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1. The Mandate areas 

CIALCA has chosen to work in 10 key geographical areas in Burundi, the Democratic Republic of 

the Congo (DRC) and Rwanda. These 10 ‘Mandate Areas’ (Figure 1) have been chosen to represent 

the diversity in agro-ecological characteristics, in demographic profile and in access to markets that 

are encountered in the three countries.  

 

 
Figure 1. Mandate areas in Central Africa 

 

The mandate areas chosen also reflect the areas where bananas and legumes are an integral part of 

the farming system (Figure 2).  
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Figure 2. Bean and Banana production in Rwanda and Burundi 

 

Each mandate area implies different challenges and diverse opportunities for the three projects that 

comprise CIALCA. 

 

The 10 mandate areas are as follows: 

 

�  Bas-Congo – DRC, TSBF-CIAT projects. 

�  Gitarama – Rwanda, IITA project. 

�  Gitega – Burundi, IITA, INIBAP projects. 

�  Kibuye-Gisenyi – Rwanda, IITA, INIBAP projects. 

�  Kigali-Kibungo – Rwanda, IITA, INIBAP and TSBF-CIAT projects. 

�  Kirundo – Burundi, IITA, INIBAP projects. 

�  Nord-Kivu montagneux – DRC, IITA projects. 

�  Rusizi Plain – DRC, Rwanda and Burundi, IITA, INIBAP projects. 

�  Sud-Kivu montagneux – DRC, IITA, INIBAP, and TSBF-CIAT projects. 

�  Umutara – Rwanda, TSBF-CIAT projects. 
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There follows a description for each mandate area, while technical notes on the characterisation 

process can be found in the annexes. 

 

2. Characterisation variables 

 

Each mandate area was characterised in terms of certain key variables, these included the agro-

climatology of the area, the population density of the area, and the access to markets. 

 

Population density was provided by the Global Rural Urban mapping project (GRUMP, 2005) 

datasets for Africa. This dataset was chosen to ensure a consistent set across the three countries this 

dataset was chosen. GRUMP is inferior to some data publicly available for Rwanda (data are older 

and the spatial resolution is poorer) but it is the only reliable source of data for DRC.  

 

Different markets were chosen for characterising the mandate areas. For Bas-Congo these markets 

were the city of Mbanza-Ngungu and the capital city Kinshasa. For Gitarama Kigali was chosen as 

the principal market to be analysed, while the towns of Ruhango and Gitarama itself were selected 

as local markets. For the Gitega mandate area the town of Gitega and the capital city, Bujumbura, 

were selected. In the Kibuye-Gisenyi mandate areas the towns of Gisenyi and Kibuye as well as 

Kigali and Goma in DRC were selected. In Kigali-Kibungo the only market of interest was Kigali. 

In the Kirundo mandate area we calculated accessibility to the town of Kirundo and for Kigali. For 

the Nord-Kivu mandate area the markets of Beni and Butembo were chosen as well as the cross-

border location of Kasindi and the eventual market of Kampala in Uganda. For the Rusizi plain 

there were a number of possible markets but the key one was the city of Bujumbura. In Sud-Kivu 

there was the local market of Bukavu as well as more distant ones such as the border locations of 

Cyangugu and Kibuye in Rwanda and the final market destination of Kigali. Finally in Umutara 

accessibility was modelled to the most important market - Kigali  

 

Due to lack of soils data the characterisation of the agro-climatology was limited to the annual 

precipitation (Hijmans, 2005) and a calculation of the length of growing season (Thornton et al, 

2006). An indication of the soils can be derived by the underlying geology. For Rwanda maps of 

geology are available in scanned format (Selvaradjou, et al, 2005) and can be seen below for those 

mandate areas in Rwanda. 

 



 5 

The results of characterising the mandate areas were combined to form development domains 

similar to those used for priority setting by the Association for Strengthening Agricultural Research 

in East and Central Africa (ASARECA). The agro-ecological potential layer was the same as that 

used by IFPRI-ASARECA. Slight modifications were made to the ASARECA development 

domains, especially in the choice of markets and in the threshold values used.  

 

3. Potential action sites 

 

A number of locations have been chosen as candidates for action sites. At each location a 

participatory rural assessment (PRA) was carried out to determine the important characteristics of 

the communities, such as the major farming systems, their engagement with markets, and to gauge 

the presence and strength of local organisations. As part of the characterisation of mandate areas we 

have also analysed the representativity of each PRA site within the mandate site as a whole in terms 

of the major variables described above. 

 

A preliminary scaling-out exercise has also been carried out for the PRA sites using software called 

Homologue (CIAT, 2004). As the name suggests this software identifies similar environments in 

terms of purely biophysical terms. Despite the fact that it does not capture socio-economic attributes 

the results are a useful tool for judging potential diffusion areas for the technologies developed by 

the CIALCA projects. 
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Annex 1: Bas-Congo Mandate Area 

 

The Bas-Congo mandate area is different to all other mandate areas in that it represents the lowlands of central Africa. It is close to the large urban 

centre of Kinshasa and has a different predominant crop mixture to that of the mandate areas in the great lakes region. 

The mandate area is defined by the administrative boundaries of Mbanza-Ngungu, and Madimba territories. The estimated population is 978,000 of 

whom roughly 130,000 live in the urban areas of Mbanza-Ngungu, Kisantu and Madimba (Ciessin, 2000). The size of the Bas-Congo mandate area is 

approximately 20,000 km2. 

 

Eight locations were chosen for participatory rural assessments (PRAs), these communities were: Nkamu,. Kiyela, Kimbedi / Lemfu, Kanga-Kipeti, 

Zenga, Kilonga, Kinkewa, and Mbanza Nzundu / Kiduma. The values of the key characteristics of the mandate area can be seen in Table 1, while 

Table 2 shows the combined size of specific urban markets within 1, 4 and 8 hours travelling (one-way) from the PRA sites. 

Of the eight locations which were assessed four have been chosen as sites for intervention. These sites are: Kimbedi \ Lemfu, Kanga-Kipeti, Zenga, 

and Mbanza Nzundu. 

 

Table 1. Characteristics of PRA Sites in Bas-Congo Mandate area 

Growing season Annual rainfall Elevation Development Domain Population density PRA Site 
days mm m Pop., Access, Ag. Pot. Persons per km2 

1. Nkamu village 297 1431 550 High, High, High 34 
2. Kiyela Village 290 1402 564 Low, Low, High 34 
3. Kimbedi / Lemfu 294 1422 582 Low, Low, High 34 
4. Kanga-Kipeti  294 1365 583 High, High, High 62 
27. Zenga 282 1310 450 Low, Low, High 62 
28. Kilonga 279 1287 420 Low, Low, High 62 
29. Kinkewa 297 1361 573 Low, Low, High 62 
30. Mbanza Nzundu / Kiduma 298 1364 610 High, High, High 62 
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Table 2. Access to markets and population of specific markets within time zones from PRA Sites in Bas-Congo Mandate area 

Access to: 
Kinshasa Mbanza-Ngungu PRA Site 

Hrs mins Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

1. Nkamu village 4 43 1 38 76,095 153,296 4,746,333 
2. Kiyela Village 6 10 2 27 76,095 153,296 4,746,333 
3. Kimbedi / Lemfu 5 42 2 20 76,095 153,296 4,746,333 
4. Kanga-Kipeti  4 36 0 16 153,296 153,296 4,746,333 
27. Zenga 7 33 3 47 76,095 153,296 4,746,333 
28. Kilonga 9 25 3 28 76,095 153,296 153,296 
29. Kinkewa 13 25 8 40 76,095 76,095 76,095 
30. Mbanza Nzundu / Kiduma 5 13 0 29 153,296 153,296 4,746,333 
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Figure 3. Elevation of Bas-Congo Mandate area showing PRA sites: 1. Nkamu; 2. Kiyela; 3. Kimbedi / Lemfu; 4. Kanga-Kipeti; 27. Zenga; 28. 

