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PREFACE 
 
The project - Developing Capacity for Climate Resilient Road Transport Infrastructure (DCCRR) - was initially 
designed as an NDF-financed capacity building component for the larger upgrading project of Base-Gicumbi-
Rukomo-Nyagatare Road financed by the African Development Bank (AfDB)1. Even if works along Base-
Rukomo section are about to finish, the need to mainstream environmental, social and climate issues in 
some road project phases in Rwanda remains critical.  

The development objective “to increase the government capacity to plan for a climate resilient road sector” 
will be achieved through three main outcomes: 
 

1) Increased multi-stakeholder knowledge and tools required to integrate climate change 
adaptation and disaster risk management into the transport sector developed. 

 
2) Enhanced infrastructure protection in right-of-way areas vulnerable to landslides, erosion, 

intense precipitation and high temperatures with benefits for local populations through research on pilot 
projects 

 
3) Increased capacity of transport sector experts for disaster risk management 

The consultancy services are carried out by the Finnish Overseas Consultants Ltd (FinnOC) in joint venture 
with the Finnish Consulting Group Ltd (FCG) and Green Growth Solutions Ltd (GGS), in cooperation with the 
Rwanda Transport Development Agency (RTDA). The Contract for the project was signed on 15th April 2019 
and its duration will be three years. The Consultant started work immediately at the premises of RTDA. In 
the project there is a total of 77 person-months for the key experts and 72 person- months for the non-key 
experts. 

The first part of the Vulnerability Assessment is this Preliminary Vulnerability Assessment, which presents 
the environmental threats and analyses the climate variables which have potential to rise or increase the 
climate risks. The vulnerability mapping identifies the areas and specific road sections that are exposed to 
the climate risks. It describes in detail the methodology how the vulnerable areas are identified. The first 
part includes also a plan to establish systematised data collecting and storing procedures so that this 
valuable information will be available also in the future for planning, designing, construction and 
maintenance of the road network to be more climate resilient. 

The second part of the Vulnerability Assessment process is the Final Vulnerability Assessment Report, which 
will be published tentatively in April 2020. It will present the results of the surveys and assessments of the 
road sections having climate risks. The assessment of the climate risk road sections will provide detailed 
information where and what can happen, how likely is this to happen and what are the consequences if 
something happens by assigning a degree of severity of occurrences in economic, social, and environmental 
aspects. It will produce information what activities need to be developed and which kind of measures taken 
to improve weather resilience of the road network. 

The second part includes also a list of scenarios, the probability of occurrence of each scenario and the 
impacts of the scenarios. It will include also the method how to prioritise the projects and how to select the 
actions needed to be carried out on the road sections with high climate risks. The prioritisation will be based 
on the condition of the road network and various other criteria in economic, social, and environmental 
sectors. 

 
1 MININFRA (2019), Base – Gicumbi – Rukomo (51.4km) works are 90% completed, and Nyagatare – Rukomo 
(73.3 km) works have reached 38% towards completion. 
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EXECUTIVE SUMMARY 
 
The preliminary country-wide vulnerability assessment for the Rwanda transport sector, was carried out by 
using available spatial and statistical information from different governmental and non-governmental 
organisations and from the region. The consultant reviewed the environmental, socio-economic, and road 
related data in order to identify vulnerability hotspots. This preliminary assessment will act as a guide for the 
field data collection phase, by identifying the current vulnerability hotspots. The next phase of the 
assessment will include field data collection. 

The field data collection phase methods will include road condition surveys, environmental surveys, and 
participatory GIS studies, in order to obtain the full set of data to satisfy the requirements of the TOR that 
have been stated for the vulnerability assessment. The planned use of participatory GIS is one feasible 
option which may help to integrate the knowledge of the local communities on the past climate hazards in 
order to establish a more accurate picture and pinpoint the road sections that are under particular risk. This 
will increase the accuracy of the vulnerability data both regarding the roads and the vulnerability and coping 
capacity of the local populations. A combination of field surveys and GIS analysis are required to collect the 
comprehensive dataset needed for detailed assessment and planning purposes. Stakeholder engagement is 
also considered in order to understand the issues in the catchment of a specific road section. 

