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Abstract

Human developmental activiies on the biophysicali®mnment have precipitated a
number of adverse impacts on the environment iiegutb a number of environmental
challenges. Itis no secret that building constrorctand operations, urban growth and
city development have enormous direct and indireptact on the environment. These
impacts are in terms of energy use, atmospheris®ons, use of raw materials, waste
generation, water use and many other city degragingblems. The intergovernmental
panelon climate change (2007) reports that cartfidvf) oxide equivalent of greenhouse
gases in the atmosphere has already exceeded 4@0par million. This has been
considered a critical point and already above theeshold that can potentially cause
dangerous climate change. In the quest to curbetipesvailing environmental problems,
a conceptualdevelopmentalapproach broadly refétceas sustainability was evolved.
This is a mode of human developmentin which resouse aimsto meeting human needs
while ensuring the maintenance of natural systents e environment both now and in
the future. The issue of open spaces is very deintrestablishing the implicatons of
landscape architecture on the environmental susthility of the city development. This
paper through the methods of conceptual analysigesfture and case study of some
majoropen spaces in Lagos, Nigeria, reveals thedt&nable landscaping involves the
consideration of ecological, social and economipexds when implementing a plan. This
paperoutlines different environmental challenges dow sustainable establishmentof
natural and artificial landscape elements in opgraees can be used to mitigate the
prevailing problems.
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Introduction

Over the years, the development of cities has takgwagmatic trend, a trend in which
pressing city devebpmental issues (such as movisbf basic amenities and

infrastructures) are attended to. This trend hasn bmost visible n developng countries.
This s a city developmental approach charactergdcarving out infrastructures and

amenites out of open spaces, leavhg surroundefy bver spaces in a less

envionmentaly friendy manner. The remaning wadgped open spaces have led to the
evoution of dumpsites, unkempt bushy areas thawes&s mosquito breeding grounds,
criminal hide outs, ilegal slum structures and eothdegrading activiies, consequently
bringing about decay of the environments and citi€kis pragmatic approach of city
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development can be perceived as a high impact opeweht practice, characterized by
treatment of large open spaces with hardscapesreplactement of the damaged bictic
envionmental elements and a poor treatment oféheral environment.

In order to mitigate these developmental problethsye is a need to approach city
development n a low mpact manner, through swtEnlandscaping of open city spaces.
Open spaces accordng to Fadamiro (1998) are hadeals not buit upon, they range
from purely natural landscapes to definitely calurartificial designed areas, from huge
green areas to almost entirely enclosed small autdooms. The surface properties and
the amount of solar energy shaded, absorbed/exfledty these surfaces are major
determinants of the tropical microclimatic conditi@f a particular area. Open spaces
landscapng can be conceptuaized as a sustainggergistc approach of city

development in which environmental friendinessstamance and conservation are fused
with the processes of city development through cpmaces.

These characteristc features of a high impact hpreciptated several open spaces
covered with hard kndscape ekments (which enkanperease n atmospheric
temperature durng sunny days) within develope@scitncreased the amount of carbon
(IV) oxde within the city enwelope, through severgty processes and reduced the
oxygen (cooing atmospherc effect) due to decreaseplant bictic environmental

elements within the city's open spaces. This hassempently resutted to greenhouse
effect and clmate change. According to Adeoye 4P@e various evidences of climatic
change result from the effects of clmate on aminakgetation and knd form, among
others. All these effects are clkar results of dgvelopment on open spaces if not
sustainably approached.

M aerids and M ethod
The various processes, procedures, methods andmniestalies by which data are

secured and examined for this research and ideaklsnqroposed are highlighted as
follows:

Observaion: This invoves making involes making drect cleation on exstng
situations in different open spaces, studies atebniaken of their meris and demerits.

Literaure Review: Relevant text books, publshed and unpublshextatiire, lecture
notes, project report, journal, magazine, therriete and other literatures on sustanable
landscaping, open spaces and city development cveseited.

Case studies and Ocular presentation: Pictorial documentation of the case studies was
done to give firsthand information about the eiggtsituations. It s a relable source of
information because it shows the phenomena ityreali

Case Study Area (L agos State, Nigeria)

Lagos state s one of the coastal states in Nigand the most populous city in the
country. It is also the fastest growing city in theord. The population of Lagos
according to the Lagos State Government was 1¥&mibut latest reports estimates the
population at 21milion, making Lagos the kargety m Africa.

