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1. The Mandate areas

CIALCA has chosen to work in 10 key geographicabarin Burundi, the Democratic Republic of
the Congo (DRC) and Rwanda. These 10 ‘Mandate A(Eagire 1) have been chosen to represent
the diversity in agro-ecological characteristicsgemographic profile and in access to markets that

are encountered in the three countries.
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Figure 1. Mandate areas in Central Africa

The mandate areas chosen also reflect the areaes tweanas and legumes are an integral part of
the farming systengure 2.



Bean and Banana Production in Rwanda and Burundi

e St e I
* o Tuelisenyi-Kibuye s
oy i o wle 08
g oy -...0.
o drGitarama,
oyt 2Nl
ST
ol

[ ] Mandate Areas
|_! Country Boundaries
Lakes
Bean Production
500Ha
Banana Production
777 Principal Area

Figure 2. Bean and Banana production in RwandaBamdndi

Each mandate area implies different challengesdaratse 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-CIAprojects.

Kirundo — Burundi, IITA, INIBAP projects.
Nord-Kivu montagneux — DRC, IITA projects.

Rusizi Plain — DRC, Rwanda and Burundi, lITA, INIBAorojects.
Sud-Kivu montagneux — DRC, IITA, INIBAP, and TSBRAT projects.

Umutara — Rwanda, TSBF-CIAT projects.




There follows a description for each mandate ambale technical notes on the characterisation

process can be found in the annexes.

2. Characterisation variables

Each mandate area was characterised in termstafrckey variables, these included the agro-

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

Population density was provided by the Global Rukddan mapping project (GRUMP, 2005)
datasets for Africa. This dataset was chosen torerssconsistent set across the three countrigs thi
dataset was chosen. GRUMP is inferior to some plaitéicly available for Rwanda (data are older

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

Different markets were chosen for characterisimgrttandate areas. For Bas-Congo these markets
were the city of Mbanza-Ngungu and the capital Kityshasa. For Gitarama Kigali was chosen as
the principal market to be analysed, while the tewhRuhango and Gitarama itself were selected
as local markets. For the Gitega mandate areatine of Gitega and the capital city, Bujumbura,
were selected. In the Kibuye-Gisenyi mandate ateasowns of Gisenyi and Kibuye as well as
Kigali and Goma in DRC were selected. In Kigali-liigo the only market of interest was Kigali.
In the Kirundo mandate area we calculated accdisgitn the town of Kirundo and for Kigali. For
the Nord-Kivu mandate area the markets of BeniBugmbo were chosen as well as the cross-
border location of Kasindi and the eventual madéd€ampala in Uganda. For the Rusizi plain
there were a number of possible markets but theokeywas the city of Bujumbura. In Sud-Kivu
there was the local market of Bukavu as well asendiistant ones such as the border locations of
Cyangugu and Kibuye in Rwanda and the final maglestination of Kigali. Finally in Umutara
accessibility was modelled to the most importantkeia- Kigali

Due to lack of soils data the characterisatiorhefagro-climatology was limited to the annual
precipitation (Hijmans, 2005) and a calculatiorited length of growing season (Thornton et al,
2006). An indication of the soils can be derivediny underlying geology. For Rwanda maps of
geology are available in scanned format (Selvargdjpal, 2005) and can be seen below for those

mandate areas in Rwanda.



The results of characterising the mandate areas egnbined to form development domains
similar to those used for priority setting by thes@ciation for Strengthening Agricultural Research
in East and Central Africa (ASARECA). The agro-egptal potential layer was the same as that
used by IFPRI-ASARECA. Slight modifications weredadao the ASARECA development
domains, especially in the choice of markets antienthreshold values used.

3. Potential action sites

A number of locations have been chosen as candiflataction sites. At each location a
participatory rural assessment (PRA) was carrigdadetermine the important characteristics of
the communities, such as the major farming systémes, engagement with markets, and to gauge
the presence and strength of local organisatioagaht of the characterisation of mandate areas we
have also analysed the representativity of each §lieAwithin the mandate site as a whole in terms
of the major variables described above.

A preliminary scaling-out exercise has also beeriadout for the PRA sites using software called
Homologue (CIAT, 2004). As the name suggests tfisvare identifies similar environments in
terms of purely biophysical terms. Despite the that it does not capture socio-economic attributes
the results are a useful tool for judging poterdiffusion 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 allratiendate areas in that it represents the lowlahdsentral Africa. It is close to the large urban
centre of Kinshasa and has a different predomicia mixture to that of the mandate areas in tieatgakes region.

The mandate area is defined by the administratumaries of Mbanza-Ngungu, and Madimba territofié® estimated population is 978,000 of
whom roughly 130,000 live in the urban areas of Mi@aNgungu, Kisantu and Madimba (Ciessin, 2000¢ Jike of the Bas-Congo mandate area is
approximately 20,000 ki

Eight locations were chosen for participatory rasgessments (PRAs), these communities were: Nk#imela, Kimbedi / Lemfu, Kanga-Kipeti,

Zenga, Kilonga, Kinkewa, and Mbanza Nzundu / Kiduiftae values of the key characteristics of the ratsdrea can be seen in Table 1, while
Table 2 shows the combined size of specific urbarkets within 1, 4 and 8 hours travelling (one-wiigjn the PRA sites.

Of the eight locations which were assessed foue leen chosen as sites for intervention. These aite Kimbedi \ Lemfu, Kanga-Kipeti, Zenga,

and Mbanza Nzundu.