Technical evaluation of the identified vulnerable road sections will be prepared according to the detailed 
condition surveys. The following information will be collected: roughness, pavement type and condition, 
cross-section type, cross- and side-drainage condition and efficiency, condition of bridges and culverts. The 
condition of drainages, culverts, bridges, and other road structures, as well as embankments are crucial 
when estimating the risks for landslides and erosion. The consultant has prepared an environmental 
checklist (appendix 2) which will be implemented during the condition surveys. 

Climate change is expected to affect the precipitation and weather patterns around the world, increasing the 
occurrence of extreme weather events. Sub-Saharan Africa is a region which is especially prone to the 
occurrence of regional droughts and large-scale floods events1. 
 
Natural hazards in Rwanda can be categorised as: geological, hydro-meteorological, biological and 
technological. Rwanda is subject to hydro-meteorological hazards such as droughts, floods and various types 
of storms (i.e., windstorms, rainstorms and thunderstorms). Geological hazards in Rwanda include 
earthquakes and landslides, while biological and technological hazards include traffic accidents, diseases and 
epidemics. (UNDP, 2013).  

Although landslide is the most common threat and the greatest potential risk for the road network, floods 
are affecting the largest number of people in Rwanda. Floods take place every year and severe floods were 
recorded in the flood plains located in the north-western parts of the country. The total population affected 
was 21,678 in 1988 and 2,500 in 2008. 5 died and 65 houses were affected in 2013 cause of floods2.  
Recently, Rwanda has experienced heavy floods caused by severe torrential rain that have damaged villages 
located in the mountainous northern part of the country killing people and destroying hundreds of homes. 
Rainfall patterns and beginning and end of rainy season have been erratic with the consequence that 
cultivators were confused as to when to plant and harvest. There are some indications that Rwanda has 
been subject to climate change.  
According to Safari (2012), observations from Meteo Rwanda have indicated that during the last 30 years 
minimum temperature has risen by up to two degrees. The year 2005 was the hottest year for many years in 

 
2 Rwanda Risk Atlas, 2015 
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Rwanda. Minimum temperature climbed to 20.4°C in August and maximum temperature climbed to 35°C in 
Kigali3.  
 
It is important to note that informed use of meteorological, hydrological and related information can deliver 
enormous benefits to society.  

The more intensive rainfall patterns are more likely to damage the roads and cause flooding which increases 
the stress on the local population. This is particularly worrying development because population in the 
landlocked country is very reliant on the local roads. On the other hand, more stress on the local population 
is put on them due to the increased landslides, floods and droughts. These issues will be taken into 
consideration in the final prioritisation of the road projects. 

 
 
 
 
 
 
 

 

 
3 REMA (2018). Compendium of environment statistics of Rwanda 
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1. Introduction 
 

1.1  Background of the Study 
 
There is an overwhelming scientific consensus among scientific societies and academies2 that global climate is 
changing3, with these changes being observed and increasingly documented across the world. This change is 
currently attributed to anthropogenic sources of Greenhouse Gases (GHGs). There is however still a fair bit of 
uncertainty related to the exact consequences of climate change. Climate change is expected to affect the 
precipitation and weather patterns around the world, increasing the occurrence of extreme weather events. 
Sub-Saharan Africa is a region which is especially prone to the occurrence of regional droughts and large-
scale floods events4. African countries, including Kenya, Madagascar, Mozambique and Zimbabwe tend to be 
particularly vulnerable to the effects of climate variability, as it can be seen in Figure  

 

Figure 1. Countries most exposed to Climate Change, 20194 

Rwanda lacks the economic means of other more developed countries to cope with the adverse impacts of 
climate change. International donors are increasing financial support for both mitigation and adaptation. The 
government of Rwanda also contributes part of its own budget to climate change projects through National 
Climate Change Finance (FONERWA Fund)5.  
 
The results revealed that some areas of the north-western part of Rwanda are highly prone to floods and 
landslides, namely Burera, Musanze, Nyabihu, and Rubavu Districts. This is aggravated by some triggering 
factors such as steep slopes, soil instability, heavy rains, low level of drainage system, land-use type, land 
tenure type and others (customary land tenure type). Intensity and frequency of disaster events vary from 

 
4 Global Climate Risk index 2019, 2018. 
5 Promoting Transparency and Accountability in Climate Change Finance in Rwanda 
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region to region (Sector to Sector) and this geographical dispersal confirms the non-spatial clustering of risks 
due to uneven level of vulnerabilities whereby lack normal distribution of hazards all over Districts and 
Sectors6. Baseline requirements for landslides to occur are a combination of soils and slope angles.  
 