61



Environtropica - An Intemational Journa of the Tropical Environrten

The city of Lagos is dvided into two geographisactors, by the Lagos lagoon connected
together by the mainland bridges;
* Lagos Mainland inhabits majrly the midde incomevebpers, low income
developers and the industrial developers.

* Lagos lIsland is characterzed majorly by the céritginess district and the high
income development.

These two geographical sectors of Lagos are chaimect by several connecting road

networks inform of ground road connections and lea&d road connections (bridges and
fy-overs). These numerous road networks has broagbut numerous carved out open

spaces nform of setbacks, cul-de-sacs, round;alpaces underneath suspended land
bridges and fly overs etc. Major open space areathe mainiand and island were visited,

critcal and analytical observations of charadiess and surface treatments done.

Conceptud and Theoretical issues

Sustainability is a conceptual idea traced backthi® energy crisis and environmental
pollution concerns in the 1970s (Masi al, 2009). There are a number of matives to
sustainable development, however modern sustijnahitatves call for an integrated

and synergistc design to both new construction @&ndhe renewal (rehabiltaton and

renovation) of existing structures (Ogunsote, 2012)

Sustainability and Open Spaces L andscaping of Cities

The role that s assigned to open spaces to pléginwthe neighborhood structure, to
achieve sustainabiity goals and objectives, ismétated in three key factors; space
management, space function (circulaton of peoptel @ermeabiity), and the roke of
objects wihin space (sustainable landscape). (Belnp2001; Ironside, 1999). The
detalled study for these issues sets the sustiynaibiecklist appled to open spaces.
These detais include:

Space M anagement:
This is a key factor to be taken into considerat®a n open space terms, sustainabiity is
a functon of the interrelatonship between designd management. This includes
(Campbell, 2001; Ironside, 1999):
* Encouraging sustainable lifestyles, for example fyvidng paths and
cycke routes
* Making maximum use of existing features and assets
» Strengthening the sense of place
* Incorporating local or recycled materials
* Encouraging community participation and nvolvement
* Reducing inputs of nonrenewablke resources durimstauction and
subsequent maintenance
» Eliminating or reducing the use of herbicides apsurces that affect other
ecosystems
» Encouraging habitat creaton and native planting
* Managing resources carefuly
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Space function (circulaion of people and permeability):
While most modern development plannng uses thel metwork as the key structural
element, a sustainable design takes the circulafopeople on foot and bke and the
effectveness of publc transport as starting pof@artonet al 1996). However, creatng
neighborhoods where waking is the natural and spkdle means of access between
actmtes achieves much of sustainabiity goalsd aobjectves (qualty of life-health
economics of communties, and community particgpdti (National Neighborhood
Coaliton, 2005). Moreover, t becomes a socalviactin its own right. Thus the number
of peopke on the streets and paths itself provslesurity. On the other hand, Smart
Growth, New Urbanism and Neo-traditonal Developgm&ands highlight the importance
of dewvelopng ‘mixed land use’ strategies to pranetalking activties. They assert that
‘Communites can support walking and cycling f ythare developed with meaningful
destinations in close proximty to each other, sashshopping, schoo and employment”.
(National Neighborhood Coaltion, 2005 These maeim strive for well-designed
communties that provde safe and abundant opj@tunfor routine physical activiy.
The objectives are to:

* Reduce the level of car relance,

* Reduce the need to travel - with the social benefit increasing transport

choce for all groups in the population,
» Enhancing local security and community

The Role of Objects within Space (Sustainable Landscgpe): Landscapng elements are
the basic consttuent of any open space’s strucfliey have to be utiized to achieve
sustainability goals at the micro level (Khald KA&gla, 2008).
On the other hand, Ironside (1999) gives a detadedinition to sustainable residential
greenspace as: “Greenspace fit for its purposeponss/e to evolving needs and changes
over an extended period of time, not requiring amessive input of resources.” .This
defnition dictates that, for a Green space, asivisiah of open space- to be sustainable it
should:

* meet the varied recreation and leisure needs of uemed

* involve local communities

Sustainable Open Spaces Landscaping in Developing Cities

Sustainable landscaping begins with an appropridéeign that must be functional, cost-
efficient, visualy plkasing, envronmentaly frélyy and maintainable. It pays close
attention to the preservaton of limited and costgsources, reducing waste and
preventing air, water and soil polution. Ako, qooaet, fertiization, pest control measures
that avod or minimize the use of chemicals, inegd pest management using the right
plant in the right plce, appropriate use of turfigation efficiency and or water-wise

gardening are al components of sustainable lapdsga A sustainable environment s the
one in which all plants, animals and other formsifef are able to exist in an ecosystem
without any exterior aid or interference (Sustalbahandscape Designs, 2010).

