
 

 

Report of 4th UEA - Esri GIS Summer School 2017 

Urban Planning in Bukavu, Perspective 2030 

 

Université Evangélique en Afrique 

Bukavu, DRC, May 2017 

 

  



 

 
Report of 4th UEA - Esri GIS Summer School 2017  2 
 
 

Contents 

List of Figures ........................................................................................................................................... 2 

Management Summary ........................................................................................................................... 3 

Involved Parties ....................................................................................................................................... 4 

Assistants from UEA ............................................................................................................................ 4 

Acknowledging the supporting staff from UEA ................................................................................... 4 

Teachers .............................................................................................................................................. 5 

Project Description .................................................................................................................................. 6 

Introduction ......................................................................................................................................... 6 

Field work in Bukavu ........................................................................................................................... 7 

Work in the Computer Lab .................................................................................................................. 9 

Entering the questionnaire data into Excel ....................................................................................... 10 

Data quality checks and data editing ................................................................................................ 10 

Map Generation ................................................................................................................................ 10 

Posters ................................................................................................................................................... 11 

Presentations ......................................................................................................................................... 15 

Observations and Recommendations ................................................................................................... 16 

Appendix I – Contact Information ......................................................................................................... 17 

 

List of Figures 

Figure 1: Location of the field work areas in the City of Bukavu............................................................. 7 

Figure 2: Teams at work in the field ........................................................................................................ 7 

Figure 3: Collected points by the participants within Ndendere Quarter, Bukavu ................................. 9 

Figure 4: Extract of the Excel sheet comprising the building/institution information .......................... 10 

Figure 5: The teams at work – preparing the maps for presentation and posters ............................... 10 

Figure 6: Poster of Group 1 ................................................................................................................... 11 

Figure 7: Poster of Group 2 ................................................................................................................... 12 

Figure 8: Poster of Group 3 ................................................................................................................... 13 

Figure 9: Poster of Group 4 ................................................................................................................... 14 

Figure 10: Teachers presenting their results ......................................................................................... 15 

Figure 11: Handover of the certificates by Rector Prof Dr Gustave Nachigera Mushagalusa. UEA and                     

Kaspar Kundert, representing Esri Deutschland .................................................................................... 15 

  



 

 
Report of 4th UEA - Esri GIS Summer School 2017  3 
 
 

 

Management Summary 

 

Esri Deutschland – together with the Université Evangélique en Afrique (UEA) supported by “Brot für 

die Welt” and Esri – conducted the fourth UEA – Esri GIS Summer School, in Bukavu, DRC. This year 

the Summer School had the motto " Urban Planning in Bukavu, perspective 2030”. 

Eighteen teachers were selected from nine secondary schools in Bukavu and were introduced how to 

use a GPS for field data collection. Equipped with GPS devices, eight teams each of two or three 

teachers with one instructor captured the coordinates of some 357 buildings of different occupations 

in the Quartier “Ndendere” in the City of Bukavu. A survey was conducted using a questionnaire with 

17 questions for each visited building. The teachers were supported by thirteen assistants from UEA. 

The GPS data transfer, the questionnaire data entry, data editing, and data analysis was subsequently 

carried out using ArcGIS Desktop in the Faculty of Agriculture and Environment of the UEA, Panzi, 

Bukavu during three days. For the remaining tasks during the last four days, the secondary school 

teachers were regrouped into four groups to document their work in maps, an A0 size poster and to 

create presentations for the Closing Ceremony. 

The first group described the field work and data entry in the computer lab. The second team used 

satellite images from 2012 and 2016 to show the new urbanized areas and densification of houses in 

existing residential areas. The third group collected data of Bukavu from two GeoEye satellite images, 

50 cm resolution dated from 2012 and 2016 to show the land cover changes during the past four 

years. The last group used La Botte for an urban planning proposal for 2030. 

The goal of the fourth UEA - Esri GIS Summer School – to create a GIS database for Bukavu and make 

a proposal how the centre of Bukavu (La Botte) could look like in 2030 was reached. GPS and GIS 

were introduced and practised by the participants. In addition, the teachers were introduced by UEA 

staff to the fundamentals of remote sensing, satellite image interpretation and classification 

methods. 

The results of the team work and recommendations of the nine days’ project week were presented 

to representatives of the Province of South Kivu, DRC and invited guests during the 25th anniversary 

celebrations of the Université Evangélique en Afrique at the Restaurant Bodega on May 26th, 2017. 
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The requirements for secondary school teachers to participate in the Summer School were teaching 

Geography or ICT and English literacy.  
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Project Description 

 

Introduction 

Geographic Information Systems (GIS), Global Positioning Systems (GPS) and Remote Sensing are 

powerful tools to capture, edit, map, and to analyse spatial data for decision making at various levels 

and disciplines. GIS is not part of the Curriculum in secondary schools in DRC (yet) and even various 

professional organizations i.e. higher education, resource management, and planning institutions 

lack knowledge to use these tools.  