Table 1. Characteristics of PRA Sites in Bas-Congdandate area

PRA Site Growing season Annual rainfall Elevation Developtieamain Population density
days mm m Pop., Access, Ag. Pot. Persons per km
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 612
27. Zenga 282 1310 45(Q Low, Low, High 6P
28. Kilonga 279 1287 420 Low, Low, Higl11 62
29. Kinkewa 297 1361 573 Low, Low, Higlh 62
30. Mbanza Nzundu / Kiduma 298 1364 610 High, High, High 62




Table 2. Access to markets and population of spemifmarkets within time zones from PRA Sites in Ba&ongo Mandate area

Access to:
PRA Site Kinshasa Mbanza-Ngungu Less than 1 hour 0 —4 hours 0 —8 hours
Hrs mins Hrs mins
1. Nkamu village 4 43 1 38 76,094 153,296 4,746,333
2. Kiyela Village 6 10 2 27 76,094 153,296 4,746,333
3. Kimbedi / Lemfu 5 42 7 20 76,095 153,2P6 4,738,3
4. Kanga-Kipeti 4 36 0 16 153,296 153,296 4,746,333
27. Zenga 7 33 3 47 76,094 153,296 4,746,333
28. Kilonga 9 25 3 28 76,094 153,296 153,2P6
29. Kinkewa 13 25 8 40 76,09% 76,095 76,005
30. Mbanza Nzundu / Kiduma 13 0 P9 153,296 158,29 4,746,333
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Figure 3. Elevation of Bas-Congo Mandate area shgWwiRA sites: 1. Nkamu; 2. Kiyela; 3. Kimbedi / Lieimd. Kanga-Kipeti; 27. Zenga; 28.
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Bas-Congo region Mandate area and PRA sites
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Bas-Congo region Mandate area and PRA sites
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Assessing the representativity of PRA Sites in Bas-  Congo Mandate Area

The graphs irigure 8show the distribution of the values of the vamsblised in characterising the
Mandate area. On each histogram is shown the Pie# $i can be seen therefore that the PRA
sites in Bas-Congo represent well the mandateiarahof the variables although they tend to be
located in the lower and drier parts of the regifferences between the weighted and un-
weighted distributions are obvious for elevationhevee 800m and for annual rainfall totals above
1500mm. These sparsely populated higher and waattass in Madimba territoire tend to have

poorer access to Kinshasa and to Mbanza-Ngungu.
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Scaling out from PRA sites in Bas-Congo mandate are a

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

This mandate area is found in central Rwanda anahdtin geographic feature is the granitic plat@&e. geology of the region has resulted in soils

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

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

of Gitarama and Ruhango, and the size of the regicoughly 2,600 krh

Kinazi was chosen as the location for the parttoiparural assessment (PRA). The values of theckeyacteristics of the mandate area can be seen in

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

Table 3. Characteristics of PRA Site in Gitarama Madate area

PRA Site Growing season Annual rainfall Elevation Developtri2damain Population density
days mm m Pop., Access, Ag. Pot. Persons per
26. Kinazi 310 1058 1499 High, High, Low 35
Table 4. Access to markets and population of speifmarkets within time zones from PRA Sites in Giteama Mandate area
Access to:
PRA Site Kigali Ruhango Gitarama Less than 1 hour 0 — 4 hours 0 —8 hours
Hrs mins Hrs mins Hrs mins

26. Kinazi 2 37 1 1( 21,500 400,674 619,§

17
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Figure 10. Elevation of Gitarama Mandate area shgWiRA site: 26. Kinazi

18



Figure 11. Growing season of Gitarama Mandate stiewing PRA site: 26. Kinazi
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Figure 12. Annual rainfall of Gitarama Mandate ashawing PRA site: 26. Kinazi
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Figure 13. Population density of Gitarama Mandata ahowing PRA site: 26. Kinazi
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Figure 14. Development domains of Gitarama Mandeda showing PRA site: 26. Kinazi
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Figure 15. Geology of Gitarama Mandate area showiRg site: 26. Kinazi. For legend see Figure 16
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Figure 16. Legend and source for maps of geolodyaidate areas in Rwanda
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Assessing the representativity of PRA Sites in Gita ~ rama Mandate Area

The graphs iFigure 17show the distribution of the values of the varalised in characterising

the Mandate area. On each histogram is shown tiAesR& It can be seen therefore that the PRA
site in Gitarama is broadly representative of tledate area although a location a little higher and
wetter might have been preferred. There is litifeence in the distribution of the variables when
weighted; this is because population density if mgall of the mandate area.

Histograms of the representativeness of the geaddtjye mandate area were not possible. A
cursory look at the map in Figure 15, shows, howebat the PRA site is located on the granitic
plateau that characterises the south-central p#nedVlandate area and indeed is the reason the
mandate area was chosen.
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Scaling out from PRA sites in Gitarama mandate area

Figure 18. Homologue environments in central Afii¢&itarama PRA Site
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Annex 3: Gitega Mandate Area

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

inputs in the banana cultivation systems is comindhis region. The area supports a high populatfiemsity with an estimate of 600,000 people

living in the 1,900 krharea. Four sites were chosen for participatorgl mssessments (PRAs), these were Gisuru, MuritiRbsagara, and Mugano.

The values of the key characteristics of the mandega can be seen in Table 5, while Table 6 shwevwsombined size of specific urban markets

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

intervention. These sites are: Gisuru and Muririmbo

Table 5. Characteristics of PRA Site in Gitega Mandte area

: Growing season Annual rainfall Elevation Developtraizmain Population density
PRA Site
days mm m Pop., Access, Ag. Pot. Persons per km
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, Hjgh B71
42. Mugano 318 1293 1901 High, Low, High 238
Table 6. Access to markets and population of spemifmarkets within time zones from PRA Sites in Gitga Mandate area
Access to:
PRA Site Bujumbura Gitega Less than 1 hour 0 —4 hours 0 — 8 hours
Hrs mins Hrs mins

39. Gisuru 2 34 d 11 56,078 458,113 469,213
40. Muririmbo 3 40 1 58 458,113 458,113
41. Rusagara 3] D 18 56,018 453,226 458]113
42. Mugano 4 17 2 33 56,078 458,113
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Figure 19. Elevation of Gitega Mandate area shoWwiRé\ site: 39. Gisuru; 40. Muririmbo; 41. Rusaganag, 42. Mugano
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Figure 20. Growing season of Gitega Mandate arewisiy PRA site: 39. Gisuru; 40. Muririmbo; 41. Rgaea; and, 42. Mugano
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Figure 21. Annual rainfall of Gitega Mandate arkavsing PRA site: 39. Gisuru; 40. Muririmbo; 41. Rgara; and, 42. Mugano
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Figure 22. Population density of Gitega Mandate atewing PRA site: 39. Gisuru; 40. Muririmbo; Rusagara; and, 42. Mugano
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Figure 23. Development domains of Gitega Mandata ahowing PRA site: 39. Gisuru; 40. Muririmbo; Rusagara; and, 42. Mugano

33



Assessing the representativity of PRA Sites in Gite ~ ga Mandate Area

The differences between the weighted and un-weighittograms are small in this mandate area
due to the lack of variability in the distributiof the (high) rural population. The PRA sites are
located in the extremes of the mandate area aademult represent well the conditions
encountered within the mandate area. Due to thesfon bananas within this mandate area the

higher elevation parts of the district have notrbeeluded.
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Precipitation
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Scaling out from PRA sites in Gitega mandate area

Figure 25. Homologue environments in central Afii¢&itega PRA Sites
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Annex 4: Kibuye-Gisenyi Mandate Area

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

Rwanda. The area is 2,500 %and the administrative districts that make upatea are Karongi, Rutsiro, and Rubavu which haiegah population

of approximately 1,100,000 of whom 110,000 livehe towns of Kibuye and Gisenyi. Soils in this myare young, precipitation is high and there is

good potential for agricultural production of bdithnanas and legumes.