Sustainable landscaping includes a diversity ofctiras that have developed in response

to environmental issues.Sustainable landscaping lb@anachieved by the adopton of the
following:
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* Reduction of storm water run-off through the use lib-wastes, rain
gardens and green roof sand walls (Ratal 2006).

* Reduction of water use h lkndscapes through desfigwater-wise garden
techniques (sometimes known as xeriscaping (Kriz2808).

* Bio-fitering of wastes through constructed wetln(C arver, 2008).

* Landscape irrigation using water from showers aimiss known as gray
water

* (Melby, and Cathcart, 2002).

* Integrated Pest Management techniques for pestotont

* Creating and enhancing wildlife habitat in urbarviemments.

e Permeable paving materials to reduce storm-wateroffu and allow rain
water to infitrate into the ground and replenishoumdwater (Kerkhoff,
2006).

* Recycling of products, such as glass, rubber froes tand other materials
to create landscape products such as paving stanesch and other
materils.

e Soil management techniques, including compostiigh&h and yard wasts,
to mantain and enhance healkhy soil that suppertiiversity of sail life.

Approaches to Sustainable Open Spaces Landscaping in cities
Approaches to sustainable open spaces kndscapingbe broadly termed as low impact

development approach or Green Infrastructure. Ipital@es on the integration of
infrastructure, architecture, and kndscape in rortle create a balanced, hydrologically
functional and sustainable environment. Sustainalbledscapng means that ecological,
social and economic aspects are considered wheitenmeptng a plan. (Sarah and
Danahinders, 2007). Open spaces landscaping cperbeived in two ways;

* Active open spaces Landscaping

* Passive open spaces kndscaping

Active Open Spaces Landscaping

This is an open spaces landscaping approach wheopdry spaces are functionaly treated
employing natural plant landscape elements. Plngterials form the green spaces of
urban areas which ply a vital role in urban bedity, contributon to sheltering,
shading, water protection and decrease in locateaiperatures (Tyrvanen, 1999).

Active open spaces landscaping invoves two natlaatiscape design approaches. The
frst nvolves fusing traditional and naturally stiig landscape elements in the city
developmental process. Whie the second involvesodacing majorly natural and soft
landscape elements on to open spaces to enhanceatitsal capabiities. Active open
spaces landscaping types inclde:

Lawn: A lawn is an open space planted with grasses orelyja other durable plants,

which are maintained at a short height and usedafsthetic and recreational purposes.
Lawns are of different types (depending on the tydeplant used), this include; grass
lawns, sedge lawns, herb lawns, wild flower lawmgl around cover lawns (Ripmeester,
2009). Lawns are subject to weed and pest nfeststiwhich require control
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Rain Garden: This s a man-made depression in the ground thatised as a landscape

tool to improve water qualty, reduce flooding amshhance environmental quality. The
rain garden forms a bio retention area by colgctinater runoff and storing it, permitting

it is fitered and slowly absorbed by the soil. Rajardens helps recharge groundwater
sources, helps protect communities from floodingl adnainage over flow and provides a
valuable wildlife habitat (Center for Neighborhoddechnology, 2013)

Shrubbery: This s an open space of cultivated shrubs. A shsuldistinguished from a

tree by its mutiple stems and shorter height, lysdass than 6m tal. Plants of many
species may grow either nto shrubs or trees, d#pgnon their growing conditions

(Wkipedia, 2013a). Shrubs in common garden practice generaly broad-leaved plants,
though some smaller conifers are also shrubby ioctetre. Species that grow into a
shrubby habitat may be both deciduous or evergresmancing environmental outlook and
sustenance.