Soil properties play a dual role because it is a by-product of the landslide process, and at the same time it is 
an important causal factor. Soils in Rwanda have high clay content. High clay content in deeper soils may 
increase the water holding capacity and give rise to long term progressive movement in certain cases and to 
move rapid failure in extreme cases7.  
 
Another important factor in the distribution of landslides is the slope gradient and mass movements only 
occur when a critical angle is exceeded. Mostly in Rwanda, landslides occur on slopes as high as 14°. Most of 
the slopes in Northern province of Rwanda are above 45o of slope gradient, in Western province more than 
35o and in Southern province more than 25o.8  
 
In areas where these baseline conditions exist, landslides vary in time and space due to a combination of 
triggering factors / inducing effects.  
 
One of the renowned triggering factors is rainfall. Precipitation conditions determine infiltration and run-off. 
Prolonged rains with a lower intensity result in higher and deeper infiltration and lower run-off in sloping 
areas. While rainfall has always been high in Rwanda, climate change may contribute to changes in rainfall 
conditions that promote landslides. 
 
As a main factor in Rwanda, human activities that alter slopes, such as cutting slopes for the construction of 
roads, building developments, tunnels, mines and quarries, dams and reservoirs, canals, changes in 
groundwater levels, and changes in vegetative cover have a great impact on the stability of the area and are 
seen as the major factors causing slope failures. Here especially slope cuts result in increased slope angles, 
and cutting the original vegetation is destroying the rainfall intercepting and infiltrating vegetation cover. As 
a result, more rainfall reaches the soil, contributing to increased risk for landslides. 
 
The purpose of the vulnerability assessment for Rwanda is to increase the capacity of RTDA to make the 
national road network more climate resilient and to integrate climate change aspects into planning and 
design of road transport infrastructure in Rwanda. The assessment will also improve the knowledge how 
environmental drivers, such as changes in precipitation and temperature, may affect the lifetime and 
viability of the infrastructure. 
 
The vulnerability assessment is divided into two reports, out of which this Preliminary Vulnerability 
Assessment Report is the first one. This report includes a desktop assessment of the climate vulnerability of 
Rwanda. It will also guide the data collection process. The second report, Final Vulnerability Assessment 
Report, will integrate the data collected from the field and present more comprehensive assessment of most 
vulnerable areas. 

 

1.2 Description of the country 
 
Rwanda is situated in Central Africa, bordered by Burundi in the South, the Democratic Republic of Congo in 
the West, Uganda in the North and Tanzania in the East. Its surface area is 26,338 km² with a population of 
about 11.8 million inhabitants (NISR, 2018). 

 
6 MIDIMAR, Disaster high risk zone on floods and landslides, 2012 
7 MIDIMAR, Disaster high risk zone on floods and landslides, 2012 
8 Hussein Bizimana & Dr. Osman Sönmez (2015), Landslide occurrence in the Hilly Areas of Rwanda, Their 
causes and Protection Measures. 
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The total road network in Rwanda covers 37,898 km, and this number includes paved, non-paved, classified 
and unclassified roads. The country has a road network density of 1.44km/km2, one of the densest in Africa. 
The table below gives the details of classified, non-classified, paved and unpaved roads. 
 
Table 1. Total road network of Rwanda9 

Classification  Length (km) % 
National Roads Paved 1,349 3.6 
National Roads Unpaved 1,386 3.7 
District Roads Class 1 paved 92 0.2 
District Roads Class 1 unpaved 3,847 10.2 
Draft District Roads class 2   9,763 25.8 
Other Roads paved  85 0.2 
Other Roads unpaved  21,376 56.4 
Total  37,898 100 

Source: (ESRI, March 2019) 

The density of the entire road network is 1.44 km/km², while the total length of the classified road network 
in Rwanda is approximately 16,437 km7.  

In actual facts, the available data and shapefiles per province only include National Roads and District Roads 
class 1. The road network considering available data per province, is about 6650 km. In that context, the highest 
road densities are in Kigali City and Northern Province, with respectively 0.46 and 0.30 kilometre of road for 
every square kilometre. The lowest road density is in the Eastern Province, with 0.16 kilometre of road per 
square kilometre. The average road density in the Rwanda is 0.25 kilometres of road per square kilometre. 
 
