).

Using this unit area productivity data and community 
garden polygon data, we estimated the current vegetable 
production. Gregory et al. (2016) reported that each com-
munity garden in NYC includes various design components 
such as raised beds for vegetable production, flower gardens, 
paths, and recreational structures; hence, it was possible to 
use the community garden polygon data as the area unit for 
our current practice and design-based production scenario 
assessment. Furthermore, we identified current vacant lot 
areas using the MapPLUTO dataset, and also identified 
areas with grass/shrub coverage and bare surface land cover 
among land uses other than those categorized as vacant land 
in the MapPLUTO dataset by overlaying the MapPLUTO 
dataset with 1-m-resolution land-cover data. These estimated 
areas were considered potential places to cultivate vegeta-
bles in NYC in addition to the current actual vegetable-pro-
ducing community gardens. In this way, we obtained the 
current and potential vegetable production. Figure 3 shows 
an example image of a specific ZIP boundary including this 
land-use and land-cover data, and resolution image of unit 
area productivity.

Comparative evaluation of vegetable production 
and population that could be thus fed

Based upon the unit area productivity data for Osaka (Fig. 2) 
and NYC (Fig. 3), we comparatively evaluated the current 
and potential vegetable production and the population that 
could be fed by this vegetable production (“feeding popula-
tion”) for both cities. In the case of the scenario based on 
Osaka’s current production, we multiplied the current unit 
area productivity data by the total area of dry fields within 
the Osaka prefectural boundary in our 2008 land-use dataset. 
Next, we used per capita vegetable consumption data by 
weight for Osaka prefecture (MHLW 2012), and calculated 
the population that could be fed as:

feeding  populationcurrent = [total vegetable (rice) produc-
tion under the current productivity scenario]/[per capita veg-
etable (rice) consumption].

In the same manner, we evaluated the potential produc-
tion scenario for Osaka. We multiplied the potential unit area 
productivity by the total area of dry fields within the Osaka 
prefectural boundary in our 2008 land-use dataset. Then, we 
estimated the population that could be fed as:

feeding  populationpotential = [total vegetable (rice) produc-
tion under the potential productivity scenario]/[per capita 
vegetable (rice) consumption].

In addition, in the same manner, we also calculated these 
indices for rice in Osaka to discuss the role and proportion 
of vegetable production in provisioning ecosystem services.
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For NYC, we estimated the current total vegetable pro-
duction within the NYC boundary by multiplying unit area 
vegetable production data (as averaged ZIP boundary-based 
unit area vegetable productivity data mentioned above) by 
the total area of community garden polygon data. Next, to 
obtain the population that could be fed under the current 
vegetable production scenario, we divided the total current 
vegetable production by the per capita vegetable consump-
tion data by weight for New York state (Peters et al. 2002). 
This per capita vegetable consumption data by weight was 
for the whole of New York state and may, therefore, not be 
very accurate for NYC with its diverse population and social 
classes. However, due to a lack of per capita consumption 
data by weight and our purpose of international comparison 
in reliable round numbers, we applied these data to our esti-
mation. In the case of our potential scenario for NYC, we 
first multiplied the unit area productivity data by the sum 
of the total area of the current community garden polygon 
data, the vacant lot data in MapPLUTO, and other land-use 
categories in MapPLUTO with grass/shrub and bare surface 

in the land-cover data, to obtain the potential vegetable pro-
duction by maximizing cultivatable land surfaces. Then, we 
divided this area of potential vegetable production by the per 
capita vegetable consumption data to obtain the potential 
feeding population.

Finally, we compared the two cities in terms of the cur-
rent and potential vegetable productions and populations that 
could be thus fed. These spatial analyses were conducted 
using ArcGIS10.0 and MS Excel 2010 for spatial index cal-
culations of exported data.

