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ABSTRACT

This practicum explores new relationships between landscape 
architecture and anthropogenic climate change. Climate change has 
been affecting urban ecological systems and environments. Landscape 
architects have to respond to climate change effectively in their design 
strategies and approaches. 
 
The design research focuses on soil carbon sequestration, which 
is a new topic in landscape architecture but can be incorporated 
into landscape designs to enhance natural carbon sinks by avoiding 
the addition of excessive carbon emissions from eco-systems into 
the atmosphere with urban development. Enhancements of soil 
carbon sequestrations can make urban landscapes adaptable to 
climate change. The design strategy focuses on how to quantify 
and embed soil carbon sequestration into the process of landscape 
designs in Winnipeg. A typical suburb in Winnipeg has been selected 
to demonstrate how to assess and analyze changes in carbon 
sequestration levels based on historical and existing conditions. Lastly, 
a set of design guiding principles and creative modifications have 
been proposed to illustrate how to transform the neighborhood into a 
carbon-sequestration-oriented neighborhood and inform a new carbon- 
positive development of a suburb. 
 
In establishing the project in Winnipeg, the project demonstrates the 
possibility of adapting neighborhoods to anthropogenic climate change 
and can help landscape architects make climate-change-responsible 
design decisions.

ix



Climate Change
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Background and Introduction  

From my master studies at the University of 

Manitoba, I realize that it is essential to work 

in landscape architecture both on a large 

scale and a small one. As a comprehensive 

discipline, landscape architecture requires 

deeper and exploratory research to cope 

with profound challenges that we suffer from 

globally.  

 

Because of excessive carbon emission 

into the atmosphere due to fossil fuel use, 

climate change, global warming, urban 

heat islands, environmental pollution, and 

ecological deterioration are increasing 

issues. Global climate change has caused 

observable effects on the environment, such 

as shrinking glaciers, loss of sea ice, the rise 

of sea level and longer, and more intense 

heat waves (National Aeronautics and Space 

Administration, 2019). However, information 

and claims from the media are more likely 

to focus on these visible threats, while a few 

invisible ones such as decreasing freshwater 

resources and thawing permafrost receive 

less attention. 

 

Climate change and global warming were 

not considered a risk until the late 1980s. 

According to scientific records, scientists 

realized that increasing concentration of 

atmospheric carbon dioxide had increased 

to the extent that ecological balance was 

no longer possible, thereby contributing 

to a series of irreversible disruptions 

such as frequent extreme weather, ocean 

chemistry changes, and habitat declines. 

Since the 1980s, an increasing number of 

groups and associations have appeared 

to claim the importance of reducing 

greenhouse gas emissions and launched 

campaigns to construct low-carbon, even 

zero or negative-emission economies and 

societies. Climate change, green lifestyle, 

and environmental protection have 

become buzzwords in people's lives now, 

especially for Millennium generations.  

 

Although the debate on climate change 

has lasted for decades, pertinent 

mitigation solutions are coming out slowly 

and quietly compared with fast-paced 

climate change. This is because climate 

change is not just an ecological issue 

that most people have recognized but a 

3



FIG. 1.0 Infographic of global atmospheric carbon dioxide level from 1750 to 2000. Adapted from The 2° Institute, 
"Global CO2 level". 

political and social one with technological 

challenges. For example, climate denial is 

common in numerous developing countries 

in comparison to developed ones since 

developing countries argue that they would 

fall short of developing economies if they 

accept greenhouse emission reduction plans 

articulated by western countries (Oreskes and 

Conway, 2014). 

 

The Intergovernmental Panel on Climate 

Change (IPCC), a hybrid scientific/

governmental organization created 

in 1988, predicted that the global 

temperature would increase by 1.5 degree 

Celsius by 2030 based on the existing 

greenhouse gas emissions rate (Invitee, 

2019). This means that it is a 10-year 

countdown to mitigate the intricate issue 

and minimize adverse effects.  

 

In order to mitigate climate change, many 
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FIG. 1.2 Melting glaciers in the Arctic, 1945.

FIG. 1.4 Melting glaciers in the Arctic, 1995. FIG. 1.5 Melting glaciers in the Arctic, 2016.

FIG. 1.3 Melting glaciers in the Arctic, 1970.
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countries and regions are committed 

to collaborating to decrease carbon 

emissions and to shift to a green economy 

through new agreements. For example, 

Manitoba is developing its response to 

climate change (Manitoba, 2016). Based 

on the Paris climate agreement in 2015, 

Manitoba is running "A Made-in-Manitoba 

Climate Action Plan (MCAP)" that includes: 

 • "carbon pricing that fosters emissions  

    reduction (Manitoba, 2016, para.4).'' 

• "keeping investment capital in Manitoba  

    and stimulating innovation in clean  

    energy, business, and jobs (Manitoba,  

    2016, para.4).'' 

• "implementing land-use and  

    conservation measures that sequester  

    carbon and foster adaptation to climate  

    change" (Manitoba, 2016, para.4). 

• "adopting measures to reduce emissions  

    from commercial buildings through    

    building codes '' (Manitoba, 2016, 

    para.4). 

• "adopting measures putting government  

    operations and infrastructure on a path  

    to carbon-neutrality'' (Manitoba, 2016, 

    para.4). 

• "adopting measures to encourage the  

    adoption of fuel savings technologies  

    within the transportation sector" 

(Manitoba, 2016, para.4).

 

The MCAP reflects the urgent demand in 

Manitoba to take actions that counteract 

the negative effects of climate change 

and global warming and avoid a massive 

ecological and economic loss. Moreover, in 

Manitoba, statistics indicate that the impacts 

of climate change will be further observable 

and perceptible in the next decades. For 

instance, if carbon emissions remain the 

same by 2051 - 2080, Winnipeg may see 

46 days above 30 degrees Celsius in a 

year (Canadian Broadcasting Corporation, 

2016). That is more than four times the 

current average of 11 days. According to 

the strategic plans outlined in the Made-in-

Manitoba Climate Action Plan, incorporating 

carbon sequestration in landscaping and 

design is critical to addressing the problem 

of climate change in Manitoba. 

 

Carbon-responsible landscapes act as 

productive and adaptive landscapes that 

can reduce carbon emissions produced by 

human activities, sequester carbon, and 

generate ecosystem services benefits in 

cities (Chon, et al., 2014). The design of 

a carbon-responsible built environment 

is mainly supported by sustainable and 
6



46 days

4 times

above 30 degrees celsius in a year between 2051 and 
2080 in Winnipeg 

days above 30 degrees celsius in a year than the current 
average of 11 days
(Canadian Broadcasting Corporation, 2016)

7

FIG. 1.6 Pembina HYW, Winnipeg, Manitoba



environmental-friendly urban infrastructure 

such as non-motorized transportation and 

public and open space, with ecological 

functions (China Urban Sustainability 

Coalition, 2015).  

 

Although within the discourse of landscape 

architecture, a broad spectrum of practices 

and programs such as green roofs and 

urban forests tag themselves as carbon-

responsible or resilient landscapes, it 

is hard to verify how effective they are 

at carbon sequestration because of the 

lack of convincing evidence. In light of 

scientific expectations that urbanization 

and the global population will be soaring 

in the next decades, thereby inciting more 

complicated challenges, we can be not 

satisfied with existing mitigation solutions 

since they are not sufficient for even our 

current global population. Therefore, the 

definition and scope of carbon-responsible 

landscapes need to be extended and 

scaled up with the participation of other 

disciplines, which is one of the critical 

outputs through the practicum.  

 

Landscape architects take the responsibility 

for organizing public and green spaces 

in cities and desire to improve urban 

infrastructure while considering ecological 

and socio-cultural issues. The practicum 

explores the possibility of carbon-

responsible landscapes in Winnipeg and 

spatialize carbon-responsible landscapes 

in a different way: redefining carbon-

responsible landscapes as carbon sinks 

that absorb and store carbon from the 

atmosphere while minimizing carbon 

released. Based on that, the practicum 

aims to decipher how natural carbon sinks 

have been devastated at an alarming 

rate in the urban setting and develop 

a possible scenario that uncovers the 

feasibility of landscape projects to 

rehabilitate soil carbon storage capacity 

and create carbon-responsible landscapes, 

providing promising design approaches 

and reminding designers, urban planners, 

and policymakers of the significance of 

landscapes in climate change, combating 

and reducing carbon emission. Finally, 

the practicum depicts a sustainable urban 

landscape that shows how cities can 

adapt to climate change spatially and 

theoretically. 
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Natural Carbon Sink

The carbon cycle is "the flow of carbon 

between the atmosphere and biosphere: 

biotic life, dead organic matter, oceans, soil 

and rock" (Brandt, 2012, p.20). In terrestrial 

systems, about 123 Gigaton (Gt) of carbon 

is sequestered by primary production 

(plant photosynthesis), and about 120 Gt is 

released back to the atmosphere --- roughly 

half by autotrophic respiration (respiration 

of plant roots and the rhizosphere) and 

another half by microbial respiration 

(respiration of microbes and fauna) (Singh, 

2018). 

Human activities release excessive carbon 

dioxide into the atmosphere directly and 

have broken the balance of the carbon cycle 

in earth ecosystems, triggering climate 

change and global warming. More attention 

should be paid to reducing greenhouse 

gas emissions via technology to maintain 

the terrestrial carbon cycle. However, the 

restoration of natural carbon sinks can also 

make a significant difference in avoiding 

carbon emissions from soil and plants.  

 

Wetlands and forests are considered 

great natural carbon sinks because they 

can absorb a large quantity of carbon 

from the atmosphere (Thompson, 2012). 

For example, reforestation is a common 

strategy used to reduce carbon in the 

atmosphere.However, research indicates 

that the effects of reforestation for 

absorbing carbon from ongoing industrial 

developments are exaggerated since the 

carbon absorbed by trees is dynamic and 

fails to offset the carbon released by the 

combustion of fossil fuel (Thompson, 2012). 

Another natural carbon sink, the ocean 

has absorbed almost half of all the carbon 

dioxide released into the atmosphere since 

the industrialization era. This has resulted 

in carbonic acid and increased hydrogen 

ions in the sea, lowering the PH and 

causing “acidification” of the ocean (Yale 

Environment, 2019). This is catastrophic to 

the ocean ecosystem, especially to coral 

reefs and threatened creatures living in 

the deep sea. In addition to the sea, other 

water bodies such as lakes and rivers are 

confronting the same problems.  

9



New studies have indicated that effective 

land restoration could also play a 

significant role in sequestering carbon 

dioxide and balancing climate change. 

This is because soil has been recognized 

as a powerful carbon sink but has been 

degrading at an alarming rate. For example, 

McGill et al. (1981) estimated that the 

loss of 0.7 Gt of soil organic carbon in the 

Canadian Prairies because of agricultural 

practices. However, If effective means can 

be implemented to regain the lost carbon 

of agricultural land or conserve the soil 

organic carbon, this can result in a great net 

reduction in carbon emissions (Lal, et al., 

1998). 

Scientists claim that “more carbon resides 

in soil than in the atmosphere and all 

plant life combined; there are 2,500 billion 

tons of carbon in the soil, compared with 

800 billion tons in the atmosphere and 

560 billion tons in plant and animal life" 

(Yale Environment, 2014, para.4). For 

landscape architects, the work is bound 

to the land (soil), but many of them do 

not pay sufficient attention to and lack a 

clear understanding of the significance of 

soil carbon. Land degradation is not only 

the consequence of climate change but 

it is also a critical carbon releaser that 

contributes to climate change. In other 

words, restoring and optimizing carbon 

sequestration potential of soil can make a 

significant contribution to terrestrial carbon 

sink capacity, thereby remediating ocean 

acidification and climate change (Singh, 

2018).

 

However, there are significant challenges 

to this. One particular challenge is that 

10
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specific land management and restoration 

approaches to soil carbon sequestration 

are not part of existing urban planning and 

design guidelines in most cities, Winnipeg 

included. Since the remediation of soil 

carbon sequestration is a complicated and 

time-consuming process, it requires political 

and financial support as well as community 

collaboration (Williams, 2012). 

11
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As robust carbon sinks, they have been 
disturbed by long-lasting human activity 
and become the carbon source gradually. 
Restoration-oriented interventions should be 
prioritized in these ecosystems.

Four compartments that accommodate carbon: the atmosphere, plants, soil, and water

It is controversial to consider urban 
landscape projects as carbon sinks. 
However, abundant projects have claimed 
credits for themselves to carbon sink 
improvements, due to a huge amount of 
ignored GHG emissions from maintenance 
over time through these projects.

Natural Environment 

Terrestrial ecosystems

Aquatic ecosystems

•  Forest

•  Grassland

•  Woodland

•  Shrubland

•  Tundra

•  Desert 

Transitional ecosystems

•  Wetland/Marshland/Swamp/Peat/

    Bog/Pond

•  Urban park/forest

•  Organic farm/Urban agriculture

•  Garden

•  Neighborhood

•  Golf course

•  Play yard/Schoolyard/Sport fields

•  Green roof/Living wall

•  Campus

•  River bank enhancement/   

    Shoreline enhancement/Costal 

    line enhancement/Corridor/Trail/

    Greenway

•  Restoration/remediation projects

•  Other landscape projects• Ocean/Lake/River/Stream/Creek

Carbon Sink List

Built Environment 
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Soil Organic Carbon  

Soil is vital for all terrestrial life, human 

survival included. According to Singh (2018), 

“soil is a natural body comprised of solids 

(minerals and organic matter), liquid, and 

gases that occur on the land surface, occupy 

space, and is characterized by horizons, or 

layers, that are distinguishable from the 

initial material as a result of additions, 

losses, transformations of energy and matter 

or the ability to support rooted plants in a 

natural environment” (p.2). 

Historically, the rise and fall of human 

civilizations are bound with soil health. As 

a key indicator of soil health, soil organic 

carbon (SOC) has a significant impact on 

food production, land degradation, climate 

change, water storage and purification 

(Singh, 2018). 

In other words, SOC plays a key role within 

critical physicochemical and biological 

processes and drives almost all key services 

that support healthy soil in sustaining 

terrestrial life (Singh, 2018). SOC takes up 

almost 50%-58% of soil organic matter 

(SOM) that stores nutrients for plants, 

promotes soil structural stability to strengthen 

soil fertility, and ultimately provides the food 

necessary for plant survival (Singh, 2018). 

In terrestrial ecosystems, the turnover of 

SOC is dynamic and can be impacted by 

anthropogenic activities such as mining, 

deforestation, and urbanization. For example, 

human acvitity can turn SOC into either a net 

sink or a net source of greenhouse gases.   

Although climate change impacts on SOC 

stocks vary from region and soil type to soil 

type, global warming and increasingly more 

frequent extreme climate events are likely to 

Soil

Soil organic matter

Soil organic 
carbon

FIG. 1.8 Relationships between soil, soil ogranic 
matters, and soil organic carbon. 
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result in a growing loss of SOC. Quantifying 

SOC at the global scale can maximize the 

benefits of SOC for human well-being, food 

production, and water regulation (Singh, 

2018). Nevertheless, it is still challenging to 

protect and monitor SOC stocks at national 

and global scales, without information 

exchange and cooperation among 

municipalities and regions synchronously, 

thereby hindering effective on-the-ground 

policy designs and regionally adapted 

implementation. 

16



The Role of Soil Organic Carbon  

In 1935, American President Franklin D. 

Roosevelt made a powerful statement on 

the importance of maintaining soil quality 

to combat soil erosion and preserving 

natural resources: “A nation that destroys 

its soils destroys itself” (Singh, 2018, p.5). 

Increasingly, farmers, scientists, landowners  

and environmentalists recognize the critical 

role of SOC management to improve soil 

health and quality (Singh, 2018). SOC is a 

pertinent component to global concerns 

such as food security, climate change 

mitigation, and water conservation. 

SOC can promote soil structural stability 

and microbial activity, thereby contributing 

to water filtration and purification as well 

as soil water holding capacity. For instance, 

several studies indicate that an increase 

of 1% soil organic matter (SOM) which 

determines the quality of soil ecosystem 

services can improve moisture by volume by 

1.5% in field conditions (Singh, 2018). This 

is because once SOM has been fully broken 

down, and produces humus, which is a dark 

and stable material (Beck, 2013). Humus is 

coiled in complex shapes, thereby holding 

both water and nutrients, at a microscopic 

level (Beck, 2013).  

With high levels of SOC, soil can be more 

resilient against drought compared to soil 

with low levels of SOC. In addition, SOM 

enhances organo-mineral interactions and 

soil structure development, improving the 

physical conditions of soil, and providing 

greater pore space for water and air (Singh, 

2018).  

With a great water holding capacity, soil 

can retain moisture and slowly release 

water for plant uptake, especially during 

drought periods. The water retained in the 

soil is the source for 90% of the agricultural 

production in the world and takes up 

approximately 65% of global freshwater 

(Singh, 2018). A stable and well-aggregated 

soil structure, which prevents soil surface 

from sealing and strengthens water 

infiltration during intense rainfall events, 

can decrease the possibility of downstream 

flooding (Singh, 2018). 

In addition, SOC is closely linked with 

17



soil physical or chemical properties and 

microbial activities, which play a critical 

role in reducing contaminants from the 

water to minimize the pollution of ground 

and surface water (Singh, 2018). 

Therefore, as a critical component of 

SOM, SOC has a significant impact on soil 

fertility, water-holding capacity, drainage, 

resistance to compaction, and plant growth. 

However, the importance of SOC has 

not been recognized widely in terrestrial 

ecosystems. SOC has been depleted rapidly 

since the last century and released into the 

atmosphere, as the form of Co2, thereby 

exacerbating climate change and global 

warming, because of a wide variety of 

undergoing destructive activities such as 

deforestation and mining.

18



Soil Carbon Sequestration

Soil carbon sequestration involves two key 

processes: soil organic carbon (SOC) and 

soil inorganic carbon (SIC) (Lal, et al., 1998). 

The SOC sequestration is "through several 

processes beginning with photosynthesis 

that utilizes atmospheric Co2 to create 

biomass, part of which is further processed 

into SOC contained in soil organic matter 

through humification, aggregation, 

and illuviation" (Lal, et al., 1998, p.2). 

The improvement of SOC pool size can 

contribute to the stabilization of soil 

structure, increase soil water and nutrient 

retention capacities, enhance species 

diversity of soil fauna, and strengthen 

elemental recycling mechanisms (Lal, et al., 

1998).  

SIC sequestration happens "through the 

conversion of Co2 in soil air into carbonic 

acid, and its reprecipitation as carbonates 

of Ca+2 and Mg+2 " (Lal, et al., 1998, p.2). 

However, the rate of SIC sequestration is 

slow, so it is recommended to prioritize 

the mechanisms and processes controlling 

the sequestration of plant carbon in soil 

organic matter, including the turnover of 

plant and mycorrhizal detritus and the 

incorporation of black carbon that "is the 

sooty black material emitted from gas and 

diesel engines, coal-fired power plants, and 

other sources that burn fossil with other 

particles as air pollutions" (United States 

Environmental Protection Agency, 2019, 

p.15). The increase of storage in SOC can 

be attributed to increased carbon inputs, 

reduced carbon losses, or both. 