Table 2. Road lengths and density per Province (National Roads and District Roads class 1)  

Province Land area km² Road km Road-km/ km² 
Kigali City 728.60 336 0.46 
South 5966.68 1,819 0.30 
West 5881.58 1,712 0.29 
North  3271.89 1,242 0.38 
East 9464.54 1,541 0.16 
Total 26,338 6,650 0.25 

Source: (RTDA road network data 2019 and provinces boundaries) 
 
The country has a very diversified landscape. The western part of Rwanda is mainly covered by a mountain 
range to the East of the Albertine Rift. As illustrated by Figure 2 and 3 below, rivers drain the western side of 
this range into the Congo River basin via the Ruzizi River, ultimately discharging into the Atlantic Ocean. The 
main rivers in Rwanda that supply the Congo River basin are the Sebeya, the Koko, the Ruhwa, the Rubyiro 
and the Ruzizi10. 
 

 
9 ESRI, March 2019 
10 National Nile Basin Water Quality Monitoring Baseline Report for Rwanda, 2013 

https://en.wikipedia.org/wiki/Albertine_Rift
https://en.wikipedia.org/wiki/Congo_River
https://en.wikipedia.org/wiki/Ruzizi_River
https://en.wikipedia.org/wiki/Atlantic_Ocean
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Most of Rwanda lies to the East of the Congo-Nile divide and drains into the Nile basin. The main rivers 
are the Mwogo, the Rukarara, the Mukungwa, the Base, the Nyabarongo and the Akanyaru. The Nyabarongo 
is called the Akagera after receiving the waters of Akanyaru River11. Dense hydrographic network of both 
permanent watercourses and lakes, cover about 77,000 ha.  

Figure 2. Rwanda river basin 
 

 
11 Idem 

https://en.wikipedia.org/wiki/Congo-Nile_Divide_(Rwanda-Burundi)
https://en.wikipedia.org/wiki/Mwogo_River
https://en.wikipedia.org/wiki/Rukarara_River
https://en.wikipedia.org/w/index.php?title=Mukungwa_River&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Base_River&action=edit&redlink=1
https://en.wikipedia.org/wiki/Nyabarongo_River
https://en.wikipedia.org/wiki/Akanyaru_River
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Figure 3. Rwanda hydrological network. 

Wetlands are characterised by lakes, marshlands and streams. All these ecosystems together make up about 
15% of the country’s territory with about 10% of them being only the marshlands12. Nevertheless, more than 
50% of the wetlands have already been converted into agriculture to secure food for the country’s growing 
population. 

Figure 4. Wetlands distribution 

 
12 REMA, 2015 
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1.3 Outputs and Outcomes of the Vulnerability Assessment 
 
The outcomes of this vulnerability assessment and mapping of Rwanda, according to the Terms of 
Reference, are summarised as follows: 

• The identification of hotspots and areas that are exposed to the climate change risks. 
• Collection of specific information about the environment and climate issues that are needed to 

reduce negative climate impacts and to reduce consequences of these impacts on roads, bridges, 
culverts, and other road structures, and incorporating this data to RTDA database. 

• The identification of the road infrastructure that is exposed to the risks and assign a degree of 
severity based on various criteria such as economic, social, and other environmental aspects. 

• Establishment of systematised collecting and storing procedures so that this valuable information is 
available in the future for planning, designing, construction and maintenance of the road network to 
be more climate resilient. 

• Revised, updated and improved road database with new road vulnerability and climate change 
information, as well as accurate road condition information. 

• The enhanced methods and techniques for prioritisation of the projects will be incorporated in the 
information system of RTDA's existing road database that will enable planners and decision makers 
to make information-based decisions and prioritise intervention to provide a climate resilient road 
network. 

• Prioritisation of the road sections (projects) based on the condition of the road network and various 
other criteria such as economic, social, and environmental aspects. 

• Preparation of a list of scenarios, the probability of occurrence, and the impact of the scenario. 
• Preparation of complementary and specific information to define what processes and activities need 

to be developed to manage the climate change impacts on the road sector. 
• Preparation of examples which kind of interventions can be used to improve road protection against 

water hazards. 
• Preparation of feasibility studies and detailed designs for the vulnerable road sections, which are 

identified and prioritised. 
 
The main outputs of this first vulnerability assessment report are answers for the following questions: 

1. Which areas in Rwanda are prone to climate hazards? 
2. What the likely climate hazards are? 
3. How likely are these climate hazards? 