Two communities were chosen for participatory rasgessments (PRAS), these were Cellule Gitararsa th Kibuye and Rugerero on the route

between Gisenyi and Ruhengeri. The values of thhecharacteristics of the mandate area can be seBable 7, while Table 8 shows the combined

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

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

PRA Site Growing season Annual rainfall Elevation evBlopment Domain Population density
days mm m Pop., Access, Ag. Pot. Persons per km
23. Cellule Gitarama 357 118 1480 High, High, Low 426
25. Rugerero 365 1288 1644 High, High, High 1890
Table 8. Access to markets and population of speifmarkets within time zones from PRA Sites in Kibye-Gisenyi Mandate area
Access to:
PRA Site Gisenyi Kibuye Kigali Goma Less than 1 hour 0 — 4 hours 0-8hou
Hrs mins Hrs mins Hrs mins Hrs mins
23. Cellule Gitarama 1 2B 1 3 38 3 P7 23,250 61141 )9 1,319,456
25. Rugerero L 1 31 4 39 2 12 29,271 279,090 032
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Figure 26. Elevation of Kibuye-Gisenyi Mandate ashawing PRA sites: 23. Cellule Gitarama; and A5gdrero
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Figure 27. Growing season of Kibuye-Gisenyi Managatsa showing PRA sites: 23. Cellule Gitarama; 2B 1dRugerero
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Figure 28. Annual rainfall of Kibuye-Gisenyi Mandadrea showing PRA sites: 23. Cellule Gitarama;2mdugerero
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Figure 29. Population density of Kibuye-Gisenyi Mate area showing PRA sites: 23. Cellule Gitarand;25. Rugerero
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Figure 30. Development domains of Kibuye-Gisenynliaie area showing PRA sites: 23. Cellule Gitaraand;25. Rugerero
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Figure 31. Geology of Kibuye-Gisenyi Mandate afeaveing PRA sites: 23. Cellule Gitarama; and 25. &arp. For legend see Figure 16
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Assessing the representativity of PRA Sites in Kibu ye-Gisenyi Mandate Area

The graphs irrigure 32show the distribution of the values of the vamahlised in characterising
the Mandate area. On each histogram is shown tiAesREs. It can be seen that the two PRA sites
are in the lower and drier parts of the regiors thiwhere the urban population is located and
where market access is good. When the variables@ighted (graphs on the right hand side in
Figure 32 it seems that the PRA sites do not representthveilvhole mandate area, this is perhaps
due to the fact that the emphasis in this mandaieia bananas which are not well suited to the
higher areas of the mandate area.

Histograms of the representativeness of the geaddtjye mandate area were not possible. Figure
31 shows, however, that the PRA sites are locateti®@granitic/volcanic derived soils in the north

and on schist derived soils in the south, reprasgmtell the mandate area.

44



Development Domain

@ Frequency

Percent

20 § O PRA site
ninn
0 | | :I | |
N Qo RN

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 Afiiédibuye-Gisenyi PRA Sites
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Annex 5: Kigali-Kibungo Mandate Area

The area in Rwanda between city of Kigali and taeZinian and Burundi borders is an important arebdnanas and for beans, it is a mid-altitude
zone consisting of old weathered soils on schisé Mandate area is defined by Kirehe, Ngoma, KagjdRwamagana, and Bugesera districts and has

a population of approximately 1.1 million peopleaim area of almost 6,000km
Four sites were chosen for participatory rural sssents (PRAS), these were Mayange, Gatore, Kadnaadylusenyi. The values of the key
characteristics of the mandate area can be sekabie 9, while Table 10 shows the combined sizepetific urban markets within 1, 4 and 8 hours

travelling (one-way) from the PRA sites. All of tR&A sites in the Kigali-Kibungo mandate area atea sites

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

PRA Site Growing season Annual rainfall Elevation Developtrieamain Population density
days mm m Pop., Access, Ag.Pot. Persons per km
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 4p
22. Musenyi 305 1002 1471 High, Low, Low 289

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

Access to:
PRA Site Kigali Less than 1 hour 0 — 4 hours 0 — 8 hours
Hrs mins
15. Mayange 1 27 D 377,424 541 572
19. Gatore 3 44 0 313,424 445,123
20. Kabare 7 6 @ 0 313,424
22. Musenyi 4 36 @ @ 405,561
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Figure 34. Elevation of Kigali-Kibungo Mandate asteowing PRA sites: 15. Mayange; 19. Gatore; 2hafe; and 22. Musenyi
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Figure 35. Growing season of Kigali-Kibungo Mandatea showing PRA sites: 15. Mayange; 19. GatdreKabare; and 22. Musenyi

49



Figure 36. Annual rainfall of Kigali-Kibungo Mandatrea showing PRA sites: 15. Mayange; 19. GagixeiKabare; and 22. Musenyi
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Figure 37. Population density of Kigali-Kibungo Mhate area showing PRA sites: 15. Mayange; 19. &a20r. Kabare; and 22. Musenyi
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Figure 38. Development domains of Kigali-Kibungomdate area showing PRA sites: 15. Mayange; 19.r6a20. Kabare; and 22. Musenyi
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Figure 39. Geology of Kigali-Kibungo Mandate aréawing PRA sites: 15. Mayange; 19. Gatore; 20. Kayband 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 iFigure 40show the distribution of the values of the varalised in characterising

the Mandate area. On each histogram is shown tiesREs. It can be seen that the PRA sites in
Kigali-Kibungo represent well the mandate area.yTéu@ well spread in each three of the variables
but are situated at similar altitudes.

