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Abstract  
 

The settlements in Windhoek, Namibia are plagued by erosion problems resulting 

from severe rainstorms and inefficient use 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 purposes.  Working 

with community members we constructed several structures that served as replicable 

demonstrations for residents of Otjomuise and surrounding settlements.  By working 

alongside the community we helped mobilize an effort toward erosion control and 

prevention and effectively improved the sustainability of future projects. 



 
iv 

 Acknowledgements  
 

We would like to thank the following people for their contributions to the project: 

 

Our sponsors, Professor Jane Gold of the Polytechnic of Namibia and Ms. Anna Müller 

of the Namibian Housing Action Group; 

 

Our advisors, Professor Creighton Peet and Professor Reinhold Ludwig from Worcester 

Polytechnic Institute; 

 

A special thanks to Laudika Kandjinga and Andreas Shigwedha from the Polytechnic of 

Namibia; 

 

Professor Ibo Zimmerman and Professor Collert Moyo from the Polytechnic of Namibia; 

 

The transportation staff at the Polytechnic of Namibia; 

 

The Namibia Housing Action Group and a special thanks to David Shikoyeni; 

 

The Shack Dwellerôs Federation of Namibia;  

 

A special thanks to Sammi of the Shack Dwellerôs Federation of Namibia; 

 

A special thanks to Edlagh Ujava of Otjomuise; 

 

Dr. Andreas Wienecke and the staff at the Habitat Research and Development Centre; 

 

A special thanks to Andrea Saldanha of the Namibia Nature Foundation; 

 

A very special thanks to the community of Otjomuise 



 
v 

Authorship  
 

1. Executive Summary written by Marissa Gray 

2. Introduction written by all Marissa Gray, Jennifer Keating, Jocelyn Moody, and 

Daniel Swan 

3. Background written by Marissa Gray, Jennifer Keating, Jocelyn Moody, and 

Daniel Swan 

4. Methodology written by Marissa Gray, Jennifer Keating, Jocelyn Moody, and 

Daniel Swan 

5. Results written by Marissa Gray, Jennifer Keating, Jocelyn Moody, and Daniel 

Swan 

6. Conclusions and Recommendations written by Marissa Gray, Jennifer Keating, 

Jocelyn Moody and Daniel Swan 

7. Glossary of Terms written by Marissa Gray and Jennifer Keating 

8. Appendix A written by Marissa Gray 

9. Appendix C made by Jennifer Keating 

10. Appendix D made by Jennifer Keating 

11. Appendix E made by Jennifer Keating 

12. Appendix F  made by Jennifer Keating 

13. Appendix G made by Jennifer Keating 

14. Appendix H made by Jennifer Keating 

15. Appendix I made by Jennifer Keating and Daniel Swan 

16. Appendix J made by Jennifer Keating 

17. Appendix K made by Marissa Gray 



 
vi 

 

Table of Contents 
 

Table of Contents ............................................................................................................... vi  

Abstract .............................................................................................................................. iii  
Acknowledgements ............................................................................................................ iv 
Authorship........................................................................................................................... v 
Table of Contentséééééééééééééééééééééééééééévi 

List of Figures .................................................................................................................... ix 
List of Tables ..................................................................................................................... ix 
Executive Summary ............................................................................................................ x 
1 Introduction ...................................................................................................................... 1 
2 Background ...................................................................................................................... 3 

2.1  Informal and Formal Settlements ......................................................................... 3 

2.1.1  Settlement Formation .................................................................................... 3 

2.1.2 Life within the Settlements ........................................................................... 4 
2.1.3 Namibian Settlement Formation ................................................................... 6 

2.1.4 Life within the Settlements of Namibia ........................................................ 7 
2.2 Sustainable Development Projects ....................................................................... 9 

2.2.1 Making Projects Sustainable ......................................................................... 9 
2.2.2 Settlement Response to Previously Completed Projects ............................ 10 

2.3      Community Approach Methods ......................................................................... 11 

2.3.1  Community Development ........................................................................... 11 
2.3.2      Integrated Rural Development .................................................................... 12 

2.3.3  Rapid Rural Appraisal................................................................................. 13 
2.3.4  Participatory Rural Appraisal ..................................................................... 14 

2.3.5  Participatory Action Research .................................................................... 14 
2.3.6  Policy Analysis for Participatory Poverty Alleviation................................ 16 

2.4 Soil Erosion Control ........................................................................................... 17 
2.4.1  Rooftop Rainwater Harvesting ................................................................... 18 
2.4.2  Runoff Rainwater Harvesting ..................................................................... 19 

2.4.3  Gabions ....................................................................................................... 20 
2.4.4 Tires ............................................................................................................ 22 

2.4.5 Vegetation ................................................................................................... 23 
2.5 Gardening ........................................................................................................... 25 

2.5.1  Climate and Weather.................................................................................. 25 
2.5.2  Soil ............................................................................................................. 26 

2.5.3  Subsistence Farming and Ways to Improve Soil Quality .......................... 27 
3 Methodology .................................................................................................................. 29 

3.1      Effective Community Mobilizing Methods ....................................................... 29 
3.1.1       Establishing Trust within the Community ................................................. 30 
3.1.2       Formation of a Dedicated Committee for Community Mobilization ........ 31 

3.2      Acquiring Professional Consultation on Technical Problems ........................... 33 
3.2.1       Obtaining Information Regarding Existing Community Development                   

Strategies ................................................................................................................... 33 
3.2.2       Establish Contacts at the HRDC ................................................................ 34 
3.2.3       Establish Professional Contacts for Technical Expertise ........................... 34 



 
vii  

3.3      Assessing Primary Needs within the Community ............................................. 35 
3.3.1       Surveying the Effects of Local Rainfall to Determine a Focus Area ........ 36 

3.3.2       Mapping Activity ....................................................................................... 37 
3.4      Determining the Availability of Suitable Construction Materials ..................... 38 

3.5      Implementation .................................................................................................. 38 
3.5.1       Selection of Example Implementation Area .............................................. 39 

3.6      Visual Aids for Sustainability ............................................................................ 40 
4 Results and Analysis ...................................................................................................... 41 

4.1 Identifying Erosion Control Methods with the Community .............................. 41 

4.1.1 Using Vegetation for Erosion Control ........................................................ 42 
4.1.2 Incorporating Tire Walls and Walkways ...................................................... 2 
4.1.3 Use of Gabions .............................................................................................. 3 

4.2 Availability of Materials ...................................................................................... 3 
4.2.1 Locally Available Building Materials ........................................................... 4 

4.2.2 Visit to Eros Landfill Site ............................................................................. 5 
4.2.3 Trees and Plants ............................................................................................ 6 

4.2.4 Other Sources of Materials ........................................................................... 7 
4.2.5 Materials Storage Areas ................................................................................ 8 

4.3 Prototype Erosion Control Structures .................................................................. 9 
4.3.1 Mulch Pit ....................................................................................................... 9 

4.3.2 Tire Wall with Spillway .............................................................................. 11 
4.3.3 Half Tire Walkway ..................................................................................... 14 

4.3.4 Identify Locations for Further Erosion Control Work ................................ 16 
4.4 Effectiveness of Communication Strategies and Methods ................................. 16 

4.4.1 Communicating the Purpose of the Project ................................................ 16 

4.4.2 Encouraging Project Expansion .................................................................. 18 
4.4.3 Communicating Problem Solving Techniques ........................................... 19 

4.5 Effectiveness of PAR Approach to Solving Community Problems ................... 21 
5 Conclusions and Recommendations .............................................................................. 23 

5.1 Economical Erosion Control Systems ................................................................ 23 
5.1.1 Utilizing Natural Resources ........................................................................ 23 

5.1.2 Using Free Materials ................................................................................... 23 
5.2 Necessity of Expert Opinion .............................................................................. 23 

5.2.1 Technical Aspects of the Project ................................................................. 24 

5.2.2 Community Mobilization ............................................................................ 24 
5.3 Successful Participatory Action Research.......................................................... 24 

5.4 Recommendations .............................................................................................. 25 
5.4.1 Recommendations for the Community of Otjomuise ................................. 25 

5.4.2 Recommendations for the Department of Land Management .................... 26 
5.4.3 Recommendations for the Namibia Housing Action Group ....................... 26 
5.4.4 Recommendations for the Shack Dwellerôs Federation of Namibia .......... 27 

5.4.5 Recommendations for Future WPI Project Teams ..................................... 28 
References ......................................................................................................................... 30 
Glossary of Terms ............................................................................................................. 36 

Namibian to English ................................................................................................. 36 

English to Namibian ................................................................................................. 36 
Appendices ........................................................................................................................ 37 