Kilonga; 29. Kinkewa; 30. Mbanza Nzundu / Kiduma 
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Figure 4. Growing season of Bas-Congo Mandate area showing PRA sites: 1. Nkamu; 2. Kiyela; 3. Kimbedi / Lemfu; 4. Kanga-Kipeti; 27. Zenga; 

28. Kilonga; 29. Kinkewa; 30. Mbanza Nzundu / Kiduma 
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Figure 5. Annual rainfall of Bas-Congo Mandate area showing PRA sites: 1. Nkamu; 2. Kiyela; 3. Kimbedi / Lemfu; 4. Kanga-Kipeti; 27. Zenga; 

28. Kilonga; 29. Kinkewa; 30. Mbanza Nzundu / Kiduma 

 

 



 12 

 
Figure 6. Population density of Bas-Congo Mandate area showing PRA sites: 1. Nkamu; 2. Kiyela; 3. Kimbedi / Lemfu; 4. Kanga-Kipeti; 27. 

Zenga; 28. Kilonga; 29. Kinkewa; 30. Mbanza Nzundu / Kiduma 
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Figure 7. Development domains of Bas-Congo Mandate area showing PRA sites: 1. Nkamu; 2. Kiyela; 3. Kimbedi / Lemfu; 4. Kanga-Kipeti; 27. 

Zenga; 28. Kilonga; 29. Kinkewa; 30. Mbanza Nzundu / Kiduma 
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Assessing the representativity of PRA Sites in Bas- Congo Mandate Area 

 

 

The graphs in Figure 8 show the distribution of the values of the variables used in characterising the 

Mandate area. On each histogram is shown the PRA sites. It can be seen therefore that the PRA 

sites in Bas-Congo represent well the mandate area in all of the variables although they tend to be 

located in the lower and drier parts of the region. Differences between the weighted and un-

weighted distributions are obvious for elevations above 800m and for annual rainfall totals above 

1500mm. These sparsely populated higher and wetter areas in Madimba territoire tend to have 

poorer access to Kinshasa and to Mbanza-Ngungu. 
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Figure 8. Histograms of key characteristics in Bas-

Congo mandate area 
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Scaling out from PRA sites in Bas-Congo mandate are a 

 

 
Figure 9. Homologue environments in central Africa of Bas-Congo PRA Sites  
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Annex 2: Gitarama Mandate Area 

 

This mandate area is found in central Rwanda and its main geographic feature is the granitic plateau. The geology of the region has resulted in soils 

with low fertility levels, but despite this the mandate area supports a high population density. The mandate area is comprised of the modern districts of 

Muhanga, Kamonyi, Ruhango, and Nyanza. The population of the area is approximately 1,100,000 of whom maybe 150,000 live in the urban centres 

of Gitarama and Ruhango, and the size of the region is roughly 2,600 km2. 

 

Kinazi was chosen as the location for the participatory rural assessment (PRA). The values of the key characteristics of the mandate area can be seen in 

Table 3, while Table 4 shows the combined size of specific urban markets within 1, 4 and 8 hours travelling (one-way) from the PRA site. 

 

 

 

Table 3. Characteristics of PRA Site in Gitarama Mandate area 

Growing season Annual rainfall Elevation Development Domain Population density PRA Site 
  

days mm m Pop., Access, Ag. Pot. Persons per km2 
26. Kinazi 310 1058 1499 High, High, Low 357 

 

Table 4. Access to markets and population of specific markets within time zones from PRA Sites in Gitarama Mandate area 

Access to: 
Kigali Ruhango Gitarama PRA Site 

Hrs mins Hrs mins Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

26. Kinazi 2   37 1 10 21,500 400,674 619,801 
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Figure 10. Elevation of Gitarama Mandate area showing PRA site: 26. Kinazi 
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Figure 11. Growing season of Gitarama Mandate area showing PRA site: 26. Kinazi 
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Figure 12. Annual rainfall of Gitarama Mandate area showing PRA site: 26. Kinazi 
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Figure 13. Population density of Gitarama Mandate area showing PRA site: 26. Kinazi 
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Figure 14. Development domains of Gitarama Mandate area showing PRA site: 26. Kinazi 
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Figure 15. Geology of Gitarama Mandate area showing PRA site: 26. Kinazi. For legend see Figure 16 
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Figure 16. Legend and source for maps of geology of Mandate areas in Rwanda 
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Assessing the representativity of PRA Sites in Gita rama Mandate Area 

The graphs in Figure 17 show the distribution of the values of the variables used in characterising 

the Mandate area. On each histogram is shown the PRA site. It can be seen therefore that the PRA 

site in Gitarama is broadly representative of the mandate area although a location a little higher and 

wetter might have been preferred. There is little difference in the distribution of the variables when 

weighted; this is because population density is high in all of the mandate area. 

Histograms of the representativeness of the geology of the mandate area were not possible. A 

cursory look at the map in Figure 15, shows, however, that the PRA site is located on the granitic 

plateau that characterises the south-central part of the Mandate area and indeed is the reason the 

mandate area was chosen. 

 

 

 

 
 

 

 

 
 

 



 26 

Development Domain

0

20

40

60

80

100

High, L
ow, L

ow

High, L
ow, H

igh

High, H
igh, H

igh

High, H
igh, L

ow

P
er

ce
n

t

Frequency

PRA site

 

 
 

 

 
 

 

 

 

Figure 17. Histograms of key characteristics in 
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Scaling out from PRA sites in Gitarama mandate area  

 

 
Figure 18. Homologue environments in central Africa of Gitarama PRA Site 
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Annex 3: Gitega Mandate Area 

 

The Gitega mandate area is defined by the province of the same name in central Burundi. The area is characterised by poor acidic soils and the use of 

inputs in the banana cultivation systems is common in this region. The area supports a high population density with an estimate of 600,000 people 

living in the 1,900 km2 area. Four sites were chosen for participatory rural assessments (PRAs), these were Gisuru, Muririmbo, Rusagara, and Mugano. 

The values of the key characteristics of the mandate area can be seen in Table 5, while Table 6 shows the combined size of specific urban markets 

within 1, 4 and 8 hours travelling (one-way) from the PRA sites. Of the four locations which were assessed four have been chosen as sites for 

intervention. These sites are: Gisuru and Muririmbo. 

 

Table 5. Characteristics of PRA Site in Gitega Mandate area 

Growing season Annual rainfall Elevation Development domain Population density 
PRA Site 

days mm m Pop., Access, Ag. Pot. Persons per km2 
39. Gisuru 296 1177 1575 High, High, High 360 
40. Muririmbo 302 1144 1688 High, High, High 362 
41. Rusagara 298 1206 1683 High, High, High 371 
42. Mugano 318 1293 1901 High, Low, High 238 
 

Table 6. Access to markets and population of specific markets within time zones from PRA Sites in Gitega Mandate area 

Access to: 
Bujumbura Gitega PRA Site 

Hrs mins Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

39. Gisuru 2 34 0 11 56,078 458,113 469,213 
40. Muririmbo 3 40 1 58  458,113 458,113 
41. Rusagara 3 6 0 18 56,078 453,226 458,113 
42. Mugano 4 12 2 33  56,078 458,113 
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Figure 19. Elevation of Gitega Mandate area showing PRA site: 39. Gisuru; 40. Muririmbo; 41. Rusagara; and, 42. Mugano 
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Figure 20. Growing season of Gitega Mandate area showing PRA site: 39. Gisuru; 40. Muririmbo; 41. Rusagara; and, 42. Mugano 
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Figure 21. Annual rainfall of Gitega Mandate area showing PRA site: 39. Gisuru; 40. Muririmbo; 41. Rusagara; and, 42. Mugano 
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Figure 22. Population density of Gitega Mandate area showing PRA site: 39. Gisuru; 40. Muririmbo; 41. Rusagara; and, 42. Mugano 
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Figure 23. Development domains of Gitega Mandate area showing PRA site: 39. Gisuru; 40. Muririmbo; 41. Rusagara; and, 42. Mugano 
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Assessing the representativity of PRA Sites in Gite ga Mandate Area 

 

The differences between the weighted and un-weighted histograms are small in this mandate area 

due to the lack of variability in the distribution of the (high) rural population. The PRA sites are 

located in the extremes of the mandate area and as a result represent well the conditions 

encountered within the mandate area. Due to the focus on bananas within this mandate area the 

higher elevation parts of the district have not been included. 
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Figure 24. Histograms of key characteristics in 

Gitega mandate area 
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Scaling out from PRA sites in Gitega mandate area 

 

 
Figure 25. Homologue environments in central Africa of Gitega PRA Sites 
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Annex 4: Kibuye-Gisenyi Mandate Area 

 

The Kibuye-Gisenyi mandate area is comprised of the area between northern Lake Kivu and the range of highlands that form the Nile-Congo divide in 

Rwanda. The area is 2,500 km2 and the administrative districts that make up the area are Karongi, Rutsiro, and Rubavu which have a total population 

of approximately 1,100,000 of whom 110,000 live in the towns of Kibuye and Gisenyi. Soils in this region are young, precipitation is high and there is 

good potential for agricultural production of both bananas and legumes. 