Histograms of the representativeness of the geaddtjye mandate area were not possible. Figure
39 shows that the PRA sites are located on thetgraerived soils in Bugasera and on schist

derived soils in Kibungo, representing well thegawf 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 Afii¢digali-Kibungo PRA Sites
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Annex 6: Kirundo Mandate Area

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

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

Four sites were chosen for participatory rural sssents (PRAS), these were Mugongo, Murore, YatarmhNtega. The values of the key

characteristics of the mandate area can be sekabie 11, while Table 12 shows the combined sizgpetific urban markets within 1, 4 and 8 hours

travelling (one-way) from the PRA sites. Murore afatanda have been chosen as the action sitesufiania germplasm trials.

Table 11. Characteristics of PRA Site in Kirundo Mandate area

. Growing season Annual rainfall Elevation Developtrelamain Population density
PRA Site
days mm m Pop., Access, Ag. Pot. Persons per km
43. Mugongo 295 959 1543 High, High, High 260
44. Murore 303 1010 1644 High, High, High 204
45. Yaranda 294 990 1386 Excludéd 324
46. Ntega 300 1061 1523 High, High, Low 290
Table 12. Access to markets and population of spéicimarkets within time zones from PRA Sites in Kiundo Mandate area
Access to:
PRA Site Kirundo Kigali Less than 1 hour 0 -4 hours 0 -8 hours
Hrs mins Hrs mins

43. Mugongo 1 35 6 6 60,965 835,587
44. Murore 0 50 5 34 4,88 4,887 835,537
45. Yaranda q 11 5 20 4,88 4,887 835,537
46. Ntega 0 21 E 57 4,88 4,887 835,537

! This PRA site does not appear in a developmentifodue to the nearby presence of a national géduge 46
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Figure 42. Elevation of Kirundo Mandate area shgWRA sites: 43 Mugongo; 44 Murore; 45 Yaranda; d6d\tega
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Figure 43. Growing season of Kirundo Mandate aheaving PRA sites: 43 Mugongo; 44 Murore; 45 Yargradad, 46 Ntega
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Figure 44. Annual rainfall of Kirundo Mandate ask®wing PRA sites: 43 Mugongo; 44 Murore; 45 Yamgrahd, 46 Ntega
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Figure 45. Population density of Kirundo Mandatesashowing PRA sites: 43 Mugongo; 44 Murore; 45avida; and, 46 Ntega
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Figure 46. Development domains of Kirundo Mandasaahowing PRA sites: 43 Mugongo; 44 Murore; 48ayida; and, 46 Ntega

62



Assessing the representativity of PRA Sites in Kiru ndo Mandate Area

The graphs irrigure 47show the distribution of the values of the vamghlised in characterising
the Mandate area. On each histogram is shown tiAesREs. It can be seen that the PRA sites in
Kirundo represent well the mandate area. The eifes sufficient variation to capture differences

in key biophysical and demographic variables, altffothe 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 Afii¢dirundo PRA Sites
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Annex 7: Nord-Kivu montagneux Mandate Area

The Nord-Kivu montagneux mandate area consistiseofdrritoire of Beni, as well as the town of Butenand some parts of Lubero. The eastern and
southern parts of this area are characterised lmntams, lakes and national parks. The populatfdhevarea is estimated at 1,120,000 and the $ize o

the mandate area is almost 10,000km

Eight sites were selected for participatory russiessments (PRAS), these were Maboya, Munoli, yedlyeboya, Nzenga/Mutwanga, Nzenga 1,
Mangondomu, Makiki, and Vuvatsi. The values of kieg characteristics of the mandate area can beisdable 13, while Table 14 shows the
combined size of specific urban markets within and 8 hours travelling (one-way) from the PRAsIt@f the eight PRA sites four were chosen as

action sites: Maboya, Munoli, Nzenga / Mutwangal Bffangondomu.

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

. Growing seasofl  Annual rainfdll Elevation Developifamain| Population densit
PRA Site

days mm m Pop, Access, Ag. Po.t  People pér km
31. Maboya 365 1509 1404 Low, High, Law 1p2
32. Munoli 365 1515 1760 Low, Low, Loyw 59
33. Iragaya/Maboya 36b 1470 1403 Low, Low, Low 59
34. Nzenga/Mutwanga 365 1268 1048 Low, High, Low 12p
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 15
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Table 14. Access to markets and population of spéici markets within time zones from PRA Sites in Nod-Kivu montaneux Mandate area

Access to: | Less than 1 hour 0 — 4 hourg 0 —8 hours
PRA Site Kasindi Butembo Kampala Beni 202,476 229,428
Hrs mins Hrs ming Hrs ming Hris mins
31. Maboya 5 14 2 18 19 28 2 40 202,476
32. Munoli 14 8 23 28 15 3] 36 26,949 229,428
33. Iragaya/Maboya 11 23 5 20 25 37 5 58 2,6P49 9,423
34. Nzenga/Mutwanga il 23 4 18 15 49 4 27 229)428 29,428
35. Nzenga 1 Y. 5 1B 16 14 5 52 229,428
36. Mangondomu 3 33 B 20 17 48 3 202,476
37. Makiki 4 9 4 20 18 23 4 36
38. Vuvatsi 12 7 6 23 26 20 6 19
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Figure 49. Elevation of Nord-Kivu montagneux Matgdarea showing PRA sites: 31. Maboya; 32. Murddi;Iragaya/Maboya; 34.
Nzenga/Mutwanga; 35. Nzenga 1; 36. MangondomuMaikiki; and 38. Vuvatsi
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Figure 50. Growing season of Nord-Kivu montagnédandate area showing PRA sites: 31. Maboya; 32.0uB3. Iragaya/Maboya; 34.
Nzenga/Mutwanga; 35. Nzenga 1; 36. MangondomuMaikiki; and 38. Vuvatsi
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Figure 51. Annual rainfall of Nord-Kivu montagnetMandate area showing PRA sites: 31. Maboya; 32idlu33. Iragaya/Maboya; 34.
Nzenga/Mutwanga; 35. Nzenga 1; 36. MangondomuMzaikiki; and 38. Vuvatsi
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Figure 52. Population density of Nord-Kivu montagneMandate area showing PRA sites: 31. MaboyaMaholi; 33. Iragaya/Maboya; 34.
Nzenga/Mutwanga; 35. Nzenga 1; 36. MangondomuMaikiki; and 38. Vuvatsi
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Figure 53. Development domains of Nord-Kivu montgn Mandate area showing PRA sites: 31. MaboyalMB@oli; 33. Iragaya/Maboya; 34.
Nzenga/Mutwanga; 35. Nzenga 1; 36. MangondomuMaikiki; and 38. Vuvatsi
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Assessing the representativity of PRA Sites in Nord -Kivu montagneux