Appendix A: Namibia Housing Action Group and Polytechnic of Namibia Department 

of Land Management .................................................................................................... 37 
Appendix B: Explanation of the Köppen-Geiger Climate Classification System ........ 42 



 
viii  

Appendix C: Plant Sign Up List ................................................................................... 50 
Appendix D: Methods Visual Aid ................................................................................ 51 

Appendix E: Importance of Stormwater Management Pamphlet ................................. 55 
Appendix F: How to Build a Tire Wall Pamphlet ........................................................ 57 

Appendix G: How to Build a Tire Walkway Pamphlet ................................................ 58 
Appendix H: How to Build a Mulch Pit Pamphlet ....................................................... 59 

    Appendix I: Design Plan for Otjomuise........................................................................ 60 
Appendix J: Plants Available for Sale .......................................................................... 61 
Appendix K: Plant Care Booklet .................................................................................. 64 

 



 
ix 

 

List of Figures  
 

Figure 1: The Hakahana Settlement in Windhoek, Namibia .............................................. 4 
Figure 2: A home in Hakahana undergoing the formalization process .............................. 5 
Figure 3: Sunset over Dimbokro Street and Kitchner Street, Otjomuise, Namibia ............ 8 

Figure 4: Rooftop rainwater harvesting illustration .......................................................... 18 
Figure 5: Runoff rainwater harvesting flow analysis ........................................................ 20 
Figure 6: Gabion constructed at the HRDC in Katutura, Windhoek, Namibia ................ 21 
Figure 7: Tire wall used at the HRDC in Katutura, Windhoek, Namibia ......................... 22 
Figure 8: Köppen-Geiger Climate Classification (Kottek et al., 2006) ............................ 26 

Figure 9: Residents of Dimbokro Street interacting with the project team ...................... 31 
Figure 10: Residents of Dimbokro Street attending a community meeting...................... 32 
Figure 11: Dimbokro Street, Otjomuise, Windhoek, Namibia ......................................... 36 

Figure 12: Example of stormwater damage in Otjomuise ................................................ 36 
Figure 13: Implementation Map ....................................................................................... 39 
Figure 14: Proposed tire wall design .................................................................................. 2 
Figure 15: Proposed tire walkway design ........................................................................... 2 

Figure 16: Layers of the mulch pit .................................................................................... 10 
Figure 17: Completed mulch pit ....................................................................................... 10 

Figure 18: Example of a two layer tire spillway ............................................................... 11 
Figure 19: Completed spillway system ............................................................................. 12 
Figure 20: Placing the first row of the tire wall ................................................................ 13 

Figure 21: Filling the tires with stones ............................................................................. 13 
Figure 22: First completed tire wall .................................................................................. 13 

Figure 23: Digging for the half tire walkway ................................................................... 14 
Figure 24: Design Pattern of the half tire walkway .......................................................... 15 

Figure 25: Completed half tire walkway .......................................................................... 15 
 

 

 

List of Tables  
 

Table 1: Community Members Interested in Trees éééééééééééééé..43 

Table 2: Contact Information for Community Members éééééééééééé.59 

Table 3: Plant Purchase List ééééééééééééééééééééééé.61 

 

 

../AppData/Documents%20and%20Settings/Tracy/My%20Documents/RWH_Final_paper_5-17-08.docx#_Toc198950252


 
x 

 

Executive Summary  
 

Despite the fact that the average annual rainfall in Namibia is only 300 

millimeters, erosion is a significant problem.  In the 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 until late March.  Flooding of homes is a common occurrence, and 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 organizations that have attempted to 

solve problems within the settlements, such as this erosion problem, through the use of 

sustainable development projects.  Our project group, four students from Worcester 

Polytechnic Institute, has been asked by these two sponsor 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 

Dwellerôs Federation of Namibia (SDFN) have organized 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 assigned to work with four savings groups within the settlement of 

Otjomuise.  The work of these sponsoring organizations led us to use a community 

development strategy called Participatory Action Research to help us solve erosion 

problems.  Participatory Action Research 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 the project was formed to 

help the project team collect data within the community.  This committee asked 

community members to point out areas of high erosion and rainwater damage, to describe 

what types of damage may occur, and brainstorm possible solutions to these problems.  

We also conducted several informal walkthroughs within the community in order to 

establish trusting relationships with community members and to observe the erosion 

problems firsthand.  By taking into consideration the views of community members and 

the observations made by project team members, we chose an area of focus to implement 

erosion control solutions.  

The second step of the project was to generate and choose the designs of erosion 

control structures and systems to be built in the focus area.  After consulting a variety of 

experts, including 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 control methods that could be implemented in Otjomuise.  

Solutions such as gabions (rock walls) and tire walls were suggested because they are 

simple to construct and can be used to redirect and slow runoff water while encouraging 

absorption into the ground.  Vegetation was suggested because it can be used to reduce 

the effects of erosion and slow runoff water as the roots of plants help anchor the soil and 
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use the water for nourishment.  This packet was circulated throughout the community to 

allow community members to choose which methods to use and where to construct them. 

Once methods for the area were selected and design of the focus area was 

finalized, implementation of the erosion control systems began.  In our area of focus the 

community and team members constructed 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 rock, retrieved from the digging processes, beneath rooftops as a 

mode of minimizing the energy of impact, and thus velocity of flowing water.  We used 

these systems because they were simple to build, time efficient, and could be constructed 

with free or very inexpensive materials. 

 

Challenges 

 

 One of the major challenges we dealt with throughout this 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 and community 

meetings we were able to establish positive relationships with many community 

members.  During the early construction stages participation in the building process was 

somewhat minimal. Once 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 complete.  As a solution to this problem, we selected and built projects that could be 

completed within an hourôs time.  

 The final and most significant challenge we faced was the language barrier 

throughout the community.  Although many community members speak English as a 

second language, the primary languages spoken in Otjomuise are Otjiherero, Oshiwambo, 

Afrikaans, and Damara.  To help combat this issue our two Oshiwambo speaking 

teammates from the Polytechnic of Namibia often helped us by translating conversations. 

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 enabled project success. 

 

Sustainability 

 

 The project team took several steps to ensure the continuation of the 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 contained 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 given in both English and Oshiwambo.  

 To obtain materials for the fabrication of erosion control structures, we first asked 

for tire donations from several local tire suppliers.  Because of the high expense to 

dispose of tires at a city landfill these tire suppliers 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 contributor, donating soil and cutting the tires in half for 

our half tire walkways.  At the completion of our project, the community was left the 
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means to contact the HRDC and various tire suppliers so that they would still be able to 

receive the materials needed to build 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 of Forestry in Okahandja to buy trees for a modest price.  After we bought the 

trees, we organized a system in the community for obtaining and planting the trees.  All 

of the trees were stored at our community leaderôs home.  She was also provided with a 

sign up list of all the types of trees and the amount of each type available to enable 

community members to easily sign up for and pay for the trees.  This system 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 types of helpful vegetation for the community in 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 the following suggestions: 

 

¶ To the Namibia Housing Action Group; we recommend that a smaller area, such 

as one or two savings groups, be designated for sustainable development projects 

within the settlements of Windhoek.  In addition to this we recommend organized 

knowledge exchanges between savings groups throughout the Windhoek 

settlements as well as the distribution of the educational materials created by our 

team on erosion control structure completion.  

¶ To the Shack Dwellerôs Federation of Namibia; we recommend more 

participation in projects sponsored by the Namibia Housing Action Group.  We 

encourage the use of the SDFN Center in Hakahana as a mode of conveying 

information to other savings groups and communities.  We also recommend that 

that the educational materials created by our group be distributed to people living 

in other savings groups and settlement areas by the SDFN.  

¶ To future project teams; we recommend a thorough reading of the appendices in 

this project, frequent visits to the community with which you work, more 

dependence upon ideas generated by members of the community, and placing an 

emphasis on the importance of the residentsô ability to obtain their own materials.
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1 Introduction  
 

Rainfall in some southern African regions often occurs in erratic patterns 

throughout a brief rainy season.  During the rainy season, significant to very limited 

amounts of rainfall occurs, depending on the year.  One of the major issues communities 

located within these arid and semi-arid regions face is a lack of technology and resources 

to adequately control the amount of stormwater they collect and utilize depending on 

their needs and interests. 

 The informal and formal settlements of the capital city of Windhoek, Namibia, are 

greatly affected by the lack of efficient means to control and collect rainwater.  

Otjomuise is a formal settlement outside of Windhoek that can experience both water 

scarcity and flooding each year.  Although Windhoek receives an average annual rainfall 

of less than three hundred-fifty millim eters, this rain falls only in certain months of the 

year and can come in intense downpours.  As the soil in arid and semi-arid regions is not 

conducive to absorbing large amounts of water, excess runoff water may erode surface 

soil and cause flooding, especially 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 people living in Otjomuise have little money and time to spare to build 

erosion control systems, these systems must be easy to build, inexpensive, and easy to 

maintain.  