Soil organic carbon involves several 

FIG. 1.9 Soil carbon sequestration orgnization. 
Adapted from Singh, 2018, Soil Carbon Storage, 
Modulators Mechanism Modeling, p.8
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natural processes such as the food web 

through a soil ecosystem, photosynthesis, 

respiration, and decomposition. In the first 

place, the soil is a key media where an 

intricate food web takes place. A number 

of soil organisms, ranging from bacteria to 

earthworms, are decomposers and survive 

on fallen plant litter, dead organisms, and 

excrement. Plants are primary producers 

whose roots are food for consumers in 

soil and feed symbiotic microorganisms 

by providing sugars. Consumers can be 

harmful or beneficial to plant roots. Some 

of them are pests on plant roots, while 

some of them can benefit plants by having 

the hyphae of pathogenic fungi (Beck, 

2013). As we move higher in the food web, 

high-level consumers such as mites and 

spiders can be found that include a broad 

spectrum of organisms and are food for 

snakes or mice. Based on the complex 

food web, organic materials from decayed 

leaves and dead pests accumulate on 

the surface of soil and are broken down 

by fungi and microorganisms. Smaller 

particles are incorporated into soil by 

earthworms and ants (Beck, 2013). Carbon 

and other nutrients from organic matter 

flow into microbial biomass through a 

series of biological activities. Some of 

them are back to soil after the death of the 

microorganisms   

Another significant process forming soil 

organic carbon involves photosynthesis 

and the biological interaction between 

plant roots and soil fauna. Plants absorb 

carbon dioxide from the atmosphere 

by photosynthesis. Then, the carbon is 

released to soil after the death and decay of 

roots, with indirect inputs from "the transfer 

of carbon-enriched compounds from roots 

to soil microbes " (The Nature Education, 

2012, para.4). The common symbiotic 

materials between plant roots and 

specialized fungi in soil are mycorrhizae. 

Plant roots offer fungi nutrients in the form 

of carbon, while fungi offer nutrients back 

to roots , such as phosphorus. Although 

decomposition of biomass and microbial 

respiration releases carbon from the soil in 

the form of carbon dioxide, a proportion of 

the organic carbon is still stored in soil in 

the form of humus that is a type of carbon-

rich soil. 
20



loading and contamination going into 

adjacent wetlands or aquatic systems 

directly (Lal, et al., 1998). Therefore, one of 

the key goals of land-use conversion and 

management in the future is to restore the 

SOC pool and avoid adding more carbon 

into the astmosphere. 

Effective practices strengthening soil 

carbon sequestration include: 

• "restoration of eroded and degraded soil" 

    (Singh, 2018, p.3).  

• "conversion of plow tillage to no-till  

   farming with crop residue mulch and  

   cover cropping" (Singh, 2018, p.3).

• "integrated nutrient management with  

   manuring and use of complex cropping or  

   farming systems" (Singh, 2018, p.3).  

The process of SOC formation has been 

not valued by urban planners, farmers, 

and policymakers, resulting in a series of 

negative consequences. Anthropogenic 

activities such as fossil combustion, 

land-use conversion, and rapid urban 

sprawl are chief culprits contributing to 

the atmospheric enrichment of Co2. For 

instance, studies show that most soil of 

managed ecosystems such as agricultural 

soil has lost one-third to three-fourths of 

their original SOC pool (Singh, 2018). This 

loss is attributed to a range of factors, 

which in land-use conversion from natural 

areas to agricultural fields result in a 

decline in carbon input and an increase in 

carbon output. 

In some sensitive riparian areas, land-use 

conversion not only causes a dramatic 

reduction of vegetated habitats but also 

leads to significant devastation to adjacent 

wetlands through nutrient loading (Lal, 

et al., 1998). In contrast, healthy riparian 

vegetation is able to slow down runoff 

from nearby agricultural lands and trap 

sediments, pesticide, and fertilizers in the 

riparian zone, thus preventing nutrient 
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FIG. 2.0 Soil organic carbon cycle and sequestration. Adapted from Beck, 2013, Principles of 
Ecological Landscape Design, p.126
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Soil Carbon Sequestration and Soil Profile

Soil organic carbon is a critical component 

of nutrients in soil. However, the role of the 

soil profile has been given less attention so 

that a broad spectrum of practices, including 

disruptive or remediable ones, ignore the 

importance of sustaining a soil profile, 

thereby engendering an unobservable 

ecological and economic loss. Research 

indicates that soil organic carbon stocks 

normally reside in no more than 1-meter-

depth soil from the ground, especially in 

top-30cm soil (Singh, 2018). An intimate 

linkage exists between soil organic carbon 

and the soil profile. Therefore, besides 

highlighting the significance of topsoil 

within the discourse of soil organic matter 

and carbon, other considerations have to be 

paid to the whole soil profile.

 

Natural soil has a definitive vertical 

structure, with different horizons, known as 

the soil profile. These horizons are formed 

by physical and biological processes, with 

different levels or horizons. The first layer, 

the O horizon is undecomposed organic 

matter that is accumulated from fallen 

leaves, branches, and animal feces (Beck, 

2013). The A horizon (topsoil) beneath the 

O horizon consists of humus with mineral 

particles (sand, silt, and clay). It has the 

greatest biological activity, and the most 

organic matter, known, while the B horizon 

(subsoil) below it has little or no organic 

matter (Beck, 2013). The C horizon, mainly 

composed of rocks, contains most of the 

minerals and is kept stable by the soil-

forming process occurring above it (Beck, 

2013). Beneath the C horizon is hard 

bedrock (R horizon). 

Although the importance of topsoil is 

widely recognized, all soil horizons 

contribute to soil properties such as fertility, 

water-holding capacity, drainage, and 

resistance to compaction. For example, 

the C horizon offers additional rooting 

volume for plants and has an impact on soil 

drainage and strength (Beck, 2013); the B 

horizon provides additional nutrients and 

a strong base for plants to root into and 

gain supports (Beck, 2013); the O horizon 

prevents soil surface from wind or water 

erosion, mediates soil surface temperature, 

holds water, and transports nutrients to the 
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0 horizon5 cm

25.4 cm

76.2 cm

A horizon

Top soil

Subsoil
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B horizon

C horizon

soil below (Beck, 2013). 

FIG. 2.1 A generic soil profile. Adapted from Beck, 2013, 
Principles of Ecological Landscape Design, p.126
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Natural Carbon Sink Degradation

Land degradation Deforestation Wetland 
degradation

Soil Carbon Sequestration

Rebuild and Restore 
Soil Carbon Sinks

How to Incorporate This Concept into Landscape Design

Excessive Carbon 
Emissions into the 
Atmosphere

Disturbed Carbon Sinks

Legend

The Current

The Past

The Future

The Mitigation Solution

FIG. 2.2 Mind map showing how carbon sinks 
have been disturbed. 
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Since the late 19th century, scientists 

have found and confirmed that carbon 

dioxide and water vapor could warm up 

the atmosphere. There are three phrases 

of Industrial Revolution that add massive 

carbon dioxide into the atmosphere 

continually: initially in the UK (1750-1850), 

followed by Germany, the USA, and other 

European countries (1850-1950); ultimately, 

in China, India, and Brazil (Oreskes and 

Conway, 2014). The excessive green 

house gass (GHG) emissions did not draw 

scientists’ alerts until the 1970s. In the 

1970s, scientists recognized that increasing 

GHG emissions have change planetary 

functions, physically and biologically, 

opening up the Anthropocene Epoch. 

However, solutions are coming out slowly 

in comparison to rapid climate change. 

There are two main reasons. Although 

scientists have published and demonstrated 

how the planet is affected by climate 

change, they do not decipher how the 

causal and feedback mechanisms linking 

climate change to physical, chemical, and 

biological alterations work (Oreskes and 

Conway, 2014). A number of uncertainties 

remain still. So, a set of robust solutions 

that can deter climate change in the long 

term do not show up. In addition, the power 

of moving forward and implementing 

solutions to cope with climate change is 

held by governments, social institutions, and 

crucial corporations rather than scientists 

who are responsible for defining issues 

and potential solutions. Although a few 

countries show the aspiration to mitigate 

climate change, a number of political parties 

and corporations still give in to economic 

growth and even put scientists’ claims and 

suggestions aside. The climate denial is 

saturated in many countries and industries.

 

With frequent and severe climate change, 

it might contribute to food scarcity and 

disease spreads, especially in developing 

countries, resulting in large-scale 

immigration and population relocation. The 

possibility has been validated. In order to 

prevent food riots and looting, the USA and 

Canada have joined hands to develop food-

sharing systems and northern population 

relocation. Taking an increasing population 

into account, this global immigration 

tendency not only represents a political, 

social-cultural, and economic crisis but 

also triggers a chain of ecological disasters 

without a holistic plan and preventive 
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approaches. It is also a critical challenge for 

us to think about future urbanization and 

how to maximize the value of land rather 

than dig and fill unrelentingly.

 

Both climate change and global campaigns 

that highlight pertinent solutions seem 

inevitable. It is time to maintain and restore 

disturbed natural sinks that are significant. 

This practicum tries to raise the role of 

soil carbon sinks and expand relevant 

discussions. A number of disruptive activities 

have a fatal link to degrading soil carbon 

sinks, unlocking massive GHG emissions 

from soil and cause a series of soil problems, 

that may serve as catalysts aggravating 

climate change. Scientists’ reports and 

anticipations have proved that a growing 

amount of land will be taken for urban use 

and food cultivation. This means that the soil 

carbon storage might be further declining 

if a new proposal of preserving soil in the 

built environment fails to emerge in time. 

Hence, in the field of landscape architecture, 

its research focus should side with scientists 

in mitigating climate change. Landscape 

architecture plays a significant role in 

synergizing other expertise.
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Chapter Summary

It is clear that the SOC pool has been 

degraded, more or less, in different 

terrestrial ecosystems. To some extent, 

this validates and highlights the 

importance of restoration of the SOC pool 

in existing practices such as crop systems 

and management methods in riparian 

areas. Soil carbon sequestration can be a 

potent approach to enhance carbon input 

in soil and reduce carbon release from 

the soil as well as maintaining soil carbon 

balance, thus achieving restoration of the 

SOC pool (Lal, et al., 1998). 

Research has shown that land degradation 

from ongoing anthropogenic activities is 

responsible for the degradation of the SOC 

pool (Singh, 2018). Moreover, solely as a 

potential mitigation strategy, protection of 

the SOC pool from intensive and recurring 

events are likely neither efficient nor 

effective in the long run (Lal, et al., 1998). 

It also pushes scientists and landscape 

architects to think more deeply with a 

greater breadth to explore long-term and 

proactive solutions rather than stopgap 

measures.

An increasing number of experts from 

different disciplines such as soil science, 

hydrology, and agriculture have conducted 

studies that aim to remediate climate 

change and restoration of natural carbon 

sinks, but either governments or the 

public have not paid these scientists' 

claims and studies attention. In addition 

to research and budget difficulties, the 

main reason why scientists' claims have 

not drawn politicians' attention is that 

scientists are facing how to construct 

their information platform interacting 

with the public rather than highly depend 

on governments to spread scientific 

results. This can allow more people to 

deeply and clearly understand the causal 

and feedback mechanisms of climate 

change and gain public supports, thereby 

pushing governments and corporations to 

articulate robust solutions and speed up 

the transition from fossil fuel to renewable 

energies. For landscape architects, 

although they fail to take up scientific 

studies, they can grasp the natural process 

and scientific results from political, 

technological, cultural, and ecological 
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perspectives. Then, they can help scientists 

communicate with the public effectively 

by a set of representational tools such 

as inforgraphics, drawings, collages, 

rendering, and animations. Therefore, it 

is crucial for landscape practitioners to 

promote interdisciplinary communication 

and collaboration that are highlighted in 

landscape academies but lack in practices. 

 

As one of the dramatically changing 

ecosystems, the degraded SOC pool in 

the discourse of landscape architecture is 

seemingly not as significant as other issues 

such as water pollution and contamination 

leakage that people are more familiar with. 

In fact, the SOC pool is a key component 

of complex terrestrial ecosystems and 

has a close interrelationship with aquatic 

ecosystems or environmental issues. 

In other words, the importance of SOC 

restoration is much more than what we 

think. Furthermore, as the SOC pool reaches 

a giant depletion, it will require more time 

and financial budget to restore. 

Industrialization, urbanization, and modern 

agriculture are salient characteristics of the 

Anthropocene and central issues from the 

contemporary landscape lens. In terms of 

soil carbon sequestration, this practicum 

does not discuss these issues broadly but 

focuses on the urban context. In urban 

settings, the SOC pool restoration not only 

balances the carbon cycle in cities but 

also enables urban landscapes to adopt 

ecological roles and contributes to people’s 

life quality.
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FIG. 2.3 Eroded riverbank, Agassiz, Winnipeg, Manitoba
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The City of Winnipeg

As the capital and largest city in Manitoba, Canada, Winnipeg is located at the confluence 

of the Red and Assiniboine River. Winnipeg used to be the “Gateway to the West” due to 

its international airport and role as a transportation hub. Winnipeg has been a large city in 

Canada since the post-war with an estimated 808,419 of the population in 2019, ranking 

7th in Canada (World Population Review, 2019). It is projected that the population and 

urbanization in Winnipeg will keep growing steadily in the next decades. However, as many 

big cities all over the world, Winnipeg is also a significant carbon generator for climate 

change and global warming. At the same time, Winnipeg is likely to face earlier and more 

severe changes to climate than other parts of the world because of its special geological 

location --- the center of North America and northerly latitude.

Winnipeg

FIG. 2.4 The geographic location of Winnipeg.34
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FIG. 2.5 Expected climate change in Winnipeg. Adapted from Climate Atlas of Canada.
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Winnipeg is devoted to the world-wide 

fight in climate change and is committed 

to the Federation of Canada Municipalities 

Partners for Climate Protection (PCP). 

According to The Climate Atlas of Canada 

(2019), compared with the data from 

1976, it is projected that Winnipeg will 

experience a 4.8 °C increase in annual 

mean temperature, with more days (average 

0.4 day increase) of heavy precipitation 

(>20mm), fewer days (average 11.3 day 

decrease) of extremely low temperature 

(<-30 °C), and more days (average 18 day 

increase) of extremely hot temperature 

(> +34 °C), by 2080, if GHG emissions do 

not reduce dramatically. Like other cities, 

Winnipeg needs to take action to be more 

adaptable and resilient to ongoing climate 

change.

Research indicates that temperature 

and precipitation are crucial factors in 

controlling SOC dynamics. For example, 

raising temperature tend to accelerate the 

microbial decomposition of SOC, thereby 

resulting in the net loss of soil carbon in the 

atmosphere, although it may improve plant 

production that can increase carbon inputs 

to the soil (Keestrea, et al., 2016). Climate 

change brings more unpredictable extreme 

climate events such as flooding and heat 

waves that stimulate the rate of and 

susceptibility to soil erosion, salinization, 

and other degradation processes (Pachauri, 

et al., 2014). 

Moreover, these extreme climate events 

and climbing temperatures have a 

significant impact on soil-forming factors 

such as rainfall, temperature, micro-

organisms/biota and vegetation, eventually 

hindering SOC accumulation (FAO, 2015). 

In a word, there is a feedback  loop and 

dynamic linkage between climate change 

and soil carbon sinks, where climate change 

may lead to the depletion of soil carbon 

sinks or restoration of soil carbon sinks that 

can remediate climate change. 
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The Carbon Future in Winnipeg

FIG. 2.6 The potential soil carbon sink network in Winnipeg. Adapted from the City of Winnipeg, 2018,  
Winnipeg Climate Action Plan and A Sustainable Winnipeg.
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Therefore, in order to save the City of 

Winnipeg from future climate change 

and maintain the urban ecosystem, policy 

makers have established a series of low 

carbon strategies to reduce GHG emissions 

in different sectors --- 20% reduction 

in greenhouse gas emissions by 2030 

relative to 2011 levels; 80% reduction in 

greenhouse gas emissions by 2050 relative 

to 2011 levels (City of Winnipeg, 2018). 

Based on the plan, policy makers have 

articulated a series of approaches, ranging 

from different sectors such as building, 

transportation, and waste, enacting critical 

guidelines such as Winnipeg’s Climate 

Action Plan and A Sustainable Winnipeg. 

These guidelines highlight what parts 

Winnipeg city will focus on to reduce 

carbon emissions and specify important 

steps. Obviously, on the path heading to the 

low-carbon future, Winnipeg city tends to 

prioritize technology, although it indicates 

the significance of sustainable built and 

natural environments. 

 

If technology is the silver bullet to decrease 

carbon emission drastically, we need to 

recognize and empower the potential of 

open and green space to act as carbon 

sinks in cities to boost the city-wide and 

long-term low carbon strategies in various 

scales. From the guideline, "A Sustainable 

Winnipeg", some directions in the chapter 

of built and natural environments inform 

potentials to construct and enhance soil 

carbon sinks, although there is no mention 

soil carbon directly. The role of soil carbon 

has been demonstrated from agricultural 

and soil management documents, while 

that of soil carbon in open and green space 

is not paid enough attention. In other 

words, since the soil carbon sink is closely 

bound up with greenhouse gas emission 

reduction targets, green infrastructure, 

built and natural environments in cities, 

the restoration and enhancements of 

soil carbon sinks can be integrated into 

existing strategies responding to climate 

change to support and fuel the process 

driving Winnipeg to a low or negative 

carbon, livable, sustainable, and healthy 

metabolic city. 

 

It is a crucial step to draw more attention 

to rethink the city as a the carbon sink. 

The soil is a powerful carbon sink, and the 

green and open space network can boost 

soil carbon sinks or create carbon sinks.

40



41



Soil Type and Texture in Winnipeg

Legend

Clay

Clay loam

Gravelly sand
Fine sand
Sand
Loamy sand
Loamy fine sand

SOC proportion varies in soil texture. In Winnipeg, the main 
soil type is clay. Clay (up to 16.8%) has higher SOC than 
sand (7%) since more litter-derived carbon retained in soil 
within clay content (Berg and McClaugherty, 2014). 

FIG. 2.7 GIS map showing soil type and texture in Winnipeg.
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3 - 3.9%

Soil organic carbon %

Land cover

Legend

4 - 4.9%

5 - 6.9%

Agriculture - forage

Agriculture field
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Range and grassland
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The amount of SOC is attributed to soil texture, 
vegetation cover, soil drainage conditions, topography, 
and degree of erosion. Winnipeg is built on clay mainly. 
According to the last map, theoretically, clay has up 
to 16.8% SOC. However, SOC in Winnipeg ranges from 
2% to 6.9%, which is low due to land use management 
and conversion (Berg and McClaugherty, 2014). In other 
words, land use management and conversion lead to low 
SOC in Winnipeg. 

Soil Organic Carbon
and Land Cover in Winnipeg
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Intensive mining activities

Extremely low SOC
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FIG. 2.8 GIS map showing soil organic carbon and land cover in Winnipeg. 

FIG. 2.5 Quarries near to Birds Hill 
Provincial Park - Google Earth, 2019 - 
Image © 2020 Maxar Technologies.
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Chapter Summary

Winnipeg is a growing city. Policy makers have realized the significance of sustainable 
developments and carbon emission reductions. However, according to the soil organic carbon 
map for Winnipeg, soil carbon sequestration has been declining due to land use management and 
conversion. Winnipeg should consider how to maintain and enhance the level of SOC during land 
use management and conversion, as an ecological strategy to boost sustainable developments and 
carbon emission reductions. Otherwise, once SOC in Winnipeg is disturbed, excessive carbon can be 
released from soil and plants into the atmosphere. 
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Land Use Management And Conversion In 
Winnipeg
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There are three ways how carbon released by land use 

management and conversion into the atmosphere: 

(1) "Release of carbon in the biomass which is either burnt 

     or decomposed" (Lal, et al., 1998, p.20). 

(2) "Release of SOC following cultivation due to enhanced 

      mineralization brought about by change in soil 

      moisture and temperature regimes and low rate of 

      return of biomass to the soil" (Lal, et al., 1998, p.20).