The goal of the fourth UEA – Esri GIS Summer School was designed to give secondary school teachers 

skills how to use GIS, Remote Sensing and GPS and to apply the acquired expertise for an urban 

planning for Bukavu, perspective 2030. Bukavu has originally been constructed for 45’000 

inhabitants1. Already today more than 1 Million people live within its boundaries. Assuming a 

population growth rate of 3.4 % in Bukavu, the city will double within the next 13 years (~ 2'500'000). 

Usually, cities can and do expand horizontally but looking at the topography of the city an expansion 

is limited. In the west Bukavu is surrounded by mountains up to 2191 m above sea level and steep 

slopes. The north of the city is limited by Lake Kivu. In the east the city is limited by the Rusizi River 

marking the country border. In addition, the area is prone to earthquakes and is, due to its 

topography and climate, subject to landslides and mudflows.  

To allow a tentative urban planning of the City of Bukavu facing the next decade(s), a collection of 

base data is needed. This GIS database was prepared and compiled by all participants. Built on the 

current land cover status, tentative urban zone planning was applied to a selected area Bukavu (La 

Botte) in the quarter “Ndendere”. The results – field data capture, detection of densified and new 

residential areas, land cover in the past and present as well as a tentative planning – were presented 

in maps and described in four posters. The results were presented during the ceremony of the 25th 

anniversary of UEA in Bukavu. 

The following report gives a detailed insight of the different tasks carried out by the secondary school 

teachers with the support from the assistants of UEA.  

                                                           
 

1 http://alfajirikivu.blogspot.com/2014/02/bukavu-la-ville-aux-eboulements-mortels.html , http://fr.ifdp-

africa.org/Gestion%20des%20terres%20urbaines%20et%20de%20l%E2%80%99environnement%20%C3%A0%2
0Bukavu.pdf At some place they talk about 70000 in 1956, bit confusing. 

http://fr.ifdp-africa.org/Gestion%20des%20terres%20urbaines%20et%20de%20l%E2%80%99environnement%20%C3%A0%20Bukavu.pdf
http://fr.ifdp-africa.org/Gestion%20des%20terres%20urbaines%20et%20de%20l%E2%80%99environnement%20%C3%A0%20Bukavu.pdf
http://fr.ifdp-africa.org/Gestion%20des%20terres%20urbaines%20et%20de%20l%E2%80%99environnement%20%C3%A0%20Bukavu.pdf
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Field work in Bukavu 

Based on the local knowledge the following areas were chosen as study areas:  

 

Figure 1: Location of the field work areas in the City of Bukavu 

One goal of the field work was to capture the locations of important buildings/institutions, to take 

pictures of the buildings and fill in the questionnaires. To increase the data collection, the assistants 

from UEA went out one day before the start of the Summer School and collected data in the areas 1 

to 4. The remaining areas were captured by the participants on the second day of the Summer 

School. The groups were brought into their respective areas and started their data collection from 

there.   

   
 

Figure 2: Teams at work in the field 
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Questionnaire 

The questionnaire consisted of 17 questions and to fill them took the teams between 8 and 

10 minutes on average. 

Latitude : ______________Longitude : _____________  Team : _______   ID : ______ 

General Information 

1. Name of Institution: _________________________________________________________________ 

2. Founded: ______________ 

3. Address: Commune: _________________ Street Name: ________________________ No.______ 

4. Name of Head of Institution (This can be sensitive): _________________________ 

5. Gender of Head of Institution:   ⃝ Male ⃝ Female 

6. Type of Building:     ⃝ Government    ⃝ Public   ⃝ Private     ⃝ Confessional   ⃝ Education  

                                   ⃝ Residential       ⃝ Mixed Use: Please specify _________________________ 

7. Other: __________________________________________________________ 

8. Average number of visitors per day: ______________ 

9. Number of employees: ___________ 

Physical Infrastructure 

10. Building Type:  ⃝ One storey ⃝ Two storeys    ⃝ Three storeys   ⃝ Four storeys 

                              ⃝ Five storeys   ⃝ higher than five storeys   

11. Year of construction: ___________ 

12. Condition: ⃝ Very good    ⃝ Good    ⃝ Fair   ⃝ To be improved ⃝ Bad ⃝ To be demolished 

13. Building material: ⃝ Bricks   ⃝ Stones      ⃝ Cement    ⃝ Wood    ⃝ Other 

14. Total number of rooms:  _________    

15. Electricity:  ⃝ Power Line    ⃝ Generator  ⃝ Solar 

    ⃝ Bio Gas   ⃝ Batteries  ⃝ None 

16. Water Access ⃝ Water Tap      ⃝ Tank   ⃝ River/Lake   ⃝ None 

17. Public transport within 100m:    ⃝ Yes   ⃝ No 
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Work in the Computer Lab 

The data from 8 GPS devices were transferred to the computer. Afterwards the waypoint.gpx files 

were converted using the conversion tool “GPX to Feature” in ArcGIS. The points were displayed on 

the screen; data quality analysis methods and corrections were demonstrated.  