In the past, WPI students have completed several projects in Windhoekôs 

settlements addressing water management issues.  One project in particular developed a 

system of arranging old, discarded tires to help control erosion on hillsides during the 

rainy season in Otjomuise.  The rainwater which came into contact with the tires was 
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expelled away from the houses and directed downhill, but there is great potential for 

utilizing, not just diverting this rainwater.  It has also been found that, although the tires 

aided in redirecting water, they often created new erosion channels through the residentsô 

plots, which caused additional problems.  The Namibia Housing Action Group and the 

Habitat Research and Development Centre are two organizations that have worked with 

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

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

necessary skills to design and build their own erosion control systems.  

Although an erosion control project had been previously completed in Otjomuise, 

in the spring of 2008 there was still no system in place that utilized the redirected water.  

There are a variety of civil engineering solutions and methods that can be explored for 

use in Otjomuise.  Such methods could be designed and implemented with the 

communityôs help, to alleviate erosion problems and provide the community with 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 erosion control system that utilized a variety of different methods.  Using Participatory 

Action Research, we determined the needs of the community and gathered their ideas for 

controlling erosion.  By combining the ideas of community members with methods 

obtained from experts in the field, we designed a prototype erosion control system that 

was implemented in a neighborhood that affects a large number of households.  In an 

attempt to make this project sustainable, we educated the community members on how to 

design and construct such systems and also left them with the means to obtain the 

resources necessary to complete them.  It is our hope that these ideas will spread not only 

to other parts of Otjomuise, but also to the other settlements in Windhoek. 
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2 Background  
  

In order to understand the challenges of how to introduce sustainable erosion control 

and rainwater harvesting techniques in poor communities, such as those in Windhoek, 

Namibia, we will discuss informal and formal settlements, sustainable development 

projects, community approach methods, soil erosion control, and gardening in this 

chapter.  Understanding informal and formal settlements and their reaction to past 

projects helps establish the community aspects of the project while rainwater harvesting, 

erosion control, and gardening provide the basis for the technical portion of the project.  

2.1  Informal and Formal Settlements  
 

Informal settlements are typically low-income housing areas erected under 

conditions of informal or traditional land tenure (U.N. Habitat 2008).   These settlements, 

also known as squatter settlements or shantytowns, commonly emerge throughout the 

world in urban development areas as a result of rapid urbanization and economic struggle 

(Skuse & Cousins, 2007).  In many cases, significant 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 fails to address the needs of the population as a whole (Skuse & 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 

resulting from the abolishment of apartheid in 1990 created a need for housing which the 

government of South Africa could not immediately provide.   Communities in which the 
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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 have resulted 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 familiar in other areas of the world.  Several areas, such 

as Cairo, Egypt, Abidjan, Cote DôIvoire, and Nairobi, Kenya, are currently facing similar 

issues (El-Batran & Arendel, 2007; Yapi-Diahou, 1995; Alger, 1995).   

2.1.2 Life within the Settlements  
 

Figure 1: The Hakahana Settlement in Windhoek, Namibia 

Informal settlement areas are known for having an absence of infrastructure and 

services (Yapi-Diahou, 1995).  As shown above in Figure 1, they are generally 

characterized by a multitude of small, makeshift shelters built from locally available and 

minimally expensive materials and by considerable social problems.  Families living in 

such settlements are often overwhelmed by bleak economic conditions, usually due to the 

lack of availability of regular employment, especially jobs requiring skills.  In places 

such as Abidjan, Cote DôIvoire, although there are some jobs available which require 

prior training and education, the majority of settlement residents hold monotonous jobs 
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based off of unskilled labor.  In such situations, the 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 areas (Skuse& Cousins, 2007).  Despite the alleged equality which 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 search of work are unaware of the 

situation they will be presented with.  This continuous expansion, common worldwide, is 

the cause of the often-chaotic state of settlements. 

Several governments have taken the initiative to analyze the status of their 

countryôs informal settlements and have begun to address problems within them through 

settlement formalization and emphasis on sustainable development (Müller, 2006).  This 

formalization process is usually comprised of, allowing individual land ownership, 

followed by government installation of basic amenities such as toilets, taps, electricity, 

and streetlights.  Part of this process can be seen below in Figure 2.  The formation of 

educational, health, and other social services within reasonable proximity to the 

settlements is usually the last step of formalization.  The formalization of settlements is 

integral to the stabilization of countries worldwide which have suffered from similar 

economic and social struggle. 

 

 

 

 

 

 

Figure 2: A home in Hakahana undergoing the formalization process 
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2.1.3 Namibian Settlement Formation  
 
The settlements within the city of Windhoek, Namibia, were created during the 

apartheid system, which dominated the southwest African region for over forty years in 

the 20
th
 century.  Soon after Namibiaôs independence in 1990, the once informal 

settlements became designated as formal settlements in order to encourage the 

advancement of the quality of life within these communities.  This somewhat recent 

abolition of apartheid has resulted in a dramatic increase in settlement population and has 

left many residents in unfavorable economic situations.  Currently, these settlements are 

characterized by high levels of unemployment, low literacy and education levels, and an 

ever-growing population of children.   

The incorporation of Greenfield sites into the Windhoek settlement areas was a 

proposed solution to alleviate the crises of overpopulation and poverty that Windhoekôs 

settlements face (City of Windhoek, 2008).  A Greenfield site is a piece of undeveloped 

urban land designated by local authorities to accommodate a growing population.  In 

1991, the Windhoek City Council began a mission to accommodate as many migrants as 

possible by designating Greenfield sites for self-constructed housing.  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 place.  More than 4,399 

Greenfield sites have been developed for residents of Windhoek since 2000. 
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2.1.4 Life within the Settlements of Namibia  
  

Studies estimated that as of 2001 at least 26% of Windhoekôs urban populationð

a total of 60,000 peopleðwere living in informal and recently formalized settlement 

areas (City of Windhoek, 2008).  Due to internal migration trends, this percentage is 

expected to increase by 14% by the year 2016.  The largest group of informal settlements 

in Windhoek is located in a township created during the apartheid regime called Katutura.  

Katutura, which was named by its people, means ña place where we do not stayò.   

Access within these settlements to utilities like portable water and sewerage are generally 

very limited.   

Despite these adverse conditions, settlement residents have formed amiable 

relationships among themselves and often work vigorously for the betterment of the 

whole community (Labbe, McBride, & Ray, 2006).  The ongoing process of upgrading 

the settlement areas has resulted in the formation of many self-help and savings groups.  

These groups, associated with the Shack Dwellerôs Federation of Namibia (SDFN) and 

Namibia Housing Action Group (NHAG), reside in low-income communal areas.  The 

groups save collectively to purchase land in a large block as well as obtain certain 

amenities such as electricity. 
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2.1.4.1 Otjomuise 
 

Otjomuise, shown below in Figure 3, is a formal settlement that resulted from the 

constant expansion of locations such as Katutura and Khomasdal in Windhoek 

(Pendleton, 1993).  Both NHAG and the SDFN are groups dedicated to the positive 

advancement of these communities.  The land in Otjomuise was bought by the SDFN and 

NHAG from the municipality of Windhoek in 2004 as an area for urban development.  

Several permanent homes have been built which all have a kitchen, one bathroom, one 

bedroom, and space on their plot for home expansion.  Those that live on the land are 

members of savings groups, which, in 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 organizations.  These savings groups are a 

key aspect to the sustainability of all development that occurs within Otjomuise and all 

formal settlements in Namibia. 

Figure 3: Sunset over Dimbokro Street and Kitchner Street, Otjomuise, Namibia 
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2.2 Sustainable Development Projects  

Sustainable projects focus on achieving environmental preservation, economic 

prosperity, and social equality (USDA Forest Service, 2008).  They do so by developing 

practical solutions to problem solving throughout the world.  For countries like Namibia 

the creation of sustainable advancement methods is integral to the success of both short 

and long term community development.  Projects that work to benefit the community 

must be completed with as little outside aid as possible to be successful as well as 

replicable in other communities.  If sustainable development projects are encouraged 

throughout the country, the stability of Namibia may dramatically increase.   