 
The potential consequences and severity of the different climate hazards will be discussed in the Final 
Vulnerability Assessment Report after field data collection and integration has been carried out. 
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2. Methodology 
 
This preliminary vulnerability assessment of road infrastructure for Rwanda was carried out by using 
available spatial and statistical information. The methodology is based on overlay analyses of existing spatial 
data. The consultant reviewed the environmental, socio-economic, and road related data in order to identify 
the vulnerability hotspots. 
 
The starting point was to critically review the existing environmental, socio-economic, and road related data, 
generate facilitating data products (derivative factors) and further proceed to overlay analyses in order to 
identify the vulnerability hotspots. The methodology used in the present report is summarised in the figure 5 
below and detailed in subsequent sub-sections. 
 
Vulnerability definition 
A vulnerability assessment is the process of identifying and quantifying 
the vulnerabilities in a system, in this case in Rwanda's road transport 
infrastructure. In the case of this study, the vulnerability assessment 
has been carried out hazard specific, i.e. pre-identifying the main 
hazards, namely hazards induced by climate change and as such mainly 
related to floods, landslides, and erosion. Vulnerability in this regard 
refers to the inability of the road system to withstand the effects of the 
above hazards, causing damage and interrupting services. 
 
Needed inputs  
In order to produce a nationwide map of Road vulnerability to climate 
related hazard, it is deemed very important to deliberate first the 
existing spatial and non-spatial both socio-economic and biophysical 
data at the national level, and further proceed to vulnerability 
assessment by combining different risk factors. After reviewing existing 
literature, the first step was to carry out the inventory and collection of 
potentially needed data. The needed data are categorised in three 
groups: biophysical, socio-economic and roads network information.  
 
Rwanda has relatively rich and diversified spatial data, which was collected from field and/or remotely 
sensed datasets. However, several GIS data are missing clear and complete metadata, very important for 
users. To overcome this gap, there was a need to talk to different GIS professional from various government 
and non-government, local, regional and international institutions.  
 
Most useful spatial datasets were gathered during the elaboration of the Rwanda National Land Use and 
Development Plan Project (NLUDP) by Land Authority in 2011 and National Risk Atlas of 2015. Later on, more 
important data were generated from different initiatives such as Rwanda Agriculture Spatial Planning of the 
ministry of Agriculture (MINAGRI) and Rwanda Land Use Decision Support Tool with Regional Centre for 
Mapping of Resources for Development (RCMRD); etc.  
 



 

 

 

Figure 5. Flowchart of methodological approaches to generate road vulnerability map
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The field data collection needed for the final assessment will include road condition surveys, environmental 
surveys, and participatory GIS studies, to obtain the full set of data to satisfy the vulnerability assessment 
requirements of the Terms of Reference (TOR). 

The steps that are required for the vulnerability assessment process are presented below.  
1. Identify and define the assets for which vulnerability shall be assessed. 
2. Define the climate related hazards which alone or in combination have the potential to create or increase 

different climate related risks. 
3. Compile data inventory and collection of the needed information. 
4. Analyse all available information and identify vulnerable areas and road sections with highest 

vulnerabilities related to climate related hazards. 
5. Carry out a comprehensive survey of the vulnerable areas and the identified road sections. 
6. Assess the vulnerability, severity and likelihood of the impacts caused by negative climate related hazard 

events. 
 
The vulnerability of the road network and overall consequences of negative climate impacts for the 
population in Rwanda depend on several environmental, socio-economic and technical factors. In addition, 
the climate related impacts must be seen with anthropogenic impacts as often the climate related impacts 
only form triggers for hazards that have in itself mostly been caused by man-made changes to the 
environment. This includes e.g. slope cutting or deforestation. The data categories 1-4 are used for this 
preliminary vulnerability assessment and all categories 1-6 will be used for the second full vulnerability 
assessment report. 
 
1. Historical data of previous natural hazards 
2. Climate and environment statistics 
3. Socio-economic data 
4. Predictions of the future climate change 
5. Updated road network condition data 
6. New environmental data outside road area 

The existing climate data and other available information used in this assessment have been received from 
various government ministries, agencies, and institutions e.g. such as the Ministry of Infrastructure 
(MININFRA), Ministry in Charge or Emergency Management (MINEMA), Rwanda Meteorology Agency 
(Meteo Rwanda) and the National Institute of Statistics of Rwanda (NISR). 
 