Mandate Area

The graphs ifrigure 54how the distribution of the values of the varighblised in characterising the
Mandate area. On each histogram is shown the Pie# $i can be seen therefore that the PRA
sites in Nord-Kivu mandate area represent welhthedate area in all of the variables although
they tend to be located in the lower and driergpafithe 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 AfiiédNord-Kivu montagneux PRA Sites
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Annex 8: Rusizi Plain Mandate Area

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

in DRC could be considered to be part of the Rys&in. The two zones have a combined area of Rf&dand a population estimate of 800,000

people.

Four communities were selected for participatoralrassessments (PRAS), these were Cijingiri, Rudayr@ellule Rwinzuki and Muyange. The

values of the key characteristics of the mandaea ean be seen in Table 15, while Table 16 shogvedmbined size of specific urban markets within

1, 4 and 8 hours travelling (one-way) from the Ps&s. Of the four candidate locations Rwinzuki &hd/ange were chosen as action sites.

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

PRA Site Growing season Annual rainfgll Elevation Developtdomain | Population density

days mm m Pop., Access, Ag. Bot.  Persons per km
13. Cijingiri 365 1437 1559 Low, Low, LoV 128
14. Rubumba 298 1052 972 Low, Low, High 128
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 spéicimarkets within time zones from PRA Sites in Ruigi Plain Mandate area

Access to:
PRA Site Bujumbura Less than 1 hour 0 -4 hours 0 — 8 hours
Hrs mins
13. Cijingiri 7 22 0 302,104 867,913
14. Rubumba 5 30 D 11,1d 762,877
24. Cellule Rwinzuki 6 8 @ 11,10 1,000,746
47. Muyange 2 1 ( 397,14 794,571
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Figure 56. Elevation of Rusizi Plain Mandate arfeavang PRA sites: 13. Cijingiri 14. Rubumba 24. IGlel Rwinzuki and 47. Muyange
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Figure 57. Growing season of Rusizi Plain Mandat@ ahowing PRA sites: 13. Cijingiri 14. Rubumba @dllule Rwinzuki and 47. Muyange
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Figure 58. Annual rainfall of Rusizi Plain Mandat®ea showing PRA sites: 13. Cijingiri 14. RubumBaQellule Rwinzuki and 47. Muyange
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Figure 59. Population density of Rusizi Plain Maedarea showing PRA sites: 13. Cijingiri 14. Ruban2d. Cellule Rwinzuki and 47. Muyange
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Figure 60. Development domains of Rusizi Plain Maadirea showing PRA sites: 13. Cijingiri 14. Rubar24. Cellule Rwinzuki and 47.
Muyange
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Figure 61. Geology of Rusizi Plain Mandate areanshg PRA sites: 13. Cijingiri 14. Rubumba 24. Cil&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 iFigure 62show the distribution of the values of the varalised in characterising

the Mandate area. On each histogram is shown tiiesREs. It can be seen therefore that the PRA
sites in the Rusizi plain represents well the méndeea.

Only one of the PRA sites has information on thelggy of the mandate area so it is difficult to
determine the overall representativity of the PRAss The site in Rwanda (Figure 61) represents

well the northernmost section of the mandate aiidait8 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 Afeéd&rusizi Plain PRA Sites
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Annex 9: Sud-Kivu montagneux Mandate Area

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

relatively high elevations, has a high rainfall anldbng growing season. Access to urban centiasténtially good although poor infrastructure in

some parts make transporting goods a costly affaie. 3750k area supports a population estimated at 720,00plpef whom perhaps a half live

in the city of Bukavu.

Eight locations were selected for participatonatassessments (PRAS), these communities were iLQbittre, Bugobe Centre, Kabumba, Kabamba,

Kashenyi, Lurhala Centre, Kishoke Il, and Mwegerditze values of the key characteristics of the mtmdrea can be seen in Table 17, while Table

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

Of the 8 PRA sites the following were chosen amadites: 5) Luhihi Centre; 8) Kabamba; 10) Lueh@lentre; and, 12) Mwegerera.

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

PRA Site Growing season Annual rainfall Elevation Developtrieéamain Population density
days mm m Pop., Access, Ag.Pot. Persons per km
5. Luhihi Centre 365 1497 1555 Low, Low, High 1238
6. Bugobe Centre 365 1654 1987 High, High, Low 183
7. Kabumba 365 1514 1608 Low, Low, Lov 128
8. Kabamba 365 1551 1594 Low, High, Low 100
9. Kashenyi 365 1552 1703 Low, High, Low 128
10. Lurhala Centre 365 1661 2019 Low, Low, Loy 128
11. Kishoke |l 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 spéici markets within time zones from PRA Sites in SueKivu montagneux Mandate area

Access to:
PRA Site Bukavu Kigali Kibuye Cyangugu Less than 1 hour 0 —4 hours 0 — 8 hours
Hrs mins Hrs mins Hrs mins Hrs ming