2.2.1 Making Projects Sustainable  
 

The settlements in Namibia are located within semi-arid and arid regions, and as a 

result suffer the consequences of less fertile soil, sporadic rainfall patterns, and soil 

instability (Kottek et al., 2006; FAO, 1989).  These three characteristics lead to an 

erosion-prone topography.  By using practical solutions to problems that make use of 

readily available resources, sustainability is an achievable goal (USDA Forest Service, 

2008).  Available resources include those found in nature, those that are in excessive 

supply, and those that can be obtained at as little cost as possible.  In order for projects to 

be successfully sustainable, they must also be based on topics that the people benefitting 

from the project can understand and gain ownership of (Müller, 2000).  It is important to 

encourage the people to come up with their own solutions to problems so they feel as 

though they have had a significant effect on what has been done and have the desire to 

spread their knowledge.   
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2.2.2 Settlement Response to Previously Completed Projects  
 

Despite the negative impressions created by the governmentôs inability to manage 

them, many settlement areas have been able to form a strong sense of community and 

have the desire to better their 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 of local and national governments in order to receive increased aid 

(Skuse & Cousins, 2007).  In many cases, settlers actively resist the cityôs attempt at 

aiding the settlements formation because they see it as counterproductive to the 

promotion of communication within the newly formed communities.  In such cases, 

communities have held meetings to establish themselves as groups that are more formal 

and have even called for monetary contributions to their cause from all members of the 

community.    

Several governments have begun to address problems within their settlements 

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 as a whole.  One example of this is in Cairo, Egypt (Yapi-Diahou, 

1995).  Projects have been implemented in Cairoôs informal communities with the 

purpose of upgrading the settlements since as early as the 1970s.  These projects have 

attained various levels of success.  In cases where the government has encouraged 

participation by the local population, community members have typically been extremely 

enthusiastic, engaged, and glad to contribute.  However, there are often cases in which 

the government implements these projects in areas that present potential gain in either 

economic or political pursuits as a result of media attention.  It is cases such as these that 
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discourage settlers from participating in projects geared toward their aid, and, perhaps on 

a larger scale, hinder their ability to trust outsiders. 

In Namibia, several of Windhoekôs formal settlement areas, including Otjomuise, 

have worked on projects in the past that dealt problems such as the control of erosion 

(Labbe, McBride, & Nicholas, 2006).  In addition to these projects, both NHAG and 

SDFN are groups dedicated to the positive advancement of these communities.  Through 

the encouragement of effective communication with the residents of Otjomuise, 

sustainable development projects can be fostered to improve the living conditions and 

livelihoods of those who live in 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 used a variety of 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, Participatory 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 issues, understanding 

social, environmental, and economic impacts, as well as how to propose and carry 

through solutions to community problems.  Advocates must incorporate the many 



 
12 

interests and opinions of the diverse population in their community so that the majority of 

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 specifically on social relationships within the 

community and manipulates power balances between various sub-groups of the 

community to complete tasks and solve problems (Rafiq, 2008). Community 

Development would be an effective strategy to use to ensure that group members are 

cooperative and practicing good communication before another method is used to solve a 

specific problem. Community Development brings a community together to solve general 

problems, but for our project, we needed a method that focused on specific problems. 

2.3.2 Integrated Rural Development  
 

Another community development method that has often been used in developing 

nations is Integrated Rural Development (IRD).  IRD is an approach in which 

governmental departments attempt to work together to devise 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 the expert organization.  A well known 

example of IRD is the Ethiopian Case, which was in the 1970ôs and early 1980ôs.  In 

Ethiopia, researchers attempted to improve agriculture by implementing an intensive plan 

that included fixed prices for farm equipment, rural public 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 effects included land tenure issues and changes in 

local government patterns.  



 
13 

The community in which erosion control systems would be implemented would 

likely be more content with a system they helped create, rather than a system that is 

forced upon them.  Therefore, an approach in which the community makes most of the 

major decisions concerning the problem at hand was best for our project.  

2.3.3  Rapid Rural Appraisal  
 

Another community development strategy is Rapid Rural Appraisal (RRA).  RRA 

is a way to obtain 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 observation (Kachondham, 1992).  These teams are composed of experts and 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 and evaluate existing problems.  These researchers do not focus on proposing 

solutions or work with the community to produce solutions.  For example, a group of 

researchers in Papua New Guinea was investigating malnutrition with emphasis on health 

and agriculture.  The main problems they found were problems of seasonality, intra-

family food sufficiency, womenôs roles, and the importance of ñminor crops.ò  

Although features of RRA are appropriate for this erosion control project, RRA 

was not a sufficient method to practice for the erosion control project in Windhoek.  The 

goal of our project is to implement a solution for the communityôs water management 

problems and not to diagnose a problem as RRA is designed to do.  We must participate 

with the people in order to choose and implement 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 goals (Ford, 1989).  Development of rural communities can preserve natural 

resources and increase rural food production that will specifically support Africaôs large 

rural populations. Through this method, rural communities solve their sustainable 

development problems 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 

can manage 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 methods to display data as this is the 

most effective way to solicit participation from community members.  This development 

method seeks to create or increase the influence of Non-Governmental Organizations 

(NGOs), government agencies, and district or regional committees that 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 rural settings, it was not used in this project. 

2.3.5  Participatory Action Research  
 

Participatory Action Research (PAR) is 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 researchers leave (Nieuwenhuys, 1997).  PAR promotes independent thinking, uniting 

the community to actively solve its problem, and utilizing management based action 
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research.  An example of a PAR study was an attempt to help homeless children on the 

streets of Bombay find homes and ways to increase their income.  Using PAR, 

researchers discovered the childrenôs needs, balanced participation with mediation, and 

helped form a childrenôs agency.  Researchers worked with children to provide them with 

the skills they needed to transform their environment by using their own abilities.  

The study of children in Bombay referenced another study in Rwanda in which 

children collectively concluded that their most sought after resource was clothing 

(Nieuwenhuys, 1997).  Through the help of a facilitator, the children decided to sell 

charcoal at a market in order to generate income that would be used to purchase clothing.  

Also in Bombay, researchers utilized counseling methods with children to teach them 

how to assist their peers and plan ways for the children to interact with agencies and 

educators.  The research team helped to increase the childrenôs self-esteem by talking to 

them about human rights and strengthening their ability to help themselves.  Researchers 

also encouraged children to establish an organization that furthers their rights.  Not all 

interactions between children and researchers went as well as those discussed above. 

However, at the end of the study children began to leave their demeaning jobs to start 

their own businesses. 

PAR was used in this project to collect information on current erosion control and 

rainwater harvesting methods, gather peopleôs opinions on erosion control and rainwater 

harvesting, propose solutions, and create a group of community members who are 

devoted to the project.  One 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 during the erosion control project in the city of Windhoek, Namibia, municipal 

policies and laws that are different from those in rural areas must be considered.  Also, 

instead of dictating how to solve problems, PAR enables the community to become 
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involved in the decision making process.  The people must be content with the system to 

be implemented in order to be willing to invest in it.  Without their support, a successful 

and sustainable system would not be possible. 

2.3.6  Policy Analysis for Participatory Poverty Alleviation  
 

Policy Analysis for Participatory Poverty Alleviation (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, subsidies, and land management (Clark 

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 regional and national 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 conflicts, and suggest plans. These data would be available to district 

planners who can seek out development partners and create integrated databases to store 

the data. 

PAPPA was not appropriate for this erosion control and rainwater harvesting 

project because the community of interest, Otjomuise, already had the support of the 

SDFN and NHAG to promote community policies and work with the municipality 

towards their efforts.  Some aspects of PAPPA however, such as obtaining qualitative 

and quantitative data, were useful.  
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2.4 Soil Erosion Control  
 

One major problem faced by many places in the world today is soil erosion and 

the impact it has on our environment (Lang, 2006).  According to ecology Professor 

David Pimentel of Cornell University, other than population growth, soil erosion is the 

most crucial environmental issue we must consider today (Peopleôs Daily Online, 2002).  

In 2002, at the 12
th
 International Soil Conservation Organization (ISCO) Conference held 

in Beijing, representatives claimed that salinization, desertification, and erosion have led 

to damage on more than 65% of the earthôs surface soil.  Since then, this percentage has 

continued to increase.  This is significant because erosion is the result of water or wind 

redistributing particles of earth.  In areas where erosion is an apparent problem due 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 soil will eventually cause soil 

erosion.  The resulting eroded land then creates surface soil unfit for growing crops, 

which poses a huge threat when 99.7% of food consumed by humans comes from crops, 

either directly or indirectly. 

There are many methods to help control erosion; some of which include 

reforestation, hydroseeding, and contour plowing.  Although 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 environment.  The following section 

discusses a few other cost-effective methods that help control erosion in almost any 

environment or situations; they include rainwater harvesting, gabions, tire structures, and 

vegetation.  
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2.4.1  Rooftop Rainwater Harvesting  
 
When designing domestic rainwater harvesting catchment systems there are four 

main components that must be considered which include rooftops, gutters, down pipes, 

and storage units (Global Development Research Center, 2008).  When rain falls onto 

rooftops, the water is channeled down into gutters attached to the bottom of the roof and 

then flows into a downpipe.  An example of this system can be seen below in Figure 4.  

