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Abstract

The settlements in Windhoek, Namibia are plaguedrbgionproblems resulting
from severerainstormsand inefficientuse of rainwater This project focused on the
community of Otjomuise, and how various erosion control measures can be implemented
to reverse the effects of erosion and utilize rainwater for productive purpdsaging
with community membersve constructed several structsirthat served as replicable
demonstrationdor residentsof Otjomuise and surroundingettlements. By working
alongside the community we helped mobiliza effort toward erosion control and

prevention and effectively improved the sustainability of future projects.
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Executive Summary

Despite the fact that the average annual rainfall in Namibia is only 300
millimeters, erosion is a significant problem. tihe formal and informal settlements
located just outside the capital city of Windhoek, where homes are built on poor soil and
steep hillsides, erosion is an especially dangerous problem during the rainy season from
December untilateMarch. Flooding ohomes is a common occurrenaead large,
hazardous channels are often carved out of the surface soil due to fast moving runoff
water.

The Namibia Housing Action Group (NHAG) and the Department of Land
Management of the Polytechnic of Namibia are two degdions that have attempted to
solve problemsvithin the settlementsuch as this erosion problethrough the use of
sustainable development projectur project group, four students from Worcester
Polytechnic Institute, has been asked bgétwo spnsor organizations to develop
solutions to erosion and rainwater problems in the settlements, specifically in the recently
formalized settlement of Otjomuise.

The Namibia Housing Action Group and its partner organization, the Shack
Dwel | er 6 s [Naeibia (SEFN) have orgahized the shack settlements into
savings groups, which collect money from each household for the purchase of land,
water, electricity, and other amenities that would be beneficial to the community. Our
project group was assignaalwork with four savings groups within the settlement of
Otjomuise. Tl work of these sponsoring organizatitet$ us to use a community
development strategy called Participatory Action Research to help us solve erosion
problems. Participatory Action Regrch allows members of the savings groups to work
alongside the project team members in order to generate, design, and implement solutions
to the erosion problems.

Design and Implementation

First, a committee of community members interested in thegqirovas formed to
help the project team collect data within the communityis Emmittee asked
community membert point outareas ohigh erosion and rainwater damage describe
what types of damageayoccur, andrainstorm possiblsolutionsto these problems
We also conducted several informal walkthroughs within the commimayder to
establish trusting relationstagvith community members and to observe the erosion
problems firsthand. By taking into consideration the views of community ersnaind
the observations made by project team memhbershose an area of focus to implement
erosion control solutions.

Thesecondstep of the project was to generate and choose the designs of erosion
control structures and systems to be built in thedarea. After consulting a variety of
expertsincluding those in the professions of agriculture, architecture, civil engineering,
and sustainable development research, as well as community members, we organized a
packet of the various erosion controlthmds that could be implemented in Otjomuise.
Solutions such as gabions (rock walls) and tire wedlee suggested because tlaey
simpleto constructind can be used to redirect and slow runoff water while encouraging
absorption into the ground. Vegtta was suggested becausean be used to reduce
the effects of erosion and slow runoff water as the roots of plants help anchor the soil and




use the water for nourishment. This packet was circulated throughout the comtimunity
allow community nembersto choosevhich methods to use and where to construct them.
Once methodfor the areavere selected and design of the focus area was
finalized, implemerdtion ofthe erosion control systerbggan In our area of focuthe
community and team members couosted two tire walls, two half tire walkways, two
mulch pits, and various other tire structures used to redirect runoff water. We were also
able to place excess rqaktrieved from the digging processbsneath rooftops as a
mode of minimizing the eneygf impact and thus velocity of flowing water. We use
these systemisecausehey were simple to build, time efficiernd could be constructed
with free or very inexpensive materials.

Challenges

One of the major challenges wealt withthroughouthis project was rallying
enough community support to complete the project. During our initial visits to
Otjomuise, many community members felt intimidated by the project team due to
potential formality. However, after several informal walkthroughs amngncunity
meetings we were able to establish positive relationships with many community
members. During the early construction stages participation in the building process was
somewhat minimalOnce clear systems began to emerge, several community members
became involved in the process. One of the more difficult tasks we faced was finding a
time where community members were available to help construct systems. Although
most community members were home after work, they often had housework and errands
to canplete. As a solution to this problem, we selected and built projects that could be
compl eted within an hourdés ti me.

The final and most significant challenge we faced was the language barrier
throughout the community. Although many community membegalsgnglish as a
second language, the primary languages spoken in OtjomuiSgjiierero, Oshiwambo,
Afrikaans, and Damara. To help combat this issue our two Oshiwambo speaking
teammates from the Polytechnic of Namibia often helped us by translatiney sations.
This translation process was a crucial aspect of the project.

Although we dealt with significant challenges throughout this project, our team
was able to find solutions that enabf#oject success.

Sustainability

The project team took sexal $eps to ensure the continuatiofithe project.

First,we created several packets and pamphlets that illustrated methods which can be
used to control erosion and flooding as well as how to construct these methods. These
packets and pamphlets contd large pictures and were produced in both English and
Afrikaans. We gave several presentations to the community as a form of conveying the
status of the project and informing community members of what they can do to help.
These presentations were givin both English and Oshiwambo.

To obtain materials for the fabrication of erosion control structures, we first asked
for tire donationdrom severalocal tire suppliers. Because of the high expense to
dispose of tires at a city landfill these titgopliers were more than willing to donate their
used tires for the project. The Habitat Research and Development Centre (HRDC),
which teaches the people of the settlements how to complete sustainable development
projects, was a major materials contribyttwnating soil and cutting the tires in half for
our half tire walkways. At the completion of our project, the community was left the

Xi
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means to contact théRDC and various tire suppliess that they would still be able to
receive the materials neededtald additional structures.

Many people in the community expressed interest in making gardens and planting
various forms of vegetation for erosion control purposes. We traveled to the National
Directorate ofForestry in Okahandja to buy trees for a emicprice. After we bought the
trees, we organized a system in the community for obtaining and planting theftilees.
of the treesvere storeddt our ¢ ommu ni $he wds als grevidéd svithh o me
sign up list of all the types of trees and theoant of each type available enable
community member# easily sign ugor and pay for the trees. Bhsystem intended to
set up a tree purchasing cycle by using the money earned from selling the trees in the
community to buy trees and other typeselpful vegetation for the communiity other
seasons

Recommendations

After successfully completing this project we made a list of recommendations for our
sponsors, the people of Otjomuise, and future project teams. These recommendations
include thefollowing suggestions:

1 To the Namibia Housing ActioGroup; we recommend that a smaller area, such
asoneor two savings groups, be designatedsigstainable development projects
within the settlements of Windhoekn addition to this we recommemganzed
knowledge exchanges between savings groups throughout the Windhoek
settlements as well aise distribution othe educational materials creatby our
teamon erosion control structure completion.
1 Tot he Shack Dwel |l er ¢gwerécenthendraotei on of Nami b
participation in projectsponsored by the Namibia Housing Action Grolige
encourage the use of the SDFN Center in Hakahana as a mamteseying
informationto other savings groups and communiti#ge also recommend that
that the educatiohanaterials created by our group be distributed to people living
in other savings grogand settlement areas by the SDFN.
1 To future project teamsve recommend a thorough readingtioé appendices in
this projectfrequent visits to the community with veh you work more
depenénceupon ideas generated by members of the commuaritipladng an
emphasi s on the 1 mpor toahtamn éeiroiwmatehad. r esi den




1 Introduction

Rainfall in somesouthern African regiors often occurs in ertec patterns
throughout a brief rainy season. During the rainy seasgmificant tovery limited
amounts of rainfall occurs, depending on the y&ame of the major issues communities
located withinthesearid and semiarid regiondace isa lack of tehnology and resources
to adequately control the amount of stormwater they collect and utilize depending on
their needs and interests.

Theinformal and formalsettlements othe capital city oWWindhoek, Namibiaare
greatly affected by the lack of effemt means to control and collect rainwater
Otjomuise is a formal settlement outside of Windhthet canexperiencéothwater
scarcityand flooding each yeaAlthough Windhoek receives average annual rainfall
of less than three hundrdifty millim eters this rainfalls only in certain months of the
year and can come in intense downpours. As the soil in arid anéhsdmegions is not
conducive to absorbing large amounts of water, excess runoff water maeriade
soil and cause flooding, esgally in sloped areas. In such areas, water could be
redirected or slowed using erosion control or rainwater harvesting systems so that the
community could benefit from this excess supply rather than be damaged by it. Due to
the fact that most peopl&ihg in Otjomuise have little money and time to spare to build
erosion control systemthese systemmustbe easy to build, inexpensive, and easy to
maintain.

In the pastWPI students have completsdveraprojectss n Wi ndhoekés
settlementaddressingvater management issues. One project in particular developed a
system of arranging old, discarded tires to help control erosion on hillsides during the

rainy seasom Otjomuise Therainwater which came into contact with the tires was




expelled away fro the houses and directed downhillit here is great poterati for

utilizing, not just divertinghis rainwater It has also been found that, although the tires

aided in redirecting water, they often creat
plots, which caused additional problems. The Namibia Housing Action Group and the

Habitat Research and Development Ceateetwo organizations thhive worked with

the formal and informal settlements of Windhoek to initiate erosion control projects.

Thes two groups have provided members in some communities with the tools and

necessargkills to design and build their own erosion control systems.

