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1.  INTRODUCTION 

1.1. RESEARCH PROBLEM 

 
This study explored the potential for urban agriculture in Halifax, Nova Scotia.  Land 

availability on the peninsula (districts 11-14) was examined. There are limitations to urban 

agriculture, such as rain, space, and sunlight availability, as well as soil conditions and 

contamination. This study focused on land and sunlight availability. It was limited to an 

investigation of on-ground gardens and the cultivation of crops. Although other methods of 

urban agriculture, such as green roofs, and livestock and beekeeping, can exist within the 

city, these were not be explored in this study. This study aimed to answer two questions: 

1.How much viable urban agricultural space is available for on-ground gardens in yards 

and vacant lots on the Halifax Peninsula? 2. To what extent does shading limit the potential 

for urban agriculture on the peninsula? The overall goal was to establish a better 

understanding of the potential to produce food in the urban environment in Halifax.  

 

1.2. TOPIC SIGNIFICANCE 

 
The World Wide Fund For Nature’s (WWF) Living Planet Report of 2008 shows that 

more than ¾ of the world’s population live in countries where the national consumption is 

higher than the biocapacity of the country.  WWF reports that global consumption exceeds 

the Earth's regenerative capacity by approximately 30%. The ecological footprint is the 

sum of the resources needed for a country’s consumption, space for infrastructure, and 

space and energy needed for waste absorption, expressed as a land area in hectares. Areas 

examined are the built land, fishing ground, forest, grazing land, crop, and carbon footprint. 



The national ecological footprints vary, and reflect the global inequality of resource 

consumption. In Canada, the footprint is increasing, while some other countries see a 

decrease. The total footprint of the countries in Africa has dropped by 19% over the past 40 

years. (WWF) Canada’s footprint is 7.1 ha/person (WWF 2008) and Halifax’s is 7.83 

ha/person (Wilson 2005). The footprint is reduced by decreasing the consumption of 

energy, biomass and water. Authors of the report suggest that lifestyle changes can prevent 

an ecological recession, the depletion of natural resources to the extent where future 

generations are endangered, which is an effect of living beyond the means of the planet. 

These include alterations in energy strategies and personal consumption habits, and urban 

design that encourage energy reduction. (WWF)   

Projecting current global consumption trends into the future shows resource demand 

in 2030 to be twice the biocapacity of the Earth. (WWF) To prevent future generations 

from living with ecological debt, resource consumption habits must be altered for societies 

to become more sustainable. According to Newman, sustainability meets “the needs of 

current and future generations through integration of environmental protection, social 

advancement and economic prosperity” (Newman 2007). Reconstructing societies towards 

sustainability has been an ongoing process, and sustainability is a key term in planning 

strategies, both at local and global levels. For instance, a target of the Millennium 

Development Goals set by the United Nations for 2015 is to ensure environmental 

sustainability through an incorporation of sustainable development principles in policies 

and programmes (UN 2009). At the local level, HRM’s Community Energy Plan (CEP) of 

2007 incorporates sustainability in energy strategies (HRM 2008). A sustainable society 

assures the availability of resources for future generations, by protecting resources from 



overexploitation. Due to the overshoot of consumption, current consumption habits do not 

protect resources for future generations.   

In the younger stages of present day cities in Canada, farms were located around the 

periphery of towns, and as cities grew, this arable land was turned over to urban 

development.  Not only is the availability of croplands threatened by urban development, 

but highly intensive agriculture causes environmental degradation and loss of productivity 

of croplands (Tegtmeier 2005). The demand on the Earth for resources is increasing, and 

arable land per capita is decreasing (WWF).  

Over the past century, the food supply system in Canada has changed drastically. 

Industrial farming has largely replaced family farms, and the average farm size has 

increased while the number of farms has decreased. The local and regional farmer’s place 

in the food system is reduced with the globalisation of the food system (Gottlieb 2002). 

Carbon dioxide emissions from the transportation of food increase as the reliance on 

imported food becomes stronger. In 2001, only 12% of the fresh fruit and 51% of fresh 

vegetables consumed in Canada were grown in Canada (Stat Can 2001). Only 8.4% of the 

total spending on food in Nova Scotia goes to Nova Scotian farmers (NSFA 2008, Stat Can 

2009 a). 

The current system relies on imported food, much of which does not guarantee the 

rights of the workers (Robbins 2004). Forcing developing countries into the global market 

through the food system has proven to be detrimental, and has contributed to 

marginalisation and environmental degradation, as Robbins describes in various case 

studies. Furthermore, global food systems promote social injustice by taking advantage of 

farmers in developing countries.  



Gottlieb states that food issues “reside directly at the intersection of the social and 

ecological, where social justice and environmental justice movements can meet.” Urban 

agriculture is a tool for challenging the current globalised food system. Safeguarding the 

security of future generations, the current and future health of the global and local 

ecosystem, and the rights of worldwide farmers is incentive to drive society toward 

sustainable practices.  

The demand on croplands can be reduced by growing crops in urban settings where 

land is available for cultivation. This does not require the conversion of valuable natural 

habitats, such as forests or wetlands, but rather uses underutilised, derelict, or vacant land. 

The benefits of urban agriculture have been documented widely, and include 

environmental, social, economical and structural benefits.  

Urban agriculture is the production of food through crops, fruit and nut bearing trees, 

livestock, and bees within a city.  Crops are grown in on-ground gardens, in pots, without 

soil through hydroponics, on green roofs and vertically along walls. Urban agriculture has 

appeared in various forms. European allotment plots have for decades been part of the 

urban setting. Urban agriculture has been used as a response to crises and changes in 

policies affecting food supply, such as relief gardens of the depression, victory gardens of 

World War II (Gottlieb 2002) and food shortages in Cuba due to changes in relations with 

the Soviet Union and the US (Nelson 2007). A decline in community gardens occurred after 

World War II in North America, as the food shortage of the war was alleviated. The 1970s 

saw a resurgence of community gardens, due to questions of community identity and 

concerns of fossil fuel dependence (Gottlieb 2002). 



Limitations to sustainable lifestyles must be overcome. It is recognised that urban 

agriculture is a method of reducing energy consumption. This study aimed at describing 

the amount of land available for urban agriculture on the Halifax peninsula, which would be 

an indication of whether urban agriculture can feasibly be considered an applicable 

method for altering lifestyles towards sustainability in Halifax. An initial review of aerial 

maps of the peninsula and observations from a walking survey reveals that even the most 

metropolitan areas of Halifax have islands of green spaces, and that many homes on the 

peninsula in central Halifax have relatively large backyards.  With few tall buildings to 

block sunlight, and a steady supply of rainwater, it is anticipated that many of these yards 

could be utilised for food production.  A realisation of the city’s potential can drive the 

movement towards greater implementation of agricultural practice in Halifax. 