(3) "Release of carbon stored in the lithosphere through 

      burning fossil fuels; gasification transfers carbon 

      directly into the atmosphere " (Brandt, 2012, p.19).

Land Use Composite Map

23.40%

Residential land (52.30% of total land)

Open and green space land (8.34% of total land)

Agricultural land (23.40% of total land)

Legend

Heavy industry land (2.84% of total land)

General industry land (9.74% of total land)

Mixed use land (2.56% of total land)

Educational and institutional land (0.74% of total land)

FIG. 2.9 GIS map showing land use types in Winnipeg.
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Land Use Type

Agricualtural Land

Heavy Industry Land

General Industry Land

Area: 110,816 hectare

23.40% of total land

Area: 13,471 hectare

2.84% of total land

9.74% of total land

Area: 46,138 hectare
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Mixed Use Land
(shopping centre, 
commercial areas, civic 
centre....)

Educational and 
Institutional land

Residential Land

Area: 12,129 hectare

2.56% of total land

0.74% of total land

52.30% of total land

Area: 3,527 hectare

Area: 247,651 hectare
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8.34% of total land

Green Space Land

Area: 39,565 hectare

FIG. 3.0 GIS map showing each land use type in Winnipeg.
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The reason why urban soil carbon pools 

are at stake is a series of land conversion 

and management. Since 1970s, the carbon 

from terrestrial ecosystems has surpassed 

the carbon from fossil fuel combustion 

(Houghton, et al., 1983). Agriculture is 

a leading disruptor of urban soil carbon 

loss, releasing carbon that is about 14% 

of the current fossil fuel emissions in a 

global scale (Lal, et al., 1998), and takes 

a massive piece of land in Winnipeg, 

because of repetitive tillage and fallow. 

Although research indicates conservative 

agricultural practices can maintain soil 

health and promote carbon storage, relevant 

practices are not explicitly demonstrated 

and assessed in Winnipeg. Apart from 

agriculture, industrial activities, particularly 

heavy industrial ones, potentially endanger 

and damage urban soil carbon pools with 

contamination. Abandoned industrial 

areas can be promising urban carbon 

sinks. However, this scenario is subject to 

numerous factors such as contamination 

level, soil conditions, and government 

budgets.

Agricultural land and industrial areas 

need more attention with thoughtful 

investigation and redevelopement. Another 

crucial observation is that neighborhood 

land takes most land in Winnipeg and has 

a lot of urban infills.  

Based on the information, it is constructive 

to discuss each land use type from the 

perspective of carbon pools and inform the 

potential site type for final designs. 
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Agricultural Land

Soil organic matter level in the agricultural land: 2%-
7% (which used to be 10%-15% before the settlement 

and cultivation) (Province of Manitoba, 2019)

Estimated soil carbon level in the agricultural land: 

1%-4.06% (Province of Manitoba, 2019).

Constraints for the development of carbon sinks:

• Conventional agriculture practices such as tillage, 

   fallow, and application of herbcide

• Row crop and special crop production may lead to 

   more frequent tillage practices, less plant residue 

   produced by crops, and less residue returned 

   (Province of Manitoba, 2019)

• Numerous agriculture lands are taken for urban 

   uses with further depletion of soil and biomass 

   carbon sinks

Opportunities for the development of carbon sinks:

• Use conservative tillage, forage in the crop rotation, 

   addition of crop residues, and livestock manure 

   (green manure)

• Take advantage of "vacant" land and transform it 

   into carbon sinks

5.

6.

4.

"Vacant" land: areas are free of any major built 

structures and likely to be selected and transformed 

for redevelopment based on reports provided by the 

city council. "Vacant" land may be patches of forests, 

wetlands, native grass, and operating or abandoned 

agricultural fields. 

FIG. 3.1 GIS map showing agricultural land in Winnipeg.
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Legend

"Vacant" agricultural land

Developed agricultural land

Area: 110,816 hectare

"Vacant" land: 80,150 hectare

"Vacant" rate: 78.33%

23.40% of total land

0
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Major redevelopment sites
(which will be future transportation stops, 
high-density housing, commercial plazas, or 
green space)

FIG. 3.1 GIS map showing agricultural land in Winnipeg.
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North Inkster 

Transcona 

Transcona Bioreserve

Transcona South 

1.
2.

This agricultural use land is in the North Inkster Industrial park. Some of the areas are agriculture 
fields, while a piece of land is reserved as the future home of Dasmesh school (opening 
September 2020). In addition, many shipping companies ae located here.

Transcona North is in a working-class residential area that also 
contains several light industries. A drainage swale runs through 
the site and surrounding industries and residential areas. 
Although there are agricultural fields, many undeveloped areas 
remain.

Transcona Bioreserve is a 
trafficked loop-trail with beautiful 
wildflowers and year-round access,  
and provides numerous year-round 
activity options.

Transcona South is a residential area with a long 
history. Each householder occupies a lot of lands. 
Compared with lands for agricultural use, more lands 
are for entertainment such as golf courses, paintball, 
and recreational parks.

Old Kildonan used to be a rural municipality 
and is a residential suburb of Winnipeg 
now. Nowadays, a lot of undeveloped lands 
and numerous farms remain.

Rosser - Old Kildonan
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Saskatchewan North

Assiniboia 
Downs

St. Vital Perimeter 

Floodway6.

3.

Saskatchewan North is a rural district in 
northwestern Winnipeg with a wide range of 
agriculture fields that take up over 50% of 
the total land area. Some casting factories 
are found around the southeastern corner, 
while some areas have been turned to sport 
fields. In the northwestern area, there is a 
landfill with a soil fabrication pilot project 
that aims to divert biosolids from being 
buried and restore the landfill to a native 
prairie landscape. 

Assiniboia Downs is a Canadian horse race track located 
in the Winnipeg suburb of St. James-Assiniboia. Only a 
small portion of land is taken as agriculture fields, a large 
portion of land is for residential and recreational use such as 
entertainment parks. 

St. Vital Perimeter South is a 
southern neighbourhood. Most 
of the lands here are developed 
agriculture lands with a few 
undeveloped grassland areas. 
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5.

4.

La Barriere, Trappistes, 
Turnbull Drive, Perrault, 
and South Pointe West

Wilkes South, West Perimeter 
South, and Ridgewood South

Wilkes South

La Barriere
Trappistes

Perrault

Many lands are developed agriculture 
fields, while some areas are used for 
other developments such as landfills, 
country golf courses, and provincial parks.

As suburban neighborhoods located in the 
southwestern Winnipeg, a large parcel of 
land is agriculture fields.

West 
Perimeter 
South

South Pointe West

Ridgewood South
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7.

Chevrier, Buffalo, Parker, Bishop Grandin 
Trail W, Bridgwater Forest, Waverley 
Heights, Pembina Strip, Waverley West - 
B, Whyte Ridge, Linden Woods, Tuxedo 
Industrials, Linden Ridge, and West Fort 
Garry Industrial
The land for agriculture use has made ample room 
for neighborhood development. Although Waverley 
West - B takes up a number of agriculture fields, 
it is planned to further develop as an integrated 
residential area in the future.

FIG. 3.2 The inventory of agricultural land in Winnipeg. 
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In Winnipeg, agriculture takes up 23.40% of 

total land. Normally, conventional agriculture 

leads to a loss of surface SOC or plow layer 

since most the organic carbon is found in 

topsoil (mainly in one-meter depth) (Lal, et al., 

1998). Conventional management practices 

such as tillage and fallow are particularly 

problematic. For instance, tillage quickly dries 

out the soil profile and adds the risk of wind 

erosion (Province of Manitoba, 2019). Although 

a wide variety of improved agricultural 

management approaches such as crop rotation, 

manure addition, crop residue addition, and 

conservative tillage have been discussed 

and implemented, these are not applied 

widely in Manitoba yet. A lot of agricultural 

lands in Winnipeg have been transformed for 

urban use. This is a development tendency 

for agricultural lands based on future land 

use conversion provided by the city council. 

However, when planners proceed with the 

change of land use, nothing is mentioned 

about sustainable plans of soil carbon sinks.  

Scientists and environmentalists realize 

the importance of improving agriculture 

management to maintain earth ecology. 

Agriculture needs to be more productive, 

eco-friendly, and sustainable to deal with a 

series of food and environmental issues 

brought by climate change. Agriculture 

plays a significant role in the construction 

of urban soil sinks. For this reason, 

agriculture scientists have to evolve crop 

and livestock farm systems and provide 

other professionals with more insights. 
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Heavy Industry Land
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"Vacant" heavy industry land

Developed heavy industry 

Major redevelopment sites (which will be future transportation 
stops, high-density housing, commercial plazas, or green space)0
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FIG. 3.3 GIS map showing heavy industry land in Winnipeg.

1.
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Major redevelopment sites (which will be future transportation 
stops, high-density housing, commercial plazas, or green space)
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The industrial activity does not keep 

active as the past: according to the 

statistics from the industrial sector, the 

percentage of all non-residential building 

dropped from 16% in the 1997 to 2001 

period to just beyond 10% in the most 

recent periods with rising vacancy rate 

(City of Winnipeg, 2008). 

3.
4.

Area: 13,471 hectare 

2.84% of total land

"Vacant" land: 3,403 hectare 

"Vacant" rate: 25.26%
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1.

2.

Logan - C.P.R.

Weston

Weston Shops

St. James Industrial

Sargent Park

Tuxedo Industrials

Whyte Ridge

Pacific Industrial

Logan - C.P.R., Pacific Industrial, Weston Shops, 
Weston, St. James Industrial, and Sargent Park

Tuxedo Industrials and Whyte Ridge

Heavy industries over here are mainly steel, automotive factors, and   
      rail yard. The demolition plan of the Canadian Pacific Railway is a 
                   buzzword in the local press, especially during the period 
                                of the election. But the plan does not come out to 
                                          date due to budget limits and lack of 
                                                     holistic development plans. Some             
                                                               soil surveys reveal the lead in 
                                                                            soil may be over the 
                                                                                       safe level here. 

There is an industrial park which features for casting and steel 
making factories, with a railway segregating the industrial 
park and the neighborhood. However, a large piece of heavy 
industry land in Tuxedo Industrials becomes a park --- Bison 
Butte Mountain Bike Course.
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3.
4.

Transcona Yards

Tyne - Tees

Stock Yards

St. Boniface Industrial 

Griffin Canada Inc

St. Boniface Industrial Park, Stock 
Yards, Mission Industrial, and Tyne - 
Tees

Transcona Yards and Griffin Canada Inc

Although many scrap metal 
manufacturing factories make 
this area, there remains a lot 
of vacant voids. Currently, an 
increasing number of residents 
living in the surrounding 
neighborhood express concern 
regarding the environmental 
pollution brought by these 
factories. News media reports 
indicate that a large parcel of 
land in this area will be planned 
as the future commercial center 
with apartments. 

The main heavy industry over here is the rail 
yard, with automotive factories. A lot of unused 
green space in the area is put aside and becomes 
wild marshlands. Griffin Canada Inc is a railroad 
manufacture company.

Mission 

FIG. 3.4 The inventory of heavy industry land in Winnipeg. 
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Constraints for the development of carbon sinks: 

• The soil is extremely contaminated with heavy 

   metals so decontamination should be prioritized

• It is challenging to transform operating industrial 

   sites into carbon sinks

• The soil carbon level might be low due to 

   soil compaction risks

Opportunities for the development of carbon sinks:

• Transform abandoned heavy industrial sites into 

   urban carbon sinks

• Rethink and connect unused green space (leftover 

   land) on industrial sites to construct soil carbon 

   sinks

Heavy industry takes up 2.84% of the total 

land in Winnipeg. Railyards and rail tracks 

make up a critical percentage of heavy 

industry, followed by steel, metal or auto 

factories. Current studies have shown that 

soil contamination such as heavy metal 

may deplete SOC storage indirectly since 

the microbial community is prone to being 

very active in heavy metal pollution soil 

(Bian, et al., 2015). This increases SOC 

decomposition activities led by microbial 

fauna and soil respiration, which unlocks 

carbon from the soil and releases it into the 

atmosphere (Bian, et al., 2015). Respiration 

is also subject to soil temperature and 

moisture conditions. This means that the 

first step in transforming heavy industry 

sites into urban carbon sinks is testing 

and assessing the soil pollution status to 

leverage the decontamination needs and 

carbon sink strategies. 

 

Another interesting finding is that there are 

numerous green lots in heavy industry sites, 

especially within the property of rail yards. 

These spaces could be transformed for 

commercial purposes. Few people realize 

that the unused space has a significant 

potential to be sturdy carbon sinks that 

keep soil carbon storage stable and 
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counteract the carbon emissions produced by 

industrial operations. 
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General Industry Land

1.
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FIG. 3.5 GIS map showing general industry land in Winnipeg.

4.

Major redevelopment sites (which will be future transportation 
stops, high-density housing, commercial plazas, or green space)70



"Vacant" general industry land

Developed general industry land

INDUSTRIAL PARK

2.

3.

MANUFACTURE COMPANY

INDUSTRIAL PARK

CAR SALES

The general industry mainly 
consists of manufacturing factories, 
transportation companies, and retail 
stores, near to suburb. Although 
it takes more lands than heavy 
industry, it accounts for a lower 
vacancy rate.

9.74% of total land

Area: 46,138 hectare

"Vacant" land: 4,384 hectare

"Vacant" rate: 9.5%

Major redevelopment 
sites (which will be future 
transportation stops, 
high-density housing, 
commercial plazas, or 
green space)

Major redevelopment sites (which will be future transportation 
stops, high-density housing, commercial plazas, or green space) 71



1.

2.

Airport, Murray Park, 
Omand's Creek Industrial, 
and ect.

Springfield South, Griffin, Transcona 
North, Mecleod Industrial, and ect.

Inkster Industrial Park

North Inkster Industrial

Leila North

Abandoned

West Kildonan Industrial

St. James 
Industrial

SN

Springfield South
Griffin

VG

North Transcona Yards

Radisson

Transcona Yards

Regent

Fast Cover Buildings

Mission Gardens

Transcona North

Mcleod Industrial

Chalmers

Munroe West

Murray Park

Sargent Park

Minto

PI

Omand's Creek Industrial

OPH

WB

WB: Weston Shops

SS: Springfield South

DI: Dufferin Industrial

SN: Springfield North

LSP: Lord Selkirk Park

LSP: Lord Selkirk Park

VG: Valley Gardens

WA: West Alexander
PI: Pacific Industrial
OPH: Oak Point HighwayDI

LSP

C.P.R.

WA
Airport

Because of the airport and C.P.R railyard, 
clusters of manufacturing factories 
and retail stores are established here. 
Although it is recognized that this 
area is a transportation hub, it has not 
developed a plan to reduce carbon 
emissions. A lot of green space here 
remains functioning at a low level.

Numerous companies in this area involve 
manufacturing, shipping, and light industries, with 
a lots vacant lots. One interesting finding is that 
these companies are attracted by surrounding 
railyards, less or more.  

72



4.

3.

Chalmers, St. Boniface 
Industrial, Tyne-Tees, and ect.

Tuxedo Industrials, Parker, 
Grant Park, and ect.

South Point Douglas
Tyne - Tees

Dugald

SBI

Chalmers

MG

The Mint

Mission Industrial

Symington Yards

Stock Yards

Tuxedo 

Industrials

Lo
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Brockville Parker

ChevrierWest F
ort G

arry 
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l

Bridgewater
U of M

Buffalo

Grant 

Park

Isla
nd Lakes

N
orth St. Boniface

This area is the largest industrial park 
cluster in southeastern Winnipeg, ranging 
from light industries to heavy ones. Some 
areas may have contamination risks. In 
addition to environmental degradation, 
industrial activities impact on the inflow 
and outflow of settlements (indigenous 
and non-indigenous). Although a number 
of areas remain vacant, some of them 
have been transformed into green space. 

Tuxedo is the most affluent area of Winnipeg with the 
highest property values. It used to be an independent 
town until 1972. This area includes a business and 
industrial cluster with a huge amount of parking lots, 
being divided by simple green space.

SBI: St. Boniface Industrial 

MG: Mission Gardens

FIG. 3.6 The inventory of general industry land in Winnipeg. 
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Constraints for the development of carbon 

sinks: 

• A number of lands are taken as hard 

  surface such as parking lots and material 

  deposit areas

• Very few sites are available to be restored 

  as carbon sinks

Opportunities for the development of carbon 

sinks:

• Preserve void lots where the natural 

  vegetation succession takes place, as natural 

  heritages saved from surrounding industrial 

  sites

• Rethink how to transfer the vast parking 

  lot into stable soil carbon sinks in a built 

  environment 

The general industry is consisted of 

commercial or industrial parks and provides 

a large proportion of employments in 

Winnipeg, as a significant economic industry 

structure. Since there are a few abandoned 

sites or vacant sites in the general land, few 

redevelopment plans come out over here.  

Although the general industry is a outstanding 

greenhouse gas emitter, no holistic strategic 

plan or guideline is issued by the city 

council. For the general industry, it can draw 

experience from strategic management and 

development in European countries, and 

can form a looking-forward strategic plan 

on a local scale to reduce greenhouse gas 

emissions and achieve the green economy. 

The concept of soil carbon sinks can be 

powerful supplements for the strategic plan. 

For example, a number of parking lots can be a 

significant component of green infrastructure, 

combining with stormwater management 

and existing parks or rain gardens, exploring 

possibilities of constructing soil carbon sinks. 

In addition, void lots that natural vegetation 

successions take place should be preserved as 

soil carbon reserves.
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Mixed Use Land

6.

Mixed use land covers a wide range of areas such 
as commercial centers, apartments, shopping 
malls, offices, hospitals, hotels, and so on. 

Constraints for the development of carbon sinks: 

• A large portion of the area is covered by poor-permeability  

   materials with limited green space

• Green space is not taken care with observable soil erosion 

   and compaction issues.

• Future redevelopments on vacant lands will encroach 

   limited green space and devastate soil carbon storage 

   capacity continuously

Opportunities for the development of carbon sinks:

• Implement green roof development plans, especially for 

   office buildings

• Replace conventional parking lots to vertical car parking 

   to reclaim excessive parking lots to green space such as 

   commercial parks or urban forests

• Transform mowed lawns into low-maintenance tall grass 

   or meadow

ASSINIBOIA DOWNS

FIG. 3.7 GIS map showing mixed use land in Winnipeg.
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ASSINIBOIA DOWNS

1.

2.

3.

4.

5.

Legend

"Vacant" mixed use land

Developed mixed use land

Area: 12,129 km2

2.56% of total land

"Vacant" land: 2,007 hactare

"Vacant" rate: 16.55%
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Major redevelopment 
sites (which will be future 
transportation stops, high-
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plazas, or green space)

77



1.

2.

West Kildonan Industrial

Leila N
orth

Te
m

pl
et

on
 - 

Si
nc

la
ir

Garden City

Weston Shops

Tyndall Park

Burrows - Keewatin

Inkster Gardens

North Inkster Industrial

Oak Point Highway

Logan - C.P.R.

Le
ila

 - 
M

cP
hi

lli
ps

 T
ria

ng
le

Oak Point Highway, West 
Kildonan Industrial, and 
ect.
This area is almost occupied 
by shopping centers and retail 
stores so that hard surface like 
parking lots takes up a large 
portion of land. The street 
landscape is not taken care 
of well with observable soil 
erosion, compaction, and aridity. 
Some large pieces of land are 
undeveloped, where good natural 
vegetation successions take 
place.

Regent

Peguis

Mission Gardens

Lakeside Meadows

Transcona

Kildonan Crossing

Munroe East

Rossmere - A

Munroe West

River East

RivergroveRiverbendMargaret Park
Kildonan Drive

Elmwood

Tyne - Tees

East Elmwood

Mission Gardens, Peguis, 
Regent, and ect.