Although an erosion control project had been previously completed in Otjomuise,
in the spring of 200&ere vas still no system in place that utilized the redirected water.
There are a variety of civil engineering solutions and methodsahabeexplored for
use in Otjomuise. Such methods could be designed and implemented with the
communi tyos tdeeobign problems aad pfoede theacommuwith a way
to use stormwater for beneficial purposes. Such a system has not yet been designed or
implemented in Otjomuise.

This project enabled our team to work alongside community members to design
an erosiorcontrol system that utilized a variety of different methodsing Participatory
Action Research, we determined the needs of the commundtgatheredheir ideas for
controlling erosion By combining the ideas of community members with methods
obtainal from experts in the field, we designed a prototype erosion control system that
was implemented in a neighborhood that affedtsgenumber of households. In an
attempt to make this project sustainable, we educated the community members on how to
desigh and construct such systems and also left them with the means to obtain the
resources @cessary to complete thert is our hope that these ideas will spread not only

to other parts of Otjomse, butalsoto the other settlements in Windhoek.




2 Background

In order to understand the challenges of how to introduce sustainable erosion control
and rainwater harvesting techniques in poor communities, such as thosallmo@kn
Namibia, we will discuss;formal and formal settlements, sustainable development
projects, community approach methods, soil erosion cqmtnol gardeningn this
chapter Understanding informal and formal settlements and their reactjoasto
projectshelpsestablish the community aspects of the projddte rainwater harvesting,

eroson control, and gardening provitlee basis for the technical portion of the project.

2.1 Informal and Formal Settlements
Informal settlements are typically lelwcome housing areasectedunder
conditions of informal or traditional land tenure (UNabitat 2008) These settlements,
also known as squatter settlementslmntytownscommonly emerge throughout the
world in urban development areas as a result of rapid urbanization and economic struggle
(Skuse& Cousins, 200Y. In many cases, sigiehnt changes within governments, such
as the abolishment of apartheid regimes, result in the gradual formalization of

settlements.

2.1.1 Settlement Formation

Informal settlement formation occurs when the current land administration and
planning failsto address the needs of the population as a WB&lgse & Cousins, 2007)
An area which exemplifies settlement emergence as a result of rapid urbanization and
economic struggle is Nkanini in Cape Town, South Africa. In this area, a housing crisis
resuling fromthe abolishment of apartheid in 1990 created a need for housing which the

government of South Africa could not immediately provide. Communities in which the




native Africans live do not have adequate access to necessary goods and services, are
under little or no local and national governance, and lack easy access to locations with
formal employment opportunities. In places such as Gauteng, South Africa, laws passed
setting limitations on allotted living space for native Africans in the city hessted in

the formation of tightly packed and inadequately structured settlements (Stephens &
Rule, 1999). This failure of the government to accept the inevitability of urbanization

and meet demands for housing is famiiraother areas of the worldeveral aregsuch

as Cairo, Egypt, Abidjan, Cot e fabmgkimiari r e,

issues (EBatran & Arendel, 2007; YagDiahou, 1995; Alger, 1995).

2.1.2 Life within the Settlements

Figurel: The Hhkahana Settlement in Windhoek, Namibia

Informal settlement areas are known for having an absence of infrastructure and
services (YapDiahou, 1995).As shown above in Figure hey are generally
characterized by a multitude of smatlakeshiftsheltersouilt from locally available and
minimally expensive materials and by considerable social problems. Families living in
such settlements are often overwhelmed by bleak economic conditions, dswestitythe
lack of availability of regular employment, espaly jobs requiring skills.In places
such as Abi dj altthough Qere aee s Jobhs avaitalde, which require

prior training and education, the majority of settlement residents hold monotonous jobs

and



based off of unskilled labor. In sushuationsthe wage earned by these employees is
not sufficient to meet the needs of the family as a whole.

Settlements are also known for an almost constant internal migration of people
from rural areagSkuse& Cousins, 2007)Despite the alleged equalishich currently
exists in South Africa, native Africans from the Nkanini settlement have been poorly
incorporated, if at all, into society. While this inequality is apparent to those inhabiting
settlements like this, those who come to the city in sedralok are unaware of the
situation they will be presented witfhis continuous expansion, common worldwide, is
the cause of theften-chaoticstate of settlements.

Several governments have taken the initiative to analyze the status of their
c o u n tnforynd@l settlements and have begun to address problems within them through
settlement formalization and emphasis on sustainable develofiviididr, 2009. This
formalization process is usually comprisedadfpwing individual land ownership
followed bygovernmentnstallationof basic amenities such as toilets, tagectricity,
andstreetlights Part of this process can be seen below in Figureh. formation of
educational, health, and other social services within reasonable probarthigy
settements is usually the last step of formalizatidihe formalization of settlements is
integral to the stabilization of countries worldwide which have suffered from similar

economic and social struggle

Figure2: A home in Haahana undergoing the formalization process
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2.1.3 Namibian Settlement Formation

The settlementwithin the city ofWindhoek, Namibiawere created during the
apartheidsystem, whicldominated the southweAfrican region forover fortyyearsin
the 20" century Soon after Namibiads independence in
settlements became designated as formal settlements in order to encourage the
advancement of the quality of life within these communitiBlgis somewhat recent
abolitionof apartheichas resulted in alramaticincrease in settlement population and has
left many residents unfavorable economic situation€urrently, these settlements are
characterized by high levels of unemployment, low literacy and education levels, and an
evergrowing population of children.

The incorporation of Greenfield sites into the Windhoek settlement areas was a
proposed solution to alleviate the crises of
settlements fac€City of Windhoek, 2008 A Greenfield sites a piece of undeveloped
urban land designated by local authorities to accommodate a growing populiation
1991 the Windhoek City Council began a mission to accommodate as many migrants as
possible by designating Greenfield sites for-selfistructedhousing. Before residents
move into these sites, known as formal settlements, necessary amenities such as water
taps, sewer lines, and in rare cases electricity, are put in Ve than 4,399

Greenfield sites have been developed for residents ofWetdsince 2000.




2.1.4 Life within the Settlements of Namibia

Studies estimatkethat as of 2001 at least%®6 o f Windhoekd$® ur ban

a total of 60,000 peopdewere living in informal andecently formalizedettlement
areaqCity of Windhoek, 208). Due to internal migratiotrends this percentage is
expected to iorease by 14% by the year 20T&he largest group of informal settlements
in Windhoek is located in a township created during the apartheid regitedKatutura
Katutura, which wa namedy its peopleme ans fAa pl ace where we
Access within these settlements to utilities like portable water and sewerage are generally
very limited.

Despite these adverse conditions, settlement residents have formed amiable
relationslips among themselves and often work vigorously for the betterment of the
whole community (Labbe, McBride, & Ray, 2006)he ongoing process of upgrading
the settlement areas has resulted in the formation of manyedplind savings groups.
These groupsassociated withthEehac k Dwel | er 6 s FSDENtandt i on
Namibia Housing Action GroupNHAG), reside inlow-incomecommunal areasThe
groupssave collectively to purchase land in a large block as well as obtain certain

amenities such as ekeicity.
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2.1.4.1 Otjomuise

Otjomuise shown below in Figure ¥ a formal settlemenbatresulted from the
constant expansion of locations such as Katutura and Khomasdal in Windhoek
(Pendleton, 1993 BothNHAG andthe SDFNare groups dedicated toet positive
advancement of these communitid$e land in Otjomuise was bought by the SDFN and
NHAG from the municipality of Windhoek in 2004 am area for urban development.
Several permanent homes have been built whidieak a kitchen, one bathropone
bedroom andspaceon their plot for home expansioifhose that live on the land are
members of savinggroups, whichin addition to working for the benefit of the
community, encourage a continuous learning environment in which the people can help
themselves without assistance from outside organizatibimese savings groups are a
key aspect to the sustainability of ddvelopment that occurs within Otjomuesed all

formal settlements in Namibia.

|

Figure3: Sunset over Dhbokro Street and Kitchner Street, Otjomuise, Namibia




2.2 Sustainable Development Projects

Sustainable projects focus on achieving environmental preservation, economic
prosperity, and sociaquality(USDA Forest Service, 2008)They do so bgeveloping
practical solutions to problem solving throughout the world. For countries like Namibia
the creation of sustainable advancement methods is integh&ldoccess of both short
and long term community development. Projéletgwork to benefit the commuity
must be completed with as litibeitside aid as possible be successfds well as
replicablein other communities If sustainable development projects are encouraged

throughout the country, the stability of Namilpiay dramaticallyincrease

2.2.1 Making Projects Sustainable

The settlements in Namibia are located witbémtarid andarid regions, and as a
result suffer the consequences of less fertile soil, sporadic rgatensand soil
instability (Kottek et al., 2006; FAO, 1989)The< three baracteristics lead to an
erosionpronetopography By using practical solutions fgroblems thainake use of
readily available resourcesustainability is an achievable ggaISDA Forest Service,
2008) Available resources include those foumahature those thaarein excessive
supply, andhose thatan be obtained at as little cost as possible. In order for projects to
be successfully sustainabthey must also be based topics that the people benefitting
from the project can understhand gain ownership ¢Muller, 2000) It is important to
encourage the people to come upgwtheir own solutions to problessothey feel as
though they have had a significant effect on what has been done and have the desire to

spread theiknowledge
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2.2.2 Settlement Response to Previously Completed Projects

Despite the negative I mpressions created
them, many settlement areas have been able to form a strong sense of community and
have the desire to bettéreir environment (Human Settlement Development, 2003). In
communities such as Nkanini in Cape Town, South Africa, groups work together in
hopes that their efforts will create a more organized infrastructure and, after doing so,
will draw the attention dbcal and national governments in order to receive increased aid
(Skuse & Cousins, 2007) . I n many cases, set
aiding the settlementsrmationbecause they see it as counterproductive to the
promotion of communid&on within the newly formed communities. In such cases,
communities have held meetings to establish themselhg®agss that are more formal
and have even called for monetary contributions to their cause from all members of the
community.