In some rainwater harvesting systems the initial rainwater flows through the down pipe 

and is discarded from the system to reduce the chances of collecting dirty, contaminated 

water.  After the initial rainfall, a valve in the down pipe is turned so that the rainwater is 

channeled into the storage tank. At the opening of the storage tank, small mesh netting is 

placed over the top to separate out large chunks of debris and eliminate mosquitoes.  If 

the water gathered from this system is to be used for doing laundry, flushing toilets or 

irrigation, no chemical treatment is required.  However, if the rainwater is used for 

drinking, careful treatment to remove contaminants and pathogens must occur.  

Figure 4: Rooftop rainwater harvesting illustration 

In locations such as Texas, rooftops are typically made of corrugated iron or 

aluminum (Krishna, 2005).  An ideal rooftop material is Galvalume, which is a metal 

consisting of 55% aluminum and 45% zinc alloy sheet metal.  Where materials are 

limited, tile, concrete, asphalt, or slate can be used.  The Global Development Research 
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Center emphasizes the importance of selecting a rooftop that does not have lead content 

in the roofing material, since it can be very harmful to human health.  Avoiding such 

contaminants is crucial and ensures that the rainwater remains clean and safe.  Similarly, 

when selecting gutters and down pipes, the material should be durable and lead free 

(Krishna, 2005).  The most successful systems use aluminum gutters and down pipes, 

which work effectively because aluminum does not rust.  Many other materials are 

equally functional and cheaper, but do not last as long as aluminum and require more 

frequent cleaning.  

 The most expensive part of implementing a rainwater system is the cost of the 

storage unit (Krishna, 2005).  Selecting a unit that will hold large volumes of water, in 

the event of a major rainstorm, can be difficult if materials are limited.  In Thailand, large 

jars made of concrete are used as storage units for rainwater.  In more developed 

countries, however, ferrocement or polyethylene tanks are used (Global Development 

Research Center, 2008).  Although these tanks may be better quality, they are also more 

expensive.  In places where such materials cannot be found or funding is not available, 

almost any large, closed container is sufficient.  The size of the tank depends on the 

rainfall patterns and the rooftop surface area. 

2.4.2  Runoff Rainwater Harvesting  
 

Another type of rainwater harvesting is based on the collection of water that flows 

across the ground (Global Development Research Center, 2008).  In places where the 

terrain is not flat, runoff water that flows over surface soil may be collected and utilized 

for productive purposes.  It 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 infiltrating the soil decreases.  Therefore, selecting a region with a 

steeper slope will increase the amount of water collected.  Shrubberies, trees, and other 
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vegetation are factors which should be taken into account when designing a surface 

rainwater collection system.  As the amount of vegetation increases, runoff volume 

decreases because the vegetation absorbs water and then releases it through a process 

called evapotranspiration.  Runoff water that flows downhill may be captured in a valley 

or a low point in the region which acts as a retention pond.  The water may then be 

pumped out of the storage pond and used for its intended purpose.  In addition, when 

using a system like this, it is crucial to remember that many contaminants come in contact 

with water that lies on the surface of the ground.  If the water is being used for drinking, 

then it must be filtered and then undergo rigorous chemical treatments.  An analysis of 

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

Figure 5: Runoff rainwater harvesting flow analysis 

2.4.3  Gabions 
  

 Dr. Andreas Wienecke (personal communication, March 12, 2008) the head 

researcher at the Habitat Research and Development Centre (HRDC), proposed to the 

project team that an effective means to control erosion and slow large volumes of flowing 

water is to use gabions.  Gabions are constructed by filling a wire frame with rocks, 

construction material, and debris (Coastal Engineering Research Center, 2007).  In a 

typical system, the wire frame is coated with PVC or galvanized for durability.  Ideally, 

the filler material should be smooth on the surface and have a high specific gravity.  This 

helps in eliminating deterioration of the wire frame.  When assembling a gabion, the wire 
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mesh should first be put into place.  The 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 system.  This will also aid in slowing the flow rate of the 

water and secure the stability of the gabions.  In areas where large volumes of water flow 

rapidly, several tiers of gabions are more appropriate.  As the water flows through each 

tier, the flow rate will gradually decrease.  The resulting exit flow will be a slower, more 

controlled stream, which can safely move into a desired area.  A gabion from the HRDC 

is shown below in Figure 6. 

Figure 6: Gabion constructed at the HRDC in Katutura, Windhoek, Namibia 

 Historically, gabions have been used for many years 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 issues.  Today they are still a 

common tool for controlling erosion.  Gabions have been used extensively throughout 

Europe this past century to stabilize soil.  Another recently completed erosion control 

project in South Africa, located along the coastline, also had success by using gabions to 

help eliminate further deterioration of the eroded coastline.  



 
22 

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 water (A. Wienecke, personal communication, March 12, 

2008).  Tires can be used individually to help control runoff in specific areas or they can 

also be layered on top of each other, forming a tire wall.  Individual tires can be placed 

anywhere to help divert runoff water.  The tire walls, however, work best in regions 

where there is a significant drop in elevation.  Building 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 soil. Over time, various grasses and other vegetation grow in the tire walls, 

which also help to absorb runoff stormwater.  Additionally, planting vegetation in the 

individual tires helps absorb the runoff water while stabilizing the surrounding soil.  An 

example of such a system can be seen below in Figure 7. 

Figure 7: Tire wall used at the HRDC in Katutura, Windhoek, Namibia 

Another benefit when using tires for erosion control is the cost and availability of 

tires.  Used tires are readily available in almost all parts of the world since appropriate 

disposal is difficult and often incurs a cost.  For 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 Management, 1995).  

Tires also take many years to break down and decompose.  For these reasons, many 
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landfills have banned tires due to their unsafe environmental impact.  In some countries 

such as the United States and England, these regulations must 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).  The 

regulations may be strict but are rarely enforced.  Utilizing used tires from these landfills 

and dumpsites for erosion control is a useful way to recycle a material that would 

otherwise be negatively impacting the environment.   

Using tire walls for erosion control has proven to be an effective method of 

controlling erosion.  Professor Hoenig from the University of Arizona discussed the 

success of implementing a tire wall and states that it has helped to prevent sand from 

running into the road, as well as created a region for vegetation and other plant life to 

survive further down the road (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 erosion control. Despite the fact that there were a few minor failures in the 

systems, the tire walls proved to be an effective way to control erosion.  The Habitat 

Research and Development Centre located in Windhoek, Namibia also promotes the use 

of tire walls which stabilize the soil and prevent erosion.  

2.4.5 Vegetation 
 

Vegetation helps to control erosion on two fronts.  As stated in the Alabama 

Handbook for Erosion Control, Sediment Control, and Stormwater Management on 

Construction Sites and Urban Areas, ña dense, vigorous growing vegetative cover 

protects the soil surface from raindrop impact, a major force in causing erosion and 

sedimentationò (USDA, 2003).  Vegetation provides coverage for top soil, effectively 

absorbing most of the energy produced by the falling rainwater.  The Alabama Handbook 
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also states that, ñvegetation will shield the soil surface from the scouring effect of 

overland flow and decreases the erosive capacity of the flowing water by reducing its 

velocityò (USDA, 2003, p. 17).  Once an area 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 into an area with little plant life helps to stabilize the soil 

due to the plantsô roots (USDA2003).  Having the topsoil anchored by the roots of plants, 

lessens the impact of surface runoff water.  A permaculture expert at the Polytechnic of 

Namibia, Ibo Zimmerman (personal communication, March 27, 2008), suggests that 

when mulch pits and trenches are used in a stormwater management system, vegetation 

can be grown alongside these trenches.  In order to replenish organic matter in the soil, 

vegetation, preferably rapid, self-seeding 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 consideration in the construction industry.  The Iowa 

Department of Natural Resources has published the Iowa Construction Site Erosion 

Control Manual (2006).  This document outlines various types of erosion, factors which 

contribute to erosion, and various methods on how 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 measure, including soil anchoring by roots, topsoil 

coverage from falling rainwater, and runoff rainwater prevention.  In order for these 

methods to be utilized in semi-arid or arid conditions, vegetation would have to be grown 

at appropriate times during the year to maximize the chances of growth and 

sustainability. 
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2.5 Gardening  
 

Gardening in arid and semi-arid regions in the world has been well documented, 

especially in Africa (Batchelor, Lovell and Semple, 1994).  Factors such as climate, soil 

conditions, erosion and gardening knowledge within the community play a role in the 

success of gardening in these regions.  Methods for identifying arid and semi-arid regions 

and characterizing weather patterns have been developed to provide a better 

understanding for worldwide climate differences.  Arid and semi-arid climates influence 

soil conditions and the ability of soil to produce vegetation (FAO, 1989).  The level of 

organic matter, texture, structure and topsoil depth are less than ideal in arid regions.  