This area is a retail store cluster with 
entertainment facilities and a high rate 
of hard surface like parking lots (38,000 
vehicles per day in Regent). Some vacant 
lots are redeveloped to residential areas. 
The New Tall Grass Prairie Preserve in 
Regent is a good example of preserving 
soil carbon sinks. 
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3.

4.

South Portage

Exchange Distric
t

South Point Douglas

Central Park

Polo Park

West Wolseley

Parker

Grant Park

Brockville

Mathers

J. B. Mitchell

St. James Industrial

Southland Park
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Southdale
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Island Lakes
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Glenwood
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Earl Grey

Lord Roberts

Ebby - Wentworth

China Town

Portage & Main

Broadway - Assiniboine

South Portage, St. James 
Industrial, Ebby - Wentworth, 
and ect.

St. Vital Centre, Dakota 
Crossing, Southdale, and 
ect.

The urban core is one of the densest 
building areas. It features concrete street 
views, with scattered green space and 
frequent construction work. Although, in 
St. James Industrial and Grant Park areas, 
a bunch of vacant lots remain, and the 
soil is in an observably poor condition.

In these areas, there are mostly 
shopping centers and restaurants 
adjacent to neighborhoods. A number 
of sites which have a wide variety of 
wild vegetation are vacant and need 
redevelopment. These sites are in 
stark contrast with the well-mowed 
grass in surrounding neighborhoods.
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6.

Assiniboia Downs
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West F
ort G

arry 

Industri
al

Linden Woods
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Beaumont
Tuxedo Industrials
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Whyte Ridge
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Kirkfield

Birchwood

Sturgeon Creek
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Silver 
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Westdale
Elmhurst

Crestview

Assiniboia Downs, Glendale, 
Crestview, Sturgeon Creek, 
and ect.

Tuxedo Industrials, Linden Woods, 
Montcalm, South Pointe, and ect.

This area consists mostly of many 
commercial buildings and recreational 
facilities (horse racing). Most of the area 
is given in to parking lots with a high-
compacted soil risk.

Similar to other mixed use areas, this area 
is taken up by many retail buildings. Except 
for a high rate of hard surface, the green 
space interspersed over here is almost all 
mowed lawn (superficial beautification), due 
to the tight budget. It is projected that new 
redevelopments will further encroach vacant 
lots, although the pace is relatively slow.

FIG. 3.8 The inventory of mixed use land in Winnipeg. 
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FIG. 3.8 The inventory of mixed use land in Winnipeg. 

Mixed use land accommodates a wide 

range of building clusters, providing 

Winnipeggers with recreational, shopping, 

and civic service. However, a large portion 

of the land is taken for parking lots with 

poor permeability and few ecological 

benefits. The limited green space is not 

paid attention enough with observable 

soil erosion and compaction issues. For 

well-maintained green space, they are 

almost well-mowed lawns that contribute 

to soil carbon storage to some extent but 

produce numerous carbon emissions from 

frequent mowing practices. Although this 

construction and maintenance method is 

economical, it not only fails to create a 

pleasing built environment but also has 

few ecological values. 

 

Currently, new parking system proposals 

have emerged. One of them is smart 

rotary parking systems that are vertical 

parking structures and can accommodate 

about 20 cars. If these systems can be 

implemented in Winnipeg, many parking 

lots can be reclaimed to green space which 

can serve residents nearby. Moreover, the 

system is flexible and adaptable when the 

auto-driving era comes. The green roof 

system is worthy of being considered to 

replace flat concrete roofs. Smart parking 

systems and green roof systems can be 

combined, exerting uncountable ecological 

benefits and creating a significant carbon 

absorption sponge. 
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Educational and Institutional Land

1.

4.

HEALTH RESEARCH INSTITUTION

RED RIVER COLLEGE

GRACE HOSPITAL

PERSONAL CARE HOME

CANADIAN MENNONITE UNIVERSITY

FIG. 3.9 GIS map showing educational and institutional land in Winnipeg.

3.
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2.

0.74% of total land

"Vacant" land: 32 hectare

"Vacant" rate: 0.91%
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Red River College

Misericordia Health Centre

Université de Saint-Boniface

Saint Boniface Hospital

Riverview Health Centre

Seven Oaks 
General Hospital

National Microbiology Laboratory

Concordia Place/Hospital

Callsbeck Fellowship Chapel

Health Sciences Centre Winnipeg

National Microbiology 
Laboratory, Misericordia Health 
Centre, Red River College, and 
ect.

Concordia Place, Universite de 
Saint-Boniface, Saint Boniface 
Hospital, and ect.

Colleges and healthcare centers occupy 
this area. Most of them lack enough green 
space and have a high percentage of hard 
surfaces.

In this area, there are schools, hospitals, 
and churches. Although green space takes 
up a part of outdoor space, they are the 
most well-mowed lawns with observable 
soil erosions.

1.

2.
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Grace Hospital

Deer Lodge Centre

Canadian Mennonite University

Shaftesbury High School

Linden Christian School

University
 of Manitoba

Grace Hospital, Deer Lodge 
Centre, and ect.

Linden Christian School and Univeristy of Manitoba

This area covers healthcare facilities 
and schools. A large part of this land is 
used for parking lots. Most green space 
is well-mowed lawns. There is a piece of 
marshland at CMU. 

In this area, there is a church and a university. At Linden 
Christian School, a large portion of vacant lots remains. Some 
of these lots are used for road construction. At the University 
of Manitoba, the core area is filled by buildings and a few 
green spaces. A larger number of green space lots, some of 
which are used as as experiment fields and gardens can be 
found at the margins of and off the core areas.

3.
4.

FIG. 4.0 The inventory of educational and institutional land in Winnipeg. 
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Constraints for the development of carbon sinks: 

• Few lands will be further incorporated into the 

  green and open space network in Winnipeg

• Existing green space is occupied by well-

   mowed lawns in a large extent with numerous 

   carbon emissions by maintenance practices

Opportunities for the development of carbon sinks:

• Launch a series of experiments transforming the 

   singular-function lawns into multi-functional soil 

   carbon sinks in schools

• Implement green roof plans as secondary 

   methods

In addition to riverbank land, educational 

and institutional land take up the least 

area of the total land in Winnipeg. The 

featured green space throughout this land 

use is well-mowed lawns that are not 

effective enough to construct soil carbon 

sinks but prairie plants and meadows. 

Therefore, although this land-use type 

fails to make a huge contribution due to 

limited area, universities can lead path-

making experiments transforming these 

well-mowed lawns into spontaneous 

grassland or meadow lawns, raising public 

awareness.  

On the other hand, a number of healthcare 

centers or research institutions located 

in downtown areas have very limited 

green space. The green roof plan can be 

considered here, providing people with 

pleasing green space and acting as a 

carbon sponge.
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Residential Land 1.

6.

With a future population increase, in order to meet the demand for 
housing, a series of new community plans that use the infill strategy in 
the mature communities have been developed. Mature neighborhoods 
are significant components of urban green infrastructure. Therefore, 
designers can make efforts to maintain and facilitating urban carbon 
sink with developments in these neighborhoods.

FIG. 4.1 GIS map showing residential land in Winnipeg.
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5.

52.30% of total land

Area: 247,651 hectare

"Vacant" land: 9,731 hectare

"Vacant" rate: 3.93%
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1.
2.

Rosser-old Kildonan , West 
Kildonan Industrial, Riverbend, 
and ect.

Valhalla, River East, Kil-cona 
Park, and ect.

The downtown to the urban city limit 
area has the downtown community, 
mature community, recently community 
and newly community. Almost all blank 
areas are industrial and commercial parks 
as the physical segment between these 
communities. 

In the North West Winnipeg, communities 
are encompassed by heavy industries. 
There are a few new communities but many 
redevelopment sites. The communities 
that are close to rural areas take less green 
space compared with communities that are 
close to the urban areas. 
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3.

4.

Norwood East, Norwood West, 
Archwood, and ect.

Montcalm, Agassiz, Waverley 
Heights, and ect.

This area is a tensive residential area in Winnipeg 
with few industrial parks and a green corridor (Seine 
River) running through. This area provides residents 
with many recreational and leisure opportunities. 

The southern area is a critical residential area 
that is growing rapidly. It is in a suburban area 
with a lots green space, while most of green 
space lack accessibility. It is necessary to think 
of how to add more values to green space with 
increasing residential buildings. 
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5. 6.

Crescent Park, Riverview, 
Wolseley, and ect.
West Winnipeg is the highlighted area 
for future community development, 
expanding towards the suburban. 
Many relatively new neighbourhoods 
accommodate green space within these 
neighbourhoods. 

Centennial, West Alexander, and 
ect.
This area is close to downtown and the 
Canada Pacific Railyard, where residents 
have been claiming environmental 
concerns caused by the railyard. The 
neighbourhoods over here are not 
liveable compared with others, due to 
sporadic manufacturing factories that 
fragment the community space.

FIG. 4.2 The inventory of residential land in Winnipeg. 
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FIG. 4.2 The inventory of residential land in Winnipeg. 

 
  

Constraints for the development of carbon sinks: 

• Lawn is the dominant landscape. Its maintenance 

  has the potential for carbon emissions.

• Construction projects in growing neighborhoods 

   do not consider  the possible invisible soil issues.

•  Street trees, which are a critical component of 

   the urban forest are extremely disturbed by pests 

    and diseases. 

• More lands are taken from green space for 

   community parking lots, due to a high rate of car 

   ownership 

Opportunities for the development of carbon sinks:

• Design new developments that improve carbon 

   sinks in neighborhoods 

• Integrate front yards, backyards and public spaces 

   into the exiting carbon sink network

In Winnipeg, communities are divided into 

three types: mature communities, recent 

communities, and new communities. With 

the increasing population in Winnipeg, 

it is projected that more housing will be 

needed in the future. So the infill strategy 

is used in new community plans launched 

by Winnipeg city council. This means that 

more "vacant" lands have been and will be 

transformed into residential lands. Without 

careful treatment and plans infill projects, 

it can lead to a gigantic loss of soil carbon.

Communities are critical components 

of constructing carbon sinks since they 

affect major urban development and 

transformation of transportation, waste 

cycling, and house construction which are 

significant contributors to unlocking carbon 

from soil. Therefore, the idea and concept 

of carbon sequestration in landscape 

development plays a significant role in 

offsetting carbon emissions through energy 

consumption and minimizing the soil 

carbon loss from developments. Existing 

green and open space can be considered 

carbon sinks, but recent studies indicate 

that they require frequent maintenance, 

which counteracts carbon sequestered 
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by soil and plants. In other words, existing 

community developments are neither low-

carbon nor sustainable, although some 

of them look green and picturesque, with 

potential threats acting as carbon sink 

disruptors.  

As complex systems, with intelligent 

interventions, communities have the 

potential to form a carbon-sequestration 

network that can change the existing 

community spatial framework, delineating 

the blueprint of urban carbon sinks.
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Green and Open Space Land 

In general, green and open space are key carbon 

sinks in cities. However, it is difficult to measure 

how much carbon is sequestered in these spaces. 

So far, no reliable calculation model for carbon 

sequestration has emerged in the literature. In 

addition, in some cases where massive and frequent 

maintenance practices that are carbon sources is 

required, green spaces may not be carbon sinks. 

Therefore, energy inputs that maintain green spaces 

have to be considered. 

 

In Winnipeg, the city council does not pay enough 

attention to green and open space and releases 

limited information for the public. The information 

is mainly about recreation and entertainment events 

and rarely about ecological services. In addition, 

due to the lack of multiyear green infrastructure 

planning to manage and protect green spaces, 

developer-led land development and transformation 

are likely to devastate or encroach on green spaces. 

2.

FIG. 4.3 GIS map showing green and open space land in Winnipeg.
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Little Mountain Park, 
Woodsworth, Whittier Park 
and ect.

Assiniboine Park, Linden 
Woods, St. Vital Park and ect.

In the area, a lot of green space 
serves the community, providing a 
large portion of well-mowed lawns 
for sports and entertainment. For 
the green space, it is hard to take 
them as strong carbon sinks because 
of frequent maintenance of lawns, 
which is a significant carbon source.  

This area features a couple of city parks 
such as Assiniboine Park and St.Vital 
Park. In Assiniboine Park, the forest and 
understory vegetation stays wild due to 
less maintenance practice, while other 
green space needs frequent mowing 
practice and presents low-biodiversity 
understory vegetation.

Little Mountain Park

Woodsworth Park

St. James Memorial 
Sports Park

Assiniboine Forest

Linden Woods

St. Vital Park

Crescent Drive 
Park

Assiniboine Park

Winnipeg Youth Soccer 
Association 

John Blumberg Softball 
Complex

Westview Off-leash 
Dog Park

Lagimodière-Gaboury 
Whittier Park

Old Exhibition Grounds

Kildonan Park

Vince Leah 
Park

1.

2.
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Kings Parks, Maple Grove Dog 
Park, Grove Dog Park and ect.

Krikbridge Park, Alex Bridge 
Park, Baldry Creek Park and ect.

Excessive lawns are still the critical feature 
in green space over here. However, riparian 
greenways are good carbon sinks with 
observable natural successions.

The green space in the southern area is almost 
all for community use, featuring a large 
number of lawns, while the green space that is 
close to the suburb is more naturalized (less-
managed riparian forest corridors). 

Trappist M
onastery 

Provincial Park

Baldry Creek Park

Alex Bridge Park

Perimeterl Grandmont Park

Kirkbridge Park

Kings Park & Maple 
Grove Dog Park

Seine River Greenway’s 

Trail

Niakwa Park

3.

4.
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Kil-cona Park, Horse Pond Park, 
Buhler Recreation Park and ect.

The green space over here consists of 
a number of urban parks, community 
parks, and sports fields. Most of 
them are well managed with well-
mowed lawns. Biodiversity is not very 
substantial in the green space. 

Kil-cona Park

Horse Pond Park

Kildonan Meadows Park

Lakeside Meadows Park

Buhler Recreation Park

5.

FIG. 4.4 The inventory of green and open space land in Winnipeg. 
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Constraints for the development of carbon sinks: 

• Lawns may leak numerous carbon emissions from 

   maintenance practices

• City council and communities do not realize 

   how significant the green space is as carbon   

   sinks and that these sinks are vulnerable 

• Urban forest is at risk of pest disease

• Riverbank erosion is severe with soil loss at an 

   alarming rate

Opportunities for the development of carbon sinks:

•  Maintain the vegetation that is beneficial to 

    improving carbon sinks

•  Develop a comprehensive green and open space 

    plan and design guideline for future 

    developments

•  Add carbon sink ideas into future riverbank 

    stabilization projects

Most of the green and open space in 

Winnipeg are well-managed on a regular 

basis to provide residents with recreational 

opportunities. Mowing and other such 

maintenance results in enormous carbon 

emissions. Although many people, 

including designers and policymakers, 

assume every green space is a carbon sink, 

they may ignore the energy inputs required 

to maintain green spaces. 

In addition, due to severe snowstorms 

and the spread of elm disease that has 

impacted over 30,000 city-owned trees 

in 2019, the carbon storage in urban 

forests is declining. The riverbank, which 

is a crucial part of green and open space, 

is becoming a carbon source because of 

severe riverbank erosion issues, loss of 

soil and unlocking of carbon from soil into 

the atmosphere. The existing riverbank 

stabilization projects have failed to 

preserve soil carbon. Therefore, it is not 

possible to conclude that green and open 

spaces in Winnipeg are robust sources of 

carbon sinks. Winnipeg needs an intelligent 

plan to enhance the carbon storage and to 

create a carbon sink network. 
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Green and open spaces in Winnipeg 

function only as places for recreation and 

entertainment and fail to generate a wide 

spectrum of ecological services. In recent 

years, city council has been taking steps 

to expand the scope of green spaces 

beyond recreation and entertainment. 

This practicum aims to provide a possible 

solution by raising the idea of carbon 

sinks by offering a city-wide carbon sink 

development plan for Winnipeg.
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Carbon source
Carbon sink

Potential carbon 

Agricultural land

General industry land

Heavy industry land

Residential land

Green and open 
space land

Educational and 
institutional land

"Vacant" land

Mixed use land

FIG. 4.5 GIS map showing land use types as carbon sources and sinks in Winnipeg.104



Existing carbon sink: Conventional Land Use 
Conversion in Winnipeg:

Site Selection from "Vacant" Lands
(develop a new urban use such as 
residential neighborhoods or commercial 
centers)

Planning and Design Plan
(lack attention to assessing and 
conserving biomass and soil carbon 
sequestration during the land use 
conversion)

Maintenance Regime
(high-carbon-emission maintenance 
for turfgrass)

Negative Carbon Consequence 
(huge carbon loss during construction 
with slight carbon offset by constructed 
green and open space)

Disturbed carbon sink:

takes up 21.06% of total land (99,675ha) but may suffer a huge 
carbon loss from conventional land use conversion

Urban forest
Shrub
Grass/Meadow
Wetland

Polluted area
Excessive hard surface
Agriculture practice
Soil erosion/compaction
Over-mowed lawn
.........

Frequent maintenance
(carbon emission from energy 
uses and human labor)

Frequent disturbance
(carbon emission 
from biosystems and 
energy uses)

Carbon sequestration (biomass 
and soil)

Carbon sequestration  
(lawns and wild areas)

Carbon source

Carbon source

Carbon sequestration 

Carbon sequestration 

.............

Opportunity and Constraint of Developing Urban Carbon 
Sink through Land Use Conversion
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Chapter Summary

Although there are few specific statistics 

found on how the carbon storage has been 

changed during land use management 

and conversion in Winnipeg, the relevant 

information and research indicate that 

the carbon storage has been declining 

at different rates among land use types. 

In other words, as a consequence of 

urbanization, land use management and 

conversion have contributed to unlocking 

a large amount of carbons from biomass 

and soil, while few designers, planners, 

policymakers, and developers attach 

importance to carbon emissions during 

land use management and conversion. 

Some crucial planning and design 

guidelines, such as Sustainable Winnipeg 

and Winnipeg Climate Action Plan, have 

only set up a series of directions and 

targets rather than detailed action plans 

and design tactics with a certain time 

framework. This is most likely lead to 

Winnipeg failing to achieve these goals 

in the end and paying a large price for 

developing urban sustainability and 

adaptability afterwards.  

Based on the analysis of land use, around 

24.27% of total land (1,149.68 ha) in 

Winnipeg remains vacant. Most of these 

"vacant" lands will be taken for urban 

uses and developed into commercial 

plazas, apartments, shopping malls, and 

green space, with luxuriant vegetation 

covers that are outstanding carbon sinks. 

However, in accordance with some future 

redevelopment plans posted on the 

city website, the city is prone to keep 

conventional development approaches that 

are detrimental to these well-functioning 

carbon sinks. Carbon storage in ecological 

systems in Winnipeg may suffer further 

disturbance and loss. 