Several gogrnments have begun to address problems withingbglements
through sustainable development projects. These projects focus on strengthening the
infrastructure within communities by creating groups of people who work for the benefit
of the community s a whole. One example of this is in Cairo, Egypt (Majgihou,
1995) . Projects have been i mplemented in Ca
purpose of upgrading the settlements since as early as the 1970s. These projects have
attained various levelsf success. In cases where the government has encouraged
participation by the local population, community members have typically been extremely
enthusiastic, engaged, anad@lto contribute. Howevgthere are often casaswhich
the governmenimplemerts these projects in aretimtpresent potential gain in either

economic or political pursuits as a result of media attentitis.cases such dlsese that
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discourage settlers from participating in projects geared toward their ajghesthdps on
a lager scalehinder their ability to trusbutsiders
Il n Nami bia, several of Wi ndhoekos for mal
haveworked on projects in the pabtatdealtproblems such afe control of erosion
(Labbe, McBride, & Nicholas, 2006)n addition to hese projects, both NHA@nd
SDFNare groups dedicated to the positive advancement of these communities. Through
the encouragement of effectitemmunication with theesidents of Otjomuise,
sustainable development projects can be fodtierémprove the living conditions and

livelihoods of those who livan the settlements of Windhoek.

2.3 Community Approach Methods

In order to help communities in developing nations gain a better quality of life,
researchers and scientists have usediatyaf development strategies to aid these
communities in achieving their goals. Common strategies used in sustainable
development projects in third world countries include Community Development,
Integrated Rural Development, Rapid Rural Appraisal, Epatory Rural Appraisal,
Participatory Action Research and Policy Analysis for Participatory Poverty Alleviation.
These approaches have all been created in an attempt to discover the most successful

research approach to sustainable development projects.

2.3.1 Community Development

Community Development (CD) is a broad strategy that promotes participation
from community members with the purpose of bettering the community (Sneets, 2007).
Promoters engage community members in learning community issaesstamding
social, environmental, and economic impacts, as well as how to propose and carry

through solutions to community problems. Advocates must incorporate the many
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interests and opinions of the diverse population in their community so that théyradjor
community members will be happy with the decisions that are made. These promoters
must also encourage members of the community to become actively involved so that
there is an increase of community leadership.

Community Development focuses spedafig on social relationships within the
community and manipulates power balances between variotgraups of the
community to complete tasks and solve problenaigR2008) Commurity
Development would be an effectiggrategy to use to ensure that granembers are
cooperative and practicing good communication before another method is used to solve a
specific problem. Communitipevelopment bringa community together to solve general

problems, but for ouyproject,we neeéda method that focuden spedic problems.

2.3.2 Integrated Rural Development

Another community development method that has often beenusieseloping
nations idntegrated Rural Development (IRD). IRD is an approach in which
governmental departments attempt to work togethdetise a plan which addresses a
specific community problem and then directs the community through this plan of action
(Cohen, 1987). Community members have little influence on what the solution to the
problem is and they are under the direction of thesqgrganiation. A well known
exampleofIRDi¢ he Et hi opi an Case, which was in
Ethiopia, researchers attempted to improve agriculture by implementing an intensive plan
thatincluded fixed prices for farm equipment, rupablic works, marketing facilities,
adequate farm credit and stronger village management systems. The execution of this
plan created much debate in Ethiopia as some aspects of the project had negative effects
on Ethiopian citizens. Such negative ef§acicluded land tenure issues and changes in

local government patterns.
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The community in whickerosion control systems would be implemented would
likely be morecontent with a system they helped create, rather than a sysam
forced upon them. Thefore, an approach in which the community eskost of the

major decisions concerning the problem at haadbest for our project.

2.3.3 Rapid Rural Appraisal
Another community development strategyriapid Rural Appraisal (RRA)RRA

is a wayto obtan new information and to diagnose problems occurring in rural

communities. In the case of RRA, research is carried out by interdisciplinary teams who

use techniques such as individual interviews, sampling methods, group interviews, and

direct observatioiKachondham, 1992). Theseams are composed of exparts the

researchers make most of the decisions surrounding the type of data they are collecting.

In RRA, field visits are usually short and the purpose of the research is to diagnose

problems andwaluate existing problems. These researchers do not focus on proposing

solutions or work with the community to produce solutions. For examgeup of

researchers in Papua New Guinea imasstigating malnutrition with emphasis on health

and agricultee. Themain problems they foundere problems of seasonality, intra

family food sufficiency, womendés roles, and
Although features of RRAre appropriate for thisrosion controproject,RRA

was not a sufficient methoa fpractice for therosion control projeeh Windhoek. The

goal of our project is to implement a solutimnt he communi tyds water ma

problemsandnot to diagnose a problem as RRA is designed to do. We must participate

with the people in orddo choose andnplement a possible solution.
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2.3.4 Participatory Rural Appraisal

Participatory Rural Appraisal (PRA) focuses specifically on rural development
and permits rural communities to form Village Resource Management Plans to attain
their goalgFord, 1989). Development of rural communities can preserve natural
resources and increasgalf ood production that will specif]
rural populations. Through this method, rural communities solve their sustainable
development pblems by first creating and maintaining local leadership, rural based
organizations, and government organizations. PRA also gives villages the opportunity to
plan and implement solutions to their problems by utilizing technologies that the villagers
canmanage and maintain themselves.

PRA concentrates on uniting the community to develop an action plan toward a
specific goal and encourages interactive problem analysis to produce solutions. PRA
utilizes mostly visual materials and educational methodssfway data as this is the
most effective way to solicit participation from community members. This development
method seeks to create or increase the infleef NonGovernmental Organizations
(NGOs), government agencies, and district or regional caeesithat may help the rural
community. Lastly, PRA is fast and inexpensive with an average research period of nine

days As PRA usually takes place in rusattingsjt was not used in this project.

2.3.5 Participatory Action Research

ParticipatoryAction Research (PAR$ a type of research in which researchers
work with the community to identify problems, choose solutions, implement those
solutions, and devise action plans in order to assure that the solutions are sustainable after
the researcheteave (Nieuwenhuys, 1997). PAfRRomotes independent thinkingniting

the community to actively solve iggoblem, anditilizing management based action
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research.An example of #AR studywas an attempb help homeless children on the

streets of Bombaifind homes and wasyto increase their income. Using PAR,
researcherdiscoveedt h e c¢ hi | dr e nd@articipatioavdtls medi&tian| aach ¢ e
helpedformachidr ends agency. witReiderato providerthem witb r k e d
the skills they needkto transform their environment lysingtheir ownabilities

The study of children in Bombay referenceab#herstudy in Rwandan which
childrencollectivelyconcluded thatheir most sought afteesource waslothing
(Nieuwenhuys, 1997)Through théhelp of a facilitator, thehildrendecided to sell
charcoal at a market inaer to generate income that woblel used to purchase clothing.
Also in Bombay, researchers utilized counseling methods with chitdrerach them
how to assistheir peers ath plan ways for the children to interact with agencies and
educators.The research teahelped to increase tlobildrerd s -estedniby talking to
them abat human rights and strengthenithgir ability to help themselvefkesearchers
alsoencouraged dliren to establish an organization that furthers their rigNtst all
interactions between children and researcherg agwell as those discussed above.
However, at the end of the study children began to leave their demeaning jobs to start
their own lusinesses.

PAR wasusedin this projecto collect information on curremrosion control and
rainwater harvestingnethodsg at her p e o p lemgos contplndrainvater o n
harvesting propose solutions, amdeate a group of community members vene
devoted to the projeciOne main difference between PRA and PAR is that PRA is
usually conducted in a rural setting whereas PAR does not have to be applied rurally. In
PAR and duringhe erosion control projeat the city of Windhoek, Namibia, munpal
policies and laws that are different from those in rural areas must be considE=ed.

instead of ditating how to solve problemBAR enables theommunityto become
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involved in the decision making process. The people must be content witlstibre sy
be implemented in order to be willing to invest in it. Without their suppa@ticcessful

and sustainable system would not be possible.

2.3.6 Policy Analysis for Participatory Poverty Alleviation

Policy Analysis for Participatory Poverty Allation (PAPPA) is a newly
developed approach to poverty alleviation that helps local groups influence national
policy. PAPPA uses quantitative data from the community to inform and shape national
policy on issues such as taxes, incentives, subsidiesaatdrianagemerfClark
University and GOVA, n.d.). PAPPA combines the qualitative information attained by
PRA with scientific data collected from the community. This technique assists local
community action groups in forming partnerships with regionalratidbnal groups of
the national government. To meet the needs of the poor, community groups and national
associations use quantitative data such as maps and charts to propose solutions, settle
community cofiicts, and suggest plans. Thedagta would be\ailable to district
planners who can seek out development partners and create integrated databases to stor
the data

PAPPAwas notappropriate for this erosion control and rainwater harvesting
projectbecause the community of interest, Otjomuise, alréadyhe support othe
SDFNandNHAG to promote community policies and work with the municipality
towards their effortsSomeaspects of PAPPAoweversuch as obtaining @litative

and quantitative datavere useful
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2.4 Soil Erosion Control

One major poblemfaced by many places in the wortdday is soil erosion and
the impact it has on our environmefitang, 2006) According to ecology Professor
David Pimentel of Cornell University, other than population growth, soil erosion is the
most crucial envonmentaissue we must considertodgyP e opl eds Daily Onl i
In 2002 at thel2" International Soil Conservation Organization (ISCO) Conferéiete
in Beijing, representatives claimed that salinization, desertification, and erosion have led
todamage on more than 65 9%.ineethen,tthis@ercersagethhsé s sur f
continued to increaserlhis is significant because erosion is the result of water or wind
redistributing particles of earthn areas where erosion is an apparent protdee to
water, it is likely that there is a large amount of excess runoff water and no place for it to
go. This means that runoff water flowing across surface soilevéintually cause soil
erosion Theresulting eroded land then creates surface sdil ior growingcrops,
which poses a huge threat when 99.7% of food eoresd byhumans comesom crops,
either directly or indirectly.