Identifying past and current urban agricultural 
status in land‑use planning in both cities

We collected and reviewed previous publications and 
searched planning document archives for both cities, and 
placed past and current urban agricultural land uses and 
practices in the urban planning and institutional contexts in 
both cities. Then, we extracted issues common to these two 
cities as well as site-specific issues, and discussed future 

Fig. 3  An example image of spatial resolution of land use and productivity in NYC analysis
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planning directions and possible emerging issues of urban 
agriculture as an important urban ecosystem element with a 
food provisioning service.

Results and discussion

Spatial patterns of urban agriculture in Osaka 
and NYC

Figure 4 shows dry field distribution for Osaka, and Fig. 5 
shows rice field distribution for Osaka. Figure 6 shows the 
current community garden distribution in NYC, and Fig. 7 

Fig. 4  Dry field distribution in 
Osaka
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shows the current vacant land distribution in NYC. Table 2 
is a numerical summary of these distributions.

Figure 4 clearly indicates that dry fields were mainly dis-
tributed in the urban fringe area in Osaka, as were rice fields 
(Fig. 5). However, there were some dry fields and some 
rice fields even in the city center, indicating highly mixed 
urban farming plots including both vegetable farming and 
rice paddies as well as urban housing and other urban land 
uses (Fig. 8). Almost all of these farmlands are remnants of 
long-standing agricultural land uses that were there before 

urbanization, and are now highly fragmented and specula-
tively held (Hara et al. 2013a). On the other hand, commu-
nity gardens, the major urban agricultural places in NYC 
(Cohen et al. 2012), were located relatively evenly across 
the city, although some specific districts had higher numbers 
of community gardens (Fig. 9) because these gardens were 
started in vacant plots formed through inner city process 
with safety issues such as neighborhoods with a high crime 
rate, and bottom-up community movements (NYC Parks 
2017). This meant that the community gardens in NYC have 

Fig. 5  Rice field distribution in 
Osaka
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basically no linkage to former farmlands, unlike the remnant 
dry fields and rice fields in Osaka, and they have emerged 
on vacant plots that have resulted from urban regeneration 
processes, including the demolition of old buildings and 
greening movements in speculative holding of private and 
public lands distributed across the city (Fig. 7).

In terms of the size and numbers of these urban agri-
cultural places, the average polygon sizes of rice fields 
and dry fields in Osaka were larger than the average 
polygon sizes of community gardens and vacant lands in 
NYC (Table 2). However, as we mentioned in the “Meth-
ods” section, the farmland polygons we used for Osaka 
were not exactly the same as farm parcels; in particular, 

aggregated continuous farm parcels without aerially vis-
ible ridges and/or pathways between parcels were some-
times considered as a single polygon in the dataset we 
used. It is reported that the average farm size per farm-
ing household in Osaka was 5200 m2 (Osaka prefecture 
2009). This data and that of Figs. 4 and 5 correspond to 
the numbers shown in Table 2. On the other hand, the data 
used for NYC were basically parcel-based data; hence, the 
accuracy of the average size of community gardens and 
vacant lands was high. In addition, each community gar-
den in NYC tends to have several landscape components, 
and the actual agricultural practice mostly involves using 
raised beds, due to it having no linkage to former farms, 

Fig. 6  Community garden distribution in NYC
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unlike Osaka, and does not cover the whole land parcel 
(Gregory et al. 2016). Based on this information, the dry 
fields and rice fields in Osaka are approximately three 
times the size of community gardens and vacant lands in 

NYC. In terms of numbers of these polygons, the numbers 
of vacant lands including community gardens were almost 
the same as the numbers of dry fields in Osaka.