 

2.  LITERATURE REVIEW 

 

2.1. AVAILABILITY OF LAND AND URBAN AGRICULTURE IN HALIFAX 

Urban agriculture is practiced throughout the city, and there are numerous community 

gardens, such as Seymour Green on the Dalhousie University campus, the North End 

Community Garden, and the Gorsebrook Garden. Halifax Landshare is an initiative to 

connect growers looking for land and landowners who wish to share their land with 

growers (EAC 2009). 

Agriculture was practiced on the peninsula by European settlers upon their arrival. 

Scottish settlers, comparing the peninsula to their homeland, deemed it unfit for 

agriculture, due to the thin, stony soil. John Young, however, demonstrated in the early 



1800s that agriculture is possible on the peninsula. Young farmed his 25 hectares west of 

Agricola Street, which was on the outskirts of the town at that time (MacKenzie 2004). In 

1838 there were 776 acres of hay, 160 acres of potatoes and turnips, 156 acres of oats, and 

82 acres of wheat on the Halifax peninsula (Gwyn 1998). In the first half of the 1800s, the 

population increased fivefold in Atlantic Canada, and Nova Scotia’s agricultural imports 

began to exceed exports (Gentilcore 1993) . 

Challenges to urban agriculture include physical and social factors. Urban agriculture 

may be met with reluctance, due to associated negative perceptions and stigmas. Land may 

be unavailable due to its intensive use for buildings, or it may be unsustainable for 

cultivation due to physical conditions, including soil quality, soil contamination, or lack of 

rain or sunlight, soil quality. The soil on the peninsula is predominantly thin and stony, 

(Goodwin 2002) and unsuitable for certain vegetables. Soil contamination has been 

observed on the peninsula. Iron, zinc and lead levels have exceeded the Canadian Council of 

Ministers of the Environment's (CCME) standards for contaminant concentrations in some 

plots of land associated with food production. (CCME 1999(a,b), Saunders 2009)  

There is currently no literature available that summarises the amount of land available 

for agriculture in the central urban core of Halifax Regional Municipality in recent times.  

To begin to understand the potential for food production in this urban area, it is necessary 

to estimate how much land is available, in terms of surface area and access to sunlight.   

2.2. ALTERNATIVE MEASURES 

 

There are alternative methods of growing crops in areas where land is not available or 

the soil is not suitable. Planters and pots can contain uncontaminated soil, and can be 



moved around to appropriate areas. Raised beds are permanent fixtures that separate the 

growth soil from contaminated soil by building up from the ground.  Impermeable layers 

can also be placed as separation from contaminated soil. Grow bags, seeds and soil placed 

in slit bags, can be partially buried in the ground (Saunders 2009). Hydroponic gardens, 

growing plants without soil in a nutrient solution, can be built on the ground, rooftops, 

balconies and other structures. Hydroponics, compared to on-ground gardens, can use 

fewer resources,  increase yield per unit area, and reduce water use by 90% (Bradley 

2000).Modern green roofs, rooftops with vegetative growth, emerged in Germany at the 

turn of the twentieth century (Köhler 2003, Oberndorfer 2007). Green roofs can lengthen 

the life span and lower the life cycle cost of roofs (Porsche 2003), and may also improve 

sound isolation (Dunnett 2004, Oberndorfer). Green roofs can reduce the amount of energy 

needed for heating and cooling of buildings. The heat island effect occurs when urban areas 

are warmer than surrounding rural areas.  The effect results from a reduction of the city’s 

solar reflectance, by using construction materials with high specific heat capacities. Heat is 

retained within the city, increasing the need for air conditioning in the summer to cool 

buildings. The addition of plants so surface areas can increase the surface albedo of the city 

(Marceau 2008). In order to construct green roofs, the roof must be able to bear the load of 

the soil and plants. This varies depending on the structure of the house, and it is therefore 

not possible to establish estimates of green roof availability unless examinations of 

individual buildings are conducted. Numerous countries in Europe require the structural 

integrity for green roofs in new developments. The ability of plants to grow vertically can 

be taken advantage of through green walls. These plants have a lower load- bearing strain, 



and can be used to maximise crop cover in sunlight when green roofs are not possible due 

to the structure of the building (Durst 2007). 

 

2.3. ENERGY REDUCTION IN HALIFAX 

Halifax Regional Municipality (HRM) has made a commitment through the Partners for 

Climate Protection to reduce greenhouse gas emission levels by 20% by 2012, compared 

with 2002 emission levels (PCP 2008). In addition, HRM has implemented other 

environmental sustainability strategies, such as the Community Energy Plan (CEP), the 

Clean Air Strategy, and Climate SMART (HRM 2009). HRM relies heavily on imported non-

renewable energy sources. Making changes to HRM’s energy strategy is seen as a vital step 

in reducing greenhouse gas emissions in HRM.  HRM and Natural Resources Canada 

created the CEP in 2007.  The CEP proposes strategies for reductions in energy 

consumption in HRM, and includes a list of 40 recommended actions. The plan is 

recognised by HRM officials as a benefit to the environment and as a method of reducing 

energy costs. One of the specified goals is to encourage energy efficient land use planning 

and neighbourhood site planning. Urban agriculture is one of the suggestions, and it is 

proposed that urban agriculture can meet energy needs in the greenest, leanest, cleanest 

way possible (HRM 2008). 

2.4. COMMUNITY GARDENS AND BENEFITS OF URBAN AGRICULTURE 

 

The benefits of urban agriculture expand beyond the environmental benefits. Mental 

and physical health can be improved by practicing agriculture. The addition of greenery to 



the city can have positive effects. Studies have shown that exposure to plants improves 

mood and alleviates stress (Shibata 2002, Ulrich 2002). As food prices are increasing, 

urban gardening can alleviate the financial burden of food.  Backyard crops will not suffer 

degradation associated with long transport, such as damage from vibrations (Zhou 2007). 

Vegetables and fruit can ripen on plants rather than in a truck. Since Halifax has a bylaw 

restricting pesticide use (HRM 2003), negative effects of pesticides, such as contamination 

of groundwater, would not be an issue for crops grown within the city.  

Community-based urban agriculture can result in a stronger sense of belonging, 

involvement and inclusion, and may fortify community identity. Bonds are created between 

community members by sharing work, land and crops. Urban gardens can encourage social 

networks, improve the appearance of the neighbourhood and increase pride in the 

neighbourhood, as Armstrong (2000) concluded from a study on community gardens in 

upstate New York. Participants in the study indicated reasons for partaking in community 

gardens, the most common being the availability of fresh food, mental health benefits, and a 

chance to enjoy nature and open spaces. The networks established from community 

gardens may encourage further community-based problem solving. Ownership pride may 

boost the intrinsic value of the neighbourhood. Community gardens enable those without 

access to land to participate in gardening.  