 

Two communities were chosen for participatory rural assessments (PRAs), these were Cellule Gitarama close to Kibuye and Rugerero on the route 

between Gisenyi and Ruhengeri. The values of the key characteristics of the mandate area can be seen in Table 7, while Table 8 shows the combined 

size of specific urban markets within 1, 4 and 8 hours travelling (one-way) from the PRA sites. Both sites have been chosen as action sites. 

 

 

Table 7. Characteristics of PRA Sites in Kibuye-Gisenyi Mandate area 

PRA Site Growing season Annual rainfall Elevation Development Domain Population density 
 days mm m Pop., Access, Ag. Pot. Persons per km2 

23. Cellule Gitarama 357 1185 1480 High, High, Low 426 
25. Rugerero 365 1288 1648 High, High, High 1890 
 

Table 8. Access to markets and population of specific markets within time zones from PRA Sites in Kibuye-Gisenyi Mandate area 

Access to: 
Gisenyi Kibuye Kigali Goma PRA Site 

Hrs mins Hrs mins Hrs mins Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

23. Cellule Gitarama 1 23  1 3 38 3 27 23,250 614,914 1,319,456 
25. Rugerero  7 1 31 4 39 2 12 29,271 279,990 922,308 
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Figure 26. Elevation of Kibuye-Gisenyi Mandate area showing PRA sites: 23. Cellule Gitarama; and 25. Rugerero 
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Figure 27. Growing season of Kibuye-Gisenyi Mandate area showing PRA sites: 23. Cellule Gitarama; and 25. Rugerero 
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Figure 28. Annual rainfall of Kibuye-Gisenyi Mandate area showing PRA sites: 23. Cellule Gitarama; and 25. Rugerero 
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Figure 29. Population density of Kibuye-Gisenyi Mandate area showing PRA sites: 23. Cellule Gitarama; and 25. Rugerero 
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Figure 30. Development domains of Kibuye-Gisenyi Mandate area showing PRA sites: 23. Cellule Gitarama; and 25. Rugerero 
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Figure 31. Geology of Kibuye-Gisenyi Mandate area showing PRA sites: 23. Cellule Gitarama; and 25. Rugerero. For legend see Figure 16 
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Assessing the representativity of PRA Sites in Kibu ye-Gisenyi Mandate Area 

 

The graphs in Figure 32 show the distribution of the values of the variables used in characterising 

the Mandate area. On each histogram is shown the PRA sites. It can be seen that the two PRA sites 

are in the lower and drier parts of the region; this is where the urban population is located and 

where market access is good. When the variables are weighted (graphs on the right hand side in 

Figure 32) it seems that the PRA sites do not represent well the whole mandate area, this is perhaps 

due to the fact that the emphasis in this mandate area is bananas which are not well suited to the 

higher areas of the mandate area. 

Histograms of the representativeness of the geology of the mandate area were not possible. Figure 

31 shows, however, that the PRA sites are located on the granitic/volcanic derived soils in the north 

and on schist derived soils in the south, representing well the mandate area. 
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Figure 32. Histograms of key characteristics in 

Kibuye - Gisenyi mandate area 
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Scaling out from PRA sites in Kibuye - Gisenyi mand ate area 

 

 
Figure 33. Homologue environments in central Africa of Kibuye-Gisenyi PRA Sites  
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Annex 5: Kigali-Kibungo Mandate Area 

 

The area in Rwanda between city of Kigali and the Tanzanian and Burundi borders is an important area for bananas and for beans, it is a mid-altitude 

zone consisting of old weathered soils on schist. The mandate area is defined by Kirehe, Ngoma, Kayonza, Rwamagana, and Bugesera districts and has 

a population of approximately 1.1 million people in an area of almost 6,000km2. 

 

Four sites were chosen for participatory rural assessments (PRAs), these were Mayange, Gatore, Kabare, and Musenyi. The values of the key 

characteristics of the mandate area can be seen in Table 9, while Table 10 shows the combined size of specific urban markets within 1, 4 and 8 hours 

travelling (one-way) from the PRA sites. All of the PRA sites in the Kigali-Kibungo mandate area are action sites 

 

Table 9. Characteristics of PRA Sites in Kigali-Kibungo Mandate area 

Growing season Annual rainfall Elevation Development Domain Population density PRA Site 
days mm m Pop., Access, Ag.Pot. Persons per km2 

15. Mayange 301 957 1475 High, High, High 289 
19. Gatore 290 900 1520 Low, High, High 133 
20. Kabare 291 889 1461 Low, Low, High 42 
22. Musenyi 305 1002 1471 High, Low, Low 289 

 

Table 10. Access to markets and population of specific markets within time zones from PRA Sites in Kigali-Kibungo Mandate area 

Access to: 
Kigali PRA Site 

Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

15. Mayange 1 27 0 377,424 541,572 
19. Gatore 3 46 0 313,424 445,123 
20. Kabare 7 6 0 0 313,424 
22. Musenyi 4 36 0 0 405,561 
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Figure 34. Elevation of Kigali-Kibungo Mandate area showing PRA sites: 15. Mayange; 19. Gatore; 20. Kabare; and 22. Musenyi 
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Figure 35. Growing season of Kigali-Kibungo Mandate area showing PRA sites: 15. Mayange; 19. Gatore; 20. Kabare; and 22. Musenyi 
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Figure 36. Annual rainfall of Kigali-Kibungo Mandate area showing PRA sites: 15. Mayange; 19. Gatore; 20. Kabare; and 22. Musenyi 
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Figure 37. Population density of Kigali-Kibungo Mandate area showing PRA sites: 15. Mayange; 19. Gatore; 20. Kabare; and 22. Musenyi 
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Figure 38. Development domains of Kigali-Kibungo Mandate area showing PRA sites: 15. Mayange; 19. Gatore; 20. Kabare; and 22. Musenyi 
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Figure 39. Geology of Kigali-Kibungo Mandate area showing PRA sites: 15. Mayange; 19. Gatore; 20. Kabare; and 22. Musenyi. For legend see 

Figure 16 
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Assessing the representativity of PRA Sites in Kiga li - Kibungo Mandate Area 

 

The graphs in Figure 40 show the distribution of the values of the variables used in characterising 

the Mandate area. On each histogram is shown the PRA sites. It can be seen that the PRA sites in 

Kigali-Kibungo represent well the mandate area. They are well spread in each three of the variables 

but are situated at similar altitudes.  

Histograms of the representativeness of the geology of the mandate area were not possible. Figure 

39 shows that the PRA sites are located on the granitic derived soils in Bugasera and on schist 

derived soils in Kibungo, representing well the range of the underlying geology in the mandate area. 
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Figure 40. Histograms of key characteristics in 

Kigali - Kibungo mandate area 
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Scaling out from PRA sites in Kigali - Kibungo mand ate area 

 

 
Figure 41. Homologue environments in central Africa of Kigali-Kibungo PRA Sites  
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Annex 6: Kirundo Mandate Area 

 

Kirundo is a province in northern Burundi, bordering Rwanda and is similar in nature to the Kigali-Kibungo mandate area. The population of this 

region is roughly 500,000 and the area is 1,780km2. The area has potentially good links to Kigali. 