There are mangnethods to help control erosiagme of which include
reforestation, hydroseeding, and contour plowiAthough these methods, as well as
many others, are perfectly functional alternatives, many of them are not feasible due to
cost, availability and the nature of the surrounding environnigme. following section
discusses a few other ceffective methds that help control erosion in almost any
environment osituations they include raiwater harvesting, gabions, ts&ructuresand

vegetation.
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2.4.1 Rooftop Rainwater Harvesting

When designing domestic rainwater harvesting catchment syttera are four
main components that must be considered which include rooftops, guterspipes
and storage unitsSlobal Development Research Center, 20088hen rain fallsonto
rooftops the water is channeled down into gutters attached to the bottibr @fof and
then flows into a downpipeAn example of this system can be seen below in Figure 4.
In some rainwater harvesting systems the initial rainwater flows througlotire pipe
and is discarded from the system to reduce the chances of cold@ictyngontaminated
water. After the initial rainfall a valve in thelown pipeis turned so that the rainwater is
channeled into the storage tank. At the opening of the storagestaalkk mesh netting is
placed over the top tseparate out large chundebris aneliminate mosquitoeslf
the water gathered from this system is to be useddimg laundry, flushing toilets or
irrigation, no chemical treatment is requireHowever if the rainwater is used for

drinking, carefu treatmento remove cotaminants and pathogemsist occur

Fiéure4: Rooftop rainwater harvesting illustration

In locationssuch aslexas rooftops are typicallynade of corrugated iron or
aluminum(Krishna, 2005) An ideal rooftop material is Galvatwe, which is a metal
consisting of 55% aluminu@nd 45% zinc alloy sheet metaVhere materials are

limited, tile, concrete, asphalt, or slate canused The Global Development Research
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Center emphasizes the importance of selecting a rooftop thaholoesve lead content
in the roofing material, since it can be very harmful to human heakbiding such
contaminants isrucial andensurs thatthe rainwater remains clean asafe Similarly,
when selecting gutters adldwn pipesthe material shodlbe durable and lead free
(Krishna, 2005).The most successful systems use aluminum gutterdamd pipes,
whichwork effectively because aluminum does not rddany other materia are
equally functional and cheapéut do not lasaslong as alumiom andrequire more
frequent cleaning.

The most expensive part of implementing a rainwater system is the cost of the
storage unitKrishna, 2005) Selectinga unitthat will holdlargevolumes of waterin
the event of a majaminstorm can be difficul if materials are limitedIn Thailand, large
jars made of concrete are used as storage units for raindrataore developed
countries, however, ferrocement or polyethylene tanks are(Gselolal Development
Research Cente2008) Although these tdds may be bedtr quality, they are also more
expensive.ln places where such materials cannot be found or funding is not available
almost any large, closed contaiimesufficient. The size of the tank depends on the

rainfall patterns and the rooftoprface area.

2.4.2 Runoff Rainwater Harvesting

Another type of rainwater harvesting is based on the collection of water that flows
across the groun@@Global Development Research Center, 2008)places where the
terrain is not flat, runoff water thaofivs over surface samhaybe colleted and utilized
for productive purposedt is important to take the slope of the ground into consideration
while selecting a region to collect the water. As the slope of the ground increases, the
amount of water infitratingthe soil decreases herefore, selecting a region with a

steeper slope will increase the amount of water colle@®&dubberiestrees, and other
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vegetatiorare factors whiclshould beaken into account when designing a surface
rainwater collegon system As the amount of vegetation increases, runoff volume
decreases becaute vegetation absorbs water and theleases it through a process

called evapotranspiratiorRunoff water that flows downhithaybe captured in a valley

or alow pointin the regiorwhich acts as retention pondThe water may thebe

pumped out of the storage pond and used for its intended purposedition, when

using a system like this, it is crucial to remember that many contaminants come in contact
with waterthat lies on the surface of the grounéithe water is being used for drinking,

then it musbe filtered and theandergarigorous chemical treatmenté&n analysis of

runoff flow for purposes of rainwater harvesting is shown below in Figure 5.

Figure5: Runoff rainwater harvesting flow analysis

2.4.3 Gabions

Dr. Andreas Wienecke (personal communication, Ma&2008) the head
researcher at the Habitat Research and Development Centre (HRDC), proposed to the
project team thizan effective means to control erosion and slow large volumes of flowing
water is to use gabiongsabions are constructed by filling a wire frame with rocks,
construction material, and debr{Sqastal Engineering Research Cen2®07). In a
typical sysem, the wire frame is coated with PVC or galvanizeditonbility. Ideally,
the filler material should be smooth on the surface and have a high specific gréngy.

helps in eliminating deterioration of the wire fram&hen assembling a gabiaghewire
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mesh should first be put into plac&he rocks or filler material should then be added.
The material should be packed so that there are a small number of voids which will
elongate the life span of the systeiirhis will also aid in slowing the flowate of the

water and secure the stability of the gabiolmsareas where large volumes of water flow
rapidly, several tiers of gabions are more appropriatethe water flows through each
tier, the flow rate will gradually decreas€&he resulting exiflow will be a slower, more
controlledstream, whicltan safely move into a desired arédagabion from the HRDC

is shown below in Figure 6.

Figure6: Gabion constructed at the HRDC in Katutura, Windhoek, Namibia

Historically, gabions have been used for maegns as a way to manage erosion
(Maccaferri, 2007).More than seven thousand years ago, gabions made of woven reeds
were used along the Nile River to help with erosion isstieslay they are still a
common tool for contiting erosion. Gabions have been used extensively throughout
Europe this past century to stabilize s@other recently completegtosion control
project in South Africa, located along the coastline, also had suzgassg gabions to

help eliminatefurther deterioration of the eroded coastline.
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2.4.4 Tires

Another possible method for erosion control is to use tires to help divert water and
control the flow rate of runoff watéA. Wienecke, personal communicatidarch12,
2008. Tires can be wd individually to help control runoff in specific areas or they can
also be layered on top of each other, forming a tire wadlividual tires can be placed
anywhere to help divert runoff watethe tire walls, however, work best in regions
where theras a significant drop in elevatiorBuilding a tire wall can help slow the flow
rate of runoff as it flows down through the tires and help distribute runoff water evenly
across the soiDver time, various grasses and other vegetation groveitirdwalls,
which also help to absonunoff stormwater Additionally, planting vegetation in éh
individual tireshelps absorb the runoff watevhile stabilizing the surrounding soiAn

example of such a system can be seen below in Figure 7.
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Figure?:.Ti.re VW;II‘L]‘sé_d afthe’HRbC in kéthiara, Winhek, Namibia
Another benefit when using tires for erosion control is the cost and availability of
tires. Used tires are readily available in almabltpartsof the world since appropriate
disposalis difficult and often incurs a caskFor example in the United States, placing
tires in a landfill is not only a fire hazard, but it also provides a habitat for mosquitoes to
breed (NC Office of Waste Reduction and Division of Solid Waste Manageaf#95).

Tires also take many years to break down and decompasdhese reasons, ma
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landfills have banned tires due to theinsafeenvironmental impactin some countries
such as the United States and EngJdhdse regulationsiust be followed In other
places in the world, however, such as Africa, large, open landfills are located on the
outskirts of major cities (United Nations Environment Programme, 2008).
regulations may be strict but are rarely enforcddlizing used tiresrom theselandfills
anddumpsitedor erosion control is a usefulay to recycle a material thaowld
otherwise baegatively impactinghe environment.

Using tire walls for erosion control has proven to be an effective method
controling erosion ProfessoHoenig from théJniversity of Arizona discussed the
success oimplementing a tire waknd states that has helped to prevent sand from
running into the road, as well as crebaéeregion for vegetation and other plant life to
survive further down theoad(University of Arizona, 1999) Another larger scale tire
project was completed throughout central and southwest regions of Oklahoma a few
years ago (Nairn, 2004 Along the banks of seven different rivers, tire walls were built
to help with erosiorontrol. Despite the fact that there were a few minor failures in the
systems, the tire walls proved to be an effective way to control eroBf@Habitat
Research and Developmédbentrelocated in Windhoek, Namibia alppomotes the use

of tire wals which stabilize the soil and prevesrtosion.

2.4.5 Vegetation

Vegetation helps to control erosion on two fronts. As stated iAldHiEama
Handbook for Erosion Control, Sediment Control, and Stormwater Management on
Construction Sites and Urban Areas d@rese, vigorous growing vegetative cover
protects the soil surface from raindrop impact, a major force in causing erosion and
sedi ment at,2003n Vegdtatidd Prévides coverage for top soil, effectively

absorbing most of the energy produced byféieng rainwater. Thélabama Handbook
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al so states that, Avegetation will shiel
overland flow and decreases the erosive capacity of the flowing water by reducing its
v e | o d&JBDAyY2003,(p. 1. Once an &a of vegetation has formed, the rate of runoff

water coming from the tops of hills is slowed when it passes through the plants. This, in

turn, improves the situation for the area below the vegetation and can be easily managed.