Vacant lots and derelict areas may be potential areas for agriculture, as is being shown 

in Detroit, a city with extensive tracts of vacant lots and abandoned buildings. In 2006, up 

to 40% of some residential areas had vacant tracts (Kim 2006). The city grew around the 

automobile industry. With the economic problems that General Motors Corporation and 

Ford Motor Company face, the numbers of vacant plots of land are increasing (McKee 



2008). In 2004, empty lots composed one third of the city’s area (IPT 2004). The city 

utilised these empty spaces for food production, and there are now more than 500 

productive urban gardens, and the numbers are increasing exponentially (McKee). 

 

2.5. SUN REQUIREMENT AND SHADING 

 
Plants require sunlight for energy and developmental stimulation (Larcher 1995). Plant 

characteristics, such as leaf size, resource allocation, and branching, alter depending on the 

amount of sun the plant receives (Wiebel 1994). Insufficient lighting may result in 

unproductive plants. Full sun, which involves direct sun from circa 9:00 to 16:00 o’clock, is 

preferred by most crops (Olkowski 1979). Studies show an increase in the dry weight 

production of plants proportional to increases in sun intensity. However, at high 

intensities, the productivity decreases, especially of shade-tolerant varieties (Issarakraisila 

2008, Shirley 1926). 

Some plants are more shade tolerant than others. Generally, plants harvested for the 

leaves are more shade tolerant than plants harvested for the fruit or root. The following 

table from Olkowski, displays common crops and their shade tolerance. Gardens can be 

designed to utilise available sunlight efficiently, for instance by planting climbing varieties 

such as cucumbers and beans in areas where most sunlight is projected above the ground, 

and low-growing crops such as lettuce and kale in areas that receive sunlight on the ground  

(Olkowski 1979). 

 
 
 



TABLE 1 SHADE TOLERANCE OF COMMON GARDEN CROPS (OLKOWSKI 1979) 

Maximum light Slightly tolerant of shade Moderately tolerant of shade 

Tomatoes  
Corn 
Squash 
Peppers 
Cucumber 
Beans  
Eggplant 
 

Cabbage 
Broccoli 
Kale, collard greens 
Beets 
Turnips 
Radishes 
Onion 
Carrots 

Lettuce 
Endive 
Spinach 
Sorrel 
Mint herbs 

 

2.6. GIS AND LIDAR IN LANDSCAPE ANALYSIS  

 

Geographic Information Systems (GIS) is a valuable tool for examining land-use 

potential.  It has been used for a broad variety of analyses, such as technology adoption and 

land use on dairy farms in Kenya, (Staa 2002), land available for development in the Beirut 

Metropolitan Area (Abed 1994), and future land use in the Netherlands (Schotten 2001).  

GIS has been recommended for identification of potential land for urban agriculture.  This 

has been done in Rosario in Argentina, where ownership of land, land-use regulations, soil 

quality and contamination, and accessibility were studied in part through GIS. GIS work has 

also been conducted in Cagayan de Oro in the Philippines (Veenhuizen 2006) and in Accra 

in Ghana (Larbi 2005, Veenhuizen 2006). In the city of Governador Valadares in Brazil, 

urban development plans recognised urban agriculture as a legitimate use of urban land, 

and urban agricultural areas were included in GIS databases (Veenhuizen 2006).   

GIS is an important tool for landscape analysis. Veenhuizen lists methods for 

governments to enhance access to land for urban agriculture, such as designating vacant 

lots for urban gardening groups, encouraging owners of vacant land to lease land to urban 

food growers, the creation of inventories of available land and testing of suitability of land 



for urban agriculture. In Cienfuegos, Cuba, Piura, Peru, and Dar es Salaam, Tanzania, GIS 

and participatory methods were used to assess suitability of vacant land for agriculture and 

to create an inventory of vacant land (2006). Rasmussen et al. (1999) demonstrated the use 

of GIS as a means of recognising grazing limitations. Suitable grazing grounds were mapped 

from topographic maps and landcover maps from satellite images, in order to aid 

Mongolian pastoralists in sustainable management of common pastures. 

GIS-based 3-dimensional urban models are gaining prevalence in ground surface 

information acquisition (Priestnall 2000). Lin (2005) describes the advantage of LiDAR 

(Light Detection and Ranging) in providing a more accurate depiction of building heights 

than aerial photographs in studying urban areas. Lin used LiDAR data to create models of 

the seasonal solar radiation patterns in downtown Houston, Texas. 

     

3.  METHODOLOGY 

3.1. SPACE AVAILABILITY  

 

Geographic Information System (GIS) was used to determine the amount of available 

space for urban agriculture. The Map and Geospatial Information Centre (MAGIC) at 

Dalhousie University provides topographic data of Halifax Regional Municipality (HRM) 

from the HRM database from 2007. ArcMap is used for mapping and analysis. The data for 

HRM has high resolution, therefore showing a lot of detail. The relevant layers used were 

satellite images of the peninsula, layers of the peninsula/harbour boundary, property 

parcels, park areas, vegetative areas, recreation areas, roads (including driveways and 



paved yards), railroads, building polygons, and trees. Other factors may be important for 

calculating available land, such as rivers, lakes and streams, but these are not present in the 

area of study. In the ModelBuilder, railroad tracks, buildings, paved surfaces, parks, 

recreation areas are cut from the property parcel layer. The new model shows the yards 

with vegetative cover.  The new layer was manually examined to ensure only areas 

constituting yards were included. In the case of apartment buildings, the communal space, 

if present, was accounted for as one yard. The shading trends derived from the GIS analysis, 

further explained in section 3.2, are extrapolated to the entire peninsula. The average 

shading is used as a measure of land reduction due to shading. The total area is calculated, 

which represents total land which can potentially be used for agriculture, without 

considering variables that might hinder urban agriculture, such as soil contamination, and 

steep slopes. Statistics Canada provides information on average vegetable and fruit yields 

for all provinces. 2008 average yield figures for selected vegetables will be used to create 

an economic depiction of the land availability by relating it to potential yield.   

3.2. SHADED RELIEF 

 

LiDAR can depict various topological features, and has been used for coastal zone 

mapping, viewshed analyses, watershed boundaries, and changes in topology over time. 

The GIS Centre at Dalhousie University used LiDAR elevation data to display a shade model 

of the Halifax Public Gardens (Jahncke 2009). LiDAR depicts topology through laser light 

pulses. Scanning LiDAR systems, as used in this study, combine airborne sensors, GPS and 

IMU (Inertial Measurement Unit) (Kemp 2008). Laser lights from an airplane measure the 



elevation of ground objects by calculating the distance between the airplane and the object 

through the time it takes for the light to meet the ground cover.    

LiDAR data can be processed in software such as ArGIS. In this study, the LiDAR data 

was used to measure the amount of shading in backyards, by measuring the height of 

buildings and dense vegetation. Given the elevation differences of buildings, vegetation and 

the ground, the shading cast by taller structures on the ground can be measured. Error! 

Reference source not found. is an elevation map created from LiDAR. The lighter areas 

correspond to higher elevation areas, and darker areas represent lower elevations.  

 

 

In Figure 2, the hillshade function creates a shaded relief map of the same area.  