 

Four sites were chosen for participatory rural assessments (PRAs), these were Mugongo, Murore, Yaranda, and Ntega. The values of the key 

characteristics of the mandate area can be seen in Table 11, while Table 12 shows the combined size of specific urban markets within 1, 4 and 8 hours 

travelling (one-way) from the PRA sites. Murore and Yaranda have been chosen as the action sites for banana germplasm trials. 

 

Table 11. Characteristics of PRA Site in Kirundo Mandate area 

Growing season Annual rainfall Elevation Development domain Population density 
PRA Site 

days mm m Pop., Access, Ag. Pot. Persons per km2 
43. Mugongo 295 959 1543 High, High, High 260 
44. Murore 303 1010 1646 High, High, High 204 
45. Yaranda 294 990 1386 Excluded1 324 
46. Ntega 300 1061 1523 High, High, Low 290 

 

Table 12. Access to markets and population of specific markets within time zones from PRA Sites in Kirundo Mandate area 

Access to: 
Kirundo Kigali PRA Site 

Hrs mins Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

43. Mugongo 1 35 6 6  60,965 835,537 
44. Murore 0 50 5 34 4,887 4,887 835,537 
45. Yaranda 0 11 5 20 4,887 4,887 835,537 
46. Ntega 0 27 5 57 4,887 4,887 835,537 
 

                                                 
1 This PRA site does not appear in a development domain due to the nearby presence of a national park (Figure 46) 
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Figure 42. Elevation of Kirundo Mandate area showing PRA sites: 43 Mugongo; 44 Murore; 45 Yaranda; and, 46 Ntega 
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Figure 43. Growing season of Kirundo Mandate area showing PRA sites: 43 Mugongo; 44 Murore; 45 Yaranda; and, 46 Ntega 
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Figure 44. Annual rainfall of Kirundo Mandate area showing PRA sites: 43 Mugongo; 44 Murore; 45 Yaranda; and, 46 Ntega 
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Figure 45. Population density of Kirundo Mandate area showing PRA sites: 43 Mugongo; 44 Murore; 45 Yaranda; and, 46 Ntega 
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Figure 46. Development domains of Kirundo Mandate area showing PRA sites: 43 Mugongo; 44 Murore; 45 Yaranda; and, 46 Ntega 

 



 63 

Elevation

0
20
40
60
80

100
120
140
160
180

12
80

13
40

14
00

14
60

15
20

15
80

16
40

17
00

17
60

18
20

metres above sea level

F
re

qu
en

cy

Frequency
PRA site

Length of Growing Season

0

50

100

150

200

250

28
0

28
4

28
8

29
2

29
6

30
0

30
4

30
8

31
2

31
6

32
0

32
4

days

F
re

qu
e

nc
y

Frequency
PRA site

Assessing the representativity of PRA Sites in Kiru ndo Mandate Area 

 

The graphs in Figure 47 show the distribution of the values of the variables used in characterising 

the Mandate area. On each histogram is shown the PRA sites. It can be seen that the PRA sites in 

Kirundo represent well the mandate area. The sites offer sufficient variation to capture differences 

in key biophysical and demographic variables, although the driest areas have not been captured.  
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Figure 47. Histograms of key characteristics in 

Kirundo mandate area 
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Scaling out from PRA sites in Kirundo mandate area 

 

 
Figure 48. Homologue environments in central Africa of Kirundo PRA Sites 
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Annex 7: Nord-Kivu montagneux Mandate Area 

 

The Nord-Kivu montagneux mandate area consists of the territoire of Beni, as well as the town of Butembo and some parts of Lubero. The eastern and 

southern parts of this area are characterised by mountains, lakes and national parks. The population of the area is estimated at 1,120,000 and the size of 

the mandate area is almost 10,000km2. 

 

Eight sites were selected for participatory rural assessments (PRAs), these were Maboya, Munoli, Iragaya/Maboya, Nzenga/Mutwanga, Nzenga 1, 

Mangondomu, Makiki, and Vuvatsi. The values of the key characteristics of the mandate area can be seen in Table 13, while Table 14 shows the 

combined size of specific urban markets within 1, 4 and 8 hours travelling (one-way) from the PRA sites. Of the eight PRA sites four were chosen as 

action sites: Maboya, Munoli, Nzenga / Mutwanga, and Mangondomu. 

 

 

Table 13. Characteristics of PRA Sites in Nord-Kivu montaneux Mandate area 

Growing season Annual rainfall Elevation Development Domain Population density 
PRA Site 

days mm m Pop, Access, Ag. Po.t People per km2 
31. Maboya 365 1509 1404 Low, High, Low 122 
32. Munoli 365 1515 1760 Low, Low, Low 59 
33. Iragaya/Maboya 365 1470 1403 Low, Low, Low 59 
34. Nzenga/Mutwanga  365 1268 1048 Low, High, Low 122 
35. Nzenga 1 365 1246 1005 Low, High, Low 122 
36. Mangondomu 365 1482 1010 Low, High, High 122 
37. Makiki 365 1486 976 Low, High, High 122 
38. Vuvatsi 365 1556 1860 Low, Low, Low 75 
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Table 14. Access to markets and population of specific markets within time zones from PRA Sites in Nord-Kivu montaneux Mandate area 

Access to: Less than 1 hour 0 – 4 hours 0 – 8 hours 
Kasindi Butembo Kampala Beni  202,476 229,428 PRA Site 

Hrs mins Hrs mins Hrs mins Hrs mins    
31. Maboya 5 14 2 18 19 28 2 40   202,476 
32. Munoli 14  8 23 28 15 8 36  26,949 229,428 
33. Iragaya/Maboya 11 23 5 20 25 37 5 58  2,6949 229,428 
34. Nzenga/Mutwanga 1 23 4 18 15 49 4 27  229,428 229,428 
35. Nzenga 1 2   5 18 16 14 5 52   229,428 
36. Mangondomu 3 33 3 20 17 48 3    202,476 
37. Makiki 4 9 4 20 18 23 4 35    
38. Vuvatsi 12 7 6 23 26 21 6 19    
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Figure 49. Elevation of Nord-Kivu montagneux  Mandate area showing PRA sites: 31. Maboya; 32. Munoli; 33. Iragaya/Maboya; 34. 

Nzenga/Mutwanga; 35. Nzenga 1; 36. Mangondomu; 37. Makiki; and 38. Vuvatsi 
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Figure 50. Growing season of Nord-Kivu montagneux  Mandate area showing PRA sites: 31. Maboya; 32. Munoli; 33. Iragaya/Maboya; 34. 

Nzenga/Mutwanga; 35. Nzenga 1; 36. Mangondomu; 37. Makiki; and 38. Vuvatsi 
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Figure 51. Annual rainfall of Nord-Kivu montagneux  Mandate area showing PRA sites: 31. Maboya; 32. Munoli; 33. Iragaya/Maboya; 34. 

Nzenga/Mutwanga; 35. Nzenga 1; 36. Mangondomu; 37. Makiki; and 38. Vuvatsi 
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Figure 52. Population density of Nord-Kivu montagneux  Mandate area showing PRA sites: 31. Maboya; 32. Munoli; 33. Iragaya/Maboya; 34. 

Nzenga/Mutwanga; 35. Nzenga 1; 36. Mangondomu; 37. Makiki; and 38. Vuvatsi 
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Figure 53. Development domains of Nord-Kivu montagneux  Mandate area showing PRA sites: 31. Maboya; 32. Munoli; 33. Iragaya/Maboya; 34. 