5. Luhihi Centre 7 26 14 37 10 58 9 b1 0 302,108
6. Bugobe Centre B 46 12 6 8 p7 6 31 0 302,108 5451,
7. Kabumba 5 4 13 24 ) 45 7 49 0 0 313,208
8. Kabamba 2 1 9 D b 29 4 45 0 436,415 587,384
9. Kashenyi 1 45 9 31 b 52 4 27 0 436,415 544,884
10. Lurhala Centre 6 1y 14 37 10 57 9 2 0 0 302,108
11. Kishoke Il 0 57 8 16 4 37 3 21 302,108 447,515 608,884
12. Mwegerera Y. 42 11 B 7 23 5 P8 0 302,108 470{765
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Figure 64. Elevation of Sud-Kivu montagneux Mandats showing PRA sites: 5. Luhihi Centre; 6. BiGentre; 7. Kabumba; 8. Kabamba; 9.
Kashenyi; 10. Lurhala Centre; 11. Kishoke II; ar2d Mwegerera
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Figure 65. Growing season of Sud-Kivu montagneuxdiéée area showing PRA sites: 5. Luhihi Centr&ugjobe Centre; 7. Kabumba; 8.
Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kighid; and 12. Mwegerera
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Figure 66. Annual rainfall of Sud-Kivu montagnewailiate area showing PRA sites: 5. Luhihi Centr8ugobe Centre; 7. Kabumba; 8.
Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kighid; and 12. Mwegerera
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Figure 67. Population density of Sud-Kivu montagn®blandate area showing PRA sites: 5. Luhihi Cer@r&8ugobe Centre; 7. Kabumba; 8.
Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kighid; and 12. Mwegerera
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Figure 68. Development domains of Sud-Kivu montagrndandate area showing PRA sites: 5. Luhihi Cetr&ugobe Centre; 7. Kabumba; 8.
Kabamba; 9. Kashenyi; 10. Lurhala Centre; 11. Kighid; 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 efvhlues of the variables used in characterising
the Mandate area. On each histogram is shown tihesR&s. The PRA sites in sud-kivu
montagneux represent well the Mandate area, edlyegtzen the western portion of the area

(which is included for administrative rather thaodhysical reasons) is ignored.
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Scaling out from PRA sites in Sud-Kivu montagneux m andate area

Figure 70. Homologue environments in central Afeé&ud-Kivu montagneux PRA Sites
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Annex 10: Umutara Mandate Area

The mandate area of Umutara is defined by theidisiof Nyagatare and Gatsibo. The latest populdtgure for the region is roughly 350,000
although this may have increased due to the inatimr which occurred when the western portion ohgdra national park was de-gazetted. The area

of 3,500kn? has a potentially good natural resource basesapglorts large numbers of livestock but is prongremight stress.
Four communities were selected for participatoralrassessments (PRAS), these were Nyakigando r&@hd&ugarama, and Murambi. The values

of the key characteristics of the mandate aredeaeen in Table 19, while Table 20 shows the coetbsize of specific urban markets within 1, 4

and 8 hours travelling (one-way) from the PRA sifdtfour of the PRA sites were chosen as actitess

Table 19. Characteristics of PRA Sites in Umutara Mndate area

PRA Site Growing seasonn Annual rainfdll Elevation Developtieomain| Population densit
days mm m Pop., Access, Ag.Pot.  Persons per km
16. Nyakigandg 309 909 1435 Low, Low, High 95
17. Kabarore 305 906 1491 Low, High, High 10
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 spéicimarkets within time zones from PRA Sites in Umtara Mandate area

Access to:
PRA Site Kigali Less than 1 hour 0 — 4 hours 0 — 8 hours
Hrs mins
16. Nyakigando 7 19 0 377,424 541,572
17. Kabarore 3 13 0 313,424 445,128
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 shgWRA sites: 16. Nyakigando; 17. Kabarore; 18. Raga; and 21. Murambi
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Figure 72. Growing season of Umutara Mandate drewisg PRA sites: 16. Nyakigando; 17. Kabarore;R&jarama; and 21. Murambi
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Figure 73. Annual rainfall of Umutara Mandate ashawing PRA sites: 16. Nyakigando; 17. Kabarore;Rilyarama; and 21. Murambi
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Figure 74. Population density of Umutara Mandaeaahowing PRA sites: 16. Nyakigando; 17. KabarbBeRugarama; and 21. Murambi
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Figure 75. Development domains of Umutara Mandeda ahowing PRA sites: 16. Nyakigando; 17. KabarbBe Rugarama; and 21. Murambi
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Figure 76. Geology of Umutara Mandate area shoWwiRg sites: 16. Nyakigando; 17. Kabarore; 18. Rugarsand 21. Murambi. For legend see
Figure 16
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Assessing the representativity of PRA Sites in Umut  ara Mandate Area

The graphs iFigure 77show the distribution of the values of the vamrahlised in characterising

the Mandate area. On each histogram is shown tiAesi&s. The PRA sites in Umutara represent
well the mandate area in all of the variables. €hemperhaps a gap in the coverage for the lower
elevations, areas with longer growing periods agtdr precipitation, these areas are however
almost mutually exclusive with the lower elevatiamshe east of the mandate area associated with

lower rainfall and shorter growing seasons.

Histograms of the representativeness of the geaddtjye mandate area were not possible. Figure
76 shows that the four PRA sites represent welgthaitic derived soils in the north and on schist

derived soils in the west and south, representialtive mandate area.
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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 Afe¢amutara PRA Sites
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Annex 11: Technical Notes

Data compilation and quality assessment

Geographical data were compiled for Rwanda, BurandiDRC from all available data sources
and each dataset was assessed for fitness foAmisgeal dataset will be up-to-date, it will alse b
spatially and thematically accurate. When two oremiatasets are combined they will have to
spatially accurate relative to each other — indeethis study we are more concerned with relative
positions. Without primary data capture it is diffit to ensure that all of these criteria are
maintained, and often difficult to make an assesgmien a lack of metadata. Each theme has

different characteristics so the definition of &8s for use will change accordingly.

Agro-ecological potential — length of growing perid, protected areas, rainfall, min-max temps

The length of growing period (LGP) is “the numbédays in a year when sufficient water is
available in the soil profile to support plant gtbiv Fischer et &lhave created a global map of
LGP at a spatial resolution of 0.5 degrees (Fig@e LGP takes in to account rainfall, potential
evapo-transpiration and some soil properties. V8aras that LGP is static through time although it
is obvious that every year will display differerdtfgrns of rainfall and that soil water holding
capacity may change through time. The spatial uéieol available at the global level is rather
coarse and another dataset has been calculateddband central Africa. The re-calculation
involved a focal filter of the original data rathtean a recalculation using higher resolution data
(IFPRI, personal communication, 2March 2006). The purpose for this transformatias ior

purely visual purposes and the dataset is therefatrsuitable for analysis.