 

Figure 3: Collected points by the participants within Ndendere Quartier, Bukavu 
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Entering the questionnaire data into Excel 

The Teachers entered the questionnaire data into Excel using predefined values (available in drop 

down menus) to avoid typing mistakes and have common values after combining the data from all 

teams. However, some free text fields were entered in a personal manner and the given standards 

were not always maintained. This lead to some correcting exercises afterwards. 

 

Figure 4: Extract of the Excel sheet comprising the building/institution information 

Data quality checks and data editing 

After combining the Excel sheets of the eight teams the data was analysed with the Geographic 

Information System using ArcGIS 10.3 software. Then, teachers started to improve the quality of the 

data captured, like moving points from in-front-of-the-building or on the street to on-top-of-the-

building, using the Bukavu satellite image from 2016. Also, attributes of points collected in the field 

were checked and corrected if necessary. Every team controlled and corrected their respective data.  

Map Generation 

Afterwards the teams could choose from various topics to create maps for the posters. The data was 

classified according to their category and various symbology was applied by the different teams with 

ArcGIS Desktop.  

    
Figure 5: The teams at work – preparing the maps for presentation and posters 
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Posters 

Figure 6: Poster of Group 1 
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Figure 7: Poster of Group 2 
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Figure 8: Poster of Group 3  



 

 
Report of 4th UEA - Esri GIS Summer School 2017  14 
 
 

 

Figure 9: Poster of Group 4 
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Presentations 

The groups prepared their findings and results at the Closing Ceremony at Bodega Restaurant on 

May 26th, 2017.  

 

Figure 10: Teachers presenting their results  

 

Figure 11: Handover of the certificates by Rector Prof Dr Gustave Nachigera Mushagalusa, UEA and  

                   Kaspar Kundert, representing Esri Deutschland 
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Observations and Recommendations 

The following conclusions and recommendations have been presented by the groups: 

Group 1: Data capture – Data entry 

The team reported the following observations:  

 Data entry in the field was not always precise  

 There were typing errors copying the latitude and longitude from the GPS 

 Excel and ArcMap are useful tools to enter and correct data 

 Data entry into Excel was facilitated by predefined field values to be chosen from drop down 

values  

 ArcMap showed the errors of coordinate values very well and the use of the satellite image 

as well as local knowledge allowed to correct the mistakes easily 

See the workflow and tasks carried out in Figure 6: Poster of Group 1. 

Group 2: Collecting population information from satellite imagery 

The team took the results from the Summer School 2014 where a 2012 satellite imagery had been 

used to estimate the population of Bukavu and applied the same approach for the 2016 satellite 

imagery. The residential areas were grouped into three classes (Low, medium and high density) and 

classified on a 100 x 100 m raster. In case a cell occupied a mix of building classes the majority class 

was taken. Assuming six inhabitants per household with low density, seven people for a medium 

density and eight inhabitants in the high density areas showed an increase of some 300’000 people 

between 2012 and 2016. See Figure 7: Poster of Group 2.  

 

Group 3: Collecting Land Cover information from satellite imagery 

Group 3 took the satellite imagery from 2012 and 2016 to classify the land cover of Bukavu for those 

years. The same grid as for the population (100x100m) has been used and as a rule the majority of 

land cover was chosen to classify the cell. The land cover outside the Bukavu city boundaries could 

not be determined for 2012 since there was no image from other providers. For the full land cover 

classification of 2016 Google imagery had been used to complete Bukavu’ s boundaries. Even if the 

100 x 100m grid is still coarse and has its limitation but after some additional verifications the layer 

can be used as a base for future planning. See Figure 8: Poster of Group 3. 

Group 4: Urban planning for Bukavu, perspective 2030 

The fourth group decided to plan new zonings on the peninsula La Botte as an example. They applied 

the buffer zones according to the law from 1957 and changed the current zoning to todays’ 

requirements in urban planning. For the detailed new zoning please refer to Figure 9: Poster of 

Group 4. 

Again, the goal of the fourth Summer School was set very high. Only a few teachers had some good 

knowledge in IT, but the English language was still a problem. Four participants had never touched a 

computer before. However, the GIS and the Remote Sensing part were well understood and given 

the timeframe of nine days this year, the results are satisfying. Some of the classified population and 

land cover data will still need some corrections before they can be published. 



 

 
Report of 4th UEA - Esri GIS Summer School 2017  17 
 
 

 

Acknowledgement 

Brot für die Welt, Esri Deutschland, UEA and Esri Rwanda support is highly acknowledged. 

 

Appendix I – Contact Information 

Connie Schmidt Prof. Dr. Katcho Karume 
Esri Rwanda Ltd. 

P.O. Box 6867 

KG 666 Street, Kimihurura 

Kigali, Rwanda 
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