Due to the growing population and 

demands for urbanization, urban sprawl 

is inevitable. For continued reduction 

of carbon emissions, city planners must 

consider not only the importance of the 

replacement of fossil fuel by green and 

renewable energy but also enhancements 

of urban ecological systems. Hence, it is the 

reason why we have to bring the "carbon 

sink" idea and concept to the table. The 

carbon sink concept not only caters to 
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existing urban strategies and targets but 

also integrates and constructs urban green 

infrastructure to make the city resilient, 

sustainable, low-carbon, and adaptable to 

climate change. 
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Carbon Sinks In Winnipeg

C h a p t e r   
F i v e

It Is All About

108



109



Vegetation type

Carbon Sequestration for Vegetation Types in the World-wide

Swamp and marsh

Tropical evergreen forest

Temperate evergreen forest

Tropical seasonal forest

Tundra and alpine meadow

Temperate deciduous forest

Temperate grassland and pasture

Boreal forest

Tropical open forest

Desert scrub

carbon tonne/hectare

Biomass carbon sequestration 

Soil carbon sequestration 

298.3

295.5

294.1

263.4

210.6

205.1

196.4

118.4

60.6

100 200 300 400 500 600

70.0

160.1

89.7

186.9

130.5

120.7

203.8

189.1

52.6 65.8

57.8

89.9

132.9

205.8

111.3

134.0

725.0

FIG. 4.6 Global carbon stocks in soil and vegetation by major biome types. Adapted from Singh, 2018, Soil Carbon Storage, Modulators Mechanism Modeling, p.2
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298.3

295.5

294.1

263.4

600

FIG. 4.6 Global carbon stocks in soil and vegetation by major biome types. Adapted from Singh, 2018, Soil Carbon Storage, Modulators Mechanism Modeling, p.2

Biomass carbon: biomass carbon is stored in various plant tissues like sticks, leaves, 

and trunks through plant photosynthesis. It usually does not include litters.

Soil carbon: soil carbon resides in soil in all ecosystems. Soil carbon is from 

decomposition by decomposers on the ground and belowground, as soil organic 

matter. Then soil organic matter can be further decomposed as soil organic carbon 

by microbial fauna, known as humus that contains a lot of soil organic carbon. 

Mycorrhizae between plant roots and fungi fauna also input carbon into the soil.

Biomass carbon sequestration order: Tropical evergreen forest> Temperate 

evergreen forest > Temperate deciduous forest > Tropical seasonal forest > Boreal 

forest > Swamp and marsh > Tropical open forest > Temperate grassland and 

pasture > Desert scrub > Tundra and alpine meadow (Lal, et al., 1998).

Soil carbon sequestration order: Swamps and marsh > Boreal forest > Tundra and 
alpine meadow > Temperate grassland and pasture > Temperate evergreen forest > 
Temperate deciduous forest > Tropical evergreen forest > Tropical seasonal forest > 

Tropical open forest > Desert scrub (Lal, et al., 1998.)

795.0

700
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Carbon Sink Typology based on Vegetation Covers in 
Winnipeg

Legend

0 2km

N 

Green and open space

Forest 

Vegetation cover

Grass and meadow 

Grass and shrub 
Wetland 

Water body

Street tree
City limit

"Vacant" lands

FIG. 4.7 GIS map showing carbon sink 
typology based on vegetation covers 
in Winnipeg.
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2.

3.

4.

Type 2. Grass and meadow land

Type 3. Grass and shrub land

Type 4. Wetland

Type 1. Forest land

Soil carbon

Soil carbon

Biomass carbon

Soil carbon

Soil carbon

1. Aspen forest
2. Oak forest
3. Riverbottom forest: willow, cottonwood, green 
    ash, basswood, American elm, and Manitoba maple

Total area: 1,033.38 ha

1. Grass and meadow: native grass, mixed grass, tall 
    and mixed grass

Total area: 10,315.35 ha

1. Native grass and some stands of shrubs (willow, 
    choke-cherry, saskatoon, and pincherry)

Total area: 521.37 ha

1. Marshland: herbaceous species

Total area: 101.79 ha

1.

FIG. 4.8 Carbon sink types in Winnipeg.
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Biomass and Soil Carbon Sequestration
VS. Carbon Emission in Winnipeg

4,484,518 tonnes Co2 emission
released by Winnipeg in 2011

Legend

Green and open space

Forest 

Vegetation cover

Grass and meadow 

Grass and shrub 
Wetland 

Water body

Street tree
City limit

"Vacant" lands

0 2km

N 
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Carbon sequestration of grass/meadow land in Winnipeg

Carbon sequestration of wetland in Winnipeg

Carbon sequestration of forest in Winnipeg

Carbon sequestration of grass and shrub land in Winnipeg

Percentage that equals to carbon emissions in 2011 level in Winnipeg

Based on carbon estimations stated before, the estimated carbon sequestration 

for different vegetation types in Winnipeg as follows: wetland (795.0 tonne/ha), 

deciduous forest (263.4 tonne/ha), and grass and meadow/shrub (196.4 tonne/ha).

equal to 7,423,725 tonnes Co2
equal to 166% of total carbon emissions in 
Winnipeg in 2011

equal to 296,850.50 tonnes Co2
equal to 6.62% of total carbon emissions in Winnipeg in 2011

equal to 375,080.8 tonnes Co2
equal to 8.36% of total carbon emissions in Winnipeg in 2011

equal to 9,093,201.21 tonnes Co2
equal to 202.77% of total carbon emissions in Winnipeg in 2011

equal to 997,041.40 tonnes Co2
equal to 22.23% of total carbon emissions in Winnipeg in 2011

102,397.07 tonnes, 521.37 ha

2,025,934.74 tonnes 
10,315.35 ha

81,010.5 tonnes
101.79 ha

272,192.30 tonnes, 1,033.38 ha

Total: 2,481,534.61 tonnes carbon sequestration
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"Vacant" Lands as Carbon Sinks

"Vacant" agricultural land (80,150 ha)

"Vacant" industry land (7,787 ha)

"Vacant" mixed use land (2,007 ha)

"Vacant" residential land (9,731 ha)

Legend

In Winnipeg, there are a number of "vacant" 
lands with a wide spectrum of vegetation 
covers. In other words, these "vacant" lands 
have a high level of carbon sequestration. 
However, due to urban expansion, these 
"vacant" lands will be transformed into other 
urban uses. The challenge is to maintain the 
level of carbon sequestration during this 
transformation and avoid unlocking excessive 
carbon from ecosystems into the atmosphere.

City limit Forest

Grass and meadow

Grass and shrub

Water body

Major redevelopment sites (which 
will be future transportation stops, 
high-density housing, commercial 
plazas, or green space)

Wetland
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0

N 

5 km

FIG. 4.9 GIS map showing "vacant" lands as 
carbon sinks in Winnipeg.
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Exploring Carbon-Sequestration-Oriented Landscapes
--- A Design Response to Carbon Sequestration Values of "Vacant" Lands

Winnipeg is a gigantic carbon sink where wetlands have more carbon sequestration than forests 

and grass/meadow. Through analysis and mapping, "vacant" lands were found to be robust carbon 

sinks in Winnipeg. However, they are more likely to be disturbed leading to massive carbon 

emissions during the land-use conversion. Therefore, in order to inform potential interventions 

to preserve the original condition of carbon sequestration in lands and minimize negative 

impacts on carbon sequestration by redevelopments, the next step is to select a typical suburb 

in Winnipeg and develop a series of assessments of the level of carbon sequestration for the site 

during land-use conversion. Then, potential approaches to maintaining and enhancing the level 

of carbon sequestration at the site will be proposed. This envisions and demonstrates how to 

construct a carbon-sequestration-oriented landscape and meet urban development requirements 

simultaneously. 
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Step 1.

Step 2.

Step 3.

Step 4.

Understand Natural Carbon Sinks

Analyze Land Use 
Management and Conversion

Categorize Soil Carbon Sinks Based 
On Vegetation Covers

Develop a Carbon-Sequestration 
Landscape Framework

Focus: The Definition, Ecological Role, Working Mechanism of 
Carbon Sequestration

Focus: Changes in the Level of Carbon Sequestration during the 
Process of Land Use Management and Conversion in Urban Settings

Focus: Carbon Sequestration Estimatetions In Various Vagetation 
Covers and Carbon Sequestration Values of "Vacant" Lands

Focus: Assessments of the Level of Carbon Sequestration in the 
Site and Potential Modifications to Preserve and Improve Carbon 
Sequestration

Natural Environment

City of Winnipeg

City of Winnipeg

An Existing Neighbourhood 
in Winnipeg

Approach:

Research Steps

Approach:

Approach:

Approach:

Context:

Context:

Context:

Context:
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Exploring A Carbon-Sequestration-Oriented 
Landscape Based On The Existing Suburban 
Residential Neighbourhood 

C h a p t e r   
S I X

It Is All About
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Selected Site Location

N

0 3 km

University of 

The Forks

Garden City

Legend

Site boundary

The selected site is called River Ridge. This suburban 
neighborhood is located in the North of Winnipeg 
and is adjacent to the Red River and some other 
suburban neighborhoods. The site was typical 
"vacant" land before redevelopment. This land was 
used as agricultural fields and included patches of 
riparian forests, wetland, and prairie. Within a typical 
course of residential development, a large portion of 
vegetation and topsoil was removed and replaced by 
a cul-de-sac layout, which is what we see now. The 
site is selected as the case study site and assessed to 
draw a series of analyses and conclusions reflecting 
how carbon sequestration levels have changed as a 
result of its conversion from "vacant" land. Through 
these analyses and conclusions, creative design 
recommendations for maintaining and enhancing 
carbon sequestration levels if the land is selected for 
redevelopment can be proposed and illustrated.
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Winnipeg James 
Armstrong 
Richardson 

FIG. 5.0 The selected site location in Winnipeg.



University of 

Chief Peguis Trail

Perimeter Hwy

Main
 St

Hen
de

rs
on

 H
wy

Red
 R

ive
r

The city of Winnipeg

123



Red River Blvd

R
ed

 G
ro

ve
 

G
rifi

nd
al

e 

Attridge Ln

Knotwood Meadowcrest Bay

Red River 
Coop

Harmsworth Dr

Ridgecrest Ave

West Kildonan 
Collegiate

124



Harmsworth Dr

The Existing Condition in 2020

River Ridge Pl

McBeth Grove
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0 50m
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Currently, the site is in a typical residential 
subdivision in Winnipeg. The land is 
overwhelmingly occupied by houses, while 
only a small portion of land is taken for 
green and open space. There are 275 houses 
approximately.  
 
This site is a good example of insufficient 
attention and intervention to preserve and 
enhance carbon sequestration while developing 
a neighborhood. 

Red River

125FIG. 5.1 The plan view of the selected site location in 2020.
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"Vacant" lands: agriculture lands 
 
Landscape conditions: grass/meadow, forests,  
wetland, street trees, Red River 
 
Redevelopment: a residential neighborhood

Total area: 31.89 hectares

The Historical Condition in 2004
When time dates back 2004, the site was taken up by 
crops and other vegetation such as wetlands, forests, 
and grasses. However, during redevelopment into a 
typical residential subdivision, carbon sequestration 
conservation was not considered as one of the 
enhancements. For the site, the typical residential 
subdivision costs a large quantity of carbon from the 
historical condition. 
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FIG. 5.2 The plan view of the selected site location in 2004.



Three Phases to Analyze and Assess the Level of Carbon 
Sequestration from the Historical Condition to the 
Conventional Suburb and Explore the Possibility of the 
Carbon-Sequestration-Oriented Suburb

PHASE ONE

PHASE TWO

PHASE THREE

Phase One is to measure the level of carbon sequestration through assessing land use, vegetation covers, management 
techniques for the site in the existing condition and make a quantitative comparison with the historical condition.

Phase two is to explore a set of guiding principles that indicate how to develop a carbon-sequestration-oriented 
landscape project in Winnipeg. Principles are also based on the site conditions and inform creative modifications to 
enhance the level of carbon sequestration of the site.

Phase three proposes six types of modifications that could be applied to a typical neighborhood, River Ridge. 
Modifications 1 – 4, are types of changes that could be applied without any changes to the existing building layout. 
In a sense these modifications may be considered to be feasible as part of a neighborhood retrofit. Modification 5 – 6 
would have an impact on the buildings in the neighborhood and as such would be more difficult to implement after a 
development has occurred. Modifications 5 -6 would inform the carbon positive development of a new neighborhood. 
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Phase One is to measure the level of carbon sequestration through assessing land use, vegetation covers, management 
techniques for the site in the existing condition and make a quantitative comparison with the historical condition.

Phase two is to explore a set of guiding principles that indicate how to develop a carbon-sequestration-oriented 
landscape project in Winnipeg. Principles are also based on the site conditions and inform creative modifications to 
enhance the level of carbon sequestration of the site.

Phase three proposes six types of modifications that could be applied to a typical neighborhood, River Ridge. 
Modifications 1 – 4, are types of changes that could be applied without any changes to the existing building layout. 
In a sense these modifications may be considered to be feasible as part of a neighborhood retrofit. Modification 5 – 6 
would have an impact on the buildings in the neighborhood and as such would be more difficult to implement after a 
development has occurred. Modifications 5 -6 would inform the carbon positive development of a new neighborhood. 
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P h a s e
O n e
Phase One is to measure the level of carbon 
sequestration through assessing land use, vegetation 
covers, management techniques for the site in 
the existing condition and make a quantitative 
comparison with the historical condition.
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131131FIG. 5.3 The view of the collector road in the selected site.



Task 1. The Interpretation of Carbon Sequestration 
Measurements for Vegetation Cover Types

Vegetation cover type

Wetland*
in 130 years

in 130 years

in 130 years

Forest*

carbon tonne/hectare
Biomass carbon sequestration

Soil carbon sequestration

263.4130.5 132.9

70.0 725.0

196.4189.1
Grass/meadow 
land and grass/
shrubland*

Turfgrass**
(75kg nitrogen 
fertilizer ha-1 
yr-1, clippings 
removed)

Turfgrass**
(75kg nitrogen 
fertilizer ha-1 
yr-1, clippings 
returned)

38.5

69.0

*   Source of carbon sequestration measurements for wetland, forest, and grass/meadow land and grass/shrub land: 
    Management of Carbon Sequestration In Soil, (Lal, et al., 1998, p.2).
** Source of carbon sequestration measurements for lawn:  Carbon Sequestration In Urban Ecosystem (Lal and Augustin, 2012, p.169)

    e-book, available at: https://link-springer-com.uml.idm.oclc.org/book/10.1007%2F978-94-007-2366-5

FIG. 5.4 Carbon sequestration measurements for vegetation cover types in Winnipeg.
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795.0

All carbon sequestration measurements that are used in the practicum are from scientific 
research or experimental reports. These measurements are taken as a quantitative reference 
to estimate and assess the level of carbon sequestration throughout Phase One, Phase Two, 
and Phase Three. The measurements listed here do not cover all measurements throughout 
all phases, but they are fundamental ones and occur repetitively in different scenarios. These 
measurements are optimistic and assumed in "optimal" conditions. For example, wetlands may 
fail to sequester such much carbon sequestration as the measurement indicate since they are 
subject to urban activities. 

In the first place, carbon sequestration measurements for wetland, forest, grass/meadowland, 
and grass/shrubland are from the same book, Management of Carbon Sequestration in Soil. This 
book provides soil and biomass carbon sequestration measurements, respectively, for different 
vegetation cover types. The timeframe for the measurement is 130 years (1850-1980). Then, 
in Phase One, Phase Two, and Phase Three, these measurements for wetland, forest, grass/
meadowland, and grass/shrubland will be taken to calculate and assess the level of carbon 
sequestration in the site with different scenarios.  

In addition, the measurement for turfgrass is from an e-book: Carbon Sequestration In Urban 
Ecosystems. This book provides how the level of carbon sequestration of turfgrass changes with 
different management techniques through a comparative experiment. Here, in the practicum, 
it assumes that the management technique for turfgrass implemented in the existing condition 
is 75kg nitrogen fertilizer per hectare per year with clippings removed, which is a less carbon-
conservative management technique. The experiment shows that no matter what kind of 
management techniques are taken, the level of carbon sequestration for turfgrass will reach 
stable over 100 years since the establishment. So the measurement (38.5 carbon tonne/hectare) 
will be used for turfgrass in scenarios based on the existing condition. 
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Task 2. Estimations of the Level of Carbon Sequestration in 
the Historical Condition (2004)

0 50M

N

In the historical condition, the site was taken up by forest 
(49.1% of total land), crop (30.17% of total land), grass/
meadow (14.85% of total land), grass/shrub (4.13% of 
total land), and wetland (0.4% of total land) respectively. 
Croplands are carbon sources due to tillage and plow. Based 
on the percentage and configuration of vegetation covers, 
the total carbon sequestration by the historical condition is 
5,886.68 tonnes approximately. 

FIG. 5.5 GIS map showing all vegetation covers 
in historical conditions.
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Wetland (shallow water/marshland)
Area: 0.14ha (0.40% of total land)
Carbon estimation: 111.3 tonnes 
795.0 carbon tonne/hectare* 

Forest
Area: 17.02ha (49.10% of total land)
Carbon estimation: 4,483.07 tonnes
263.4 carbon tonne/hectare* 

Grass/shrubland
Area: 1.43ha (4.13% of total land)
Carbon estimation: 280.85 tonne
196.4 carbon tonne/hectare* 

Cropland
Area: 8.15ha (30.17% of total land)

Carbon sequestration in the historical condition = carbon sequestrataion 
by forests (4,483.07 t) + carbon sequestration by grass/meadow (1,011.46 t) + 
carbon sequestration by grass/shrubland (280.85 t) + carbon sequestration by 
wetland (111.3 t) = 5,886.68 tonnes (169.79 tonne/hectare)

Carbon sink:

Carbon source:

Grass/meadowland
Area: 5.15ha (14.85% of total land)
Carbon estimation: 1,011.46 tonnes
196.4 carbon tonne/hectare*
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Task 3. Estimations of the Level of Carbon Sequestration 
and Carbon Emissions in the Existing Condition (2020)
3.1 Identify Each Vegetation Cover Type and Calculate The Level of 
Carbon Sequestration by Vegetation Covers

Currently, the site is a typical suburb in Winnipeg with the 
conventional development pattern. The majority of the land 
is taken by turfgrass and houses. It is confirmed that the 
conventional development pattern results in a tremendous 
carbon loss from the historical condition.

FIG. 5.6 GIS map showing all vegetation covers 
in existing conditions.
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Riverine Wetland
Area: 0.50ha (1.44% of total land)
Carbon estimation: 397.5 tonnes 
(over 130 years)
795.0 carbon tonne/hectare 

House
Area: 7.4ha (21.34% of total land)
Estimated quantity: 275

Road network
Area: 3.44ha (9.92% of total land)

Hard surface
Area: 5.68ha (16.38% of total land)

Forest
Area: 4.58ha (13.21% of total land)
Carbon estimation: 1,206.37 tonnes
263.4 carbon tonne/hectare

Turfgrass 
Area: 13.07ha (37.70% of total land)
Carbon estimation: 503.20 tonnes
38.5 carbon tonne/hectare

Carbon sequestration in the existing condition = carbon sequestrataion by 
forests (1,206.37 t) + carbon sequestration by trees (66.78 t) + carbon sequestration by 
turfgrass (503.20 t) + carbon sequestration by wetland (397.5 t) = 2,173.85 tonnes

Trees (130 years old)*
Quantity: 318 
Estimated carbon sequestration: 
66.78 tonnes (0.21 tonne/tree)
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Task 3. Estimations of the Level of Carbon Sequestration 
and Carbon Emissions in the Existing Condition (2020)
3.2 Illustrate changes in vegetation cover types and land use, and 
measure how much carbon sequestration gets lost and remained 
from the historical condition to the existing one 

As the map shows, a large portion of vegetation cover 
from the historical condition has been wiped out due to 
the development, resulting in 4,680.31 tonnes carbon loss 
approximately. Only some patches of riverbank forests have 
been remained (1,206.37 tonnes carbon).