% Fischer G., van Velthuizen A. and Nachtergaele P@DO0.Global agro-ecological zones assessment: Methogolog
and results. Interim reportnternational Institute for Applied Systems Anaydiaxenburg, Austria. 314 pp
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Figure 79. Length of growing period in Sub-Sahar#ticA. Red areas indicate a growing period of

less than 1 month, dark blue areas 12 months

Protected areas are human imposed constraintsrimulagral production. The enforcement of these
areas will be patchy both between and within DR@aRda and Burundi. The authoritative dataset
on protected areas is produced by UNEP-WCMRher datasets exist but no metadata are
available for these so it is difficult to assess pinovenance and thus the reliability of thesestdsa
Protected areas are also prone to change. Gengailhnumbers increase but some former
protected areas have been opened up for agro-pbgemelopment such as the Akagera national
park. The 1997 WCMC dataset still shows the bountefore the park was de-gazetted, while the
2005 map shows the reduced size of the park. AnotherceqINIBAP) shows a similar area but

with less precise boundaries and less metadata.

Rainfall is included in the length of growing petibut average rainfall surfaces can be used to
downscale the results. Worldcfimrovides average monthly values for precipitatioean,
minimum and maximum temperatures. The climatestatused to compile this dataset show
acceptable spatial resolution in Rwanda and Burthmligh these stations are fewer in DRC,

especially in the Nord-Kivu (Figure 80).

3 http://www.unep-wcmec.org/protected_areas/

* http://gis.tnc.org/data/IMS/WDPA_viewer/WDPA _inkdétadata.html

° Hijmans, R.J., Cameron, S.E., Parra, J.L., Jon&s, Bnd Jarvis, A., 2005. Very high resolution iptdated climate
surfaces for global land areas. International JalushClimatology, 25: 1965-1978. Available at:
http://www.worldclim.org/download.htm
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Figure 80. Average precipitation for January, DIR@anda and Burundi, with rainfall collecting

stations.

Natural vegetation may offer some contextual ctoemgro-ecological potential and shows areas of
possible expansion of the farming frontier. Thisrtte will be discussed below in the section of

barriers to market access.

Agro-ecological status — agro-ecological zones, faing systems

FAO agro-ecological zones and farming systems rahpw little variation for the mandate areas,
which are classified as either forest based sys{Bas-Congo) or as highland perennial (all other
mandate areas). Data from INIBAP shows the majoaba producing areas of Rwanda and
Burundf, while the CIAT African bean atlaslefines broad areas of bean production and the
intensity of production. CIAT has also created &set of cassava production. These data can be

used for contextual maps rather than as an intpgralof the analysis.

Market Access — transport infrastructure, market ddinition, market location, market size,

slope, barriers, land cover

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

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

6 Eledu, C., Karamura, E. and Tushemereirwe, W. 200é&gplogical distribution of banana systems in@neat
Lakes Region. African Crop Science Journal-Spesfalé: Conservation through utilization of banard@antain in
the Great Lakes Region of East Africa 12 (1): 33-42

" CIAt, 1999. Bean database for Africa. Availabletdtp://www.ciat.cgiar.org/africa/pdf/atlas_beafria/contents.pdf
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roads but for the highly dissected highlands actressarket requires transport. Topography, land
cover, barriers and most importantly the transpdrastructure affect movement.

In most regions of the world road transport isghacipal mode of accessing markets. The location
and quality of the transport infrastructure is #iere a vital component of the assessment of access
to market. Location of roads changes from decadietade but the quality of the roads can change
(usually deteriorate) from season to season, aadadecade once serviceable roads can be

reduced to tracks.

Road maps are available for all three countriessbut few have metadata.

The INIBAP Rwanda data includes 5 datasets. Whempeoed with an all-purpose (1:420,000
scale) topographic map (date undetermined) the ARIBata on asphalt roads appear reliable —
some sections of road are classified as asph#ieifNIBAP data but not on the topographic map.
Other principal routes without asphalt are alsd vegiresented by the INIBAP dataset. There are
thousands of other roads, however, which appeénetopographic map but which are not in
digitised format. | overlaid a continental sourbatthad been digitised from the Michelin road map
of Africa®. In general the Michelin source represents wellghincipal routes in Rwanda apart from
one anomaly north of Kigali. At a fine scale howeean be seen that there are some spatial
differences between the Michelin and INIBAP datagEtgure 81).

8 Michelin Travel Publications, 200346: Central & Southern Africa, Madagascar 1:400.0@ichelin Maps &
Atlases, Revised Edition, France.
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Figure 81. Road datasets for Rwanda

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

University of Rwanda in Burundi.

The roads dataset for Burundi is very detailedhwhtee road classes captured in the IITA dataset.
The INIBAP datasets do not have the same precasdhe IITA roads and only two levels of roads
are classified (Figure 82). The Michelin data dbfitdhe roads in Burundi as well as in Rwanda,
the lines are the same as the primary roads ilNHBAP source — one has been used to generate
the other. No topographic sources are availabt®itopare the thematic accuracy and position.
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Figure 82. Road datasets in Burundi

The road datasets for DRC are far less detailedtth@ase of Rwanda or Burundi. IITA have
provided one dataset that is very similar to thehdlin road map. These may indeed be from the
same source. In Kivu Montagneux there are somatdlifferences near to Bukavu and in the area
between Masisi and Rutshuru. In Bas-Congo the Miicmeap shows a denser network or roads
than that obtained from IITA (Figure 83). A comitina 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 eamiméry would be different calculations of market
access depending on the country. That for Burumdilevbe very detailed and the estimates of
market access might be greater than those for DRIRavanda given that we assume most goods
are transported via roads. The alternative isdtwe$t common denominator — which would be the
Michelin road map for each country. This would alloomparisons between mandate areas from

different countries at the expense of detail in Rédeaand Burundi.

Fluvial transport may be an important factor in amgo. Information would be needed, however,
on the navigability of these rivers. The datasetsiwers are quite detailed (see Figure 83 for
example) but there is information neither on theeeaf river transport nor on the speeds possible on
these channels. A dataset of navigable rives in RRE digitised using United Nations sources as a

guide.
In the Kivu Montagneux mandate area it is known treding across lake Kivu will be important.

Incorporating waiting times for boats might be idifilt but this applies also to road transport.
Crossing times need to be checked but approxinmagstwould be: Goma/Gisenyi -
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Bukavu/Cyangugu 3 hours, Kibuye — Goma/Giseris Hours, and Kibuye - Bukavu/Cyangugu 2

hours.