Rwanda Meteorology Agency (Meteo Rwanda) is a Government Agency under the Ministry of Environment 
(MoE) with legal personality, administrative and financial autonomy. The purpose of Meteo Rwanda is to 
provide weather, water and climate information services for safety of life and property and socio-economic 
development. Observations of rainfall and temperature were established in the 1930’s but the first station 
was installed at Save in 1906. The Rwanda Meteorology Service was created in 1963 and in 1968 Meteo 
Rwanda was established as the main coordinator of meteorological services in the Ministry of Infrastructure 
(MININFRA). Later in 2011, Rwanda Meteorological Service was transformed into Rwanda Meteorology 
Agency (Meteo Rwanda). The agency provides weather predictions and manages a network of 
meteorological stations for data collection. Its mandate includes: 

• to collect, gather and access data of meteorological elements from around the country, and exchange 
related information to ensure the security of people and the property in accordance with international 
agreements to which Rwanda is signatory. 

• to establish a special communication network to be used in collecting and disseminating meteorological 
elements in accordance with the rules of the World Meteorological Organisation. 

• to publish and disseminate meteorological data for short- and long-term weather forecasts towards 
national development activities. 
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• to provide advance information on unusual weather conditions that may cause disasters, provide advice 
and educational information through the medias and provide meteorological information to any 
interested person. 

• to monitor, analyse and advise on global climate change. 

The Ministry in Charge of Emergency Management (MINEMA) is engaged in preventing, mitigating, 
responding, recovering, securing, monitoring and timely acting positively in order to promote disaster 
reduction awareness, within a sector policy framework oriented to management of natural and man-made 
disasters risks such as volcanic activity, floods, earthquakes, landslides, mudslides, storms, fire, 
deforestation, landslides, drought, etc. 
 
Table 3. Data and information sources used in the preliminary vulnerability assessment 

INSTITUTIONS DATA 
Rwanda Transport Development 
Agency (RTDA) 

Road and bridge data, condition data, traffic volumes 

National Institute of Statistics for 
Rwanda (NISR)  

Socioeconomic data  
Data contain information from Rwanda Census  
Information on livelihood  

Rwanda Housing Authority (RHA) 
Ministry of Environment (MoE) 
 

Land use 
Vegetation 
Forest 
Housing and urbanisation 

Rwanda Environment Management 
Authority (REMA), Centre of GIS and 
Ministry of Agriculture and Animal 
Resources (MINAGRI) 

Wetland, land cover and hydrological network  

Ministry of Agriculture and Animal 
Resources (MINAGRI) and Ministry of 
Emergency Management (MINEMA) 

Soil data 
Soil types Soil depth Geology, agriculture systems, Agro-ecological 
zones.  

Ministry of Local Government 
(MINALOC) 

Settlements in high risk zones data 

  
Centre of GIS Remote Sensing Data, topographic map 
World Food Programme (WFP) Data on rainfall and evapotranspiration  

 
Ministry of Health (MOH) Statistics GIS layer on health facilities  

 
Ministry of Emergency Management 
(MINEMA) 

Flood hazard; drought hazard by districts; flood affected areas 

Meteo Rwanda Temperature, Precipitation, Wind direction, Wind speed, etc 

Ministry of Health (MoH) Health facilities 
Rwanda Environment Management 
Authority (REMA) and Ministry of 
Environment (MoE) 

Forest cover and changes in cover and use 

 

Historical trends in climate related disasters were used to identify the most hazard prone and most 
vulnerable areas. Different climate change scenarios were used to estimate the probability of the different 
climate related hazards in the future.  



22 

 

 

Climate and environment statistics for topography, geology, soil, land use, temperature, precipitation etc. 
were used to support vulnerability analyses and to estimate the probability of the different climate related 
hazards in the future. This information was overlaid using GIS to estimate the overall impacts. 

Socio-economic data was used to assess the severity of the negative climate impacts and to estimate the 
costs of the natural disasters for the population and the economy of the region. 

New data needs to be collected to carry out more detailed assessment and to make concrete plans for the 
needed actions. The environment data outside the immediate road area will be collected at the same time 
with the condition data of road surface, bridge, culvert, and other structures of the roads. 

The updated condition information and the new environment information will be embedded in the Road Asset 
Management System (RAMS) under procurement and be used in the future for planning purposes. The RAMS 
database with the environment and climate data to be collected will remain the main source of information 
needed for maintaining and planning more climate resilient road network. 