FIGURE 1 ELEVATION MAP (HRM 2007) 



 

 

In Error! Reference source not found. below, only the shadows from the shaded relief are 

shown. These are cells that are in the shade of another cell. 

 

 

FIGURE 2 SHADED RELIEF (HRM 2007) 

FIGURE 3 SHADOWS (HRM 2007) 



Since LiDAR tiles contain a lot of information and take a long time to process, the 

amount of sun exposure was tested for six areas on the peninsula, three in the northern 

and three in the southern part of the peninsula, ensuring that study sites were distributed 

amongst various neighbourhoods. The peninsula was divided into north and south along 

Quinpool Road. A numerical grid was overlaid, and areas were randomly chosen through 

the random number application in excel. The six areas chosen randomly are displayed in 

Figure 4.  Area 5 and 6 fell within the same tile, therefore five LiDAR tiles were examined. 

 

FIGURE 4. MAP OF AREAS OF STUDY (HRM 2007) 



 

The amount of sun to which a yard is exposed is specific to the position of the sun. 

Therefore, the specific day and time of observation were predetermined. The study of sun 

exposure was delimited to one day of the year, the middle of the growing season, 25 July. 

The amount and direction of sunlight varies throughout the day, therefore 3 times of the 

day were observed. The hours of sunlight were divided equally, and calculations of sun 

exposure were made at 10:00, 13:00, and 16:00.  

LIDAR data files from the HRM database were collected from the Dalhousie Map and 

Geospatial information Collection (MAGIC). The information was used to measure the areas 

exposed to sun during three times of the day. Halifax and Musquodoboit were surveyed 

with LiDAR by PHB Technologies / LaserMap Image Plus. A total area of 1400 km2 was 

surveyed over 6 flights in a Les Leves Aeroscan aircraft, registration number C-GOVX 

between 12 and 15 May 2007. The flying height was 1200 m above ground, at an average 

speed of 70m/s. The GPS base station at the Natural Resources Canada (NRCAN) in Halifax 

was used for LiDAR calculations. Ground profile surveys revealed an accuracy within 15cm 

of elevation. ArcGIS 9.2 was used for data processing. LiDAR data is divided in tiles, each 

covering an area of 1 km². There are 32 tiles on the Halifax Peninsula. These tiles cover 

more than the 20 km² of the peninsula.   

The LiDAR data used in this project were retrieved from the HRM database through the 

Map and Geospatial Information Collection at Dalhousie University. LiDAR data is given in a 

text file, which is converted to a CSV file in order for ArcGIS to recognise it. After converting 

it to a Shape File, it is converted to grid, with cellsize 2 and a mean cell assignment type. In 

spatial analyst, the hillshade tool was used. The hillshade function creates a display of the 



elevation variations of a landscape.  It shows areas that are shaded, depending on the sun’s 

position, which is determined by the altitude, latitude, longitude, date, and time of day. 

Shaded areas change during the day due to the position of the sun. From the azimuth and 

altitude, the hillshade function depicts the shaded areas. The azimuth and altitude were 

calculated from the latitude, longitude, year, month, day, time zone, and time of the desired 

observation, using the online Azimuth and Altitude Calculator for the Sun from 

http://jamersbass.com/sunform/aspx.  

In the hillshade function, the azimuth and altitude were inserted, and model shadows 

was enabled, which displays the shadows cast. In the new Shape File, the cells are coded 

with integers from 0 to 255, and those that are less than 1 are cells that are in the shadow 

of another cell. In order to only display the shadows, cells coded with 0 values are reclassed 

with a value of ‘1,’ and all other values reclassed to ‘NoData.’ The resulting Shape File 

displays areas that are in shade. This raster file representing shaded areas was then 

converted to a vector file, which was then erased from a Shape File that displayed the yards 

without buildings and roads. The resulting vector file showed the unshaded land area in 

yards, having subtracted the shaded areas, roads, driveways, and buildings.  From the 

attribute table, information about size of the unshaded land area was derived and 

processed for statistical analysis. The attribute tables contained information regarding the 

total area in shade and the size of the yards, which was used to create histograms showing 

the frequency distribution of shading trends.   

 

 

http://jamersbass.com/sunform/aspx


3.3. LIMITATIONS 

 

There were several limitations to the study. Sun exposure was only measured for one 

day, and the amount of shading would differ earlier and later in the growing season. Since 

the LiDAR data measured dense vegetation only, some vegetative areas would not be 

accounted for. Although these are less dense, they would nevertheless provide shade. 

Fences are not properly displayed in LiDAR data, since there are difficulties measuring 

vertical surface areas. These limitations mean that the shaded areas are likely to be 

somewhat larger than the LiDAR data indicate. 

There have been changes since the 2007 data collection, such as construction of new 

buildings. Some driveways and paved yards are not displayed in the data. There are further 

factors that limit the possibility for crop cultivation in yards which are not accounted for, 

such as the microclimate of the yard, soil quality, and contamination. Sun exposure is also 

limited by cloud cover, and the study assumes full sunlight. The results are therefore 

favoured towards optimal days and the shading is slightly underestimated. Nevertheless, 

shading does not deem a yard unacceptable for agriculture, since shade tolerant species 

and optimal sunlight allocation through garden design are tactics which can result in 

cultivation despite lack of abundant sunlight. The study does not take into consideration 

areas that are suitable but unrecognised by LiDAR data, such as balconies for pots.  

Delimitations placed on the study included a focus on a select few areas of the 

peninsula, measurements of one particular day, and on-ground agriculture. Other urban 

agricultural practices, such as hydroponics, livestock and bees were not considered. The 

study focused solely on private yards, and did not consider public space or vacant lots.   



4.  RESULTS 

4.1. SPACE AVAILABLITY 

 

After erasing obstructing features from a map of yards, it was determined that 4,084,793 

m² (4 km²) of the 20 km² peninsula are areas that are vacant of built structures.  The GIS 

analysis, further described in section 4.2, showed that the five observed areas had an 

average of 22% shade cover. Shaded areas are not necessarily unsuitable for cultivation of 

crops, since there may be adequate sunlight at other times of the day. Shading during one 

part of the day does not eliminate the potential for crop cultivation. Unsuitability of land 

due to shading will be determined by the total amount of sunlight received at a given area, 

and the time of day it is received.  The figure is likely an overestimation of the shading, 

since the variation in location of shading is not represented. Assuming a 22% loss of yard 

space due to shading, the 4 km² is reduced to 3.2 km², which is the unobstructed yard 

space that could potentially be used for urban agriculture. This calculation does not take 

into consideration the suitability of the soil, slope of property, vegetative cover and 

contamination.  

A benefit of growing one’s own food is the availability of fresh vegetables. Some 

vegetables preserve better than others, and vegetables such as lettuce are more appealing 

fresh from the yard. Lettuce is a shade tolerant crop, and suitable for the predominantly 

thin soil on the peninsula.  Statistics Canada (2009 b) reports that in 2008, the commercial 

production of lettuce in Nova Scotia was 80 tonnes on 20 hectares, which amounts to 4000 

kg/ha. Using this yield value, on 3.2 km², 1280 tonnes of lettuce could be harvested. 