This makes 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 of the worldôs rainforests provides ideal conditions for plants.  Warm 

temperatures, rain and humidity help sustain plant life and vegetation growth all year 

long.  However, these conditions only exist on six percent of the Earthôs surface (Crass, 

2003).  The rest of 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 Köppen-Geiger Climate Classification, developed by Wladimir Köppen and 

Rudolf Geiger, is an important tool in determining climate conditions in every section of 

the globe (Kottek et al., 2006).  Each color on the map in Figure 8 represents a particular 

climate.  From these classifications, certain characteristics regarding rainfall patterns and 

temperature can be determined (see Appendix B for an explanation of the Köppen-Geiger 

Climate Classification colors). 
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For the purposes of this project, most of the research regarding climate focused on 

arid and semi-arid climates.  Areas with the arid classification receive between 100 and 

300 mm of rain per year, while semi-arid areas receive between 300 and 500 mm 

annually (Sweet and Burke 2002).  

 

Figure 8: Köppen-Geiger Climate Classification (Kottek et al., 2006) 

 

2.5.2  Soil 
 
Soil is a key factor in the success of gardening in any area of the globe (FAO, 

1989).  In arid and semi-arid 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.  Water-holding capacity is dependent upon soil texture, structure, and depth.  A 

fine textured soil generally has a greater water-holding capacity.  Although 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 matter contained within the soil.  
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Arid regions normally have little vegetation and no overhead canopy, therefore the 

accumulation of organic material is negligible. 

 The most important factors in determining soilôs ability to support plant life are 

all related to 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 water to the 

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 

thickness permits more water to be stored.  Thin topsoil decreases the water-holding 

capacity and can be greatly affected by wind and water erosion.  The third key factor that 

contributes to soilôs arability is its texture and structure.  Regardless of the depth of 

topsoil, the structure of the soil determines how much water a plantôs roots can absorb. 

2.5.3  Subsistence Farming and Ways to Improve Soil Quality  
 
For farmers and gardeners in arid and semi-arid climates, it may not be possible to 

carry out an agricultural operation on a large scale.  For reasons related to climate, soil 

quality and financial burden, farmers may lack the necessities for large-scale farming.  

When farmers lack the necessary resources to carry out a large scale farming operation, 

subsistence farming may be suitable.  Subsistence farming is a method of farming in 

which a family grows only enough food to provide for the family or to sell as a means of 

additional income (Waters, 2007).  Our project focused on the possibility of 

implementing gardening as a supplemental food or income source, but not on the same 

level as subsistence farming.  Where the subsistence farmerôs primary source of food is 

grown during the year, gardening provides a secondary source of food. 

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

the soil where crops are grown.  Gardeners in areas with poor soil quality must be 
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especially conscious of what nutrients are contained in the soil.  In subsistence farming 

crop rotation, manure, and compost are vital to soil restoration, as opposed to chemical 

fertilizers utilized by large-scale farming.  Crop rotation is a planned growing cycle of 

certain plants in order to improve or maintain the soil for sustainable gardening (Peel, 

1998).  Peel writes that the main benefits of crop rotation is improved soil fertility, tilth 

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

 Another means of improving the soil on which small-scale farming is done is the 

use of natural fertilizers such as manure or compost (NEPAD, 2006).  Manure is readily 

available and 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 and used for gardening.  Compost piles need some moisture in order to 

sustain the bacteria necessary for composting, but this can be assisted using mulch pits 

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 vegetation indicate there are a variety of 

solutions that can be applied in arid regions.  Community development can be 

accomplished by using participatory research methods, which have shown to be 

successful in communicating with and mobilizing communities.  In the next chapter, we 

describe how we achieved our goal of identifying a viable rainwater harvesting and 

erosion control systems in Otjomuise and the settlements in Windhoek, Namibia. 
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3 Methodology  
 

Due to the combination of poor topsoil, arid climate, and erratic, heavy patterns of 

rainfall, the settlements outside of Windhoek, Namibia face severe rainfall damage and 

erosion that causes the flooding of houses and streets while also creating an unsafe 

environment.  Many residents of these communities have identified possible solutions to 

these problems, but they do not have the material or financial resources necessary to 

implement them.  This lack of technical knowledge and resources led to the formation 

and completion of this erosion control and rainwater harvesting project.  To carry out this 

project we formed a committee of community members dedicated to the project in order 

to create rainwater harvesting and erosion control systems which slow and divert 

rainwater away from houses and roads.  These systems also maximize the use of 

rainwater for gardening. 

To achieve our goals we worked alongside the community throughout the design 

and implementation of these systems.  The team educated the community in problem 

solving tactics and measures to ensure project sustainability after our 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 involvement was crucial to the success of designing and 

implementing sustainable erosion control and rainwater harvesting systems in 

underdeveloped areas such as Otjomuise.  If community members are to rely on a system, 

the majority of ideas and opinions involved in the systemôs creation must be their own.  

To pave the way for such an environment, the project team used a community 
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development technique called Participatory Action Research that allows team members to 

work alongside community members as peers in the project development process.  

Through the use of informal interviews, observations, and visual expression methods we 

were able to obtain the residentsô preferences concerning system locations and specific 

types of systems to be constructed.   

After installing the systems chosen with the communityôs help, we were able to 

educate them on how to maintain system sustainability as well as design and create 

similar projects in other locations in the settlement.  The various informal education 

methods used to complete the education portion of this project are detailed in section 3.6. 

3.1.1 Establishing Trust within the Community  
 

The project team worked with the residents of four savings groups located in 

Otjomuise between Dimbokro Street and Kitchner Street to complete erosion control and 

rainwater harvesting systems.   The savings groups involved were the Longa Shoye, 

Omusati, Datango, and Ehiroruyanoi groups.  In order to ensure success in the 

implementation and sustainability of the project we placed an emphasis on establishing 

good relationships with the members of these groups.   

Participatory Action Research techniques were initiated by completing several 

informal community walk-throughs which served to encourage friendly communication 

between the project team members and the residents of the community.  We overcame 

the community language barrier with the help of two Oshiwambo speaking students from 

the Polytechnic of Namibia.  Laudika Kandjiga and Andreas Shigwedha were 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 translators during our time in Namibia, as 

shown in Figure 9.  Other successful communication methods we used were describing 
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situations as simplistically as possible and using visual aids, such as pointing towards 

objects or drawing on the ground.  With these alternative forms of communication, we 

found that despite the language barrier, communication was certainly possible. 

 

 

Figure 9: 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 help design and implement 

successful erosion control and rainwater harvesting systems.  This method, called the 

Community Land Information Program (CLIP) by the SDFN, allowed us to form trusting 

relationships with the residents of our street as well as ensure a faster approach to 

problem solving.   
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Figure 10: Residents of Dimbokro Street attending a community meeting 

Following the initial observational period dedicated to establishing trust within 

the community, we completed a series of informal discussions with the community 

members, as shown in Figure 10, in order to gauge interest in the project as well as 

generate design possibilities.  These discussions were used to discover the residentsô 

ideas as how to harvest rainwater and what they prefer the water be used for.  Clear 

leaders emerged almost immediately from these discussions.  Edlagh Ujava, the 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, and immediately suggested 

several possible solutions to erosion problems and systems for rainwater harvesting.   

After only our first meeting with the group, we were able to designate Edlagh as our 

community leader.  Several other community members suggested similar solutions to 

these problems such as the growth of vegetation to slow down the flow of water, and the 

implementation of a rooftop catchment system to put more water to use.  Through many 

exercises like these, the community became mobilized and residents were willing to 

contribute to the project. 
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3.2 Acquiring Professional Consultation on Technical Problems  
 

 As this project required the design and implementation of technical systems, we 

decided that it would be helpful to contact experts in related fields to generate design 

ideas, obtain materials, and generally support the progress of the project.  Such experts 

included founders of the Shack Dwellerôs Federation of Namibia, employees at the 

Namibian Housing Action Group, employees at the Habitat Research and Development 

Centre, faculty at the Polytechnic of Namibia, and other outside contacts.  The first two 

organizations provided information concerning community development while the 

remaining organizations presented information regarding design generation 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 first organization the team contacted was the Shack Dwellerôs Federation of 

Namibia.  The SDFN can be considered experts in the area of social work as well as land 

project implementation.  Communities developed through the SDFN are responsible for 

their own advancement.  The residents of these communities unite to identify community 

problems and create plans for solving these problems.  Systems organized by the SDFN 

encourage savings groups to visit other areas where projects have been completed. The 

project team put an important emphasis on this method in the concluding weeks of our 

time spent in the community.  Detailed data pertaining to the savings groups within 

Otjomuise that were affected by this project were given to the group by the SDFN.  The 

insight that the SDFN was able to provide concerning the 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 people living in these settlements were an essential source of 

knowledge for the project team.   