Based on the results of the surveys, different opportunities for adaptation measures will be identified. The 
comparison between the options with and without adaptation including the benefits and costs will be 
presented in the Final Vulnerability Assessment Report that will be published tentatively in April 2020. 

 
 

3. Vulnerability Mapping 
 
The vulnerability assessment can be divided into three categories 1) environmental, 2) socio-economic, and 
3) technical vulnerability. Each vulnerability category has various components that have their own effects on 
the overall vulnerability. 
 
The climate change has effects in various sectors such as agriculture, forestry, water resources, health, 
ecosystem, and infrastructure. The severity and the size of the negative climate impacts are evaluated for 
each sector. The final prioritisation of the actions needed to maintain and develop infrastructure more 
climate resilient will be made by using multi-criteria optimisation. 
 
This preliminary Vulnerability Assessment has identified a number of current vulnerability hotspots. These 
hotspots are areas where climate related hazards are very likely to result in impacts, i.e. highlighting the 
combination of vulnerability and hazard. The consultant may use participatory GIS to integrate the 
knowledge of the local communities with regards to vulnerabilities to past climate hazard in order to 
establish a more accurate picture and pinpoint the road sections that are under particular risk. 
 

3.1 Environmental Vulnerability 
 
Environmental vulnerability in this study relates to the environment’s response to changes in climatic 
conditions, relevant to Rwanda's road transport infrastructure. These include landslides, mudflows, gully 
erosion, and floods. 
 
In the context of this study it needs to be understood that the environmental vulnerabilities are related to a 
range of factors, driven to a larger extent by anthropogenic activities and to a smaller extent by climate 
change. The anthropogenic activities are mostly rapid and severe, while climate change is leading to more 
gradual changes in environmental conditions. Therefore, when considering mitigation measures, the 
anthropogenic factors have to be looked at with priority. 
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Landslides are the most common threat and the greatest potential risk for the road network, floods on the 
other hand are affecting the largest number of people in Rwanda. The impacts of natural disasters between 
1910 and 2014 are presented in Table 4. 
 
Table 4. Impacts of the major natural disasters between 1910 and 2019 

Type of disaster Number of events Total death Total of affected 

Drought 9 237 5,434,545 

Flood 20 298 1,991069 

Landslide 8 317 7952 

Wind (Storm) 3 184 4,697 

Earthquake 5 85 2,546 

Source: Rwanda Risk Atlas, 2015 & Annual reports of MINEMA 2015 - 2020 
 
Environmental vulnerability depends on specific physical conditions. The physical conditions are partly given 
by the surrounding natural environment and are partly characterised by manmade modifications These 
conditions typically strongly influence environmental vulnerability of roads, influencing their resilience and 
adaptive capacity towards increasing intensities of climate events. In May 2013, for example, a section of the 
road at Gashenyi Sector in Gakenke district was sliced off by a landslide after heavy rainfall13. Also, in May 
2016, following unusual heavy rainfall occurred in Rwanda, landslides and floods were triggered in 8 districts 
and damaged households, leading to 54 deaths, 2317 buildings destroyed, 6000 people displaced and severe 
damage to roads and transport infrastructure. Some roads were completely blocked, and others closed in 
order to prevent risks for commuters14. Another landslide occurred in 2018 along the Gatuna-Gicumbi- Kigali 
road,  
 
Topography, geology, soil, land use, vegetation, temperature, precipitation, and other baseline conditions 
must be taken into consideration when estimating the probability of occurrence and the likely severity of 
certain climate threats. 
 
3.1.1 Baseline Conditions 
 

Topography and Geology 
Topography has a great influence for risks of erosion and flooding. Hilly areas are subject to landslides 
especially if the soil type is easily erodible.  
Rwanda topography is considered hilly and mountainous with altitude ranging between 900 metres and 
4,507 metres (with an average of 1,700 metres) and has a tropical temperate climate due to this high 
altitude15.  
 