Statistics Canada reports that in 2001, average lettuce consumption by Canadians was 

11.05 kg/year. (Stat Can 2002)  Given the 2001 peninsula population (districts 11-14) of 

58,466, 646 tonnes of lettuce are needed annually for the peninsula population, which is 

less than the potential yield of the peninsula yards.  

The average yield of potatoes in Nova Scotia is 23.54 tonnes/ha (Stat Can 2009 c). 

The 3.2 km² of the peninsula would yield 7532.8 tonnes of potatoes annually. According to 

statistics Canada, the Canadian per capita consumption of fresh potatoes in 2003 was 34.48 

kg (McLaughlin 2005). Projecting this figure to the Halifax peninsula population, 2015.9 

tonnes of potatoes is needed to satisfy the demand on the peninsula.   

4.2. SHADED RELIEF 

 

The following graphs show the frequency distributions of the sizes of sun exposure areas.  

 

 

FIGURE 5. PERCENT OF LOT SHADED AT 10:00, AREA 1 



 

FIGURE 6. PERCENT OF LOT SHADED AT 13:00, AREA 1 

 

FIGURE 7. PERCENT OF LOT SHADED AT 16:00, AREA 1 

 

 

FIGURE 8. AVERGAE PERCENT OF LOT IN SHADE, AREA 1 

 



 

FIGURE 9. PERCENT OF LOT SHADED AT 10:00, AREA 2 

 

FIGURE 10. PERCENT OF LOT SHADED AT 13:00, AREA 2 

 

FIGURE 11. PERCENT OF LOT SHADED AT 16:00, AREA 2 

 



 

FIGURE 12. AVERAGE PERCENT OF LOT IN SHADE, AREA 2 

 

 

FIGURE 13 PERCENT OF LOT SHADED AT 10:00, AREA 3 

 

FIGURE 14. PERCENT OF LOT SHADED AT 13:00, AREA 3 



 

FIGURE 15. PERCENT OF LOT SHADED AT 16:00, AREA 3 

 

FIGURE 16. AVERAGE PERCENT OF LOT IN SHADE, AREA 3 

 

FIGURE 17. PERCENT OF LOT SHADED AT 10:00, AREA 4 



 

FIGURE 18. PERCENT OF LOT SHADED AT 13:00, AREA 4 

 

FIGURE 19. PERCENT OF LOT SHADED AT 16:00, AREA 4 

 

FIGURE 20. AVERAGE PERCENT OF LOT IN SHADE, AREA 4 



 

FIGURE 21. PERCENT OF LOT SHADED AT 10:00, AREA 5 

 

FIGURE 22. PERCENT OF LOT SHADED AT 13:00, AREA 5 

 

FIGURE 23. PERCENT OF LOT SHADED AT 16:00, AREA 5 



 

FIGURE 24. AVERAGE PERCENT OF LOT IN SHADE, AREA 5 

 

TABLE 2 AVERAGE PERCENT OF LOT SHADED 

time Area 1 Area 2 Area 3 Area 4 Area 5 

10:00 23.5 15.9 15.7 20.5 24.1 

13:00 8.2 5.6 5.1 6.5 9.4 

16:00 38.2 38.1 37.0 37.0 44.7 
 

5.  ANALYSIS  

 

Measuring the total available potential space for urban agriculture in an urban setting 

may be difficult since available areas are disconnected, and the entirety of available space 

underestimated. After erasing obstructing features from a map of yards, it was determined 

that 3.2 km² of the 20 km² peninsula are yards which could potentially be used for urban 

agriculture, given that other factors are suitable for urban agriculture. By projecting yield 

factors, over 7 million kg of potatoes or 1 million kg of lettuce could be produced annually. 

For the Halifax peninsula population of 58,466, 2 million kg of potatoes and 646 000 kg of 

lettuce would be needed per year. According to these figures, the peninsula could grow 

enough potatoes and lettuce to satisfy this demand, however, these are just two crops on 



the long list of crops consumed. Considering that the potato and lettuce demand on the 

peninsula would require around 2.5 km², the peninsula would not be able to satisfy the 

total vegetable demand on the peninsula. Furthermore, the winter demand cannot be met. 

It is not suggested that urban agriculture should displace fruits and vegetables from 

Maritime farms, but rather, local food, including food grown and produced in the Maritimes 

and within urban areas, should have a stronger prevalence in the food system. However, an 

increased dependence on crops grown in the urban setting reduces negative effects of 

imported crops, as discussed previously.  The results show that a large amount of 

vegetables can be produced, where conditions are suitable.  

The sun exposure examinations revealed the portion of the yards in shade. The 

frequency distribution graphs indicate that for the majority of the yards, a large portion 

receives sunlight.  All yards showed similar frequency distributions.  At all sites, there was 

little shading at 13:00, with most of the shading occurring at 16:00.  Overall, very few yards 

showed 100% shade, even in the late afternoon. No yards showed 100% shading during the 

whole day. Since sunlight was received at least at one of those three times, crops that 

require little sun can be grown here. The average shading was 21%, and none of the areas 

had more than 50% shading during the three observed times.  Despite limitations and 

delimitations, the results indicate that shading does not severely limit agriculture on the 

peninsula, and crops grown in these yards would receive the required amount of sunlight 

during the summer.  

Incorporating shading trends into the prediction of total potential yard space reduced 

the area by 0.8 km2, leaving 3.2 km2 of yard space.  All yards receive sunlight at midday, a 

vital time for sun exposure, since the sun is strongest at this time. At this time, all yards had 



low levels of shading, averages ranging between 5.1% and 9.4% yard shading. Although 

there is higher amounts of shading during the afternoon, averages ranging from 37% to 

44.7% shading, the low levels of shading during the late morning (averages between 15.7% 

and 24.1%), indicate that the yards with high amounts of shading during the late afternoon 

likely have low levels of shading during the morning and midday, and can therefore be 

suitable habitats for cultivation of moderately shade tolerant crops.  Successful gardening 

requires careful allotment, and observation of shading trends is necessary. Vegetables 

requiring moderate amounts of sunlight can be planted in areas that receive sunlight at 

midday and during the morning and/or late afternoon.  

6.  LIMITATIONS, RECOMMENDATIONS, CONCLUSIONS 

 

An examination of the potential space revealed that 3.2 km2, or 1/6 of the peninsula is 

yards. This space is unobstructed by buildings and roads, and may be potential areas for 

cultivation of crops.  Shade relief models showed that shading in the summer covers on 

average between 0 and 55% of the yard space. Therefore, it is concluded that there is 

enough land available to produce on the Halifax peninsula a significant fraction of the 

summer-season vegetables consumed there. It is recognised that there are limiting physical 

factors of urban agriculture specific to each yard, however, with the gardener’s effort, these 

limitations can be overcome. There are innovative techniques which allow initially 

unsuitable areas to be productive cornucopias.  Inaccessibility to these techniques should 

not be a limiting factor for urban agriculture.  Further efforts should be directed at creating 



a centralised, accessible resource for Haligonians interested in urban agriculture. Solutions 

for other limitations of urban agriculture should be explored and made available for 

current and potential urban farmers. Bylaws and regulations should not hinder urban 

agriculture. 