3.2.2 Establish Contacts at the HRDC 
 

During our first site visit to Otjomuise, the group was scheduled to meet with the 

research manager at the Habitat Research and Development Centre in Windhoek, 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 erosion control and 

rainwater harvesting systems using limited resources.  Our group was given the 

opportunity to tour the HRDC to observe technologies being worked on in the centre and 

to get a brief description and commentary on these systems by Dr. Wienecke.  This tour 

helped to establish many of the erosion control ideas presented to the community of 

Otjomuise.  Also, Dr. Wienecke gave us the contact information for his assistant, 

Mawisa, who helped us when he was unavailable.  Our contacts at the HRDC helped us 

launch numerous erosion 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 

sponsors encouraged the help of outside contacts to provide constructive comments and 

professional opinions on our designs and the project as a whole.  The director of NHAG, 

Anna Müller, suggested the help of Canadian architect Andrea Saldanha who is involved 

with the Namibia Nature Foundation.  Andrea attended a site visit during the design stage 

of the project and gave helpful suggestions on brainstorming techniques during the design 

process of our erosion control systems for the area we were concentrating on.  She also 
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gave constructive criticism during our designs, which helped 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 a meeting with Professor 

Collert Moyo, a civil engineer at the Polytechnic of Namibia.  During our meeting, we 

discussed the project and potential designs for the erosion control systems.  Professor 

Moyo was also involved in the design review process.  With the help of outside contacts, 

such as Professor Moyo, 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. 

 Professor Ibo Zimmerman is a permaculture expert at the 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 introduced us to the idea of mulch pits. He 

explained the purpose of the mulch pits and how they are constructed.  The introduction 

of mulch pits and his critique on our previous designs helped validate the effectiveness of 

our project.   

3.3 Assessing Primary Needs within the Community  
 

Before designing and implementing rainwater harvesting and erosion control 

systems, we first had to assess the existing damage to the land caused by rainfall and 

other potentially problematic areas.  In order to complete this task, we observed the 

layout of the communityðexisting erosion control systems and vegetationðand then 

utilized maps to document evidence of erosion patterns caused by rain while talking with 

community members to obtain additional input.  The community members were familiar 

with the topography and were knowledgeable about existing problem areas, therefore 
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their ideas were essential to the success of the project.  Lastly, a large area was selected 

as a prototype area to complete several different types of rainwater harvesting and 

erosion control measures based on its ability to impact the community. 

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

Figure 11: Dimbokro Street, Otjomuise, Windhoek, Namibia 

 We spent the first week in Otjomuise making observations about the existing 

rainwater damage.  The street of focus in Otjomuise lies between two hills, as can be seen 

in Figure 11.  The hills that surround the street cause powerful and dangerous runoff 

currents to form when it rains.  After only fifteen minutes, the soil becomes saturated and 

streams of water begin to form causing deep channels in the ground as shown in Figure 

12.  By way of such channels, water flows into the street, floods houses, and poses a 

safety hazardðespecially for children. We also spoke with residents of the community to 

pinpoint major problems and to obtain more information about the rainwater damage. 

This interaction with the residents helped to introduce the project team to the community 

Figure 12: 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 rainstorm.  The team 

documented existing rainwater control methods including ditches, vegetation, stones and 

the use of tires.  By observing the damage directly, we were able to clearly understand the 

magnitude of the problem. 

3.3.2 Mapping Activity  
 

After conducting initial walkthroughs, we began to assess the layout of 

Otjomuise.  Prior to visiting the community, we obtained maps of Otjomuise from the 

Namibia Housing Action Group that showed all of the houses, savings groups, altitude 

and contour lines of the region.  We made copies of smaller maps, which displayed the 

entire community. We also made copies of larger, more detailed maps, which were 

broken down into the four savings groups of our specific area of Otjomuise.  

When we arrived on site, we split up into three teams to plot the runoff flow 

patterns and existing vegetation in the settlement.  Each 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, we asked community members for 

their input as well.  They showed us areas where flooding occurred most frequently and 

described the runoff flow patterns.  Using the information they provided us, we 

highlighted additional problem areas on our maps where necessary. 

After each team had assessed its sections, we compiled all of our maps. We then 

transferred our observations onto the larger, more detailed maps for comparison and 

discussion.  Each team presented its findings to the rest of the group, pointing out 
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particularly important areas of interest.  This step helped us determine our main area of 

focus discussed later in this section. 

 

3.4 Determining the Availability of Suitable Construction Materials  
 

After we completed our assessment of Otjomuise, we proceeded to determine the 

materials needed for our projectðbased on the systems at the HRDCðand their 

availability in and around Windhoek.  Before acquiring materials from other sources and 

finding transportation for these materials, we identified available materials within the 

settlement with the help of community members.  Next, we visited the Eros dumping site 

to look for free scrap material and contacted the Shack Dwellers Federation of Namibia 

to discuss the availability of tools for construction.  We then proceeded to visit several 

tire suppliers to 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 project.  Later, we were able to locate available tools in the 

community. 

3.5 Implementation  
 

After we obtained our materials, we began implementing our erosion control 

systems.  The first step was to select the location where these systems would be 

constructed.  Next was to create a design plan for the region of interest and present the 

plan to the community and our sponsors.  We then discussed possible revisions to our 

design plan and revised it accordingly.  After our sponsors and the community approved 

our design plan, we began to build 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 determined one main 

area of interest to apply our erosion control methods and rainwater harvesting systems.  

We found many areas that require attention in Otjomuise, but due to time constraints, we 

selected one initial region to focus on with the hope that the community members 

themselves could expand on our project to other parts of the community.  We wanted to 

thoroughly complete one system to serve as an example for the community and to 

demonstrate several different possible methods for erosion and runoff control.  Based on 

initial observations that were made and the number of houses impacted by this runoff, we 

selected a smaller area of the community to focus on.  A total of ten homes experienced 

flooding and erosion problems due to the runoff in this particular area.  The following 

map displays the selected area of interest for implementing our structures.  

 
Figure 13: Implementation Map 
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3.6 Visual Aids for Sustainability  
 

The language barrier that existed between the project team and community 

members meant that non-formal education methods were utilized extensively in order to 

effectively communicate with community members.  Such methods included the 

aforementioned mapping exercises, posters, pamphlets, demonstrations, presentations, 

and models.  Visuals such as these were necessary because they offered an effective way 

of communicating without needing spoken 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 runoff control 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 control measures.  After we 

accomplished this, we worked with both the community and with several experts to help 

plan and develop appropriate designs for Otjomuise based on the needs of the people and 

specific situations.  We then located available materials and tools in the Windhoek area to 

be used in constructing systems.  The following chapter will discuss the specific designs 

that were chosen, how they were built, the 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 members work alongside the 

project team in order to design and build structures and systems that prevent erosion and 

flooding and, where applicable, use the rainwater to support gardens.  In order to do this, 

the team first created an information packet complete with pictures and descriptions of 

various methods that could be used to help with these problems.  Next, the community 

selected the methods to be used in the area of focus in the community and decided where 

to place them.  This area would be used as a demonstration 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 structures.  Throughout the 

construction, we involved community members during 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 and the 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 included colored 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 leader, 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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altered our methods based on the input of the community and created our design plan 

accordingly.  The presented methods and the role of the community in developing these 

methods are discussed below. 

4.1.1 Using Vegetation for Erosion Control  
 

Vegetation was one suggested method presented to the 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 members approved the idea.  In fact, 

many community members expressed great interest in planting vegetation that produces 

food and in growing gardens.  A list of community members interested in participating in 

growing trees can be found in Table 1.  The house number, or erf number, for each of the 

community members can also be found in the table below. The trees that they requested 

include orange, fig, grape, banana, lemon, apple, guava, mango and palm trees.  Other 

members were interested in growing onions, watermelon, rice, tomatoes, sugar cane, and 

flowers.  Their only concern with growing these trees and gardens was the cost to 

purchase all of the plants.  Considering this, we agreed to help them find vegetation at an 

affordable price.  This step was crucial for 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. 

Sem  2851B 

Uutako  2850B 

Vilho  2855B 

Lena 2850A 

Bertha 2851A 

Simon 2852 

Loine  2853B 

Name  Erf. No. 