Topiary: This is a horticultural practice of training Iveengnnial plants by clipping the
foliage and twigs of trees, shrubs and subshrubgieielop and maintain clearly defined
shapes. (Coomb®t al 2001). The plants used are evergreen, mostly wolaave small

leaves or needles, and have compact and/ colurmuswttg habits. The hedge is a simple
form of topiary used to create boundaries, walls soreens (Center for Neighborhood
Technology 2013).

Urban farestry and tree boxes within denseinfradructural areasThis is a  careful
management of urban forests, which are tree pamgain urban settings for the purpose
of mproving the urban environment (Wikipedia, 2BL3An urban forest is a collection of
trees that grow within a city, town or a suburb.dnwider sense, t may incude any kind
of woody plant vegetation growing in and around hAomsettements (McPherson, 2006).
In a narrower sense (also called forest park) #cdees areas whose ecosystems are
inherited from widerness leftovers or remnants.eds serves as wind breaks, reduce
residential heatng, air poluton and unlike sewemand buit infrastructures, trees
appreciate in value and require less maintenancethag age (Center for Neighborhood
Technology, 2013).

Artifical water Bodies Open spaces can ako serve as platforms for aveatiartificial
water bodies. A water body is a signficant accatin of water usualy covering the
earth or another planet (Wikpedia, 2013c). Bodefs water created by man such as
manmade lkkes, pools, reservoirs and other larganadation of water are all referred to
as artficial water bodies. These man made watelieboare usualy incorporated into the
city system to enhance multiple envionmental fiamst.

Wet lands: Wetlands are areas where water covers the sad present either at or near
the surface of the soil al the year round or farying periods of time during the year
including growing season. In addition to capturiagd slowing water flow velocity and
improving water qualty, wetlands provide valuableridife habitat and recreational
opportunities (Center for Neighborhood Technolo@®13).
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Swales: A swale is a low tract of land, especialy one tlamoist or marshy. The term
can refer to a natural landscape feature or hunreated one. Artficial swales are often
designed to manage water runoff, fiter pollutaaisd increase rainwater infitration. The
swale concept has also been popularized as a ratervharvesting and soil conservation
strategy (United States Environmental P rotectioneray, 1999).

Porous paving: Ako referred to as permeable paving is a rangsustainable materials

and technigues for permeable pavements with a baw sub base that alow the
movement of storm water through the surface (Wike 2013d). Akhough some porous
pavihng materials appear nearly indistinguishableomfr nonporous materials, their
envionmental effects are qualtatively differeforous paving materials include pervious
concrete, porous asphalt and paving stones, alwiafy percolaton and fitration of

storm water nto the soail below. Porous paving #eip reducing flood tendencies of cities,
recharges ground water quality and eliminates teednfor detention basns (Center for
Neighborhood Technology, 2013).

Native Landscaping: this is also referred to as natural landscapingmagardening s the
use of native plants, including trees, shrubs, mgoaver and grasses which are
indigenous to that particular geographic area. \atlandscaping attracts a variety of
birds, butterfies and other supporting agents addiersity. Once estabished native
plants do not need fertiizers, herbicides, andtigdes or watering, thus benefiting the
envionment and reducing maintenance cost (Centar WKeighborhood Technology,
2013).

Passive Open Spaces L andscaping

Passive open spaces is conceptualized as a forweroal or elevated for of landscaping,
whereby the elements used for active open spaceisclaping are taken above the natural
ground kvel onto plat forms on infrastructural elepments to enhance environmental
sustainability. One of the majr problems of greggpen spaces landscaping in densely
populated major cities is the issue of absence wfhsfree spaces. This is because
practically all spaces have been developed usingisbapes brought about by the buiding
and transportation fabric. The concept involvesatoa of lrge flat accessible spaces in
buildings in densely populated city sectors. Suchas includes roof tops, terraces etc.
This approach can also be employed in areas hasmagh and steep topographies. Open
spaces lndscape ekments used in achieving thisdeén sand, grasses, groundcover,
water, hedges, flowers and other shallow rootedtpbSome forms of shrubs can also be
used, depending on the design of the structure. sbme cases, an artifcial grass
(AstroTurf) is used to create a psychological redtiendscape effect on users, increasing
comfort.