Nzenga/Mutwanga; 35. Nzenga 1; 36. Mangondomu; 37. Makiki; and 38. Vuvatsi 
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Assessing the representativity of PRA Sites in Nord -Kivu montagneux 

Mandate Area 

 

The graphs in Figure 54 how the distribution of the values of the variables used in characterising the 

Mandate area. On each histogram is shown the PRA sites. It can be seen therefore that the PRA 

sites in Nord-Kivu mandate area represent well the mandate area in all of the variables although 

they tend to be located in the lower and drier parts of the region which is not surprising given the 

mountainous terrain. 
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Figure 54. Histograms of key characteristics in 

Nord-Kivu montagneux mandate area 
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Scaling out from PRA sites in Nord-Kivu montagneux mandate area 

 

 
Figure 55. Homologue environments in central Africa of Nord-Kivu montagneux PRA Sites  
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Annex 8: Rusizi Plain Mandate Area 

 

The Rusizi plain mandate area is comprised of the province of Cibitoke in Burundi and the district of Rusizi in Rwanda. Parts of the Walungu territoire 

in DRC could be considered to be part of the Rusizi plain. The two zones have a combined area of 2,600km2 and a population estimate of 800,000 

people. 

 

Four communities were selected for participatory rural assessments (PRAs), these were Cijingiri, Rubumba, Cellule Rwinzuki and Muyange. The 

values of the key characteristics of the mandate area can be seen in Table 15, while Table 16 shows the combined size of specific urban markets within 

1, 4 and 8 hours travelling (one-way) from the PRA sites. Of the four candidate locations Rwinzuki and Muyange were chosen as action sites. 

 

Table 15. Characteristics of PRA Sites in Rusizi Plain Mandate area 

Growing season Annual rainfall Elevation Development domain Population density 
PRA Site 

days mm m Pop., Access, Ag. Pot. Persons per km2 
13. Cijingiri 365 1437 1559 Low, Low, Low 123 
14. Rubumba 298 1052 972 Low, Low, High 123 
24. Cellule Rwinzuki 365 1480 1719 High, High, Low 426 
47. Muyange 303 1109 1124 High, High, Low 243 

 

Table 16. Access to markets and population of specific markets within time zones from PRA Sites in Rusizi Plain Mandate area 

Access to: 
Bujumbura PRA Site 

Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

13. Cijingiri 7 22 0 302,108 867,913 
14. Rubumba 5 30 0 11,100 762,877 
24. Cellule Rwinzuki 6 8 0 11,100 1,000,746 
47. Muyange 2 1 0 397,148 794,571 
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Figure 56. Elevation of Rusizi Plain Mandate area showing PRA sites: 13. Cijingiri 14. Rubumba 24. Cellule Rwinzuki and 47. Muyange 
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Figure 57. Growing season of Rusizi Plain Mandate area showing PRA sites: 13. Cijingiri 14. Rubumba 24. Cellule Rwinzuki and 47. Muyange 
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Figure 58. Annual rainfall of Rusizi Plain Mandate area showing PRA sites: 13. Cijingiri 14. Rubumba 24. Cellule Rwinzuki and 47. Muyange 
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Figure 59. Population density of Rusizi Plain Mandate area showing PRA sites: 13. Cijingiri 14. Rubumba 24. Cellule Rwinzuki and 47. Muyange 
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Figure 60. Development domains of Rusizi Plain Mandate area showing PRA sites: 13. Cijingiri 14. Rubumba 24. Cellule Rwinzuki and 47. 

Muyange 
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Figure 61. Geology of Rusizi Plain Mandate area showing PRA sites: 13. Cijingiri 14. Rubumba 24. Cellule Rwinzuki and 47. Muyange. For 

legend see Figure 16 
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Assessing the representativity of PRA Sites in Rusi zi plain Mandate Area 

The graphs in Figure 62 show the distribution of the values of the variables used in characterising 

the Mandate area. On each histogram is shown the PRA sites. It can be seen therefore that the PRA 

sites in the Rusizi plain represents well the mandate area. 

Only one of the PRA sites has information on the geology of the mandate area so it is difficult to 

determine the overall representativity of the PRA sites. The site in Rwanda (Figure 61) represents 

well the northernmost section of the mandate area with its deep, weathered volcanic soils. 
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Figure 62. Histograms of key characteristics in 

Rusizi Plain (Rusizi district) mandate area 
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Scaling out from PRA sites in Rusizi Plain mandate area 

 

 
Figure 63. Homologue environments in central Africa of Rusizi Plain PRA Sites  
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Annex 9: Sud-Kivu montagneux Mandate Area 

 

Walungu territoire in Sud-Kivu province has been chosen to define the extent of the sud-kivu montagneux mandate area. This mandate area is at 

relatively high elevations, has a high rainfall and a long growing season. Access to urban centres is potentially good although poor infrastructure in 

some parts make transporting goods a costly affair. The 3750km2 area supports a population estimated at 720,000 people of whom perhaps a half live 

in the city of Bukavu. 

 

Eight locations were selected for participatory rural assessments (PRAs), these communities were Luhihi Centre, Bugobe Centre, Kabumba, Kabamba, 

Kashenyi, Lurhala Centre, Kishoke II, and Mwegerera. The values of the key characteristics of the mandate area can be seen in Table 17, while Table 

18 shows the combined size of specific urban markets within 1, 4 and 8 hours travelling (one-way) from the PRA sites. 

 

Of the 8 PRA sites the following were chosen as action sites: 5) Luhihi Centre; 8) Kabamba; 10) Lurhala Centre; and, 12) Mwegerera.  

 

Table 17. Characteristics of PRA Sites in Sud-Kivu montagneux Mandate area 

Growing season Annual rainfall Elevation Development Domain Population density 
PRA Site 

days mm m Pop., Access, Ag.Pot. Persons per km2 
5. Luhihi Centre 365 1497 1555 Low, Low, High 123 
6. Bugobe Centre 365 1654 1982 High, High, Low 183 
7. Kabumba 365 1514 1608 Low, Low, Low 123 
8. Kabamba 365 1551 1594 Low, High, Low 100 
9. Kashenyi 365 1552 1703 Low, High, Low 123 
10. Lurhala Centre 365 1661 2019 Low, Low, Low 128 
11. Kishoke II 365 1462 1565 Low, High, High 123 
12. Mwegerera 365 1554 1664 Low, High, Low 123 
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Table 18. Access to markets and population of specific markets within time zones from PRA Sites in Sud-Kivu montagneux Mandate area 

Access to: 
Bukavu Kigali Kibuye Cyangugu PRA Site 

Hrs mins Hrs mins Hrs mins Hrs mins 
Less than 1 hour 0 – 4 hours 0 – 8 hours 

5. Luhihi Centre 7 26 14 37 10 58 9 51 0  302,108 
6. Bugobe Centre 3 46 12 6 8 27 6 31 0 302,108 447,515 
7. Kabumba 5 4 13 24 9 45 7 49 0 0 313,208 
8. Kabamba 2 7 9 9 5 29 4 45 0 436,415 587,384 
9. Kashenyi 1 45 9 31 5 52 4 27 0 436,415 544,884 
10. Lurhala Centre 6 17 14 37 10 57 9 2 0 0 302,108 
11. Kishoke II 0 57 8 16 4 37 3 21 302,108 447,515 608,884 
12. Mwegerera 2 42 11 3 7 23 5 28 0 302,108 470,765 
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Figure 64. Elevation of Sud-Kivu montagneux Mandate area showing PRA sites: 5. Luhihi Centre; 6. Bugobe Centre; 7. Kabumba; 8. Kabamba; 9. 

Kashenyi; 10. Lurhala Centre; 11. Kishoke II; and 12. Mwegerera 
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Figure 65. Growing season of Sud-Kivu montagneux Mandate area showing PRA sites: 5. Luhihi Centre; 6. Bugobe Centre; 7. Kabumba; 8. 

Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kishoke II; and 12. Mwegerera 
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Figure 66. Annual rainfall of Sud-Kivu montagneux Mandate area showing PRA sites: 5. Luhihi Centre; 6. Bugobe Centre; 7. Kabumba; 8. 

Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kishoke II; and 12. Mwegerera 
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Figure 67. Population density of Sud-Kivu montagneux Mandate area showing PRA sites: 5. Luhihi Centre; 6. Bugobe Centre; 7. Kabumba; 8. 

Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kishoke II; and 12. Mwegerera 
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Figure 68. Development domains of Sud-Kivu montagneux Mandate area showing PRA sites: 5. Luhihi Centre; 6. Bugobe Centre; 7. Kabumba; 8. 

Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kishoke II; and 12. Mwegerera 
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Assessing the representativity of PRA Sites in Sud- Kivu montagneux 

Mandate Area 

 

The graphs in Figure 69 show the distribution of the values of the variables used in characterising 

the Mandate area. On each histogram is shown the PRA sites. The PRA sites in sud-kivu 

montagneux represent well the Mandate area, especially when the western portion of the area 

(which is included for administrative rather than biophysical reasons) is ignored.  
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Figure 69. Histograms of key characteristics in 

Sud-Kivu montagneux mandate area 
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Scaling out from PRA sites in Sud-Kivu montagneux m andate area 

 

 
Figure 70. Homologue environments in central Africa of Sud-Kivu montagneux PRA Sites  
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Annex 10: Umutara Mandate Area 

 

The mandate area of Umutara is defined by the districts of Nyagatare and Gatsibo. The latest population figure for the region is roughly 350,000 

although this may have increased due to the in-migration which occurred when the western portion of Akagera national park was de-gazetted. The area 

of 3,500km2 has a potentially good natural resource base, and supports large numbers of livestock but is prone to drought stress. 

 

Four communities were selected for participatory rural assessments (PRAs), these were Nyakigando, Kabarore, Rugarama, and Murambi. The values 

of the key characteristics of the mandate area can be seen in Table 19, while Table 20 shows the combined size of specific urban markets within 1, 4 

and 8 hours travelling (one-way) from the PRA sites. All four of the PRA sites were chosen as action sites.  

 

 

Table 19. Characteristics of PRA Sites in Umutara Mandate area 

Growing season Annual rainfall Elevation Development Domain Population density 
PRA Site 

days mm m Pop., Access, Ag.Pot. Persons per km2 
16. Nyakigando 309 909 1435 Low, Low, High 95 
17. Kabarore 305 906 1491 Low, High, High 102 
18. Rugarama 298 897 1404 Low, High, High 48 
21. Murambi 305 913 1567 Low, High, High 48 

 

Table 20. Access to markets and population of specific markets within time zones from PRA Sites in Umutara Mandate area 

Access to: 
Kigali  PRA Site 
Hrs mins 

Less than 1 hour 0 – 4 hours 0 – 8 hours 

16. Nyakigando 7 19 0 377,424 541,572 
17. Kabarore 3 13 0 313,424 445,123 
18. Rugarama 2 54 0 0 313,424 
21. Murambi 4 0 0 0 405,561 
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Figure 71. Elevation of Umutara Mandate area showing PRA sites: 16. Nyakigando; 17. Kabarore; 18. Rugarama; and 21. Murambi 
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Figure 72. Growing season of Umutara Mandate area showing PRA sites: 16. Nyakigando; 17. Kabarore; 18. Rugarama; and 21. Murambi 
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Figure 73. Annual rainfall of Umutara Mandate area showing PRA sites: 16. Nyakigando; 17. Kabarore; 18. Rugarama; and 21. Murambi 
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Figure 74. Population density of Umutara Mandate area showing PRA sites: 16. Nyakigando; 17. Kabarore; 18. Rugarama; and 21. Murambi 
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Figure 75. Development domains of Umutara Mandate area showing PRA sites: 16. Nyakigando; 17. Kabarore; 18. Rugarama; and 21. Murambi 
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Figure 76. Geology of Umutara Mandate area showing PRA sites: 16. Nyakigando; 17. Kabarore; 18. Rugarama; and 21. Murambi. For legend see 

Figure 16 

 

 



 103 

Assessing the representativity of PRA Sites in Umut ara Mandate Area 

The graphs in Figure 77 show the distribution of the values of the variables used in characterising 

the Mandate area. On each histogram is shown the PRA sites. The PRA sites in Umutara represent 

well the mandate area in all of the variables. There is perhaps a gap in the coverage for the lower 

elevations, areas with longer growing periods and higher precipitation, these areas are however 

almost mutually exclusive with the lower elevations in the east of the mandate area associated with 

lower rainfall and shorter growing seasons. 

 

Histograms of the representativeness of the geology of the mandate area were not possible. Figure 

76 shows that the four PRA sites represent well the granitic derived soils in the north and on schist 

derived soils in the west and south, representing well the mandate area. 

 

 

 

 

 

 

 

 

 



 104 

Development Domains

0

10

20

30

40

50

60

Exc
lud

ed

Low
, L

ow
, L

ow

Lo
w, L

ow
, H

igh

Lo
w, H

igh
, L

ow

Lo
w, H

igh
, H

igh

High
, L

ow
, L

ow

High
, L

ow
, H

igh

High
, H

igh
, H

igh

High, 
High

, L
ow

P
er

ce
nt Frequency

PRA sites

 

 

 

 

  

 

 

Figure 77. Histograms of key characteristics in 

Umutara mandate area 
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Scaling out from PRA sites in Umutara mandate area 

 

 
Figure 78. Homologue environments in central Africa of Umutara PRA Sites  
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Annex 11: Technical Notes 

 

Data compilation and quality assessment 

 

Geographical data were compiled for Rwanda, Burundi and DRC from all available data sources 

and each dataset was assessed for fitness for use. An ideal dataset will be up-to-date, it will also be 

spatially and thematically accurate. When two or more datasets are combined they will have to 

spatially accurate relative to each other – indeed, in this study we are more concerned with relative 

positions. Without primary data capture it is difficult to ensure that all of these criteria are 

maintained, and often difficult to make an assessment given a lack of metadata. Each theme has 

different characteristics so the definition of fitness for use will change accordingly. 

 

Agro-ecological potential – length of growing period, protected areas, rainfall, min-max temps 

 

The length of growing period (LGP) is “the number of days in a year when sufficient water is 

available in the soil profile to support plant growth”. Fischer et al2 have created a global map of 

LGP at a spatial resolution of 0.5 degrees (Figure 79). LGP takes in to account rainfall, potential 

evapo-transpiration and some soil properties. We assume that LGP is static through time although it 

is obvious that every year will display different patterns of rainfall and that soil water holding 

capacity may change through time. The spatial resolution available at the global level is rather 

coarse and another dataset has been calculated for east and central Africa. The re-calculation 

involved a focal filter of the original data rather than a recalculation using higher resolution data 

(IFPRI, personal communication, 21st March 2006). The purpose for this transformation was for 

purely visual purposes and the dataset is therefore not suitable for analysis. 

 

                                                 
2 Fischer G., van Velthuizen A. and Nachtergaele F.O. 2000. Global agro-ecological zones assessment: Methodology 
and results. Interim report. International Institute for Applied Systems Analysis, Laxenburg, Austria.  314 pp 
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Figure 79. Length of growing period in Sub-Saharan Africa. Red areas indicate a growing period of 

less than 1 month, dark blue areas 12 months 

 

 

Protected areas are human imposed constraints on agricultural production. The enforcement of these 

areas will be patchy both between and within DRC, Rwanda and Burundi. The authoritative dataset 

on protected areas is produced by UNEP-WCMC3. Other datasets exist but no metadata are 

available for these so it is difficult to assess the provenance and thus the reliability of these datasets. 

Protected areas are also prone to change. Generally their numbers increase but some former 

protected areas have been opened up for agro-pastoral development such as the Akagera national 

park. The 1997 WCMC dataset still shows the boundary before the park was de-gazetted, while the 

20054 map shows the reduced size of the park. Another source (INIBAP) shows a similar area but 

with less precise boundaries and less metadata. 