Although individual parcels of land may be small, food production may still occur at 

these locations. Studies show that smaller farming plots have a higher yield per hectare 

than large-scale farms. (Rosset 2000) The productivity per unit area of a land is not limited 

by the total size it encompasses.  The potential productivity of a yard also depends on the 

gardener. Although 1 m² can be used for growing crops, the resident may not find this 

worth the effort of establishing and maintaining a garden.   

Urban planners should include urban agriculture in design, and consider factors that 

promote urban agriculture. Space should be allocated for community gardens, and 

considerations should be made to reserve land that is suitable for urban agriculture. New 

developments should include space for agriculture, whether through the structural 

integrity of green roofs, by placing balconies in south facing directions, or by allocating 

yard space in areas that are well lit with good soil. This study did not consider public areas 

such as parks and fields, or idle lands, areas that are underused or abandoned. There may 

be great potential for agriculture in these areas as well. Halifax has islands of available 

space that can be utilised for cultivation, which, in entirety, encompasses a large area.  

 

 



7.  REFERENCES 

 

Abed, J.H., Kazzaz, T. 1994. Using GIS for mapping land available for development in 
metropolitan Beirut saturation index model. Urban and Regional Information 
Association 527-41 

 
Armstrong, D. 2000. A survey of community gardens in upstate New York: implications for 

health promotion and community development. Health Place 6(4):319-27 
 
Azimuth and Altitude Calculator for the Sun. [Online] Retrieved from 

http://jamersbass.com/sunform/aspx Viewed October 2009  
 
 
Bradley, P., Marulanda, C. 2000. Home Hydroponic Gardens and Simplified Hydroponics 

(Hidroponia Simplificada). (Spanish Translation 2002) Global Hydroponic Network, 
Oregon 

 
Canadian Council of Ministers of the Environment. 1999a. Canadian soil quality guidelines 

for the protection of environmental and human health: Lead. Canadian 
environmental quality guidelines, Canadian Council of Ministers of the Environment, 
Winnipeg. 

 
Canadian Council of Ministers of the Environment. 1999b. Canadian soil quality guidelines 

for the protection of environmental and human health: Zinc. Canadian 
environmental quality guidelines, Canadian Council of Ministers of the Environment, 
Winnipeg. 

 
Dunnett, N.P., Kingsbury, N. Planting Green Roofs and Living Walls.  Portland: Timber Press, 

2004 
 
Durst, S.  2007. Greening the Concrete Jungle.  Business 2.0.  8(3):40-1 
 
Ecology Action Centre. 2009. Halifax Landshare. [Online] Retrieved from 

http://www.ecologyaction.ca/content/halifax-landshare Viewed17 November 2009 
 
Gentilcore, R. Louis. Macklem,P. ed. Historical Atlas of Canada- The Land Transformed 

1800-1891. Toronto: University of Toronto Press, 1993  
 
Goodwin, T. A. 2002. Soil and Till Geochemsitry of the Halifax Regional Municipality, Nova 

Scotia. Government of Nova Scotia. [Online]. Retrieved from 
http://www.gov.ns.ca/natr/meb/pdf/0 3re01/03re01_goodwin.pdf Viewed 4 
October 2009 

 

http://jamersbass.com/sunform/aspx
http://www.ecologyaction.ca/content/halifax-landshare%20Viewed17%20November%202009
http://www.gov.ns.ca/natr/meb/pdf/0%203re01/03re01_goodwin.pdf


Gwyn, J. Excessive expectations: Maritime Commerce and the Economic Development of 
Nova Scotia, 1740-1870.  Montreal: McGill-Queen's University Press, 1998 

 
Halifax Regional Municipality. 2003. Pesticide By-Law P-800: Respecting the Regulation of 

Pesticides, Herbicides and Insecticides. 
 
Halifax Regional Municipality. 2004. Population, Voting Age Population, and Eligible Voters 

23 Polling Districts as approved by UARB, 13 February 2004 [online] Retrieved 
from http://www.halifax.ca/municipalclerk/documents/infoDISTPOP_23final.pdf 
Viewed 16 March 2009 

 
Halifax Regional Municipality. 2008.  Community Energy plan. [Online] Retrieved from 

http://www.halifax.ca/ environment/energyplan/ Viewed 16 March 2009 
 
Halifax Regional Municipality. 2009. Sustainable Environment Management Office. [Online] 

Retrieved from  http://www.halifax.ca/environment/semo.html Viewed March 
2009 Viewed 16 March 2009 

 
Issarakraisila, M., Settapakdee, R. 2008. Effects of Light Intensity on Leaf Structure and 

Growth of Mangoseten Seedlings.. Acta Horticulturae 787:289-292 
 

Iowa Public Television. 2004 Detroit Urban Agriculture [online] Retrieved from 
http://www.iptv.org/mtom/archivedfeature.cfm?Fid=249 Viewed 26 March 2009 

 
Jahncke, R. 2009 Application of a Shadow Time Series Model Derived From a LiDAR Digital 

Elevation Model in an Urban Setting. Internal Report, GIS Centre. Dalhousie 
University (draft)  

 
Kemp, K.K. ed. Encyclopedia of Geographic Information Science. California: Sage 

Publications, Inc, 2008 
 
Kim, J.2006. Design of Urban Farming Community: Strategies for Vacant Lands in Detroit 

Urban Neighborhoods. [online] Retrieved from http://www.architects.org 
/documents/education/rese archgrants/2006/Kim_2006_report.pdf Viewed 26 
March 2009 

 
Köhler M. 2003. Plant survival research and biodiversity: Lessons from Europe. First 

Annual Greening Rooftops for Sustainable Communities Conference, Awards and 
Trade Show 

 
Larbi, T., Cofie, O., Schutz, T. 2005. RUAF Progress Report July- September, 2005. IWMI-

Ghana, Accra-Ghana. 
 