Green Roofs

This s also referred to as Iving roof. It is aofoof a buiding that is partialy or

completely covered with vegetation and a growingdioma, planted over a water proofing
membrane. Contaner gardens on roofs, where planés maintained in pots, are not
generally considered to be true green roof, alhoare stil being debated (Vandermeubn
et al 2011). Depending on rain water intensity and greeof soil depths, run off can be
absorbed between 15-90% thereby considerably mguginoff and potential pollutants
from traditional impervious roofing (Center for ighborhood Technology, 2013).
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Green terraces

A terrace is an architectural term used primandydescribe an external flat area in either
landscape (such as a park or garden) or protrutimgp a building (Davis and Jokiniem
2008). The term ako often applies to a raised arefsont of a building or structure, which
is usually reached by a grand staircase and suledurby balustrade. A terrace may be
supported by an embankment or a solid foundatiithere natural or man-made. Terraces
may also be platforms, supported by columns buthouit the space below filed in.
terraces are always open to the sky, but may ngbaved. Container gardens on terraces,
where plants are maintained in pots and beds arergky considered as green terraces

Plate 1. Aerial view of the Casa En Huatulco, Mexico, showing passive open spaces
landscaping through its elevated suspended pool, green terraces a different levels and its
green roof.

Source: New coastal houses, 2001

Results and Discussion

The mitgation of environmental chalenges in citdlevelbpment through open spaces
landscaping was approached at different levels. ofding to Hoyt sector model, ciies can

be broken into sectors. These sectors include: tentral business district, the

factories/industrial areas, low class residentisdaa middle class residential area and the
high class residential area (Hoyt, 1939). This citme was observed moving through the
city of Lagos.

A sector is pecular to its own socio-economic amshvironmental features and
characteristics, though they are all related tanfothe city system. Consequently open
spaces landscape mitigation measures were strdciceording to these sectors.

Central Business District Open Spaces Landscaping M itigation Approach
This is the most developed sector of the city ofgdsa with a high concentration of muilti-
story buildings and skyscrapers and organized parhscirculation network.

* Green designs were introduced along road netwdrkes and green paths
were used to design open spaces abng edges of.rdades such as
various palm tree species was used since theis gotdeep into the ground
and do not spread close to the surface causingatiods on road surfaces.
Native ground covers and grasses were also usedréan paths since they
become resistant to several environmental issueg established.
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* Transformation of large open spaces such as robogka spaces
underneath land bridges, fly-overs and culde-sau® lawns whose
monotony was broken at different points using flowlgeds, interlocking
foot paths, trees and shrubs and hedges arouridbthedaries.

* Porous paving were used in some areas which entiapegulation of
storm water through these porous paving. This apresatly reduced
wulnerability of these areas to flooding issues.

Low Income Residentia Open Spaces Landscaping M itigation A pproach
The low income residential sector of the city i joria characterized by residential story
buildings, low cost housing unis, inhabitng largember of individuals. This area is also
characterized by large parking areas for thesey stanildngs and majorly densely
populated (Hoyt, 1939).0Open spaces landscape tmtigafor this sector ncludes:
The desgn of large open spaces was incorporatedthis area, a park which had
various sustainable open spaces landscaping elmseath as trees, shrubs,
hedges, flowers, grasses and groundcovers.
Green networks along road networks was introduced this area, through
introduction of trees, shrubs, hedges and grassindgracovers on opens spaces
formed .

Most of large open spaces found within social atieenin this sector were
sustainably treated. This nhvolves a functionalromticton of trees, shrubs,
hedges, flowers and lawns onto open spaces prepenbospitals, churches,
schools, malls and other social amenites presenthis sector. This approach
improved security within sector through proper tmeents of bushy areas,
improves health of inhabitants through reduction vafious forms of polluton and
envionmental treatments through functional irstalh of natural landscape
elements and creates an aesthetically organizetbrsec

M iddle and High income Resdential Open Spaces L andscaping M itigation Approach
These sectors are also characterized majorly bidemi®l structures but in low density
organized into individual plots and inked togethgy a wel-planned road network. Open
spaces landscaping approach for this sector include
Sustainable open spaces landscaping and planningetifacks of buildings from
roads and adjoinhg structures through the use ofajomg natural
landscape elements such as deciduous trees anbsshredges, flowers, ground
covers and lawns.