Introducing vegetation intan area with little plant life hefdo stabilize the soil
due to t he pl2803.tHadngtheatapsoisandhdded ByAhe roots of plants,
lessenghe impact of surface runoff water. A permaculture expert at the Polytechnic of
Namibia, Ibo Zimnerman(personal communication, March 27, 2008)ggests that
when mulch pits ad trenches are used in a starater management system, vegetation
can be grown alongside these tieex In order to replenish organic matter in the soil,
vegetation, preferdprapid, selfseeding plants, such as elephant grass, can be used to
line the bottom of the trenches. Along with the benefits of using vegetation for erosion
control, plants can be grown and consumed as a food source.

Soil erosion is a serious considévatin the construction industry. The lowa
Department of Natural Resources has publishetbtlia Construction Site Erosion
Control Manual(2006). This document outlines various types of erosion, factors which
contribute to erosion, and various methodshow to control erosion. The vegetative
methods outlined in the manual include grass channels, mulching, seeding and fertilizing,
sodding, and vegetative filter strips. These methods encompass the benefits of using
vegetation as an erosion control measincluding soil anchoring by roots, topsaoil
coverage from falling rainwater, and runoff rainwater prevention. In order for these
methods to be utilized in serarid or aridconditions, vegetation would have to be grown
at appropriate times during thear to maximize the chances of growth and

sustainability.
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2.5 Gardening

Gardening in arid and serarid regions in the world has been well documented,
especially in AfricaBatchelor,Lovell andSemple 1994) Factors such as climate, soill
conditions, evsion and gardening knowledge within the community play a role in the
success of gardening in these regions. Methods for identifying arid andusemggions
and characterizing weather patterns have been developed to provide a better
understanding foworldwide climate differencesArid and semarid climates influence
soil conditions and the ability of soil to produce vegetation (FAO, 1989). The level of
organic maer, texture, structure and gl depth are less than ideal in arid regions.

This m&es it difficult to start and sustain gardening.

2.5.1 Climate and Weather

One of the most important factors in determining the success of a gardening
environment is the climate in which the gardening takes place. The densely packed
vegetation bthewa | d 6 s r a i n fideal cerglitions fqr plamts. i Whiens
temperatures, rain and humidity help sustain plant life and vegetation growth all year
long. However, hese conditions only exist @ix perceno f t he Eart hés surf a
2003). The restf the planet must deal with varying weather conditions, periods of
drought and excessive heat or cold. Variation in climate has been researched for many
years in order to classify what areas in the world experience different weather patterns.

The Koppa-Geiger Climate Classification, developed by Wladimir Képpen and
Rudolf Geiger, is an important tool in determining climate conditions in every section of
the globe (Kottek et al., 2006Each color on the map in Figure&presents a particular
climate. From these classifications, certain characteristics regarding rainfall patterns and
temperature can be determinsddAppendixB for anexplanation of the KoppeGeiger

Climate Classification colors).
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For the purposes of this project, most of tbgeach regarding climatéocusedon
arid and semarid climates. Areas with the arid classification receive between 100 and
300 mm of rain per year, while seianiid areas receive between 300 and 500 mm

annually (Sweet and Burke 2002).
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Figure8: KoppenGeiger Climate Classification (Kottek et al., 2006)

2.5.2 Soll

Soil is a key factor in the success of gardening in any area of the globe (FAO,
1989). In arid and senrairid regions, the amount of arable soil is limited. One of the
factors contributing to the lack of quality soil is the water retention of the soil in arid
regions. Waterholding capacity is dependent upon soil texture, structure, and depth. A
fine textured soil generally has a greater watgdding capacity. Althogh sand has a
fine texture, its structure makes it difficult to support vegetation growth. Soil structure is
defined as the internal arrangement of soil particles (FAO, 1989). In general, the

structure of soil is influenced by the amount of organic matiatained within the soil.
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Arid regions normally have little vegetation and no overhead canopy, therefore the
accumulation of ganic material is negligible.
The most i mportant factors in determining
all relatedto water (FAO, 1989). In order for plants to grow, there must be an adequate
water table that is attainable by the roots. A water table is the upper limit of the portion
of the ground wholly saturated with water. Without a sufficient supply of watketo
roots, there is no chance for plants to have a constant nutrient source. It is also important
to have an adequate soil thickness to allow for a water reserve. A deeper topsoil
thicknesgpermitsmore water to be stored. Thin topsoil decrsése wder-holding
capacity and can be greatly affected by wind and water erosion. The third key factor that
contributes to soilés arability is its textu

topsoil, the structure of the soil determines how muchwagteraant 6 s r oot s can a

2.5.3 Subsistence Farming and Ways to Improve Soil Quality

For farmers and gardeners in arid and send climates, it may not be possible to
carry out an agricultural operation on a large scale. For reeslaitsd to climatesoil
guality and financiaburden farmers may lack the necessitieslfoge scalefarming.
When farmers lack the necessary resources to carry out a large scale farming operation,
subsistence farming may be suitab®&ibsistence farming is a methoda&afmingin
which afamily grows only enough food to provide for the family or to sell as a means of
additional incoméWaters, 2007) Our project focuskon the possibility of
implementing gardening as a supplemental food or ing@uece but not on thesame
|l evel as subsistence farming. Where the sub
grown during the year, gardening providesecondary source of food.

As with any form of gardening or farming, it is important to replenish nutrients in

thesoi where crops are grownGardeners in areas with poor soil quality must be
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especially conscious efhat nutrients are contained in the soil. In subsistence farming
crop rotationmanure, and compost are vital to soil restoration, as opposed to chemical
fertilizers utilized bylargescalefarming. Crop rotation is a planned growing cycle of
certain plants in order to improve or maintain the soil for sustainable gardening (Peel
1998). Peelwrites that the mia benefits of crop rotation isnproved soil értility, tilth

and aggregate stability, soil water management, and reduced soil erosion.

Another means of improving the soil on whiimallscalefarming is done is the
use of natural fertiliers such as manure or compost (NEPAD, 2006). Manure isyreadil
availableand it can be easily collected and spread as fertilizer. Compost is another
source of fertilization for plants that is easy to produce and relatively cost free
(Recyclenow, 2008) Using plant materials, manure, fruit and vegetable trimmings,
cardboard, and many other materials that would normally be thrown away, compost piles
can be formed ahused for gardeningCompost piles need some moisture in order to
sustain the bacteria necessary for composbagthis can be assisted using muldk pi
and other rainwater harvesting techniques

Through extensive research, various water management systems and ways of
implementing the systems in a community have been looked at. Rainwater harvesting
systems and factors which affect the growth of vegetandicate there are a variety of
solutions that can be applied in arid regions. Community development can be
accomplished by using participatory researathods, whiclhave shown to be
successful in communicating with and mobilizing communitieghémext chapter, we
describe how we achieg®ur goal of identifying a viable rainwatkarvesting and

erosion controsystens in Otjomuise and the settlements in Windhoek, Namibia
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3 Methodology

Due to the combination of poor topsoil, arid climate, arrdtic, heavy patterns of
rainfall, the settlements outside of Windhoek, Namibia fasererainfall damage and
erosion thatauses the flooding dfouses and streets while also creating an unsafe
environment.Many residents of these communities hedentifiedpossible solutions to
these problem$uttheydo not have thenaterial or financiatesources necessary to
implementthem This lack of technical knowledge and resources led téottmeation
and completion of thisrosion control and rainwatbarvesting projectTo carry out this
project weformed a committee of community members dedicated to the project in order
to create rainwater harvesting and erosion control systdmah slow and divert
rainwater away from houses and roadibese systemalsomaximize the use of
rainwater for gardening.

To achieveour goals we worked alongside the community throughoutié&sign
and implementation of these systeni$ie teameducated the communitiyy problem
solving tactics and measuresensure projectustaimbility afterour departure.The
methods outlined in this section were used to assess and improve upon community
involvement in the project, as well as to design and implement various rainwater

harvesting and erosion control techniques.

3.1 Effective Community Mobilizing Methods
Community involvemenivas crucialto the succes®f designng and
implemening sustainable erosion control and rainwater harvesting systems
underdeveloped areas such as Otjomuiseommunity members are to rely osystem,
the majority of ideas and opinions involved

To pave the way for such an environment, the project team used a community
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development technique called Participatory Action Resahathallowstean memberso
work alongsideeommunitymembersas peern the projecidevelopment process
Throughthe use ofnformal interviews, observations, and visual expression metheds
were able to obtaithe residen® pr ef er ences concernichng systen
types ofsystems to beonstructed
Afteri nst alling the systems chosen with the
educatehem on how to maintaisysem sustainability as well aesgn and create
similar projectsn other locations in the settlementhe various informal education

methods used to complete the education portion of this project are detailed in 3é€ction

3.1.1 Establishing Trust within the Community

The project team worked with the residest$our savings groups locateu
OtjomuisebetweerDimbokro Streetind Kitcmer Streeto complete erosion control and
rainwater harvesting systems. The savings groups involved were the Longa Shoye,
Omusati, Datango, and Ehiroruyanoi graus order to ensure successhe
implementation ash sustainability of the projéave placed aemphasis orstablishing
good relationships with the members of thgsmips

Paricipatory Action Research techniques were initiated by complsemgral
informal community walkthroughs which served to engage friendly communication
between the project team members and the residetitse cbmmunity We overcame
the community language barrier with the help of two Oshiwambo speaking students from
the Polytechnic of NamibialLaudika Kandjiga and Andreas i§tvechawere assigned to
the project by Jane Gold of the Department of Land Management at the Polytechnic of
Namibia and, in addition to playing a major role in the design and implementation
processes of the project, they also served as our translatorg dur time inNamibia, as

shown in Figur®. Other successful communication methods we used de=eibing
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situations as simplistically as possible arsthgvisualaids, such as pointingwarcds
objects or drawing on the groundlVith these alternatesforms of communicationye

found thatdespite the language barrieommunicatnwas certainly possible.