Fig. 7  Vacant land distribution in NYC

Table 2  Numerical summary 
of agricultural land-use 
distributions

City Land use Total area (ha) Total numbers Average size 
 (m2)

SD

Osaka Dry field 6285 25,806 2309 4938
Rice field 7597 19,057 3783 5871

NYC Community garden 49 533 918 2811
Vacant land 2876 27,074 1062 11,399
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Productivity of urban agriculture in Osaka and NYC, 
and potential for feeding urban populations

Table 3 summarizes the current and potential unit area pro-
ductivity scenarios in the two cities and the populations that 
could be fed under these scenarios. Vegetable productivity in 
Osaka was more than 5 kg/m2/year calculated on the basis of 

statistics, whereas vegetable productivity calculated on the 
basis of the land-use dataset was less than 1 kg/m2/year. This 
difference is understandable because statistics-based produc-
tivity reflects the productivity of intensive vegetable farm-
ing where the vegetables are commercially grown. Tahara 
et al. (2011) and Yamaji et al. (2014) reported that even 
hobby farmers could attain vegetable production close to 
this level when maximum effort was applied, supporting the 
reliability of this unit area productivity figure under inten-
sive vegetable cultivation in the Osaka area. On the other 
hand, Tsuchiya et al. (2012) noted that a large amount of the 
farmland in Osaka area is treated as speculative land held 
for future possible land developments and this land received 
less cultivation efforts (Fig. 8). Vegetables were grown by 
hobby farmers and weekend farmers for their own use and 
which cannot be integrated into major public statistics. This 
supports the reliability of the productivity calculated by the 
land-use dataset.

The unit area productivity of community gardens in NYC 
was low. It was even lower than that of Osaka’s spatial-data-
based productivity. This was probably because of the pur-
pose and design of these community gardens. As Reynolds 
and Cohen (2016) summarized, these community gardens 
have been basically developed to provide fresh vegetables 
to various social classes under food justice and community 
development, and to address issues related to food deserts in 
urban areas. Hence, community gardens in NYC have a wide 
range of designs (Gregory et al. 2016), including raised beds 
as the major vegetable production spaces, flower beds, com-
munity spaces, compost facilities, and so on (Fig. 9). This 
brings about the low productivity as shown in Table 3 even 
though these community gardens might have other social 
values and provide other cultural ecosystem services. Low 
productivity relative to Osaka also suggests that community 
gardens and other food-growing spaces could be managed 
more intensively for food production and thereby increase 
total potential in NYC.

As shown in Table 3, in Osaka approximately 0.50 mil-
lion people can be fed by local vegetable production under 
the current scenario, which becomes approximately 3.4 mil-
lion people under the potential scenario. On the other hand, 
in NYC, less than 2000 people can be fed by the current 
vegetable production from community gardens, whereas 

Fig. 8  Typical feature of the land-use mix of remaining dry fields and 
rice fields and urban housing in Osaka

Fig. 9  Typical community garden on a vacant lot in NYC showing 
various landscape components

Table 3  Unit area productivity scenarios and populations that could be fed (feeding population)

City Product Current unit area produc-
tivity (kg/m2/year)

Potential unit area pro-
ductivity (kg/m2/year)

Per capita consumption 
(kg/person/year)

Current feeding 
population

Potential 
feeding popu-
lation

Osaka Vegetables 0.742 5.12 93.6 498,141 3,438,109
Rice 0.542 0.496 [114.6] [359,300] [328,806]

NYC Vegetables 0.259 0.259 72.6 1747 550,689
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approximately 0.55 million people could be fed under the 
potential scenario. This indicates that Osaka’s remaining 
fragmented farmlands, held mainly for land speculation, 
with their roots in traditional farmlands, can play a greater 
potential role in the ecosystem service of vegetable provi-
sioning. In addition, we also have to note that in Osaka, rice 
production using these remaining speculative farmlands was 
still recognizable as potentially feeding more than 0.3 mil-
lion people (Table 3), and this could contribute to food 
security in the Osaka area, while NYC has almost no cereal 
production. Rice fields are a major part of the traditional 
landscape in Osaka and not only provide rice but also func-
tion to promote biodiversity (Tani et al. 2016) and mitigate 
against disaster such as floods and an earthquake (Hara et al. 
2016), while community gardens in NYC mainly provide 
social and cultural functions to the communities, in addition 
to food, as we already noted.