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

Kasindi and Goma in DRC. In Rwanda the marketCy@ngugu, Gisenyi, Kigali, Ruhengeri,

Kibuye, Ruhango, and Gitarama. While in Burundinmerkets defined are Bujumbura, Gitega, and

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

size of these markets is also known

Town Populatior] 2007
(Ciessin)
2000
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
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Population density — population density, historicathanges in density

There are a number of global population produas ¢an be used to assess population density.
Landscan 2004 uses population figures from censuses and surtlegse base maps are
transformed to give greater precision using niggtitlimagery, vegetation, DEM and roads. An
alternative source is the Gridded Population ofteld (GPW). The spatial resolution is the
same at 1km versus but the level of detail is sajraat (Figure 84). A possible problem with the
Landscan 2002 dataset is the poor spatial reg@trbetween this dataset and others, evident in the
limits of Lake Kivu where the Landscan surface appén the lake despite using the same

projection and datum. For this reason it may b&ebébd use the GPWv3 dataset.

Figure 85. Landscan 2002 and GPWVvV3 global populataiasets

Population data from the three countries are nprasise as the modelled data of Landscan.
Burundi has population data for the third admimaiste level, from which population density can be
easily calculated. DRC has historical populatigufes up to 1990 for selected towns. Rwanda has
population at the ‘secteur’ level which approxinsatiee Landscan data; as a result it is probably

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

Altitude — elevation, terrain indices

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

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

19 LandScaft' Global Population Database. Oak Ridge, TN: Oak &idgtional Laboratory. Available at
http://www.ornl.gov/landscan/.
M http://sedac.ciesin.columbia.edu/plue/gpw/indexrlBimain.html&2
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2005). The specific patterns of variance of el@ratver short distances — terrain — are often a
constraint and sometimes an opportunity for theettgament of agriculture. Maps of terrain have
often been descriptive accounts, the advent of-hegblution elevation models (e.g., Jarvis et al,

2004), however, has made possible quantitativeasdof terrain.

Datasets for elevation for Burundi are only at enfkesolution — as opposed to 100m for the SRTM
source. In Rwanda the data are also at 1km resnlutihile in DRC there are no other sources of

data.

Datasets for terrain are part of the Africover eefior Rwanda and Burundi but not for DRC. These
data are helpful assessments that can be usedinircation with the first and second order

derivatives of the SRTM elevation model to condtarcobjective classification of terrain.

Geology/soils

FAO and USDA soil association data are availabtdRiwanda and Burundi. These are very coarse
categories and the data contain no informatiomgeoitant characteristics such as organic matter
content, CEC, pH, texture, drainage or depth. Baips® are available for a small area of Burundi,
as well as a map of soil associations for the wbhbRurundi and Rwanda, but none exist for DRC.
The map of associations offers little more themiaticrmation than the FAO or USDA maps but

the boundaries are more precise.

A soil map of Rwanda exists in digital form buhas been impossible to obtain this dataset. Data
are available, however for the geology of Rwandsciemned forri. These can be geo-referenced
and used as a guide to the type of soil encountaréet mandate areas of Rwanda and the PRA

sites located within them.

12 Selvaradjou, S-K., Montanella, L., Spaargaren, fd,@ent, D., 2005. European Digital Archive of Sd#hps
(EuDASM): Soil Maps of Africa. EUR 21657 EN. 386pffice 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 markielisntified as important for the mandate areas in
central Africa. The access is modelled in a gedycagb information system (GIS) using a set of
rules and data which results in a value in mintdes pre-determined market. The model takes into
account road location and quality as well as begseich as international borders, constraints to
movement like slope. The values generated werdatall by the project team coordinators in
Rwanda, Burundi and DRC.

Each market was modelled separately and the timeat&ets is shown in the maps below. In
general it can be seen that access in Burundi arah&a appears to be more widespread then in
DRC, this is due to the number and quality of #edeer roads in these two small countries. The
quality of the digital data is also probably a aawith very good datasets available for Burundi an

Rwanda.

Modelling access to markets

The following section gives the values for the data used in the modelling of the accessibility to
markets. Further details can be found in the matialaccompanies the ArcView v3.x extension
(Farrow and Nelson, 2001).

The accessibility analyst was used to create thedn surfaces and then to run the ‘costdistance’
function for each market in turn. The most complexcess is the creation of a sensible friction
surface, i.e. how long would it take to cross dipalar distance in real space. A sensible friction

surface depends on sensible values for all thegripat 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 niaborters only once. This is important in the

accessibility calculations because the bordersaaillas a barrier to movement.
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Land cover

Lakes are included as land cover so that the loo#¢s superseded these in the order of calculations
(as opposed to a barrier theme, which has a higim&rng than river routes).

Lakes can be given a very high friction figure €lsas 5000 seconds per kilometre.

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

classes (Table 21). This dataset was re-projeotedrnbert azimuthal equal area projection.

Table 21. Landcover classes and time to cross a lkaall (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 tmddvdoetween the three countries. This meant
that some areas were double counted. Another probies undercounting. This was especially so

in Rwanda. To assess the magnitude of the problleimeadataset were converted to grids - first
using the percentage coverage for each class dfitbe datasets for each country. These grids were
then summed to give a total percentage. Thesedvhaveen a maximum of 260% and a minimum
of 0%. This grid was modified to give values ofveeen 2.6 and O, for use in a subsequent

calculation

The datasets were again gridded, this time usingepé&ages of the friction values (Table 21)
depending on the percentage of coverage- for ingtéA% of tree or shrub crop gives a value of
60% of 2000 => 1200 seconds.

These friction values were then summed for thev@@ge datasets and divided by the division

grid, which gave values of between 1500, and 4@@@ctly the range expected according to Table
21.
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NoData areas were given the background frictioB0fOseconds, and the lakes were hand digitised
and given the value of 5000 seconds. The grids wambined (using the ESRI spatial analyst con

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

Urban areas

Urban areas were also hand digitised accordingvtsual inspection of high resolution of satellite
imagery available in Google Earth, this was felrenappropriate than a circular buffer, or the
settlement polygons used in GPWv3. Urban areas digiesed for Bukavu, Cyangugu,
Goma/Gisenyi, Kigali, Bujumbura, Ruhengeri and Kaiap

Barriers

Borders were projected and clipped and given the tif 7200 seconds — equivalent to 2 hours to

cross the border.
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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
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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

136



Figure 103. Access to Ruhango
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Figure 104. Access to Ruhengeri
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