Edlagh  2846A 

Monica 2844B 

Florence 2844C 

Clinstofin

e  

2846B 

Penelesia  2847B 

Isabella 2857C 

 
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 erosion was to create structures using tires.  After sharing our proposed tire wall 

and walkway designs, which can be seen in Figures 14 and 15, with the community using 

the information packet we created, we were able to speak with individual community 

members who lived in areas we thought would benefit most from the implementation of 

these structures.  After we clarified that our project is not the same erosion control project 

completed in 2006, the community expressed interest in our ideas and agreed that our 

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

 

Figure 14: Proposed tire wall design 

 
Figure 15: Proposed tire walkway design 

 Individuals in the community had no objections 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, where our system began, the homeowner 

of erf 2846B reviewed our methods packet and suggested we implement 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 land.  Both homeowners agreed to 
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contribute and help construct the structures when we began installing them.  The 

participation of the community members in the design, decision-making, 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 soil.  In general, the community 

responded well to the concept of this method, however, when we discussed 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 

reasonable, as it would not lead to sustainable projects.  Our project emphasized the 

importance of replicability in other communities, thus making cost a primary criterion.  

Considering cost, gabions were determined to be an inappropriate solution for this 

community and similar communities in the Windhoek area.        

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 the community, and various material 

site visits.  In Otjomuise, we held discussions with the community involving the 

availability of materials within the area that could be used for erosion control and 

rainwater harvesting measures.  In addition to this, we visited the Eros landfill site with 

Dr. Andreas Wienecke from the HRDC to look for free scrap material, and we contacted 

the SDFN to discuss the availability of vegetation, specifically trees, for erosion control.  
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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.  The land on which Otjomuise was built is covered on 

the soil surface and subsurface with rocks of all sizes.  The obvious impact rocks have on 

erosion control can be seen immediately, since they are currently used as a method to 

decrease the velocity of runoff water as it flows down the hillside.  Each of the methods 

we proposed for our project involves rocks in either the construction of the structure or as 

a means of erosion control.  Rocks by themselves are cost-free and available everywhere, 

making them an ideal material for our project. 

Another important material that is readily available is the vegetation found on the 

hillside that surrounds 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.  He noted 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 material 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 applications.  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 and therefore 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 



 
5 

rooftop rainwater harvesting system.  During a site visit, 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 suggested placing large rocks, approximately fifteen 

centimeters in diameter, under the rooftops of the houses so that they would absorb the 

energy of the falling rooftop water.  This would also slow the flow of rooftop water once 

it reached the ground.  

4.2.2 Visit to Eros  Landfill Site  
 

Our main contact at the HRDC, Dr. Andreas Wienecke, informed our group that 

the Eros landfill site in Windhoek was a possible source for low-cost material.  Andreas 

and his associate Mawisa took our group to Eros to see what materials would be 

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. Wienecke explained 

that the low-priced 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 pre-made bricks.  Our current methods do not 

involve the use of bricks, but they provide the community with another material to use in 

applying future systemsðgabions, walls, and energy absorbing material for rooftop 

rainwater. 

 The material we were most interested in, and the main purpose for our visit to 

Eros, was pipes of various sizes and lengths.  We took a few measurements and found a 

selection of thirteen centimeter and eighteen centimeter outside diameter concrete pipes.  

The pipes were of various lengths, but the vast majority measured slightly more than one 

meter and could be cut to size using an angle grinder.  The pipes could be taken from the 
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dumping site free of cost and delivered to the desired location in Otjomuise.  Our contacts 

at the HRDC assured us that there would 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 create problems 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 can cause major damage.  In order to avoid this, we decided against using pipes 

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 bear fruit, thus supplying the 

community with a supplemental food source.  In addition, the trees could provide shade 

during the hot, sunny days. Community members explained that the SDFN had attempted 

to encourage the incorporation of trees into the settlements by making a number of trees 

available for purchase, but that this system was thought to be too expensive by the 

residents.  After clarification from one of our teamôs sponsors, Professor Jane Gold of the 

Polytechnic of Namibia, we discovered that this was not the case, and 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 seedlings for the community.  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.  Upon arrival, we were given a tour of the 

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



 
7 

would be useful to the community.  These plants included four fruit tree species and five 

indigenous trees.  We obtained between five and ten trees of each kind for a cost of five 

Namibian dollars for the fruit trees and eight dollars for the indigenous trees. A total of 

three hundred and fifty dollars was spent on fifty -five trees.  

After making our purchase, we created a system for the community members to 

order their trees through their community leader.  All of the plants were given to Edlagh 

to sell to the other members 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 of the trees, the 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 program provided 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 

community-wide, and not just in one specific area.  In order to be sure of this, the erf 

numbers of those who bought plants were collected, and 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 possible companies 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. 
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Our group made a trip to visit tire retailers to determine their willingness 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 more than willing to hand 

over their old tires for our project.  We visited three companies and arranged to pick the 

tires up in a truck.  The Namibian Housing Action Group provided the truck and driver.  

We collected thirty-eight tires from Continental and thirty-five tires from Tiger Tyre & 

Wheel.  The truckôs bed was filled to capacity after stopping at the first two companies 

and we decided to deliver the seventy-three tires we had to Otjomuise. 

4.2.5 Materials Storage Areas  
 

Just as important as obtaining cost-free 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 community informed 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, there was an area set aside for storage next to erf 2846A, accessible via 

Kitchener Street.  This location is ideal because it is easily accessible for trucks and it 

keeps cumbersome materials off the street that could otherwise present a hazard to 

children. 

 One of the 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 obtain them for future 

implementation and sustainability.  Choosing locally available materials, such as rocks 

and vegetation, and receiving donated materials such as tires and soil, gave the project a 

better chance of succeeding in the future and spreading to other communities.  In the next 
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section, we will begin to discuss how these materials are used to construct the erosion 

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.  The four types of erosion 

control methods deployed as examples in a section of Otjomuise were the mulch pit, the 

tire wall and spillway system, and the half tire walkway.  These systems were built on a 

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

4.3.1 Mulch Pit  
 

We decided to build the mulch pit and accompanying tire wall first, as we had 

adequate tools and materials for this task.  Mulch pits are made to enrich the soil and 

make it suitable for plant growth, and thus encourage the incorporation of vegetation into 

the erosion prone areas in the community.  Originally, our system tried to collect all of 

the runoff storm water and direct it into one large channel.  We realized, however, that 

collecting large amounts of water and channeling it into one area would cause large, 

flowing volumes of water, which would 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 the soil, which lessens the impact of the water at the bottom of 

the hill. 

To build the mulch pit, we, along with members from the community, began 

digging a large trench.  After completing the initial trench, we explained how to fill a 

mulch pit with appropriate materials.  This explanation was intended to make the system 

more replicable for the community members.  The trench was then filled two-thirds full  

with hard vegetation and sticks such as tree trimmings obtained from the end of 
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Dimbokro Street.  Next, the trench was topped with manure and soil from Gammams 

Water Care Works to provide nutrients for the soil.  Seeds and plants can be sown in this 

top layer.  Figure 16 shows the multiple layers of the mulch pit. 

 

Figure 16: Layers of the mulch pit  

As this was our first system, community involvement was initially very limited.  

After seeing the work we were doing people became more enthusiastic and eventually 

came to help us throughout the rest of the building process. The first completed mulch pit 

can be seen in Figure 17. 

 

Figure 17: Completed mulch pit  

The mulch pit was made in conjunction with a tire wall and spillway system to 

maximize both erosion control and plant growth.  This tire wall and spillway are 

discussed in the next section.  



 
11 

4.3.2 Tire Wall with Spillway  
 

As there was a sudden change in elevation where we built the mulch pit, we 

decided that a tire wall and spillway surrounding the mulch pit would be an efficient 

system that could both slow water down and support the development of arable soil for 

planting. A spillway is used to divert water into the mulch pit and then allows excess 

water an outlet to flow down the hill into other systems.  Spillways can be used as an 

alternative to a rooftop collection system because the materials involved in creating a 

rooftop system are expensive and difficult to acquire.   

First, we built the spillway, which consisted of two layers of tires with a gap in 

between the two tires in the top layer in order to allow water to pass through the gap 

during times of intense rainfall.  In this system, the water would first flow into the mulch 

pit.  When the mulch pit became saturated, the water would then flow through the 

spillway.  We built additional erosion control systems down the hillside to slow the water 

that would pass through the spillway.  An example of a spillway system can be seen in 

Figure 18 and the completed spillway is shown in Figure 19. 

               

Figure 18: Example of a two-layer tire spillway 
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Figure 19: Completed spillway system 

 

 Extending sideways from the spillway was a two-layer 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) were placed flush 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 alike.  To do this they filled 

the insides of extra tires with rocks and 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 directly on the first layer of tires but was set farther back into the hill, creating 

a step like structure.  This design enables vegetation to be planted inside the tires.  The 

tires were also placed on top of each other off center so that water could seep through the 

cracks between the tires.  The construction of the first tire wall that was completed can be 

seen in Figures 20-22 below. 