FIG. 5.7 GIS map showing lost vegetation covers 
from historical conditions to existing conditions.
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Forest
Area: 4.58ha
Carbon estimation: 1,206.37 tonnes
263.4 carbon tonne/hectare

Lost carbon sequestration = lost carbon sequestrataion by forests (3,276.70 t) + 
lost carbon sequestration by grass/meadow (1,011.46 t) + lost carbon sequestration 
by grass/shrubland (280.85 t) + lost carbon sequestration by wetland (111.3 t) = 
4,680.31 tonnes

Gross remained carbon sequestration = 
1,206.37 tonnes

Lost carbon sink from the historical 
condition:

Remained carbon sink from the original 
condition:

Wetland (shallow water/marshland)
Area: 0.14ha 
Carbon estimation: 111.3 tonnes 
795.0 carbon tonne/hectare

Forest
Area: 12.44ha 
Carbon estimation: 3,276.70 tonnes
263.4 carbon tonne/hectare

Grass/shrubland
Area: 1.43ha 
Carbon estimation: 280.85 tonnes
196.4 carbon tonne/hectare

Grass/meadowland
Area: 5.15ha 
Carbon estimation: 1,011.46 tonnes
196.4 carbon tonne/hectare
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Task 3. Estimations of the Level of Carbon Sequestration 
and Carbon Emissions in the Existing Condition (2020)
3.3 Measure the carbon sequestration by constructed vegetation 
covers in the existing condition in the first 130 years since 
construction

In the existing condition, the constructed carbon 
sink consists of turfgrass, riverine wetland, and trees. 
Turfgrass is the most dominant vegetation cover. The 
green and open space only take up a tiny piece of land 
with low carbon sequestration values. 

FIG. 5.8 GIS map showing constructed 
vegetation covers in existing conditions.
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* The trees are boulevard trees and backyard trees. The number is counted manually based on the high-solution aerial 
   photo. In order to estimate carbon sequestration by these trees, it assumes that all trees are mature black ash (130 
   years old, diameter 30cm). The carbon sequestration measurement is from a Canada-based website, Association For 
   Canadian Educational Resources (2012), where it provides estimated carbon sequestration measurements for 
   common tree species living in Canada. Therefore, from the website, the estimated carbon sequestration 
   measurement for mature black ash is 0.21 tonne per tree.
   Source: http://www.acer-acre.ca/bcalculator?Hardec?40

Trees (130 years old)*
Quantity: 318 
Estimated carbon sequestration: 
66.78 tonnes (0.21 tonne/tree)

Carbon sequestration by constructed vegetation 
cover = carbon sequestration by turfgrass (503.20 t) 
+ carbon sequestration by wetland (397.5 t) + carbon 
sequestration by trees (66.78 t) = 967.48 tonnes

Constructed carbon sink:

Turfgrass
Area: 13.07ha
Carbon estimation: 503.20 tonnes
38.5 carbon tonne/hectare

Riverine Wetland
Area: 0.50ha 
Carbon estimation: 397.5 tonnes 
795.0 carbon tonne/hectare 
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Task 3. Estimations of the Level of Carbon Sequestration 
and Carbon Emissions in the Existing Condition (2020)
3.4 Identify possible maintenance and management for turfgrass 
in the existing condition and measure estimated carbon emission 
by management in the first 130 years since construction

Although turfgrass is a constructed carbon sink in the city, 
its actual carbon sequestration capacity is highly dependent 
on management techniques. In other words, improper 
management can minimize its carbon sequestration 
capacity. 

FIG. 5.9 GIS map showing turfgrass in existing conditions.
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Moderate mowing: 6.75 tonne/hectare carbon 
emission, total 88.22 tonnes
Lawn management (mowing) changes soil 
physical structures (increase density and reduce 
water retention capacity) and unlocks soil 
carbon into the atmosphere.

Conventional maintenance and 
management for turfgrass in the existing 
condition: 75kg nitrogen fertilizer ha-1 yr-1, 
clippings removed by gas-powered mowers

With push mowers, it takes 5 hours to mow 
1-hectare lawn.
Mowing season: mid-May to mid-October
Mowing rotation: once per 10 days
Mowing cycle during a year: 15
Annual mowing hours for the site: 980.25 hours 

Carbon emission from gas-powered mowers***
0.003 tonnes per hour
2.94 tonnes per year (980.25 hours)
382.20 tonnes in 130 years 

Turfgrass
Area: 13.07ha

Carbon emission from turfgrass*

Hours of mowing per year**

Carbon emission from management for turfgrass= carbon emission by turfgrass 
(88.22 t) + carbon emission by gas-power mowers (382.30 t) = 470.42 tonnes 

Turfgrass carbon sequestration rate: 
38.5 tonne/hectare
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* The carbon emission measurement for turfgrass management is from a carbon calculation tool website, Climate 
Positive Design (2020), that provides a calculation model that calculates how much carbon emission is from different 
levels of turfgrass management (the low-impact, the moderate, and the intensive). It assumes that the level of 
management for turfgrass in the existing condition is moderate. Correspondingly, the estimated carbon emission from 
turfgrass management is 6.75 tonne per hectare.  
source: Climate Positive Design, 2020, http://app.climatepositivedesign.com/projects

** The calculation model for the hour of mowing is from a website, OnlyTopReviews (2020), : it takes 5 hours to mow 
one-hectare turfgrass. Then, the City of Winnipeg (2020) provides information about mowing seasons that are from 
mid-May to mid-October. It assumes that the turfgrass needs mowing per 10 days on average. The mowing cycle during 
a year is 15. Therefore, it needs 980.25 hours to mow 13.07-hectare turfgrass on the site.
source: City of Winnipeg, https://www.winnipeg.ca/publicworks/parksOpenSpace/ParkOperations/ 
grassmowing.stm.  
OnlyTopReviews, https://onlytopreviews.com/lawn-mowers/

*** The carbon emission measurement for gas-powered mowers is from a carbon calculation tool website, Climate 
Positive Design (2020). It provides a calculation model to calculate how much carbon released by different mowers. 
Here, it assumes that it releases 0.003-tonne carbon per hour and 382.30-tonne carbon in 130 years in the existing 
condition with gas-powered mowers.
source: http://app.climatepositivedesign.com/projects
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Task 4. Assessment of Total Net Carbon Sequestration 
in the Existing Condition in the First 130 Years since 
Construction

Carbon sequestration by vegetation cover 
remaining from the historical condition

Total Net Carbon 
Sequestration

+1,206.37 tonnes carbon

=

In order to reflect on how effective the existing condition is in relation to carbon sequestration, it is 
proposed to assess the total net carbon sequestration by the existing condition since the historical 
condition. Therefore, the existing condition can sequester 1,703.43 tonnes carbon approximately 
in 130 years since construction, based on the measurement of carbon sequestration by vegetation 
covers remaining from the historical condition, the measurement of carbon sequestration by 
constructed vegetation covers, and measurement of carbon emission by turfgrass management.

= +1,703.43 tonnes carbon (71.06% lower than total carbon sequestration in the historical condition)

FIG. 6.0 GIS map showing vagetation covers 
remaining from the historical condition. 

+
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+1,703.43 tonnes carbon (71.06% lower than total carbon sequestration in the historical condition)

Carbon sequestration by 
constructed vegetation cover

Carbon emission by management

+967.48 tonnes carbon -470.42 tonnes carbon

+
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The infographic reflects how the level of carbon sequestration changes from the historical 
condition to the existing one. Since the site follows the conventional development pattern, 
the site has lost a large quantity of carbon sequestration by historical vegetation covers 
during construction. Although constructed carbon sinks such as turfgrass, riverine wetland, 
and trees offset the tremendous carbon loss to some degree, their contribution to the 
total net carbon sequestration is slight in a 130-year timeframe. This is why the following 
phases aim to develop a series of design guiding principles and creative modifications to 
demonstrate how to make the neighborhood more carbon responsible. 

FIG. 6.1 Infographic showing changes in carbon sequestration levels 
from historical conditions to existing conditions in the selected site. 
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Task 5. Conclusions

From Task one to Task four, Phase One reflects how the level of carbon sequestration has changed 
from the historical condition to the existing condition with a conventional development pattern. 
The estimated assessment of change in the level of carbon sequestration in Phase One is not 
scientifically verified due to the lack of a grounded assessment model for carbon sequestration in 
landscape architecture and scientific disciplines. However, Phase One illustrates how the existing 
condition has developed from its historical condition and shows that the conventional development 
pattern results in tremendous carbon loss.  
 
Phase One shows that, conventionally, when "vacant" lands are being transformed for other land 
uses such as neighborhoods and commercial centers, the planning and design pays little attention 
to carbon sequestration. This is the reason why urban sprawl and redevelopment boost biomass 
and soil carbon depletion. Conventional planning and designs deplete massive natural carbon 
sequestration by wiping out the variety of forest, grass, and wetland during construction and 
limiting the carbon sequestration potential by constructing vegetation with sparse open space 
and singular vegetation covers. Conventional land management creates an invisible carbon cost 
in the post-construction period. So, the land management regime has to be taken into account to 
minimize carbon emissions and enhance carbon sequestration in the long run. 
 
Therefore, it is recommended that conventional development patterns can be modified, and a 
carbon-sequestration-oriented model can be created. This will conserve the historical condition of 
the carbon sequestration and increase it through constructed vegetation with carbon-conservation 
management techniques.
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P h a s e
T w o
Phase two is to explore a set of guiding principles that 
indicate how to develop a carbon-sequestration-
oriented landscape project in Winnipeg. Principles 
are also based on the site conditions and inform 
creative modifications to enhance the level of carbon 
sequestration of the site.
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Principle 1. Identify Primary/Secondary Carbon Preservation 
Areas based on the Carbon Sequestration Capacity of Each 
Vegetation Cover Type

Principle One is the first step for a carbon-sequestration-oriented project, which identifies the 
land with excellent carbon sequestration potential to be preserved. In light of this purpose, 
Principle One proposes categorizing lands into primary carbon preservation and secondary carbon 
preservation areas. 

Primary carbon preservation areas have most carbon sequestration potential in the site with 
valuable ecological benefits and should be preserved entirely. 

Secondary carbon preservation areas have high carbon sequestration potential but not much as 
primary carbon preservation areas. Secondary carbon preservation areas should be preserved as 
much as possible. 

Therefore, based on the carbon sequestration chart for each vegetation type worldwide (p.128) 
and dominant vegetation types in Winnipeg, primary carbon preservation areas in Winnipeg are 
wetlands that take up most carbon sequestration. In contrast, secondary carbon preservation areas 
are forests, grass/meadowlands, and grass/shrublands.

The wetland in the historical condition should be preserved entirely as the primary carbon 
preservation area. Then, as secondary carbon sequestration areas, 90% of forests in the historical 
condition could be preserved. And over 50% of grass and meadowland in the historical condition 
could be replaced with houses or other hard surfaces if needed. Once the wetland and forests could 
be preserved, they could serve as future community green space.

Description

Design guidance for the site
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Wetland (shallow 
water/marshland)

Forest

Grass/shrubland

Grass/meadowland

Secondary carbon sequestration area in the site based on the historical condition:
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Red River Blvd

Primary carbon sequestration area in the site based on the historical condition:

Ridgecrest Ave
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Legend

Legend
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FIG. 6.2 GIS map 
showing wetlands in 
historical conditions in 
the selected site.

FIG. 6.3 GIS map 
showing forests, 
grass/shrubland, and 
grass/meadowland in 
historical conditions in 
the selected site.

N

0 100m
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Principle 2. Identify Buildable Areas for Houses and Other 
Hard Surfaces with a Compact Layout

Principle Two identifies buildable areas for houses and other hard surfaces. Based on previous 
research, some "vacant" lands used to be agriculture and industrial lands with complex soil 
conditions and low levels of carbon sequestration due to frequent long term disturbances.

If "vacant" lands are selected for redevelopment, it is recommended to build houses and other hard 
surfaces on areas that are disturbed by agriculture or industrial activities with a compact layout, 
to minimize soil and biomass carbon emission from land-use conversion. On such lands a compact 
housing layout may also make up for lands lost to other carbon sequestration purposes.

On the proposed site, most of the houses should be built on agricultural lands. A more compact 
housing layout may be used to avoid using up all of the previously vegetated areas.

Description

Design guidance for the site

Crop land

Area: 8.15ha

N

0 100m

Red Rive
r

Legend

Buildable areas in the site based on the historical condition:

FIG. 6.4 GIS map 
showing crop land in 
historical conditions in 
the selected site.
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Source for lawn: e-book Carbon Sequestration In Urban Ecosystem, p169
Source for wetland: dissertation CARBON SEQUESTRATION IN NATURAL AND CREATED WETLANDS

Principle 3. Identify Wetland Types in Winnipeg and Add 
Constructed Wetlands to the Site
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Natural wetlands have the highest carbon sequestration capacity among all vegetation types. 
Moreover, constructed wetlands can sequester carbon at an impressive rate in the early years 
since creation (Bernal, 2012). This indicates that constructed wetlands can act as robust carbon 
sinks in green networks. Naturally colonized wetlands can sequester carbon at a quicker rate than 
planted ones (Bernal, 2012). Research indicates that wetland edge communities have more carbon 
sequestration, and carbon pools decrease from edges to deep water (Bernal, 2012). This means that 
constructed wetlands with a wide variety of edge communities can be robust carbon sinks.

In Winnipeg, there are three main wetland types: marshlands, shallow water, and constructed 
wetlands. Therefore, to improve the carbon sequestration level at the site, Principle Three 
recommends adding more constructed wetlands with marshland or shallow water plant 
communities and richly diverse and substantive edge communities. This will create community 
carbon infrastructure associated with natural wetlands to be preserved.

Description

FIG. 6.5 Infographic showing carbon sequestration between naturally colonized wetlands, planted wetlands in 15 years 
since creation, and mature natural wetland in the same region. Adapted from Bernal, 2012, Carbon sequestration in 
natural and created wetlands, p.91
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The natural wetlands in the historical condition should be preserved and even could be further 
expanded as a critical component of the green network. In addition, in order to improve the total 
carbon sequestration capacity of constructed green space in the site, constructed wetlands with 
various edge communities or other similar landscape types such as bioswales and rain gardens 
could be built to replace turfgrass in the community, because of the excellent carbon sequestration 
rate in their "teenager" age.

Design guidance for the site

FIG. 6.6 Constructed ponds with turfgrass edges, Waverley 
Heights, Winnipeg. 

FIG. 6.7 Naturalized wetlands with a wide variety of edge 
communities, FortWhyte Alive, Winnipeg. 
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Source for lawn: e-book Carbon Sequestration In Urban Ecosystem, p169
Source for wetland: dissertation CARBON SEQUESTRATION IN NATURAL AND CREATED WETLANDS

Principle 4. Identify Forest Types in Winnipeg and Add 
Forests with a Forest Rotation from Fast-growing Forests to 
Slow-growing Forests

There are three main forest types in Winnipeg: aspen forest, oak forest, and riverbottom forest. 
Every forest type is a robust carbon sink. However, research indicates that fast-growing forests 
can sequester a large amount of biomass carbon in a short period but can not keep total biomass 
carbon stable in the long term because of the aging and decay, while slow-growing forests fail to 
sequester carbon quickly but can remain total biomass carbon stable in the long term (Deckmyn, et 
al., 2004). 

Therefore, Principle Four recommends adding forests with a forest rotation from a fast-growing 
forest to a slow-growing forest to obtain a large quantity of carbon sequestration in a short time 
and keep total carbon sequestration stable in a long period.
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Rotate to
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Forest rotation from fast-growing forests to slow-growing forests:

FIG. 6.8 Biomass carbon sequestration change between Poplar wood and Oak/beech wood. Adapted from 
Deckmyn, et al., 2004, Carbon sequestration following afforestation of agricultural soils: comparing oak/beech forest to 
short-rotation poplar coppice combining a process and a carbon accounting model. Global Change Biology, p.1482-1491.
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Aspen Forest (Fast-Growing Forest)*
Main species: trembling aspen, Manitoba maple and green ash, red-
osier dogwood, chokecherry, pincherry, saskatoon, native tall-grass or 
mixed-grass prairie plants (City of Winnipeg, 2020).
Average lifespan: no more than 150 years (U.S. Forest Service, 2018)

Oak Forest (Slow-Growing Forest)**
Main species: bur oak, aspen, hazel, hawthorn, poison ivy, snowberry 
and wild rose (City of Winnipeg, 2020).
Average lifespan: 300-400 years (U.S. Forest Service, 2018)

Riverbottom Forest***
Main species: willow, cottonwood, green ash, basswood, American 
elm, Manitoba maple, and bur oak (City of Winnipeg, 2020).
Average lifespan: 300-400 years (Filippo, et al., 2015)

80.2105.2 185.4

unit: carbon tonne/hectare

unit: carbon tonne/hectare

unit: carbon tonne/hectare

Biomass carbon stock

Biomass carbon stock

Biomass carbon stock

Soil carbon stock

Soil carbon stock

Soil carbon stock

96 124 220

60.82167.21 228.03

Forest types in Winnipeg:

FIG. 6.9 Aspen forest.

FIG. 7.0 Oak forest.

FIG. 7.1 Riverbottom forest.
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* The carbon sequestration measurement for Aspen Forest is from an e-journal, Forest Ecology and 
Management (Seely, et al., 2002, p.129). The journal compares the difference between aspen forest, 
spruce forest, and pine forest in terms of biomass and soil carbon sequestration in a 200-year 
timeframe. 
souce: https://www-sciencedirect-com.uml.idm.oclc.org/science/article/pii/
S0378112702003031    

** The carbon sequestration measurement for Oak Forest is from an e-journal, Carbon Stocks in The 
Oak and Pine Forests in Salyan District, Nepal, (Shrestha and Devkota,2013, p.33-34). The journal 
compares the difference between the oak forest and pine forest in terms of biomass and soil carbon 
sequestration. 
souce: http://pdfs.semanticscholar.org/576d/b679e2f1b795bfc5909f19efd6d600377a44.pdf

*** The carbon sequestration measurement for Riverbottom Forest is from a book, Management of 
Carbon Sequestration in Soil, (Lal, et al., 1998, p.339). The book provides biomass and soil carbon 
sequestration measurements for broadleaf forests.  

In the existing condition, if the turfgrass in open space could be taken over by forests, the forest 
rotation from a slow-growing forest to a fast-growing forest could be considered. For example, 
the planting areas for forests can be divided into a certain number of patches. Every ten years, one 
patch is planted with oak forests, while other patches are planted with aspen forests in a rotation 
period of 10 or 20 years. Since mixed forests have higher carbon sequestration capacity than 
monoculture forests in the long term, the planted mixed forests are recommended. 

Design guidance for the site
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Principle 5. Identify High-Carbon-Sequestration Tree 
Species in Winnipeg and Replace Turfgrass in Private Yards 
with High-Carbon-Sequestration Trees as "Forest Gardens"

In Winnipeg, most of the private yards feature uniform and neat turfgrass that does not sequester 
carbon much. Turfgrass-dominant private yards could be replaced by trees as "forest gardens" that 
could be picturesque and poetic with a higher carbon sequestration capacity. Therefore, Principle 
Five recommends replacing turfgrass-dominant private yards with high-carbon-sequestration trees 
as forest gardens. 