 

Rainfall is included in the length of growing period but average rainfall surfaces can be used to 

downscale the results. Worldclim5 provides average monthly values for precipitation, mean, 

minimum and maximum temperatures. The climate stations used to compile this dataset show 

acceptable spatial resolution in Rwanda and Burundi though these stations are fewer in DRC, 

especially in the Nord-Kivu (Figure 80). 

 

                                                 
3 http://www.unep-wcmc.org/protected_areas/ 
4 http://gis.tnc.org/data/IMS/WDPA_viewer/WDPA_info/Metadata.html 
5 Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., and Jarvis, A., 2005. Very high resolution interpolated climate 
surfaces for global land areas. International Journal of Climatology, 25: 1965-1978. Available at: 
http://www.worldclim.org/download.htm 
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Figure 80. Average precipitation for January, DRC, Rwanda and Burundi, with rainfall collecting 

stations. 

 

Natural vegetation may offer some contextual clues to agro-ecological potential and shows areas of 

possible expansion of the farming frontier. This theme will be discussed below in the section of 

barriers to market access. 

 

Agro-ecological status – agro-ecological zones, farming systems 

 

FAO agro-ecological zones and farming systems maps show little variation for the mandate areas, 

which are classified as either forest based systems (Bas-Congo) or as highland perennial (all other 

mandate areas). Data from INIBAP shows the major banana producing areas of Rwanda and 

Burundi6, while the CIAT African bean atlas7 defines broad areas of bean production and the 

intensity of production. CIAT has also created a dataset of cassava production. These data can be 

used for contextual maps rather than as an integral part of the analysis. 

 

Market Access – transport infrastructure, market definition, market location, market size, 

slope, barriers, land cover 

 

Early attempt to compute market access in GIS assumed an isoplane and where circular buffers 

around markets defined zones of access. This situation might be valid for open savannas with no 

                                                 
6 Eledu, C., Karamura, E. and Tushemereirwe, W. 2004.Agroecological distribution of banana systems in the Great 
Lakes Region. African Crop Science Journal-Special issue: Conservation through utilization of banana and plantain in 
the Great Lakes Region of East Africa 12 (1): 33-42�
 
7 CIAt, 1999. Bean database for Africa. Available at: http://www.ciat.cgiar.org/africa/pdf/atlas_bean_africa/contents.pdf 
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roads but for the highly dissected highlands access to market requires transport. Topography, land 

cover, barriers and most importantly the transport infrastructure affect movement. 

In most regions of the world road transport is the principal mode of accessing markets. The location 

and quality of the transport infrastructure is therefore a vital component of the assessment of access 

to market. Location of roads changes from decade to decade but the quality of the roads can change 

(usually deteriorate) from season to season, and over a decade once serviceable roads can be 

reduced to tracks. 

 

Road maps are available for all three countries but very few have metadata.  

The INIBAP Rwanda data includes 5 datasets. When compared with an all-purpose (1:420,000 

scale) topographic map (date undetermined) the INIBAP data on asphalt roads appear reliable – 

some sections of road are classified as asphalt in the INIBAP data but not on the topographic map. 

Other principal routes without asphalt are also well represented by the INIBAP dataset. There are 

thousands of other roads, however, which appear on the topographic map but which are not in 

digitised format. I overlaid a continental source that had been digitised from the Michelin road map 

of Africa8. In general the Michelin source represents well the principal routes in Rwanda apart from 

one anomaly north of Kigali. At a fine scale however it can be seen that there are some spatial 

differences between the Michelin and INIBAP datasets (Figure 81). 

 

                                                 
8 Michelin Travel Publications, 2004 746: Central & Southern Africa, Madagascar 1:400.000. Michelin Maps & 
Atlases, Revised Edition, France. 
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Figure 81. Road datasets for Rwanda 

 

 

An improved road map for Rwanda was subsequently secured from the Centre for GIS in the 

University of Rwanda in Burundi.  

 

The roads dataset for Burundi is very detailed, with three road classes captured in the IITA dataset. 

The INIBAP datasets do not have the same precision as the IITA roads and only two levels of roads 

are classified (Figure 82). The Michelin data do not fit the roads in Burundi as well as in Rwanda, 

the lines are the same as the primary roads in the INIBAP source – one has been used to generate 

the other. No topographic sources are available to compare the thematic accuracy and position. 
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Figure 82. Road datasets in Burundi 

 

The road datasets for DRC are far less detailed than those of Rwanda or Burundi. IITA have 

provided one dataset that is very similar to the Michelin road map. These may indeed be from the 

same source. In Kivu Montagneux there are some slight differences near to Bukavu and in the area 

between Masisi and Rutshuru. In Bas-Congo the Michelin map shows a denser network or roads 

than that obtained from IITA (Figure 83). A combination of these sources may therefore be the best 

option for mapping market access in DRC. 
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Figure 83. Road datasets in Bas-Congo 

 

One problem with using the ‘best’ dataset in each country would be different calculations of market 

access depending on the country. That for Burundi would be very detailed and the estimates of 

market access might be greater than those for DRC and Rwanda given that we assume most goods 

are transported via roads. The alternative is the lowest common denominator – which would be the 

Michelin road map for each country. This would allow comparisons between mandate areas from 

different countries at the expense of detail in Rwanda and Burundi. 

 

Fluvial transport may be an important factor in Bas-Congo. Information would be needed, however, 

on the navigability of these rivers. The datasets on rivers are quite detailed (see Figure 83 for 

example) but there is information neither on the ease of river transport nor on the speeds possible on 

these channels. A dataset of navigable rives in DRC was digitised using United Nations sources as a 

guide. 

 

In the Kivu Montagneux mandate area it is known that trading across lake Kivu will be important. 

Incorporating waiting times for boats might be difficult but this applies also to road transport. 

Crossing times need to be checked but approximate times would be: Goma/Gisenyi - 
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Bukavu/Cyangugu 3 hours, Kibuye – Goma/Gisenyi 11/2 hours, and Kibuye - Bukavu/Cyangugu 2 

hours. 

 

Markets have been pre-defined, they are Kinshasa, Mbanza-Ngungu, Bukavu, Beni, Butembo, 

Kasindi and Goma in DRC. In Rwanda the markets are Cyangugu, Gisenyi, Kigali, Ruhengeri, 

Kibuye, Ruhango, and Gitarama. While in Burundi the markets defined are Bujumbura, Gitega, and 

Kirundo. The location of these markets is known and is consistent between different datasets. The 

size of these markets is also known 

 

 

Town Population 

(Ciessin) 

2000 

20029 

Kinshasa 4593037  

Mbanza-Ngungu 77201  

Bukavu 302108  

Goma 134307  

Cyangugu 11100 59429 

Gisenyi 29271 67192 

Kigali 313424 608141 

Ruhengeri 39562 70525 

Kibuye  46500 

Gitarama  84669 

Ruhango  43780 

Bujumbura 397148  

Gitega 56078  

Kirundo 4887  

Masisi 5286  

Beni 76095  

Butembo 126384  

Kampala 1298725  

 

 

                                                 
9 http://www.xist.org/cntry/rwanda.aspx 



 114 

Population density – population density, historical changes in density 

 

There are a number of global population products that can be used to assess population density. 

Landscan 200210  uses population figures from censuses and surveys, these base maps are 

transformed to give greater precision using night-light imagery, vegetation, DEM and roads.  An 

alternative source is the Gridded Population of the World (GPW11). The spatial resolution is the 

same at 1km versus but the level of detail is not as great (Figure 84). A possible problem with the 

Landscan 2002 dataset is the poor spatial registration between this dataset and others, evident in the 

limits of Lake Kivu where the Landscan surface appears in the lake despite using the same 

projection and datum. For this reason it may be better to use the GPWv3 dataset. 

 

�
Figure 85. Landscan 2002 and GPWv3 global population datasets  

 

Population data from the three countries are not as precise as the modelled data of Landscan. 

Burundi has population data for the third administrative level, from which population density can be 

easily calculated. DRC has historical population figures up to 1990 for selected towns. Rwanda has 

population at the ‘secteur’ level which approximates the Landscan data; as a result it is probably 

more reliable given that the source is the 2002 population census. 