Figure9: Residents of Dimbokro Street interacting with the project team

3.1.2 Formation of a Dedicated Committee for Community Mobilization

To ensure sustainability, we formed a volunteer committee of community
members in order to promote expansion of the project. This committee had the
responsibility of collecting data from the community to heéisign and implement
sucessfulerosion control and rainwater harvesting systeffhis methodgalled the
Community Land Information Progra(@LIP) by the SDFN, allowed us to form trusting
relationships with the residents of our street as well as ensure a faster approach to

prodem solving.
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Figurel0: Residents of Dimbokro Street attending a community meeting

Following the initial observational period dedicated to establishing trust within
the communitywe completech series of informal discussiongth the community
membersas shown in Figurg0, in order to gauge interest in the project as well as
generate design possibilities. These discussions were usedaovdese t he resi dent
ideas a%ow to harvest rainwater and what they prefer the waterskd for. Clear
leaders emerged almost immediately from these discussions. Eféaghthe owner of
erf (house)2846A, had an extremely positive outlook on these types of projects, appeared
to communicate well with other members of the community,ismaediately suggested
several possible solutions to erosion problems and systems for rainwater harvesting.
After only our first meeting with thgroup,we were able to designate Edlagh as our
community leader Several othecommunity membersuggestedimilar solutions to
these problems such as the growth of vegetation to slow thenffow of water and the
implementation of a rooftop catchment system to put more water to use. Through many
exercises like these, the commurbgcamanobilized andesicents wereawilling to

contribute to the project.
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3.2 Acquiring Professional Consultation on Technical Problems
As this project requirethe design and implementation of technical systems, we
decided that it would be helpful to contact experts in relfdds to generate design
ideas, obtain materials, and generally support the progress of the project. Such experts
included founders of the Shack Dwell erds Fed
Namibian Housing Action Group, employees at the HabitaeReh and Development
Centre, faculty at the Polytechnic of Namibia, and other outside confdwsfirst two
organizations provided information concerning community development while the
remaining organizations presented information regarding desigrajeon and materials

collection. Other contacts included various specialists in the engineering, agriculture, and

architecture fields to provide expertise in the technical aspects of the project.

3.2.1 Obtaining Information Regarding Existing Communit y Development
Strategies

The firstorganizatiorthe teantontactedvas t he Shack Dwel | er 0s
Namibia. The SDFN can be considered experts in the area of social work as well as land
project implementation. Communities developed through theNS&ye responsible for
their own advancement. The residents of these communities uidentdy community
problems and create plang fwlving these problemsSystems organized by the SDFN
encourage savings groups to visit other areas where progaken completedhe
project team put an important emphasis onreshodin the concluding weeks of our
time spent in the community. Detailed data pertaining to the savings groups within
Otjomuisethatwere affected byhis project veregiven to thegroup by the SDFN. The
insight that the SDFN was able to provncerninghe formation of settlements, the

emergence of leadership within communities, and the methods that work best with the
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cultural backgrounds of the peoftildng in these settlemesitvere anessentiakource of

knowledgefor the project team.

3.2.2 Establish Contacts at the HRDC

During ourfirst site visit to Otjomuise, the growpas scheduled tmeet with the
research manager at the Habitat Research and Developmergi@&dindhoek, Dr.
Andreas Wienecke. The HRDC was created to research alternative energy and renewable
resources to help improve the quality of life in the communities on the outskirts of
Windhoek Dr. Wienecke is an expert in designing and implementing erosidnot and
rainwater harvesting systems using limited resources. Our group was given the
opportunity to tour the HRDC to observe techna@sdeing worked on in the ceatind
to get a brief description and commentary ors#sgystems by Dr. Wienecke. iBitour
helped to establish many of the erosion control ideas presented to the community of
Otjomuise. Also, Dr. Wieneckegave ughe contact information fdris assistant,
Mawisa,who helped us when he was unavailalDrir contacts at the HRDizIpedus
launchnumerouserosion control systems in Otjomuise and provided many of the

materials used in the systems.

3.2.3 Establish Professional Contacts for Technical Expertise

Along with the various organizations supporting our efforts in Otjomuise, our
sporsors encouraged the help of outside contacts to provide constructive comments and
professional opinions on our designs and the project as a wholairébterof NHAG,
Anna Miiller, suggested the help of Caiaadarchitect Andrea Saldanhdo is involved
with the Namibia Nature Foundationdrea attended a site visit during the design stage
of the project and gave helpful suggestion®@instorming techniques duritige design

process of our erosion control systems for the area we were concentratiSeoalso
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gave constructive criticism during odesigrs, whichhelped us to address issues we had
overlooked.

As with NHAG, our sponsor in the Department of Land Management at the
Polytechnic of Namibia, Professor Jane Gold, was able to set up agneigtifProfessor
CollertMoyo, a civil engineer at the Polytechnic of Namibia. During our meeting, we
discussed the project and potential designs for the erosion control syBtefessor
Moyo was also involved in the design review process. With tipedf@utside contacts,
such ag’rofessoiMoyo, our group was able to get alternate opinions on our project
which helped us to recognize latent problems with our designs and offered ways to
improve our designs to reach the best possible solution.

Professolbo Zimmerman is a permaculture exparthe Polytechnic of Namibia,
who was referred to us by Jane Gold. He was able to provide information regarding
vegetation, and how it can be integrated with various rainwater harvesting methods to
control erosion Professor Zimmerman introdeat us to the idea of mulch pitde
explained the purpose tife mulch pitandhow theyare constructed. The introduction
of mulch pits and his critique on our previous designs helped validate the effectiveness of

our projet.

3.3 Assessing Primary Needs within the Community

Before designing and implementing rainwater hamgsind erosion control
systemsye first had to assess the existdanagdo the landcaused by rainfathnd
other potentially problematic area order to complete this task, weservedhe
layout of the communiy existing erosion control systems and veget&tiandthen
utilized maps to documentvidenceof erosionpatterns caused by raivhile talking with
community members to obtain additiomgbut. The community membergere familiar

with thetopographyandwere knowledgeable aboskisting problem areasherefore
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their ideas were essential to the success of the project. lakilge area waselected
asaprototype area to complete seal different types of rainwater harvesting and

erosion contromeasures based on its ability to impact the community

3.3.1 Surveying the Effects of Local Rainfall to Determine a Focus Area

Figurell: Dimbokro Street, Otjomuiseé\Windhoek, Namibia

We spent the first week in Otjomuise making observations about the existing
rainwater damageThe street of focum Otjomuiselies between two hillsas can be seen
in Figure 11 The hills that surround the street capeeerful aml dangerous runoff
currents to fornwhen itrains After only fifteen minutes, the soil becomes saturated and
streams of water begin to form causdeep channels in the ground as shown in Figure
12. By way of such channels, water flows into the strié@bds housesandposes a
safety hazardl especiallyfor children.We alsospoke withresidents of the community to
pinpoint major problems and to obtain more information about the rainwater damage.

This interaction with the residents helped to introdueepiioject team to the community

Figurel2: Example of stormwater damage in Otjomuise
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and to inform them of the project goals and objectives.

During one of the first visits to Otjomuise, the project team experienced rainwater
damage first hand by observing erosion and flooding during a rainsidrenteam
documented existing rainwater control methods including ditches, vegetation, stones and
the use of tiresBy observing the damage directlye were able talearly understand the

magnitude of the problem.

3.3.2 Mapping Activity

After conducting initial valkthroughs, we began to assess the layout of
Otjomuise. Prior to visiting the community, we obtained maps of Otjomuise from the
Namibia Housing Action Grouthatshowed all of the houses, savings groaft#ude
and contour lines of the region. We madgies of smallemaps, whichdisplayedhe
entirecommunity. We also made copies of larger, more detailed,mduich were
broken down into the four savings growgour specific area ddtjomuise.

When we arrived on site, we split up into three tetonsot the runoff flow
patterns and existing vegetationthe settlementEach team was assigned a portion of
the community to assess and highlight channels, areas of particularly bad erosion, and
vegetation. While we plotted our own observations, vke@sommunity members for
their input as well. They showed us areas where flooding occurred most frequently and
described the runoff flow patternslsing the information they provided,wse
highlighted additionaproblem areas oour maps where necesgar

After each teanmadassesseits sections, we compiled all of ouraps. We then
transferredur observations onto the larger, more detailed maps for comparison and

discussion.Each team presentdd findings to the rest of the group, pointing out
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paricularly important areas of interesthis step hiped us determine our main am@a

focus discussed later in this section.

3.4 Determining the Availability of Suitable Construction  Materials

After we completed our assessment of Otjomuise, we procéedeterminghe
materialsneededor our projecd based on the systems at the HRD@&hd their
availability in and around WindhoelBefore acquiring materials from other sources and
finding transportation for thesmaterialswe identified availald materigs within the
settlement with the help of community membexext, we visited th&rosdumping site
to look for free scrap material and contacted the Shack Dwellers Federation of Namibia
to discusghe availability of tools for constructionWe then poceeded to visit several
tire supplierdo see if they would be able to provide free tires to be used in the
construction of erosion control structures. We purchased tools at a hardware store in
Windhoek initially to start the projecLater, we were abl® locate available tools in the

community.