Overall, the provisioning services afforded by urban agri-
culture in Osaka were greater in its vegetable production 
volume than in NYC. Nevertheless, here we have to note 
the urban–rural linkages and the spatial boundary issues for 
both cities. In this study, we set the boundaries for Osaka 
prefecture and NYC as spatial analysis boundaries because 
of their similarities in area and population size. However, 
differences between the two cities in the processes and pat-
terns of urbanization caused differences in the patterns, 
processes, and even definitions of urban agriculture. When 
imagining urban agriculture in NYC, people put emphasis 
on social, food, and environmental justice due to NYC’s 
history of urbanizing wilderness and extensive farmlands 
with tangible urban planning (Cohen et al. 2014), its his-
tory of international immigration, and its social segregation 
of specific urban communities from the huge continental/
territorial food network. Peters et al. (2009) pointed out that 
in the United States, food sourced from within 100 miles 
(approximately 160 km) sounds like local food, and indeed 
within this spatial radius around NYC there are many inde-
pendent and isolated local farms surrounded by forests and 
other natural ecosystems (Glynwood 2010). Glynwood 
(2010) showed that the average farm size in the Hudson 
Valley, an area within this 100-mile radius from NYC, was 
159 acres (approximately 64 ha) in 2007, and pointed out 
that this was smaller than the average size of farms in NY 
State (197 acres) and nationally (418 acres). However, this 
159 acres is much larger than the average farm size in Hok-
kaido, Japan’s northernmost prefecture, which at approxi-
mately 27 ha (MAFF 2016) is by far the largest among the 
Japanese prefectures because of Hokkaido’s recent agri-
cultural land development history, mainly after the Meiji 
Revolution (1868) with the introduction of Northeast US 
farming methods (Fujita 1994). The average farm size in 
Japan excluding Hokkaido is about 2 ha (MAFF 2016), 
showing the remarkable difference between United States 

and Japan in general farming scale resulting from differences 
in the sizes of each country and differences in their histories 
of agricultural development. We need to note that signifi-
cant research focusing on urban agriculture, such as that by 
Urban Design Lab (2012) and Ilieva (2016), did not consider 
these original isolated farms to be urban agriculture, even 
though they thought they could be included as part of the 
local food system in the New York area.

Further, the long-term intensive rice field/dry field cul-
tivation in Osaka, which had basically formed a seamless 
expanse over the country, especially on the limited alluvial 
plains, has been gradually encroached upon by urbanization 
(Hara et al. 2014), especially in terms of farm size, family-
based labor structure, and productivity (Hara et al. 2013a). 
Hence, the image of urban agriculture is inherently one of 
rice fields/dry fields tended by a mixture of remaining part-
time farmers and some new hobby farmers from neighboring 
newly developed urban houses (OECD 2009).