 

Altitude – elevation, terrain indices 

 

In the tropics altitude is a proxy for temperature, with a 6-degree drop for every 1000m climbed, 

indeed, elevation data have been used in the interpolation of temperature surfaces (Hijmans et al, 

                                                 
10 LandScanTM Global Population Database. Oak Ridge, TN: Oak Ridge National Laboratory. Available at 
http://www.ornl.gov/landscan/. 
11 http://sedac.ciesin.columbia.edu/plue/gpw/index.html?main.html&2 
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2005). The specific patterns of variance of elevation over short distances – terrain – are often a 

constraint and sometimes an opportunity for the development of agriculture. Maps of terrain have 

often been descriptive accounts, the advent of high-resolution elevation models (e.g., Jarvis et al, 

2004), however, has made possible quantitative indices of terrain. 

 

Datasets for elevation for Burundi are only at a 1km resolution – as opposed to 100m for the SRTM 

source. In Rwanda the data are also at 1km resolution, while in DRC there are no other sources of 

data. 

 

Datasets for terrain are part of the Africover series for Rwanda and Burundi but not for DRC. These 

data are helpful assessments that can be used in combination with the first and second order 

derivatives of the SRTM elevation model to construct an objective classification of terrain.  

 

Geology/soils 

 

FAO and USDA soil association data are available for Rwanda and Burundi. These are very coarse 

categories and the data contain no information on important characteristics such as organic matter 

content, CEC, pH, texture, drainage or depth. Soil maps12 are available for a small area of Burundi, 

as well as a map of soil associations for the whole of Burundi and Rwanda, but none exist for DRC. 

The map of associations offers little more thematic information than the FAO or USDA maps but 

the boundaries are more precise. 

 

A soil map of Rwanda exists in digital form but it has been impossible to obtain this dataset. Data 

are available, however for the geology of Rwanda in scanned form13. These can be geo-referenced 

and used as a guide to the type of soil encountered in the mandate areas of Rwanda and the PRA 

sites located within them. 

                                                 
12 Selvaradjou, S-K., Montanella, L., Spaargaren, O., and Dent, D., 2005. European Digital Archive of Soil Maps 
(EuDASM): Soil Maps of Africa. EUR 21657 EN. 386pp. Office of Official Publications of the European 
Communities, Luxembourg. 
 
13 Selvaradjou, et al, ibid. 
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Annex 12: Access to markets in Central Africa 

Introduction 

 

Accessibility was calculated to all of the markets identified as important for the mandate areas in 

central Africa. The access is modelled in a geographical information system (GIS) using a set of 

rules and data which results in a value in minutes to a pre-determined market. The model takes into 

account road location and quality as well as barriers such as international borders, constraints to 

movement like slope. The values generated were validated by the project team coordinators in 

Rwanda, Burundi and DRC. 

 

Each market was modelled separately and the time to markets is shown in the maps below. In 

general it can be seen that access in Burundi and Rwanda appears to be more widespread then in 

DRC, this is due to the number and quality of the feeder roads in these two small countries. The 

quality of the digital data is also probably a factor with very good datasets available for Burundi and 

Rwanda. 

 

Modelling access to markets 

 

The following section gives the values for the datasets used in the modelling of the accessibility to 

markets. Further details can be found in the manual that accompanies the ArcView v3.x extension 

(Farrow and Nelson, 2001). 

 

The accessibility analyst was used to create the friction surfaces and then to run the ‘costdistance’ 

function for each market in turn. The most complex process is the creation of a sensible friction 

surface, i.e. how long would it take to cross a particular distance in real space. A sensible friction 

surface depends on sensible values for all the inputs that are used to create the surface. 

 

Roads 

 

DRC classifications: 

Name     Speed km/hr 

Route nationale asphaltee (1)  35 
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Route nationale non asphaltee (2) 25 

Route regionale prioritaire (3)  25 

Route regionale secondaire (4)  15 

Route d'interet local (5)   15 

 

Burundi classifications 

Name     Speed km/hr 

A Roads    50 

B Roads    35 

C Roads    25 

 

Rwanda classifications 

Name     Speed km/hr 

Type 1     50 

Type 2     35 

 

Fluvial Transport 

 

All boat routes were given the speed of 35km/hr. 

 

Lake Kivu routes were added between: 

Goma/Gisenyi - Bukavu/Cyangugu  

Kibuye – Goma/Gisenyi  

Kibuye - Bukavu/Cyangugu  

Bukavu – Kalehe  

Goma – Kalehe  

Idjwi (Kashofu) – Bukavu/Cyangugu 

Idjwi (Kashofu) – Goma/Gisenyi 

Idjwi (Kashofu) – Kibuye 

Idjwi (Kashofu) – Kalehe  

 

These routes were placed so as to cross the national borders only once. This is important in the 

accessibility calculations because the borders will act as a barrier to movement. 
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Land cover 

 

Lakes are included as land cover so that the boat routes superseded these in the order of calculations 

(as opposed to a barrier theme, which has a higher ranking than river routes). 

Lakes can be given a very high friction figure – such as 5000 seconds per kilometre. 

 

The land cover maps from the FAO Africover dataset were used to generate the other land cover 

classes (Table 21). This dataset was re-projected to Lambert azimuthal equal area projection. 

 

Table 21. Landcover classes and time to cross a 1km cell (seconds) 

% of closed forest most difficult 4000 

% of closed shrub difficult 3000 

% of closed to open grassland moderate 2000 

% of tree or shrub crop moderate 2000 

% of herbaceous easy 1500 

Non-defined background moderate 3000 

    

There were some mis-registration problems at the border between the three countries. This meant 

that some areas were double counted. Another problem was undercounting. This was especially so 

in Rwanda. To assess the magnitude of the problem all the dataset were converted to grids - first 

using the percentage coverage for each class of the three datasets for each country. These grids were 

then summed to give a total percentage. These varied between a maximum of 260% and a minimum 

of 0%. This grid was modified to give values of between 2.6 and 0, for use in a subsequent 

calculation 

 

The datasets were again gridded, this time using percentages of the friction values (Table 21) 

depending on the percentage of coverage- for instance 60% of tree or shrub crop gives a value of 

60% of 2000 => 1200 seconds. 

 

These friction values were then summed for the 9 coverage datasets and divided by the division 

grid, which gave values of between 1500, and 4000- exactly the range expected according to Table 

21. 
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NoData areas were given the background friction of 3000seconds, and the lakes were hand digitised 

and given the value of 5000 seconds. The grids were combined (using the ESRI spatial analyst con 

function) so that the land cover had priority, then the lakes, and finally the background areas. 

 

Urban areas 

 

Urban areas were also hand digitised according to a visual inspection of high resolution of satellite 

imagery available in Google Earth, this was felt more appropriate than a circular buffer, or the 

settlement polygons used in GPWv3. Urban areas were digitised for Bukavu, Cyangugu, 

Goma/Gisenyi, Kigali, Bujumbura, Ruhengeri and Kampala. 

 

Barriers 

 

Borders were projected and clipped and given the time of 7200 seconds – equivalent to 2 hours to 

cross the border. 



 120 

Results of modelling access to markets in Central A frica 

 
Figure 86. Access to Beni 
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Figure 87. Access to Bujumbura 
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Figure 88. Access to Bukavu 
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Figure 89. Access to Butembo 
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Figure 90. Access to Cyangugu 

 



 125 

 

 
Figure 91. Access to Gisenyi 
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Figure 92. Access to Gitarama 
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Figure 93. Access to Gitega 
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Figure 94. Access to Goma 
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Figure 95. Access to Kampala 
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Figure 96. Access to Kasindi 
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Figure 97. Access to Kibuye 
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Figure 98. Access to Kigali 
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Figure 99. Access to Kinshasa 
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Figure 100. Access to Kirundo 
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Figure 101. Access to Masisi 
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Figure 102. Access to Mbanza-Ngungu 
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Figure 103. Access to Ruhango 
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Figure 104. Access to Ruhengeri 

 