3.5 Implementation

After we obtained our materials, we began implementing our erosion control
systems.The firststep was to select the locatismhere these systems would be
constructed Next was to create adign plan fothe regiorof interest and presetite
planto the community and our sponsoi/e thendiscussed possible revisionsator
design plan andevisedit accordingly. After oursponsors and the community approved

our design plajwe begarto huild several different types of erosion control methods.
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3.5.1 Selection of Example Implementation Area

After reviewing and discussing the erosion pattern maps, we deteraneadain
areaof interest taapplyour erosion control methods and rainwatawvkating systems.
We found many ages that require attention in Otjomuigeit due to theconstraintsye
selected one initial regiaio focus on with the hopdat the community members
themselves could expand ouar project to other parts of the comnityn We wanted to
thoroughly omplete one systeto serve as an example for the commuaityg to
demonstrate several differgmssible method®r erosionand runoff contral Based on
initial observations that were made and the number of houses edpaahis runoff, we
selected a smaller aredthe community to focus orA total of ten homes experienced
flooding and erosion problems due to the runoff in this particular diea following

map displays the selected area of interest for implemeotingtructures.
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3.6 Visual Aids for Sustainability

The language barri¢hat existeetween the project team and community
membersneantthat nonformal education methods were utilized extengive order to
effectively communicate with community members. Such methods irtttbde
aforementioned mappingxercisesposters, pamphlets, demonstratigpresentations,
and models. Visuals such as themgenecessary because they ofigan effectve way
of communicating without needirgpoken language All visual aids used for this project

can be found in the appendices of this report.

This chapter discussed the individual steps we took in order to ensure the success
of our erosion and runotfontrol system.The first part in completing our project was to
establish a solid relationship with the community and create a group of community
members to participate in implementing the erosion contealsures After we
accomplished this, we workedth both the community and with several estpeéo help
plan and developppropriate desigrfor Otjomuise based on the needs of the peapte
specific situations We thenlocatedavailable materials and tools in the Windhoek area to
be used in constrting systems The following chapter will discugbe specific designs
that were chosen, how they were buhlie materials and tools we used, and all

observations of our system.
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4 Results and Analysis

The purpose of our project was to have community neesnwork alongside the
project team in order to design and build structures and systems that prevent erosion and
flooding and, where applicablese the rainwater to support gardehsorder to do this,
the team first created an information packet cobephath pictures and descriptions of
various methods that could be used to help with these probeex, the community
selectedhe methods to be used in the area of focus in the community and decided where
to place them This area would be used asentbnstration for the rest of the community.
After obtaining the necessary materials for these projects, community members and
project team members worked with one another to build the structlinesughout the
construction, we involved community membédtging the design and implementation

process and informed them of what they could do to help.

4.1 Identifying Erosion Control Methods with the Community

The following section describes the results of the erosion control methods
developed by the community atite project team. In order to communicate our ideas for
erosion control, we provided our community leader with a laminated information packet,
demonstrating the various types of systems we thought would be appropriate to
implement. The packet includedlored photographs of a single layer tire diversion
system, a tire wall, a gabion, and a rooftop rainwater harvesting system. Each method
was presented with a brief explanation of how the system works. We brought this packet
to Edlagh, the community lead to present to the community. We also proposed that the
community use vegetation as a method for controlling erosion. After presenting these

ideas, we discussed the concepts with the community to get their feedback. We then
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alteredour methods basemzh the input of the community and created our design plan
accordingly. The presented methods and the role of the communéyeioding these

methodsare discussed below.

4.1.1 Using Vegetation for Erosion Control

Vegetation was one suggested method preseotde® community to help absorb
and slow rainwater runoff. For our project in Otjomuise, we proposed that the
community plant vegetation to stabilize the soil and decrease the amount of erosion in the
area. When we made this suggestion, community menaipgroved the idea. In fact,
many community members expressed great interest in planting vegetatiprothates
food and in growing gardeng\ list of community membersiterested in participating in
growing trees can be found in TableThe house mmber, or erf number, for each of the
community members can also be found in the table bélbw trees that they requested
include orange, fig, grape, banana, lemon, apple, guava, mango and palm trees. Other
members were interested in growing onions,anatlon, rice, tomatoes, sugar cane, and
flowers. Their only concern with growing these trees and gardens was the cost to
purchase all of the plant€onsidering thiswe agreed to help them find vegetationrat a
affordableprice. This step was crucir both the completion of our project in
Otjomuise and the success of future projects in other communities.

Table 1: Community Members Interested in Trees

Name Erf No. Name Erf. No.
Sem 2851B Edlagh 2846A
Uutako 2850B Monica 2844B
Vilho 2855B Florence 2844C
Lena 2850A Clinstofin 2846B
Bertha 2851A Penelesig 2847B
Simon 2852 Isabella 2857C
Loine 2853B Neftaline 2844A
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4.1.2 Incorporating Tire Walls and Walkways

Another proposed method for diverting, slowing, and dispersing runoff water to
prevent eosion was tareate structures using tireAfter sharing our proposed tire wall
and walkway designsvhich can be seen in Figures 14 andvilifh the community using
the information packet we created, we were able to speak with individual community
memters who lived in areas we thought would benefit most from the implementation of
these structuresAfter we clarified that our project is not the same erosion control project
completed in 200@he community expressed interest in our ideas and atiratalr

proposed tire methods would be beneficial to controlling erosion in Otjomuise.

Figurel4: Proposed tire wall design
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Figurel5: Proposed tire walkway design
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Individuals in the community had no objens to our design plan and
encouraged implementation of the appropriate erosion control methods where we were
suggesting them to be used. At the top of hill, wheresgstem began, the homeowner
of erf 2846B reviewed our methods packet and suggestethplement a tire walkway
through part of her yard to help slow runoff where the problem started. The residents of
erf 2845C also expressed interest in implementing a tire wall and an individual tire

diversion system running through their plot of landttBhomeowners agreed to




contribute and help construct the structures when we began installing them. The
participation of the community members in the design, decisiaking, and

implementation processes was essential to the progression of the project.

4.1.3 Use of Gabions

Our final proposed method for controlling erosion was the use of gabions to slow
large volumes of water moving rapidly across the surface kodeneral, the community
responded well to the concept of this methomvever, when weiscussed the necessity
of wire for construction, we found that purchasing this material is expensive. Creating a
system that required material that the community members could not afford would not be
reasonablegs it would not lead to sustainable prégecOur project emphasized the
importance ofeplicabilityin other communities, thus making cagprimarycriterion
Considering costgabions were determined to be an inappropriate solution for this

community and similar communities in the Windhoe&aar

4.2  Availability of Materials

After we completed our assessment of Otjomuise, we proceeded to determine
available materials for our project. We used several methods to obtain these materials,
which included discussions with organizations and tmmunity, and various material
site visits. In Otjomuise, we held discussions with the community involving the
availability of materials within tharea that could be uséar erosion control and
rainwater harvesting measures. In addition to this, weedishe Eros landfill site with
Dr. Andreas Wienecke from the HRDC to look for free scrap matandwe contacted

the SDFN to discuss the availability of vegetation, specifically trees, for erosion control.




4.2.1 Locally Available Building Materials

After speaking with members of the community and surveying the area, we were
able to identify readily available materials. The most prevalent material observed in all
areas of the community was rocks. Taedon which Otjomuise was built is covered on
the il surface and subsurface with rocks of all sizes. The obvious impact rocks have on
erosion control can be seen immediateigcethey are currently used as a method to
decrease the velocity of runoff water as it flows down the hillside. Each of thedse
we proposed for our project involves rocks in either the construction of the structure or as
a means of erosion control. Rocks by themselves ardreesand available everywhere,
making them an ideal material for our project.

Another important matial that is readily available is the vegetationnd on the
hillside thatsurrounds the end of Dimbokro Street. It was suggested by Ibo Zimmerman
of the Polytechnic of Namibia that we remove some of the unwanted vegetation with a
sickle or scythe. Haoted that it was important not to simply pull the roots out of the
soil, as this would cause the soil to become unstable. After removing the vegetation, it
could then be used as organic matter in mulch trenches and pits. It is important for
organic mateal to be added to the trenches to improve the quality of the soil and
encourage the growth of vegetation surrounding the entrenched area.

Some materials we observed in the community, such as wire, were used as
building materials for houses and other aggilons. The use of such materials for
erosion control structures became a concern when we learned their prices and
availability. We found several community members who used wire for building fences,
but the wire obtained for fences is expensive angetbee unavailable for our purposes.
Sheets of corrugated iron are normally used for rooftops within Otjomuise and other

settlements, and our group wanted to use this as a possible material for gutters in a




rooftop rainwater harvesting system. Duringta sisit, Professor Ibo Zimmerman
suggested a different method for controlling rooftop rainwater due to the cost of the
roofing material and the availability and effectiveness of readily available materials such
as rocks.Professor Zimmerman suggesfadcinglarge rocksapproximately fifteen
centimeters in diametemnder the rooftops of the houses so that they would absorb the
energy of the falling rooftop wateihis would also slow the flow of rooftop water once

it reached the ground.