Planning issues for urban agriculture and future 
research perspectives

We have identified and discussed the differences in urban 
agricultural land-use patterns and productivities between 
these two case study cities and the influences of the urbani-
zation process, definitions of urban agriculture, and hinter-
land and territorial spatial scales behind the urban agricul-
ture in each of the cities. In terms of the place of urban 
agriculture in urban planning in both cities, it is clear that 
broadly urban agriculture has not been a priority within 
urban planning processes and generally is overlooked in 
both cities relative to the importance of local food produc-
tion capacity in the larger context of urban sustainability. In 
Osaka, before implementation of the current City Planning 
Act in 1968, which aimed to divide urban land uses (urbani-
zation promotion area) from rural land uses (urbanization 
control area) by the installation of zoning, the fragmented 
agriculture remaining in urban and urban fringe areas was 
recognized by researchers as important in providing fresh 
food to and receiving bioresources (compost) from urban 
areas (Ukita 1957). However, this 1968 Act regarded farm-
land within the urbanization promotion area as simply land 
earmarked for near future urban development with a higher 
property tax. However, these urban farmlands have remained 
for a long time as extensive farmlands, even as they become 
increasingly fragmented and decrease in area, because they 
are speculative landholdings (Saizen and Kobayashi 2004; 
Yanagawa et al. 2005). Along with increased public environ-
mental awareness, the ecosystem services provided by these 
remaining rice fields and dry fields have also come to be 
emphasized (Takeuchi and Matsuki 1987). In 1992, the Pro-
ductive Green Land Act came into force and allowed lower 
property taxes for these farmlands on the premise that they 
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had 30 years of actual cultivation practice. However, this 
was still a temporary measure and not an essential approach 
to the promotion and conservation of urban agriculture in 
these farmlands (Watanabe and Omura 1999), thereby allow-
ing still further fragmentation and decrease of these urban 
farmlands, particularly when it was inherited land subject 
to a high national inheritance tax. Moreover, this Act will 
expire in 2022 (Sasaki et al. 2009).

In NYC, too, urban agriculture has been left out of formal 
urban planning processes and is under threat in terms of land 
tenure and availability for a long time. Recently, however, 
governmental agencies are trying to more formally incorpo-
rate into urban planning processes urban agricultural prac-
tices conducted on public vacant lands (Cohen et al. 2012), 
including a garden review process that aims for the appro-
priate transfer of the ongoing gardens when its vacant land 
is developed and some financial support. However, further 
formalization of governmental support is necessary, espe-
cially in coordinating different agencies and stakeholders, to 
place urban agricultures into more formal city policies and 
plans (Urban Design Lab 2012).

Conclusion

In both NYC and Osaka, urban agriculture has been car-
ried out on lands not included in formal land-use planning, 
although in Osaka these lands were remaining fragmented 
farmlands and in NYC they were mainly vacant urban plots. 
Here, we provide evidence that in both cities urban agricul-
ture has considerable potential to provide healthy food to 
local people as one of the most important urban ecosystem 
services of these lands. We validated that the Osaka’s cur-
rent vegetable productivity scenario could feed 0.50 million 
people, which was equivalent to NYC’s potential scenario 
as 0.55 million people, showing similar numerical range of 
urban agriculture production even with such a difference in 
urban agriculture formation process. Future planning, poli-
cymaking, and management should expand both the area of 
land committed to local food production, as well as consider 
how to increase the intensity of production for maximiz-
ing potential of local food production for urban residents in 
Osaka and NYC, therefore, improving food security, nutri-
tion, and other various social benefits that come with involv-
ing residents in urban agriculture.

Although this research provided robust quantification 
of urban agriculture productions for both NYC and Osaka, 
there were still several limitations in data calibrations and 
spatial extrapolations to estimate the city scale production 
potential. In particular, field-based data on per unit area 
productivity were limited for both NYC and Osaka despite 
exhausting all available data both publically available and 
through personal scientific and community networks. New 

field-based productivity data are still needed and would 
be an important source for updating our findings. Though 
many phases of urban agricultures are often not accounted 
for in public statistics in many cities as Hara et al. (2013b) 
noted, it is important that researchers partner with famers 
and other food producers to collect field and secondary data 
about urban agricultural production. Thus, future research 
should include more feasible and updated quantifications of 
these ecosystem services. Further, there is much remaining 
work to be done to more fully include and understand how 
cultural services that are more deeply rooted in the historical 
geographical context impact agricultural production, an area 
of research that has been relatively neglected in the inter-
national trade negotiations and macro-scale research arena. 
Accumulation of comparative research that focuses both on 
feasible comparative quantifications of urban ecosystem ser-
vices and on influential onsite historical and geographical 
factors is a necessary next step for further understanding the 
potential production of urban agricultural areas and their 
role in providing critical urban ecosystem services.
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