Larcher, W. 1995. Physiological Plant Ecology Third Edition. Springer Innsbruck; P 31  
 

http://www.halifax.ca/municipalclerk/documents/infoDISTPOP_23final.pdf
http://www.halifax.ca/%20environment/energyplan/
http://www.halifax.ca/environment/semo.html%20Viewed%20March%202009
http://www.halifax.ca/environment/semo.html%20Viewed%20March%202009
http://www.halifax.ca/environment/semo.html%20Viewed%20March%202009
http://www.iptv.org/mtom/archivedfeature.cfm?Fid=249


Lin, W. M. 2005. Constructing a GIS-Based 3D urban Model Using LiDAR and Aerial 
Photopgraphs. Texas A&M University [online] Retrieved from 
http://repository.tamu.edu/handle/1969.1/1495 Viewed October 2 2009 

 
Mai Thi Phuong Anh. 2000. Current status and prospective planning upon agricultural 

development in Hanoi. Paper presented during the CG Strategic Initiative of Urban 
and Peri-Urban Agriculture workshop, Hanoi 5–9 June 2000. 7 

 
MacKenzie, S., Robson, S. ed. 2004. Halifax Street Names- An illustrated Guide 2nd ed. 

Formac Publishing Company Limited. Halifax NS.  
 
Marceau,M.L., VanGeem, M.G. 2008. Solar Reflectance Values for Concrete Concrete 

International; 52 
 
McLaughlin, B. 2005. Potatoes: chanign production, chanign consumoption. Statistics 

Canada. [online] retrieved from  http://dsp-psd.pwgsc.gc.ca/Collection/Statcan/21-
004-X/21-004-XIE2005004.pdf  Viewed 18 November 2009 

 
Nelson, A  ed. Steering Sustainability in an Urbanizing World. Ashgate Publishing Limited; 

Hampshie  2007 
 
Nova Scotia Federation of Agriculture (NSFA). 2008. Food Miles Project Background 

Information. [Online]. Retrieved from http://www.nsfa-fane.ca/programs_and_ 
projects/Food_Miles Viewed 17 November 2009 

 
McKee, M., Ortolani, A. 2008. GM's Bust Turns Detroit Into Urban Prairie of Vacant-Lot 

Farms [online] Retrieved from http://www.bloomberg.com/apps/news?pid= 
20601109&refer= home&sid=aM V8_J49diKs Viewed 26 March 2009 

 
Mbaye, A., Moustier, P. 1999.  Market-oriented urban agricultural production in Dakar.  

Growing cities, growing food : urban agriculture on the policy agenda.  235-56 
 
Mougeot, L.J.A. Growing better Cities: Urban Agriculture for Sustainable Development.  

Ottawa: International Development Research Centre, 2006 
 
Oberndorfer, E., Lundholm, J., Bass, B., Coffman, R.R., Doshi, H., Dunnett, N., Gaffin, S., 

KÖHLER, M., Liu, K.K.Y., Rowe, B. 2007. Green Roofs as Urban Ecosystems: Ecological 
Structures, Functions, and Services. Bioscience 57(10):823-33 
 

Olkowski,H.. The Integral Urban House. Growing Food I urban Areas. Farallones institute. 
Sierra Club Books: San Francisco, 1979. 154-156 

 
Partners for Climate Protection. 2008. [Online] Retrieved from http://www.sustainable 

communities.fcm.ca/files/Capacity_Building_-_PCP/PCP_Resources/PCPFiv 
eMilestone Framework-e.pdf Viewed 16 March 2009 

 

http://repository.tamu.edu/handle/1969.1/1495
javascript:void(0)
javascript:void(0)
javascript:void(0)
http://dsp-psd.pwgsc.gc.ca/Collection/Statcan/21-004-X/21-004-XIE2005004.pdf
http://dsp-psd.pwgsc.gc.ca/Collection/Statcan/21-004-X/21-004-XIE2005004.pdf
http://www.nsfa-fane.ca/programs_and_%20projects/Food_Miles
http://www.nsfa-fane.ca/programs_and_%20projects/Food_Miles
http://www.bloomberg.com/apps/news?pid=20601109&refer=%20home&sid=aM%20V8_J49diKs
http://www.bloomberg.com/apps/news?pid=20601109&refer=%20home&sid=aM%20V8_J49diKs
http://www.bloomberg.com/apps/news?pid=20601109&refer=%20home&sid=aM%20V8_J49diKs
http://www.cababstractsplus.org/abstracts/SearchResults.aspx?cx=011480691189790707546:cops6fzdyna&cof=FORID:9&ie=UTF-8&q=Mbaye,%20A.&sa=Search
http://www.cababstractsplus.org/abstracts/SearchResults.aspx?cx=011480691189790707546:cops6fzdyna&cof=FORID:9&ie=UTF-8&q=Moustier,%20P.&sa=Search


Porsche U., Köhler M.2003. Life Cycle Costs of Green Roofs - A Comparison of Germany, USA 
and Brazil. RIO 3 - World Climate and Energy Event. 461-467 

 
Priestnall G., J. Jaafar, and A. Duncan. 2000. Extracting urban features from LiDAR digital 

surface models. Computers, Environment and Urban Systems 24: 65-78. 
 
Rasmussen, M.S., James. R.,Adiyasuren. T., Khishigsuren. P., Naranchimeg. B., Gankhuyag3. R., 

Baasanjargal. B. 1999. Supporting Mongolian pastoralists by using GIS to identify 
grazing limitations and opportunities from livestock census and remote sensing data . 
GeoJournal 47: 563–571, 

 
The Resource Centres on Urban Agriculture & Food Security (RUAF) 2009.  [online] 

http://www.ruaf.org/  
 
Robbins, P. Political Ecology. Blackwell: Malden, MA. 2004 
 
Rosset, P.  2000.  The Multiple Functions and Benefits of Small Farm Agriculture in the 

Context of Global Trade Negotiations. Development 43(2): 77-82(6) 
 
Saunders, L.  2009.  Halifax Urban Soil Guide [online] retrieved from 

http://myweb.dal.ca/ls236198/soi lguideONLINE.pdf Independent publication 
 
Schotten, K., Goetgeluk, R., Hilferink, M., Rietveld, P., Scholten, H.  2001.  Residential 

Construction, Land Use and the Environment.  Simulations for the Netherlands 
Using a GIS-Based Land Use Model.  Environmental Modeling and Assessment 6(2): 
133–143  

 
Shibata, S., Suzuki, N.  (2002) Effects of the Foliage Plant on Task Performance and Mood.  

Journal of Environmental Psychology 22(3): 265-272 
 
Shirley, H.L. 1929. The Influence of Light Intensity and Light Quality Upon the growth of 

Plants. American Journal of Botany, 15(5):354-390 
 
Staa, S.J., Baltenweck, I., Waithaka, M.M., deWolf T., Njoroge, L.  2002.   Location and 

uptake: integrated household and GIS analysis of technology adoption and land use, 
with application to smallholder dairy farms in Kenya.  Agricultural Economics 
27(3):295-315 

 
Statistics Canada. 2001. Food Consumption in Canada. Catalogue no. 32-230-XIB. [Online] 

retrieved from http://www.statcan.gc.ca/pub/32-230-x/32-230-x2001000-eng.pdf 
Viewed 16 November 2009 

 
Statistics Canada. 2002. Food Consumption in Canada, Catalogue no. 32-230-XIB, Part II. 