Description

unit: carbon tonne/tree (in mature age)

White elm - Ulmus americana L.
Trunk diameter: 120cm 
Average lifespan: 175 years

Deciduous Tree List: *

Coniferous Tree List: *

Trembling aspen - Populus tremuloides Michx.
Trunk diameter: 60cm 
Average lifespan: 150 years

Black ash - Fraxinus nigra Marsh.
diameter: 60cm 
Average lifespan: 100 years

Black poplar - Populus balsamifera L.
diameter: 50cm 
Average lifespan: 100 years

Silver maple - Acer saccharinum
Trunk diameter: 120cm 
Average lifespan: 100 years

Sugar maple - Acer saccharum
Trunk diameter: 90cm 
Average lifespan: 300 years

Basswood - Tilia americana L.
Trunk diameter: 110cm 
Average lifespan: 100 years

White birch - Betula papyrifera Marsh
Trunk diameter: 60cm 
Average lifespan: 100 years

Jack pine - Pinus banksiana Lamb.
Trunk diameter: 50cm 
Average lifespan: 150 years

Balsam fir - Abies balsamea (L.) Mill.
Trunk diameter: 36cm 
Average lifespan: 90 years
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FIG. 7.2 High-carbon-sequestration tree species in Winnipeg.
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* The carbon sequestration measurement for the deciduous tree list and the coniferous tree list is 
from a Canada-based website, Association For Canadian Educational Resources (2012), where it 
provides estimated carbon sequestration measurements for common tree species living in Canada. 
Based on this website, the tree species that lives in Winnipeg is sorted out with biomass and soil 
carbon sequestration measurements.
source: http://www.acer-acre.ca/bcalculator?Hardec?40

In the existing condition, all private yards are typically turfgrass-dominant. These yards could be 
planted with high-carbon-sequestration trees with a long lifespan such as White elm and Sugar 
Maple. Hence, the yards could sequester much more carbon, serving as a significant community 
carbon amenity. 

Design guidance for the site
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Principle 6. Identify Native Grass Species in Winnipeg and 
Replace Turfgrass with Native Grass

In Winnipeg, there are two main grass types: turfgrass and native grass. In terms of carbon 
sequestration capacity, native grass is better than turfgrass. One of the reasons is that native grass 
has a more robust root system, which prevents soil erosion from human and natural disturbances 
and can maintain soil better. The deep root system also can minimize microbial activities that 
release soil carbon into the atmosphere and keep soil water retention capacity. Secondly, the 
Glomalin is found in native grassland soil, which is the "superglue" that can maintain soil carbon 
significantly (Tallgrass Ontario, 2020). With Glomalin, native grass can hold a large quantity of soil 
carbon that will be transformed into Mollisol, a high-carbon soil type (Tallgrass Ontario, 2020). 

Principle Five is to recommend replacing turfgrass with native grass to enhance soil conditions and 
improve carbon sequestration levelsx in the site. 

Tall Feascue           
Festuca arundinacea

Creeping
Bentgrass        
Agrostis stolonifera

Kentucky
Bluegrass        
Poa pratensis

0.5m
root depth

Difference of root depth between turfgrass and native grass:

1.0m

1.5m

2.0m

2.5m up to 5m

Buffalo
Grass       
Buchloe dactyloides

Sideoats grama      
Bouteloua curtipendula

Big Bluestem    
Andropogon gerardii

Turfgrass Native grass

Description

FIG. 7.3 Difference of root depth between turfgrass and native grass. Adapted from Qualico Communities, 2020, 
Native plants and grasses. 163



38.5

196.4

Turf grassland
(mowed and chipping 
removed)

Native grass/meadow 
land (unmowed)

Turfgrass species in Winnipeg

• Tall Feascue/Festuca arundinacea 
• Creeping Bentgrass/Agrostis stolonifera
• Kentucky Bluegrass/Poa pratensis
........

• Big Bluestem/Andropogon gerardii
• Sideoats grama/Bouteloua curtipendula
• Big Bluestem/Andropogon gerardii
• Awned wheatgrass/Agropyron cristatum
• Blue grama/Bouteloua gracilis
• Bebb's sedge/Carex bebbii
• Marsh reed grass/Calamagrostis canadensis
• Tufted hairgrass/Deschampsia cespitosa
• Canada wild rye/Elymus canadensis
.........

Native grass species in Winnipeg

unit: carbon tonne/hectare
Biomass carbon sequestration

Soil carbon sequestration

Based on the existing condition in the site, turfgrass is the dominant grass type. Turfgrass has 
critical applications: providing open fields for active activities and recreation. However, on the site, 
a large percentage of turfgrass only serves as ornamental grass and offers passive uses. Therefore, 
in order to boost the total level of carbon sequestration in the site, it is recommended to replace 
ornamental turfgrass with native grass since native grasses can sequester carbon and benefit soil 
health more than turfgrass.  

During the conceptual planning step, it is recommended to categorize planting areas into two 
types: planting areas for active uses and planting areas for passive uses. Then, if the area is for 
passive uses, native grass should be prioritized rather than turfgrass in the plant palette. 

Design guidance for the site

FIG. 7.4 Carbon sequestration levels in turfgrass and native grass. Adapted from Lal, et al., 1998, Management of carbon 
sequestration in soil, p.2. 
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Principle 7. Make Roads Narrowing and Replacing with 
Vegetation

In Winnipeg, the width of two-way streets ranges from 10.0m to 7.5m in neighborhoods normally. 
It is feasible to narrow roads from 10m to 7.5m with a minimum of 3m boulevard on each side (C 
Douvris 2020, personal communication, 4 June). 

Therefore, in order to make more room for planting high-carbon-sequestration vegetation, Principle 
Six is to narrow the 10m roads to 7.5m. 

Description

In the site, the collector road is 10m, and the residential street is 7.5m. Based on Principle Seven, 
it is recommended to make the collector road narrowing to 7.5m and replacing with constructed 
wetlands. 

Design guidance for the site

Make the primary road narrowing in the site:

FIG. 7.5 Narrowed roads. 
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Principle 8. Make Urban Infill into Green and Open Space 

In Winnipeg, the city council has highlighted the redevelopment of urban infill in many existing 
communities. The city is prone to redeveloping the urban infill into dwellings to accommodate 
the growing population. However, due to lacking regular management, the urban infill tends to be 
well-vegetated areas with good soil conditions and high carbon sequestration. This means that the 
urban infill site may have great potential to be a robust carbon sink in the community. 

Therefore, Principle Eight is to makae urban infill on high carbon sequestering sites into green 
and open space rather than dwellings or parking lots to avoid soil and biomass carbon emission by 
construction and to improve the level of carbon sequestration in the community.

Description

In the existing condition, there are two sites of turfgrass-dominant urban infill in the neighborhood. 
On these sites the priority for urban infill can be substituted with priorities to planted with forests 
or native grasses as community parks or gardens and to interconnect the existing green and open 
space network.

Design guidance for the site

Urban infill in the selected site:

FIG. 7.6 Urban infill in the selected site. 
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Principle 9. Use Carbon-Conservative Maintenance and 
Management for Vegetation Covers and "Excessive" Soil

1. Prescribed burning --- Note! Prescribed (or controlled) burning of forests in urban 
    environments can be difficult and should only be conducted under the direction of fire 
    control professionals.
     Why it can enhance carbon sequestration and reduce carbon emission:
    • prevent disruptive wildfires in forests and avoid a large amount of carbon release. 
    • improve forest regeneration and subsequent carbon uptake by certain forest types (Lal and     
       Lorenz, 2010). 
    • increase forest carbon storages by longer fire intervals due to giving more time for forests to 
       accumulate carbon sequestration (Lal and Lorenz, 2010). 

2. Management of insect and disease
     How it can reduce carbon emission and how to do:
    • remove dead or dying trees to decrease the risk of infectious disturbance by fire, insect (Lal and 
       Lorenz, 2010).  
    • replace insect-susceptible trees with insect-resistant trees by partial cutting or thinning. 
    • use insecticides, fungicides, and enhanced pest-resistant genotypes properly (Lal and Lorenz, 
      2010).

3. Thinning 
     Why it can enhance carbon sequestration and reduce carbon emission and how to do:
    • reduce the density of trees, promote microbial decomposition with more solar radiation and 
      throughfall precipitation that can reach the floor, and improve soil moisture and nutrients 
      availability to the remaining trees (Lal and Lorenz, 2010). 

Conventional maintenance and techniques are not as efficient and can have negative impacts on 
the environment. Conventional maintenance and management techniques for different vegetation 
not only lower biomass and soil carbon sequestration by plants but also have the potentials 
to release a large quantity of carbon dioxide due to the use of fossil fuel. In addition, research 
indicates "excessive" soil, "soil that has been excavated, mainly during construction activities" 
(Ontario.ca, 2019, para.3), cannot or will not be reused at the site and will be moved off site. 
However, "excessive" soil is a good resource of rich carbon sequestration and should be reused at 
the site to offset carbon loss due to construction and to avoid carbon emissions from transporting 
new soil to the site.

Currently, most maintenance and management techniques are less likely to be carbon-conservative. 
Therefore, Principle Nine is using carbon-conservative maintenance and management techniques 
for vegetation covers and "excessive" soil.

Description

Carbon-conservative maintenance and management techniques for 
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4. Nitrogenous fertilizer application
     Why it can enhance carbon sequestration:
    • improve litter decomposition that can accelerate carbon inputs into soil, especially for less 
       fertile soil. 
    • increase the fraction of stable forest soil organic matter profile in the long term (Lal and Lorenz, 
      2010). 

Native Grass 
1. Prescribed burning --- Note! Prescribed (or controlled) burning of forests in urban 
    environments can be difficult and should only be conducted under the direction of fire 
    control professionals.
    Why it can enhance carbon sequestration and how to do:
    • generate charcoal, which is a stable form of carbon that occupies a critical portion of carbon 
       stored in native grassland soil (Peach, et al., 2019). 
    • conduct prescribed burning every five years by landscaping or gardening specialists (Sage 
      Creek, 2020).

Turfgrass
Although both turfgrass and native grass are managed in Winnipeg, turfgrass takes up a larger 
proportion and is more intensively managed than native one and may releases unexpected 
carbon emissions, depending on maintenance regimes. Therefore, in order to maximize total net 
carbon sequestration by turfgrass, it is necessary to shed light on carbon-conservative turfgrass 
maintenances and management methods. 

2. Nitrogenous fertilizer application
     Why it can enhance carbon sequestration:
     • stimulate litter production and water-use-efficiency that can enhance soil carbon accumulation 
        continually (Peach, et al., 2019).

1. Irrigation
     Why it can enhance carbon sequestration:
     • improve soil organic concentration and wet aggregate stability with increased carbon inputs to 
        turfgrass soil (Lal and Lorenz, 2010).

Carbon-conservative maintenance and management techniques for native 
grass and turfgrass 

    • remove a certain percentage of trees and leave the residues on the ground to reduce  
      competition-induced tree death (Lal and Lorenz, 2010).
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150kg N ha-1 yr-1, clippings returned 150kg N ha-1 yr-1, clippings removed

75kg N ha-1 yr-1, clippings removed75kg N ha-1 yr-1, clippings returned

FIG. 7.7 The long-term effects of clipping management and nitrogen fertilization rate on turfgrass soil carbon 
sequestration over 100 years. Adapted from Lal and Augustin, 2012, Carbon sequestration in urban ecosystems, p.169.

Over 100 years, the carbon sequestration by turfgrass is 69.0 t/ha, 69.0 t/ha, 60.0 t/ha, and 
38.5 t/ha for 150kg N ha-1 yr-1,clippings returned, 75kg N ha-1 yr-1,clippings returned, 150kg 
N ha-1 yr-1,clippings removed, 75kg N ha-1 yr-1,clippings removed respectively. The chart 
indicates that when the 150kg nitrogenous fertilizer is used per hectare per year and clippings 
are returned during turfgrass management, the turfgrass carbon sequestration can reach the 
climax in a short period. However, it does not count carbon emission by using nitrogenous 
fertilizers and mowers.

2. Clippings return
     Why it can enhance carbon sequestration and how to do:
     • improve nitrogen uptake of turfgrass, reduce nitrogen fertilizer use, then stimulate soil organic 
       carbon accumulations in soil continually (Kopp and Guillard, 2002). 
     • use mulch mowers to return clippings back onsite, as a source of organic nitrogen (Kopp and 
       Guillard, 2002).
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3. Electric mowers or manual push reel mowers
     Why it can reduce carbon emission:
     • reduce fuel uses and decrease total carbon cost for maintaining turfgrass.

Gas-powered 
mowers 2,940 kg

274 kg

0 kg

Electric-powered 
mowers

Manual push reel 
mowers Carbon emission

The carbon emission measurement from different mower types is from a carbon calculation tool website, Climate 
Positive Design (2020). The website provides a calculation model that includes how much carbon emission is from 
various mower types.   Source: http://app.climatepositivedesign.com/projects

In the existing condition, the dominant vegetation types are forests and turfgrass.  Principle Nine 
indicates several general methods to manage forests, wetlands, native grasses, and "excessive" 
soil to enhance carbon sequestration levels. However, specialists and professional consultants are 
required to assess and analyze site conditions and devise a site-specific and carbon-conservative 
management regime. For the selected site, the focus should be on turfgrass management since 
turfgrass is the dominant vegetation cover. In this case, 75kg of nitrogenous fertilizer per hectare 
per year with clippings returned and electric-powered or manual push reel mowers should be used 
to accelerate carbon sequestration rate with the least carbon emission.

Design guidance for the site

Carbon-conservative management techniques for "excessive" soil
"Excessive" soil needs to be managed in a carbon-conservative manner and should be considered 
in all development processes in landscape projects, from the planning concept to assessments, 
approvals, construction, transportation, and reuse (Ontario.ca, 2019).
1. On site
     • on the construction site, "excessive" soil should be treated, stored and processed appropriately 
       (Ontario.ca, 2019).
     • "excessive" soil should be directly reused to build green and open space at the site (Ontario.ca, 
       2019).

2. Off site
     • reuse of "excessive" soil at other construction sites that require importing soil (Ontario.ca, 
        2019).
     • reuse of "excessive" soil at commercial sites that sell soil to developers for a sustainable and 
        environmentally-friendly construction purpose. (Ontario.ca, 2019).

FIG. 7.8 Carbon emission from different mowers annually at the site. Adapted from Climate Positive Design, 2020. 
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Conclusions 
Phase Two refines significant research about carbon sequestration by different vegetation cover 
types related to Winnipeg and site. Then, it provides a set of guiding principles that demonstrate 
a series of creative modifications. Phase Two also provides scenarios to estimate how these 
principles can make a difference to the level of carbon sequestration based on the existing 
condition in the site.  
 
Through Phase Two, the first conclusion is that the collection of guiding principles is a robust 
model that informs how to design a carbon-sequestration-oriented landscape. Based on the 
guiding principles, designers or planners can develop a wide variety of schemes for the same site 
to enhance the level of carbon sequestration and meet residents' or developers' needs. Secondly, 
the guiding principles in Phase Two are more applicable to residential neighborhoods. But they can 
be further expanded if other urban contexts, such as commercial centers and industrial areas, are 
considered. The guiding principles are speculative. They remain some knowledge gaps since the 
construction of the guiding principles involves different disciplines but lacks other professionals' 
participation, such as planners, ecologists, and scientists. 

In conclusion, constructing guiding principles is a crucial step to reason and justify a carbon-
sequestration-oriented landscape. The guiding principles can help designers develop a new 
systematic design plan that can improve the level of carbon sequestration of a landscape during 
land use management and conversion.
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P h a s e
T h r e e
Phase three proposes six types of modifications that 
could be applied to a typical neighborhood, River 
Ridge. Modifications 1 – 4, are types of changes that 
could be applied without any changes to the existing 
building layout. In a sense these modifications may be 
considered to be feasible as part of a neighborhood 
retrofit. Modification 5 – 6 would have an impact on the 
buildings in the neighborhood and as such would be 
more difficult to implement after a development has 
occurred. Modifications 5 -6 would inform the carbon 
positive development of a new neighborhood.
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Vegetation cover type

Wetland* in 130 years

Forest* in 130 years

carbon tonne/hectare

Biomass carbon sequestration

Soil carbon sequestration

263.4130.5 132.9

70.0 725.0

196.4189.1
Grass/meadow land and grass/
shrubland* in 130 years

Turfgrass**
(75kg nitrogen fertilizer ha-1 
yr-1, clippings removed)

Turfgrass**
(75kg nitrogen fertilizer ha-1 
yr-1, clippings returned)

38.5

69.0

Carbon Sequestration Measurements for Vegetation Cover 
Types

*   Source of carbon sequestration measurements for wetland, forest, and grass/meadow land and grass/shrub land: 
    Management of Carbon Sequestration In Soil, (Lal, et al., 1998, p.2).
** Source of carbon sequestration measurements for lawn:  Carbon Sequestration In Urban Ecosystem (Lal and Augustin, 2012, p.169)

    e-book, available at: https://link-springer-com.uml.idm.oclc.org/book/10.1007%2F978-94-007-2366-5.
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Modification 1. Make the Collector Road Narrowing and 
Replace Turfgrass on Street Strips along Sidewalks with 
Flood-tolerant Grass and Meadow
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In the site, there is a collector road, Red Grove Dr, 
which is 10-meter wide. According to Principle 7, the 
Modification 1. is to narrow the road from 10.0m to 7.5m 
and replace turfgrass on street strips along sidewalks 
with flood-tolerant grass and meadow, as bioswales, to 
collect runoff and enhance carbon sequestration.

FIG. 7.9 GIS map showing proposed bioswales in the selected site.
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Proposed bioswales by narrowing the collector 
road and replacing turfgrass along sidewalks 
with flood-tolerant grass and meadow
Changes in width of the collector road: from 10.0m 
to 7.5m
Proposed vegetation cover: constructed wetlands
Existing vegetation cover: turfgrass
Area: 0.67 ha
Carbon sequestration: 532.65 tonnes
795.0 carbon tonne/hectare

Carbon sequestration by Modification 1: 532.65 tonnes
Carbon sequestration by the existing condition (turfgrass): 25.80 tonnes
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Section

Section AA: The collector road in the existing condition

Sidewalk

Sidewalk Bioswale

Bioswale

Bioswale

Sidewalk

Sidewalk

Turfgrass and street tree Turfgrass and street tree

Turfgrass and street tree

Collector road

Collector road

Collector road

Collector road

2300

2300

10000

7500 37500

35000

7200

8450

10000

7500

5800

7050

2300 unit: mm

unit: mm2300

Section BB: Collector road in the existing condition

Section BB: Collector road after Modification 1.

Section AA: The collector road after Modification 1.
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unit: mm

unit: mm

Sidewalk

Sidewalk

Turfgrass 

Turfgrass 

Collector road

Collector road

1800
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2700

7500

7500

Existing
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After

After
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Modification 2. Replace Turfgrass on Front Yard, Urban 
Infill, Traffic Island, Green Space, and Street Strips along 
Sidewalks with Forests
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The dominant vegetation cover in the site is turfgrass. 
According to Principle 4 (add forests), Modification 2. is 
to replace turfgrass on front yards, urban infill, traffic 
islands, green space, and street strips along sidewalks 
with forests to enhance carbon sequestration.
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50M

FIG. 8.0 GIS map showing proposed oak forests in the selected site.180



D

Proposed oak forests* by replacing turfgrass 
on front yards, urban infill. traffic island, green 
space, and street strips along sidewalks
Existing vegetation cover: turfgrass
Area: 5.43ha
Carbon sequestration: 1,238.20 tonnes
228.03 carbon tonne/hectare

Urban infll ("vacant" lands with grasses and 
meadows)

Carbon sequestration by Modification 2: 1,238.20 tonnes
Carbon sequestration by the existing condition (turfgrass): 
209.05 tonnes

* The carbon sequestration measurement for Oak Forest is from an e-journal, Carbon Stocks in The Oak 
and Pine Forests in Salyan District, Nepal, (Shrestha and Devkota, 2013, p.33-34). The journal compares the 
difference between the oak forest and pine forest in terms of biomass and soil carbon sequestration. 
souce: http://pdfs.semanticscholar.org/576d/b679e2f1b795bfc5909f19efd6d600377a44.pdf
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Section

Section CC: Front yard and green space in the existing condition

Section DD: Urban infill in the existing condition

Section DD: Urban infill after Modification 2.