The functional application of xeriscaping landsogpelements such as sharp sand
and granite on circulation areas wihin plots, tnga a durablke surface for
movement and also enhancing underground water mewemithin plots.

Subsistence garden introducton was observed inesaneas, through orchards and

other smal scale/household planting of edible tphfvegetables, cassava, yam,
etc) within setbacks (open spaces around buildingghin plots.
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Plate 2 and Plate 3:view showing transformation of large open spaces such as round-
about,, fly-overs and aul-de-sacs into lawns whose monatony was broken at different
points using flower beds, interlocking foot paths, trees and shrubs and hedges around
their boundaries, in an open space a cogain, L agos, Nigeria

Source: case study field work 2014

Plate 4: view showing Green designs for road network s, trees and green paths were used
to design open spaces along edges of roads. Tree species used whose roats go deep into
the ground and do not spread close tothe surface causingundulations on road surfaces,
Broad street, Lagosisland Lagos, Nigeria
Source: case study field work 2014
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Plate 5 View showing open gpace underneath land bridge transformed into place
through design, management and introdudion of natural and artificial objeds
(landscape elements) onto the space transforming it into a place of recreation in an open
space at costain, Lagos, Nigeria

Source: case study field work 2014

Industrial Sector Open Spaces L andscaping M itigation Approach

This & the production sector of the city developtneconsisting of industries and industry
related structures such as a warehouses, trucks,patk. This is usualy situated at the
outskits of most cities and a major of envionma¢ndegradation as a result of its
production processes and wastes.

There were a number of issues arising from thiseeispbecause some industries were
situated within the city of Lagos thereby makingditficut to employ certain open spaces
treatments pecuiar to the industrial sector sustha urban forestry open space approach.

Recommendations

M aeria Driven Open Spaces Landscaping M itigation Approach

More efforts should be made in Incorporation of egrenetworks along road networks in
this area, through introduction of trees, shrubsgdges and grass ground covers on opens
spaces formed and associated with these networks.

Incorporation of green terraces and balconies @ tlesign and construction of buidings

within sectors to through passive open spaces dapis, consequenty enhancing
sustainability wih individual plots.

Use of porous paving for walkways and road networkgthin sectors and also
incorporation of swales along strategic paths tdaece underground water drainage,
thereby reducing flooding.

Introduction of tree boxes accommodating trees a&hdubs within large parkihg and

wakway areas wihin sectors. This creates shadelscansequently dampens the effect of
heat islands from these hardscape areas.
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Incorporation of green roofs, roof gardens and mrésraces into the designs of structures
within sectors, especialy in structures used fecammodation and relaxation within this
sector, such as hotels and guest houses. This gpgnoach reasonable replaces plant ife
area occupied by structures, hence reestablishingustainable link and natural system
with all parts of the city.

For the industrial area, in addiion to the opemcgs mitigaton measures employed for
the other sectors in treating their hardscape armdmn forestry is a major approach since
dense tree population brings about improved pllutabsorption and balances natural
system.

The introduction of more of these open spaces elsmeil positively enhance the micro
cimatic conditon of the central business districteduces flooding issues through
enhancement of underground water movement, reductb ar and noise polution
through absorpton of polutants by plant fe armgknerally mproving aesthetcs and
outlook of this sector.

Societal Driven Open Spaces Landscaping M itigation A pproach

This open spaces mitigaton approach is conceptghlias the development and
management of open spaces by the government ambitafis of cites in the course of
its development. These approaches include:

Sustainable envronmental policies, good governamrel enhanced urban develbpment,
Green enightenment, Poverty reducton and econongmpowerment Interational
collaborations for sustainable city development.

Conclusion

City development is an inevitable process that mtly precpitates environmental ssues
majorly through replacements of natural landscapdéth manmade structures, creating left
over spaces around these manmade developments.pdjds has presented these spaces
as open spaces and how sustainable landscapirgest tspaces can be used to cushion the
envionmental and climatic ssues brought aboutnbgn’'s continuous pragmatic effort to
meet his needs through city development.

In conclusion, with a functional and sustainableplieption of these open spaces
mitigation approaches, properly managed by humanpoerarment and enlghtenment
schemes driven by government and other agencies, Hopact developed cites would
emerge. Hence producing a safer, secured, health@anced and stable relationship
between man, infrastructure (city development) andronment (natural/eco system).
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