[Online] retrieve from http://www.statcan.gc.ca/pub/32-230-x/32-230-x2001000-
eng.pdf Viewed 16 November 2009 

 

http://www.ruaf.org/
http://myweb.dal.ca/ls236198/soi%20lguideONLINE.pdf
http://www.sciencedirect.com/science/journal/02724944
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236872%232002%23999779996%23332336%23FLP%23&_cdi=6872&_pubType=J&view=c&_auth=y&_acct=C000051270&_version=1&_urlVersion=0&_userid=1069263&md5=6374b5db249a5756e9e717662d8c2b58
http://www.statcan.gc.ca/pub/32-230-x/32-230-x2001000-eng.pdf
http://www.statcan.gc.ca/pub/32-230-x/32-230-x2001000-eng.pdf
http://www.statcan.gc.ca/pub/32-230-x/32-230-x2001000-eng.pdf


Statistics Canada. 2009 a. Farm Cash Receipts- Agriculture Economic Statistics. Catalogue 
no. 21-011-X. [Online] Retrieved from http://www.statcan.gc.ca/pub/21-011-x/21-
011-x2009002-eng.pdf Viewed 17 November 2009 

 
Statistics Canada. 2009 b. Fruit and Vegetable Production, Catalogue no. 22-003-X. [Online] 

Retrieved from http://www.statcan.gc.ca/pub/22-003-x/22-003-x2009001-eng.pdf 
Viewed 25 January 2010 

 

Statistics Canada. 2009 c.  Canadian Potato Production, Catalogue no. 22-008-X [Online] 
Retrieved from http://www.statcan.gc.ca/pub/22-008-x/22-008-x2009002-eng.pdf 
Viewed 25 January 2010 

 
Tegtmeier, E.M., Duffy, M.D. The Eatrthscan Reader in Sustainable Agriculture. Pretty, J. ed. 

London: Earthscan, 2005 
 
Ulrich, R.S.2002.  Health Benefits of Gardens in Hospitals. [Online] Viewed 16 March 2009 

http://www.planterra.com/SymposiumUlrich.pdf 
 
United Nations.2004. World Urbanization Prospects- The 2003 RevisionUnited Nations 

Publications, New York 
 
United Nations. 2007. Framing Sustainable Development- The Brundtland Report – 20 

Years On. [Online]. Retrieved from .http://www.un.org/esa/sustdev/csd/csd15/me 
dia/backgrounder_brundtland.pdf  Viewed 27 October 2009 

 
United Nations. 2009.The Millennium Development Goals Report 2009. New York. (Online)  

Retrieved from http://www.un.org/millenniumgoals/pdf/MDG_Report_ 
2009_ENG.pdf Viewed November 5 2009 Viewed 27 October 2009 

 
Veenhuizen, R, ed. 2006.  Cities Farming for the Future: Urban Agriculture for Green and 

Productive Cities. International Development Research Centre; Ottawa  
 
 
Wiebel, J. Chacko, E.K., Downton, W.J.S., Lüdders, P. 1994. Influence of Irradiance on 

Photosynthesis, morphology and growth of mangosteen (Garcinia mangostana L.) 
seedlings. Tree Physiology 14(3):263-274 

 
Wilson, J., Anielski, M.  2005.  Ecological Footprints of Canadian Municipalities and Regions.  

Anielski Managemnt Inc. 
 
Wong, N.H., Cheong, D.K.W., Yan, H., Soh, J., Ong, C.L., Sia, A.  (2003)The effects of rooftop 

garden on energy consumption of a commercial building in Singapore Energy and 
Buildings 35(4) 353-364 

http://www.statcan.gc.ca/pub/21-011-x/21-011-x2009002-eng.pdf
http://www.statcan.gc.ca/pub/21-011-x/21-011-x2009002-eng.pdf
http://www.statcan.gc.ca/pub/22-003-x/22-003-x2009001-eng.pdf
http://www.statcan.gc.ca/pub/22-008-x/22-008-x2009002-eng.pdf
http://www.planterra.com/SymposiumUlrich.pdf
http://www.un.org/esa/sustdev/csd/csd15/me%20dia/backgrounder_brundtland.pdf
http://www.un.org/esa/sustdev/csd/csd15/me%20dia/backgrounder_brundtland.pdf
http://www.un.org/esa/sustdev/csd/csd15/me%20dia/backgrounder_brundtland.pdf
http://www.un.org/millenniumgoals/pdf/MDG_Report_%202009_ENG.pdf%20Viewed%20November%205%202009
http://www.un.org/millenniumgoals/pdf/MDG_Report_%202009_ENG.pdf%20Viewed%20November%205%202009
http://www.un.org/millenniumgoals/pdf/MDG_Report_%202009_ENG.pdf%20Viewed%20November%205%202009
http://www.sciencedirect.com/science/journal/03787788
http://www.sciencedirect.com/science/journal/03787788
http://www.sciencedirect.com/science/journal/03787788
http://www.sciencedirect.com/science/journal/03787788


 
The World Wide Fund for Nature. 2008. Living Planet Report 2008. [Online] Retrieved from  

http://assets.panda.org/downloads/living_planet_report_2008.pdf Viewed  8 
November  2009 

 
The World Wide Fund for Nature.2000. Living Planet Report 2000. [Online]. Retrieved from 

http://assets.panda.org/downloads/lpr2000.pdf Viewed 8 November  2009 
 
Zhou, R. Su, S, Yan, L., Li, Y. (2007) Effect of transport vibration levels on mechanical 

damage and physiological responses of Huanghua pears (Pyrus pyrifolia Nakai, cv.   
Huanghua).   Postharvest Biology and Technology 46(1): 20-28 

 

8.  APPENDIX 

HISTOGRAMS OF YARD SIZES EXPOSED TO SUN   

The following histograms display the size of yards receiving sunlight at given times. The 
graphs were created in ArcMap from the attribute tables. This information, in conjunction 
with original yard sizes, was used to create histograms of portions of yards in shade.     
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Sun Exposure, Area 4, 10:00
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Sun Exposure, Area 4, 16:00
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154 [8.966; 98.07)
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GIS DATA SOURCES 

 Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Coastline of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Buildings of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Lakes of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Streams of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Streets of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Trees of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Parks of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Property Parcels of HRM" [ESRI shapefile]. Created 
by Dalhousie  University GIS Centre, using ArcInfo 9.3, as a user defined area subset 
of data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Railroads of HRM" [ESRI shapefile]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 



Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Vegetative Areas of HRM" [ESRI shapefile]. Created 
by Dalhousie  
University GIS Centre, using ArcInfo 9.3, as a user defined area subset of data. 
August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "Recreational Areas of HRM" [ESRI shapefile]. 
Created by Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area 
subset of data. August 2009 

Halifax Regional Municipality. Halifax Regional Municipality Corporate Geographic 
Information System from 2007. "LiDAR data of HRM" [LiDAR data]. Created by 
Dalhousie University GIS Centre, using ArcInfo 9.3, as a user defined area subset of 
data. August 2009 