4.2.2 Visitto Eros Landfill Ste

Our main contact at the HRDC, Dr. Andreas Wienecke, informed our group that
the Eros landfill site in Windhoek was a possible source fordost material. Andreas
and his associate Mawisa took our group to Eros to see what materialsoeould
available. It was apparent that bricks and other construction debris were prevalent in the
dumping site. Employees of the dumping site offered cleaned brick for sale for fifty
Namibian cents and forty cents for slightly lower quality bricks. Dr.n&t&e explained
that the lowpriced bricks would be the best financial decision. The time commitment
involved in making bricks (three to four weeks to allow the material to set properly) does
not outweigh the immediate availability of pmeade bricks. Oucurrent methods do not
involve the use of bricks, but they provide tt@mmunitywith another material to use in
applying future systendsgabions, wallsandenergy absorbing material for rooftop
rainwater.

The material we were most interested in, arditfain purpose for our visit to
Eros, was pipes of various sizes and lengths. We took a few measurements and found a
selection othirteen centimetesindeighteen centimetautside diameter concrete pipes.
The pipes were of various lengths, but the waajority measured slightly more than one

meter and could be cut to size using an angle grinder. The pipes could be taken from the




dumping site free of cost and delivered to the desired location in Otjomuise. Our contacts
at the HRDC assured us that #herould be no problems in obtaining the pipes and
transporting them out to Otjomuise. After assessing the possibility of using pipes to
control erosion in Otjomuise, it was decided that focusing water into small areas, such as
pipe diameters, would cregteoblems due to the large volumes of water that would be
produced. We have learned in our project that large volumes of water, moving at high
velocity cancause major damage. In order to avoid this decided against usingpes

to control erosion.

4.2.3 Trees and Plants

Throughout informal discussions held with the residents of Dimbokro Street, it
became clear that trees were of great interest to the majority of the people. In addition to
providing a form of erosion control, trees may be able to bedy thus supplying the
community with a supplemental food sourde.addition the trees could provide shade
during the hot, sunny days. Community members explained thabDtR Bad attempted
to encourage the incorporation of trees into the settlememtgkiyng a number of trees
available for purchase, but that this system was thought to be too expensive by the
residents. After clarification from one
Polytechnic of Namibia, we discovered that this wastine caseand that trees and
plants may be acquired at a relatively low cost from the National Directorate of Forestry
in Okahandja.

Professor Gold took two members of our team on a trip to the Directorate of
Forestry to obtain saplings and seedlinggtiercommunity.The intention of this trip
was to acquire as many plants and trees as possible for the community of Otjomuise for
the purposes of gardening and erosion control. @powal, we were given a tour of the

available plants. After familiarimg ourselves with the plants, we chose plants that

of



would be useful to the communitythese plants included four fruit tree species and five
indigenous treesWe obtained between five and ten trees of each kind for a cost of five
Namibian dollars for th&uit trees and eight dollars for the indigenous trees. A total of
three hundred and fifty dollars was spenfitiy -five trees.
After making our purchase, we created a system for the community members to
order their trees through their community lead&H of the plants were giveto Edlagh
to sell to the othemembers of the community. In order to simplify the situation, the
plants were sold for ten Namibian dollars apiece. Once Edlagh had received three
hundred and fifty dollars from the sale béttreesthe money was returned to Professor
Gold in order to ensure the sustainability of the program. Anything sold after the initial
goal of three hundred and fifty dollars was kept by Edlagh as an incentive for selling the
trees. This tree programqvided a simple, inexpensive way for the community to obtain
trees that could be used in conjunction with the implemented erosion control systems.
The only challenge presented by this system is that it is important to sell the trees
communitywide, and nojust in onespecificarea. In order to be sure of this, t#ré
numbers of those who bought plants were colleced the community leader was
encouraged to go to households that have not yet purchased anything to try to sell

additional trees.

4.2.4 Other Sources of Materials

In addition to visiting local landfills and organizations that have previously
completed similar projects, the team also contacted businesses for free or inexpensive
materials. By using a local phone book, we compiled a list of [pjessompanies from
which we could obtain building materials such as tires, wire, and pipes. The HRDC also

gave us various contacts for wire and tire providers within the municipality.




Our group made a trip to visit tire retailéosdetermine their willigness to
donate old, discarded tires that would otherwise be sent to a dumping site. It was
apparent from the first visit that tires would not be difficult to obtain. Due to the costs
associated with dumping tires, the companies we visited were moreithiag to hand
over their old tires for our project. We visited three companiesaadgedo pick the
tires up in aruck. TheNamibian Housing Action Group provided the truck and driver
We collected thirtyeight tires from Continental and thiffive tires from Tiger Tyre &
Wheel . The truckés bed was filled to capaci

and we decided to deliver the sevetityeetires we had to Otjomuise.

4.2.5 Materials Storage Areas

Just as important as obtaining cbsie and inexpensive materials is the need to store
the materials in the community until they are needed. While speaking with members of
the community, we discussed the issue of storing materials that were to be dropped off by
various contributors. The commiwinformed us that soil and other materials that
would be used immediately for a building project could be stored at the top of Dimbokro
Street next to the toilets to allow for closer and easier access to houses. For excess or
large materials, thengasan areaet asiddor storage next tore2846A, accessible via
Kitchener Street. This locatios ideal because it is easily accessibterucksand it
keeps cumbersome materials off the stilegtcould otherwise present a hazard to
children.

One ofthe most important goals for our project was to keep the price of materials
as low as possible to make it easier for the community to obtamftnduture
implementation and sustainability. Choosing localigilablematerials, such as rocks
and vegetidon, and receiving donated materials such as tires andjawéthe project a

better chance of succeeding in the future and spreading to other communities. In the next




section, we will begin to discuss how these materials are used to construct ithe eros

control systems used in Otjomuise.

4.3 Prototype Erosion Control Structures

After we obtained all materials needed to complete the erosion control structures,
it was time to organize the community and begin building. f@hetypes of erosion
control mehodsdeployed as examples in a section of Otjomuise were the mulch pit, the
tire wall andspillway systemand the half tire walkwayThese systems were built on a

hillside area that was prone to extensive erosion damage and flooding.

4.3.1 Mulch Pit

We deided tobuild the mulch pit and accompanying tire wall firgs we had
adequate tools and materials for this task. Mulch pits are made to enrich the soil and
make it suitable for plant growtlnd thus encourage the incorporation of vegetation into
theerosio prone areas in the communit@riginally, our system tried to collect all of
the runoffstorm watelanddirectit into one large channel. We realized, however, that
collecting large amounts of water and channeling it into one area would cajese lar
flowing volumes ofwater, whichwould inevitably cause damage to the area where we
channeled the water. Using multiple mulch pits down a hillside allows for some of the
water to be absorbed into theil, whichlessens the impact of the water at tb&dm of
the hill.

To buildthemulch pit, we, along with members from the commurbggan
digging a large trench. After completing the initi@nch,we explained how to fill a
mulch pit with appropriate materials. This explanation was intended te thalsystem
more replicable for the community membeme trench washen filled twothirdsfull

with hard vegetation and sticks such as tree trimmobggined from the end of




Dimbokro Street Next, the trench was topped with manure and §oin Gamnams
Water Care Work#o provide nutrients for the soil. Seeds and plaatge sown in this

top layer. Figurd6 shows the multiple layers of the mulch pit.

Figurel6: Layers of themulch pit

As this was our first stem,comnunity involvement wasitially very limited.
After seeing the work we were doing people became more enthusiastic and eventually
came to help us throughout trest of thebuilding processThe first completed mulch pit

can be seen in Figutd.

Figurel7: Completedmulch pit

The mulch pit was made in conjunction with a tire wall and spillway system to
maximize both erosion control and plant growdris tire wall and spillway are

discussed in the next section.
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4.3.2 Tire Wall with Spillway

As there was a suddehange in elevation where we built the mulch pit, we
decided that a tire wadind spillwaysurrounding the mulch pit would be an efficient
system thatouldboth slowwater down and support the developmentrabke soil for
planting.A spillway is used talivert water into the mulchit and hen allows excess
water an outlet tlow down the hill into other system$Spillways can be used as
alternative to a rooftop collection system because the materials involvedtingeea
rooftop system are expensive and difficult to acquire.

First,we built thespillway, whichconsisted of two layers of tires with a gap in
betweerthetwo tires in thetop layerin order to allow water tpass througlthe gap
during times of interesrainfall In thissystemthe watemvould first flow into the mulch
pit. When the mulch pit bamesaturated, the wateromld then flow through the
spillway. We built additionagrosion controsystems down the hillside to slow the water
thatwould pass through the spillway. An example of a spillway system can be seen in

Figurel8 and the completed spillway is shown in Figlige

Figurel8: Example of awo-layertire spillway
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Figurel9: Completed spillway ystem

Extendingsidewaydrom the spillway was a twitayer tire wall. First, the
community members dug into the side of the hill to form a flat space for the first layer of
tires. Next, tires of the same size (205 mm) weregaldlush to one another in a long
row around the mulch pit. The tires were then filled with rocks to keep them in place.
The children of the settlement collected large and small rocks ali@elo this theyilled
the insides oéxtra tireswith rocksand smaller stones and rolled them up the hillside
After the first layer of tires was filled with stones and soil, community members filled in
the back of the first tire layer to prepare for the second layer. The second layer of tires
did not sit diredy on the first layer of tires but was set farther back into the hill, creating
a step like structure. Thadesignenablewvegetation to be planted inside the tires. The
tires were also placed on top of each other off center so that watdiseep thragh the
cracks betweethetires. Theconstruction of thdirst tire wall that was cmpletedcan be

seen in Figure20-22 below.
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