Section CC: Front yard and green space after Modification 2.

Local road

Local road

Front yard

Forest front yard

Back yard

Back yard

Trail

Trail

House

House

House

House

House

House

Trail
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19500

19500

2900

2900

2600

2600

39000
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17000

17000
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unit: mm

unit: mm
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Modification 3. Replace Turfgrass on Front Yard, Urban 
Infill, Green Space, and Street Strips along Sidewalks with 
Native Grass

E E

The dominant vegetation cover in the site is turfgrass. 
According to Principle 6 (add native grasses and 
meadows), as another option, Modification 3. is to 
replace turfgrass on front yards, urban infill, traffic 
islands, green space, and street strips along sidewalks 
with native grasses to enhance carbon sequestration.

FIG. 8.1 GIS map showing proposed native grass in the selected site.
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Proposed native grass by replacing turfgrass 
on front yards, urban infill. traffic island, 
green space, and street strips along 
sidewalks
Existing vegetation cover: turfgrass
Area: 5.43ha
Carbon sequestration: 1,066.45 tonnes
196.4 carbon tonne/hectare

Carbon sequestration by Modification 3: 1,066.45 tonnes
Carbon sequestration by the existing condition (turfgrass): 
209.05 tonnes 
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Urban infll ("vacant" lands with grasses 
and meadows)

185



Section

Sidewalk

Sidewalk

Sidewalk

Sidewalk

Turfgrass and street tree

Native grass Native grass

Turfgrass and street tree
Collector road

Collector road

House

House

20000 26000

2600020000

Front yard (turfgrass and trees)

Front yard (native grass)

2300

2300

7200

7200

10000

10000

5800

5800

2300

2300

Section EE: The collector road in the existing condition

Section EE: The collector road after Modification 3.

Section FF: Front yard and traffic island in the existing condition

Section FF: Front yard and traffic island after Modification 3.
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Modification 4. Use Carbon-Conservative Maintenance and 
Management for Turfgrass

If all turfgrass remains, changes in maintenance and 
management for turfgrass can make a huge contribution 
to enhancing carbon sequestration and avoiding emitting 
excessive carbon into the atmosphere. According to 
Principle 9 (use carbon-conservative maintenance and 
management for vegetation), Modification 4. is to use 
carbon-conservative maintenance and management for 
turfgrass, which is 75kg nitrogen fertilizer ha-1 yr-1, 
clippings returned by electric-powered mowers.

FIG. 8.2 GIS map showing turfgrass in the selected site.
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Moderate mowing: 6.75 tonne/hectare carbon 
emission, total 89.23 tonnes
Lawn management (mowing) changes soil 
physical structures (increase density and reduce 
water retention capacity) and unlocks soil 
carbon into the atmosphere.

Carbon-conservative maintenance and 
management for turfgrass: 75kg nitrogen 
fertilizer ha-1 yr-1, clippings returned by electric-
powered mowers
Turfgrass carbon sequestration rate with 
conventional management: 69.0 tonne/hectare

With push mowers, it takes 5 hours to mow 
1-hectare lawn.
Mowing season: mid-May to mid-October
Mowing rotation: once per 10 days
Mowing cycle during a year: 15
Annual mowing hours for the site: 991.5 hours 
Carbon emission from electric-powered 
mowers***
0.28 tonne per year (980.25 hours)
36.40 tonne in 130 years 

Turfgrass
Area: 13.22 ha

Carbon emission from turfgrass*

Hours of mowing per year**

Carbon emission from carbon-conservative management 
for turfgrass: 125.63 tonnes 

Total carbon sequestration by turfgrass with carbon-
conservative management: 912.18 tonnes 

Total carbon sequestration by turfgrass with conventional management: 508.97 tonnes 

The total net of carbon sequestration by turfgrass with carbon-
conservative management = carbon sequestration by turfgrass - carbon 
emission by management = 786.55 tonnes 

The total net of carbon sequestration by turfgrass with conventional management: 33.05 
tonnes 

Conventional management for turfgrass: 75kg nitrogen fertilizer ha-1 
yr-1, clippings removed by gas-powered mowers

Turfgrass carbon sequestration rate with conventional management: 38.5 tonne/hectare

Carbon emission from conventional management for turfgrass: 475.92 tonnes 
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* The carbon emission measurement for turfgrass management is from a carbon calculation tool website, Climate 
Positive Design (2020), that provides a calculation model that calculates how much carbon emission is from different 
levels of turfgrass management (the low-impact, the moderate, and the intensive). It assumes that the level of 
management for turfgrass in the existing condition is moderate. Correspondingly, the estimated carbon emission from 
turfgrass management is 6.75 tonne per hectare.  
source: http://app.climatepositivedesign.com/projects

** The calculation model for the hour of mowing is from a website, OnlyTopReviews (2020), : it takes 5 hours to mow 
one-hectare turfgrass. Then, the City of Winnipeg (2020) provides information about mowing seasons that are from 
mid-May to mid-October. It assumes that the turfgrass needs mowing per 10 days on average. The mowing cycle during 
a year is 15. Therefore, it needs 980.25 hours to mow 13.07-hectare turfgrass on the site.
source: City of Winnipeg, https://www.winnipeg.ca/publicworks/parksOpenSpace/ParkOperations/ 
grassmowing.stm.  
OnlyTopReviews, https://onlytopreviews.com/lawn-mowers/

*** The carbon emission measurement for gas-powered mowers is from a carbon calculation tool website, Climate 
Positive Design (2020). It provides a calculation model to calculate how much carbon released by different mowers. 
Here, it assumes that it releases 0.003-tonne carbon per hour and 382.30-tonne carbon in 130 years in the existing 
condition with gas-powered mowers.
source: http://app.climatepositivedesign.com/projects
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Modification 5. Preserve Original Wetlands and Reduce 
Corresponding Houses

G
G

According to Principle 1, if developers could preserve 
natural wetlands, primary carbon preservation areas, in 
the original condition, it is a cost-effective and intelligent 
approach to enhance carbon sequestration. Therefore, 
Modification 5. is to preserve original wetlands and 
reduce corresponding houses. The wetlands could be 
integrated into the green and open space network in the 
neighborhood.

FIG. 8.3 GIS map showing original wetlands to be preserved 
in the selected site.
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Original wetland to be preserved 
Area: 0.13ha 
Carbon sequestration: 103.35 tonnes 
795.0 carbon tonne/hectare
Existing vegetation cover: turfgrass

Houses to be removed 
Quantity: 9

Carbon sequestration by Modification 5: 103.35 tonne

Carbon sequestration by the existing condition 
(turfgrass): 3.01 tonnes
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Section

Section GG: houselots that have taken over original wetland in the existing condition

Section GG: if original wetland would be remained after Modification 5.
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Modification 6. Preserve Original Forests and Reduce 
Corresponding Houses

H
H

According to Principle 1, as another option, developers 
could preserve forests, secondary carbon sequestration 
areas, in the original condition. This not only creates a 
picturesque forest canopy to the neighborhood but also 
enhances carbon sequestration to a large extent. Therefore, 
Modification 6. is to preserve original forests and reduce 
corresponding houses.

FIG. 8.4 GIS map showing original forests to be preserved 
in the selected site.
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Original forest to be preserved
Area: 10.5 ha 
Carbon sequestration: 2,765.7 tonnes 
263.4 carbon tonne/hectare
Existing vegetation cover: turfgrass

Houses to be removed 
Quantity: 97

Carbon sequestration by Modification 6: 2,765.7 tonnes
Carbon sequestration by the existing condition 
(turfgrass): 314.16 tonnes
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Section

Section HH: houselots that have taken over original forests in the existing condition

Section HH: if original wetland would be remained after Modification 6.
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Modification List
Implement a series of modifications without taking out any house

Modification 1.

Modification 2.

Modification 3.

Modification 4.

Carbon sequestration by 
the existing condition

Carbon sequestration by 
the existing condition

Carbon sequestration by 
the existing condition

The total net of carbon 
sequestration by the existing 
condition

Make the collector road 
narrowing and replace 
turfgrass on street strips 
along sidewalks with flood-
tolerant grass and meadow
Area: 0.67 ha

Replace turfgrass on 
front yard, urban infill, 
traffic island, green space, 
and street strips along 
sidewalks with forests
Area: 5.43 ha

Replace turfgrass on front 
yard, urban infill, green 
space, and street strips 
along sidewalks with 
native grass
Area: 5.43 ha

Use carbon-conservative 
maintenance and 
management for turfgrass
Area: 13.22 ha

Vegetation cover: turfgrass 
and sporadic trees 

25.80 tonnes carbon 
sequestration

Vegetation cover: turfgrass 
and sporadic trees

209.05 tonnes carbon 
sequestration

Vegetation cover: turfgrass 
and sporadic trees

209.05 tonnes carbon 
sequestration

Conventional management 
for turfgrass: 75kg nitrogen 
fertilizer ha-1 yr-1, clippings 
removed by gas-powered 
mowers

33.05 tonnes net carbon 
sequestration

Carbon-conservative 
management for turfgrass:75kg 
nitrogen fertilizer ha-1 yr-1, 
clippings returned by electric-
powered mowers

786.55 tonnes net carbon 
sequestration

Vegetation cover: flood-
tolerant grass and meadow 
(bioswale)

532.65 tonnes carbon 
sequestration

Vegetation cover: forest

1,238.20 tonnes carbon 
sequestration

Vegetation cover: native 
grass and meadow

1,066.45 tonnes carbon 
sequestration

Carbon sequestration by 
Modification 1.

Carbon sequestration by 
Modification 2.

Carbon sequestration by 
Modification 3.

The total net of carbon 
sequestration by 
Modification 4.
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Add 506.85 tonnes carbon 
sequestration

25.80 tonne

Carbon sequestration by the existing condition

The total net of carbon sequestration by the 
existing condition

Carbon sequestration by the existing condition

Carbon sequestration by the existing condition

Carbon sequestration by Modification 1.

The total net of carbon sequestration by Modification 4.

Carbon sequestration by Modification 2.

Carbon sequestration by Modification 3.

209.05 tonnes

209.05 tonnes

33.05 tonnes

532.65 tonnes

1,430.26 tonnes

1,066.45 tonnes

786.55 tonnes

Add 1,029.15 tonnes carbon 
sequestration

Add 857.4 tonnes carbon sequestration

Add 753.5 tonnes carbon sequestration

Changes in carbon sequestration 
after Modification 1.

Changes in carbon sequestration 
after Modification 2.

Changes in carbon sequestration 
after Modification 3.

Changes in the total net of carbon 
sequestration after Modification 4.
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Implement a series of modifications with taking out houses 

Modification 5.

Modification 6.

Carbon sequestration by 
the existing condition

Carbon sequestration by 
the existing condition

Preserve original wetlands 
and reduce corresponding 
houses (9)
Area: 0.13 ha

Preserve original forests 
and reduce corresponding 
houses (97)
Area: 10.5 ha

Vegetation cover: turfgrass

3.01 tonnes carbon 
sequestration

Vegetation cover: turfgrass
and sporadic trees

314.16 tonnes carbon 
sequestration

Vegetation cover: orginal 
wetlands

103.35 tonnes carbon 
sequestration

Vegetation cover: forests

2,765.7 tonnes carbon 
sequestration

Carbon sequestration by 
Modification 5.

Carbon sequestration by 
Modification 6.

The six creative modifications are based on design guiding principles in Phase two and site 
conditions, revealing how to modify the site to enhance carbon sequestration through alternatives 
to turfgrass and street trees or through new urban vegetation types. Modification 1-4 demonstrate 
how to change the percentage and configuration of vegetation covers and management for 
turfgrass to improve carbon sequestration without reducing houses, while modification 5-6 
demonstrate how to recognize and preserve primary and secondary carbon preservation areas in 
the original condition with reducing the number of houses. 

These modifications inform another more interesting possibility. If the goal is to maximize the 
total level of carbon sequestration in the site, we may also need to think about how to preserve 
a large quantity of carbon sequestration from the original condition and then develop a high-
carbon-sequestration constructed green and open space with corresponding carbon-conservative 
management regimes. 
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Add 100.34 tonnes carbon sequestration

Add 2,451.54 tonnes carbon 
sequestration

Changes in carbon sequestration 
after Modification 5.

Changes in carbon sequestration 
after Modification 6.

3.01 tonnes

314.16 tonnes

2,765.7 tonnes

103.35 tonnes

Carbon sequestration by the existing condition

Carbon sequestration by Modification 5.

Carbon sequestration by the existing condition

Carbon sequestration by Modification 6.
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Conclusions

"We are in a revolution right now -- 

the post-industrial revolution. The 

big-ticket task in front of us is to 

figure out how to draw down carbon 

dioxide from the atmosphere."

                                     (Schwartz, 2019, p.28)

This practicum examines soil carbon sequestration as a potential solution to mitigate climate 
change and global warming, and illustrates how soil carbon sequestration may become part of the 
urban landscape design process.
 
Throughout the practicum, the objective is not to separate soil carbon sequestration from 
biomass carbon sequestration. Instead, the objective is to consider how soil and biomass carbon 
sequestration form a new carbon-sequestration-oriented design approach in the discourse of 
landscape architecture. 
 
Globally 
Climate change and global warming have been increasing dramatically due to unbalanced carbon 
concentrations in the atmosphere. Enhancements of carbon sequestration are potential solutions 
to deal with this complicated issue and avoid adding excessive carbon into the atmosphere. By 
a series of analysis and interpretation of soil science research, it is evident that much of the soil 
carbon resides mainly in topsoil. Therefore, soil carbon is easily disturbed by human activities such 
as mining and cultivation. In urban settings, construction, developement, and conventional land 
use management are overarching reasons why the level of soil carbon sequestration has been 
decreasing. 
 
Regionally 
Like other cities, Winnipeg has been suffering from climate change and global warming. However, 
compared with other major cities in Canada, Winnipeg has emitted less carbon and developed 
several sustainable strategies in urban scales. Winnipeg’s forest canopy has been a significant 
contributor to the beauty and comfort of the urban realm, while serving as a major carbon sink. 
Sadly, much of Winnipeg’s urban forest is at risk due to invasive species such as emerald ash borer 
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and cottony ash psyllid that may be associated with climate change. Like many cities throughout 
North America, much of the landscape has been transformed through a grading process, a flattening 
of the land to increase development potential, often at the expense of high carbon sequestering 
wetlands and native woodlands. City designers around the world have begun to rethink our 
association with water. While preserving wetlands is important in sustainable urban water 
management, it is equally important to consider how wetlands contribute to carbon sequestration. 
In addition, the restoration and enhancements of carbon sequestration highlight preserving and 
restoring various vegetation covers. This can also contribute to bio-diversity in the site and provide 
a new model of developing and inhabiting suburbs.

Urban
The City of Winnipeg aims to lower carbon emission in the next decades and set up ambitious 
carbon emission reduction goals. But the primary methods of carbon reduction are associated 
with changes in modes of transportation and new uses of renewable energy. Carbon sequestration 
should be part of this plan. Cities policies often ignore ecological roles and the potential impacts 
that ecological urban design can have on reducing carbon emission and mitigating climate change. 

It is projected that the population will grow continuously in Winnipeg. The city council has been 
considering developing more residential neighborhoods to accommodate future population 
growth. Over the coming decades, it is likely that more “vacant” lands in different land use such 
as agricultural land and heavy industry land will transformed into neighborhoods or commercial 
developments. The transformation of “vacant” lands will be accomplished by a wide variety of 
landscape projects in the future that should include carbon sequestration strategies. If a carbon-
sequestration-oriented development approaches to urban development are not considered by the 
urban design professions, we have not only missed a real opportunity, but we are also inadvertently 
contributing to the crisis of climate change.

Vegetation covers represent not only biomass carbon sequestration but also soil carbon
sequestration. The analysis of carbon sequestration measurements in different vegetation covers,
indicates that wetlands have the most carbon sequestration, then forests and native grass.
Moreover, wetlands, forests, and native grass are dominant vegetation covers on vacant lands in
Winnipeg. This finding also echoes back the conclusion above: "vacant" lands are excellent carbon
sinks but need a carbon-sequestration-oriented development pattern to enhance the level of
carbon sequestration and avoid carbon emissions.
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Neighborhoods
To explore possibilities of developing a carbon-sequestration-oriented landscape during the
transformation of "vacant" lands in Winnipeg, the site, River Ridge, was selected.  It is a typical 
Winnipeg residential subdivision. By assessing how the level of carbon sequestration has 
been changed from the original condition to the existing condition and analyzing overarching 
factors that can improve carbon sequestration, a series of design guiding principles and feasible 
modifications for the site have been proposed and illustrated. The design guiding principles and 
modifications are an initial toolkit for designers, developers, and homeowners to compare various 
methods to enhance the level of carbon sequestration in a neighborhood and have a sense of how 
carbon sequestration benefits can be accumulated. In other words, the design guiding principles 
and modifications constitute a foundation for ecological neighborhood retrofitting, and future 
carbon conscious suburban development.

Through these analyses, discussions, and illustrations, we can better understand what carbon
sequestration means in terms of climate change and how enhancements of carbon sequestration 
methods can be embedded into our cities through careful landscape architecture.
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Limitations and Future Research

"When you feel that you are doing 

something positive, given where we 

are, it makes you feel so much better. 

We must become activists, and it only 

takes one person to start something."

                                     (Schwartz, 2019, p.28)

This practicum is the starting point rather than an end in terms of carbon sequestration research
in landscape architecture. This practicum constructs and tests a set of design guiding
principles and creative modifications for the site, a suburban neighborhood in Winnipeg, to
improve the level of carbon sequestration. However, it does not propose a new carbon 
sequestration-oriented development pattern for suburbs, which should be part of future research. 
Developing a new carbon-sequestration-oriented suburb should begin with a clear understanding 
of the existing conditions. Then, it requires testing alternative housing forms, planting and 
management regimes, and circulation strategies through design propositions for both existing 
and new subdivisions.  
  
Throughout this investigation, it is clear that “vacant” lands could be transformed into a suburban 
neighborhood or a commercial center. Design guiding principles and creative modifications vary 
from site types. Therefore, these design guiding principles and creative modifications may not 
apply to all site types. 
  
Another limitation is that the carbon sequestration calculations throughout this practicum is not 
scientifically verified, and better, more efficient, methods of measuring carbon sequestration in 
urban areas need to be developed. For example, an accredited carbon sequestration calculation 
model for landscape architecture would be useful.  
 
In addition, numerous factors remain uncertain and may impact on the carbon sequestration 
calculations. The carbon sequestration calculation along with the design process in landscape 
architecture is exceptionally complicated. In other words, developing an accurate carbon 
sequestration calculation model requires multi-disciplinary cooperation. 
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This practicum revealed and illustrated the role of vegetation covers (soft landscapes) in restoring 
and improving carbon sequestration levels at a site. However, research indicates that hard materials 
(hard landscape) can also be used for carbon sequestration enhancements. Future research should 
focus on using hard materials such as concrete and wood associated with life cycles to enhance 
carbon sequestration and reduce potential carbon emissions with high-carbon-sequestration-
oriented planting strategies.

While this practicum has several limitations, it still provides a fundamental framework in which we 
are able to understand and assess how carbon sequestration changes during the transformation 
of urban lands and how to enhance carbon sequestration in a site through interventions through 
professional landscape architects. With a better understanding and exploration of carbon-
sequestration, landscape architects will be better able to respond to climate change and global 
warming more effectively and make more intelligent and far-reaching design decisions.
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