The highest point is on Mount Karisimbi at 4,507 metres above sea level. Rwanda has volcanic mountains at 
the northern fringe and undulating hills in most of the central plateau. However, the eastern part of the 
country is relatively flat with altitudes well below 1,500 metres. This relief pattern gives Rwanda a mild and 
cool climate that is predominantly influenced by altitude. Average annual temperature is 18.5 C̊ and average 

 
13 Rwanda Green Growth and Climate Resilience Strategy, 2018. 
14 Idem. 
15 Rwanda Risk Atlas, 2015 
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rainfall is about 1,250 mm per annum. The lowlands of the South-west in Bugarama plain with an altitude of 
900m are part of the tectonic depression of the African Rift Valley (REMA, 2009). The altitudes of the country 
are shown in Figure 6.  
 
Soil erosion is one of the most serious environmental problems the world is facing today. According to the 
study on country erosion risk, Rwanda had a mean soil erosion rate of 250 t/ha/year, which resulted in an 
annual soil loss of 595 million tons16. Rwanda has a steep topography, lying at an altitude ranging between 
915 m and 4455 m. The country topography map is presented in the figure 6. 

 

 

Figure 6 Topography map of Rwanda17 

Geomorphologically, Rwanda can be divided into five regions from West to East: 1) the Congo-Nile Ridge, 2) 
the volcanic Virunga Mountains and high lava plains of north-western Rwanda, 3) the narrow Great Rift 
Valley region along or near Lake Kivu, 4) the rolling hills and valleys of the Central Plateau, which slope 
eastward from the Congo-Nile ridge, and 5) the savannahs and marshlands of the eastern and south-eastern 
border areas, which are lower, warmer, and drier than the central upland plateaus (Encyclopaedia of 
Nations, 2014).  
 

 
16 Extent of Cropland and Related Soil Erosion Risk in Rwanda  
17 Rwanda Risk Atlas, 2015 
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Figure 7. Slope map of Rwanda 

The Congo-Nile ridge divides two of Africa’s great watersheds; the Congo and the Nile basins. It extends from 
north to south through Western Rwanda at an average elevation of almost 2,743 metres. The altitude of this 
range of mountains ranges between 2,500 and 3,000 metres and overhangs Lake Kivu. The Congo-Nile ridge 
is dominated in the North-West by the volcanoes range which consists of five massifs, the highest of which is 
the previous mentioned Karisimbi. 
On the western slopes of this Congo-Nile Ridgeline, the land slopes abruptly toward Lake Kivu in the Great 
Rift Valley at the border of the country. The eastern slopes of the Central Plateau are more moderate, with 
rolling hills extending across the central uplands at gradually reducing altitudes to the plains, swamps, and 
lakes of the eastern border region. With an altitude ranging between 1,500 and 2,000 metres, the central 
plateau’s relief is made of hills with tops that are sometimes stretched, sometimes round, separated by deep 
valleys of 15 to 50 metres, often filled up with alluvial deposits. The lowlands in the East of the country are 
dominated by a depression of the relief, generally undulating between 1,100 and 1,500 metres of altitude. 
The lowlands of the South-West in the plain of Bugarama are part of a tectonic depression of the African Rift, 
and they have an altitude of 900 metres18.  
 
Table 5. Areas by altitude in Rwanda 

Altitude Area km² % 
3501 - 4500 10,145 40.1 
2801 - 3500 7,845 31.0 
2101 - 2800 3,926 15.5 

 
18 Rwanda Risk Atlas, 2015 
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1801 - 2100 3,267 12.9 
1501-2100 102 0.4 
900 - 1500 28 0.1 
Total 25,313 100 

Because of the hilly and mountainous topography there is a risk of generating floods in lower lands. Flood 
hazard affects people and activities generally located near major rivers. The flood analysis of some selected 
catchments has shown that the total area affected by flood is around 0.7% (197 km2) of the country19.  
 
The geology of Rwanda comprises Mesoproterozoic metasediments, largely quartzites, sandstones, 
and shales of the Burundian supergroup which are locally intruded by granite. There are four types of granite 
in the Kibaran belt. In eastern Rwanda are the “older granites” along with granitic-
gneisses and migmatites of Paleoproterozoic age. In the northwest and southwest are Neogene volcanic, 
ranging in age from Cenozoic to recent. Some of the volcanoes in the area are highly alkaline. Alluvium and 
lake sediments of Quaternary age occur in parts of the Western Rift and along rivers and lakes20. Figure 8 
below shows the geological formations in Rwanda. 

 
Figure 8. Geological formations 

 
 

 
19 Rwanda Risk Atlas, 2015 
20 Schlüter, Thomas (April 19, 2008) 
 

https://en.wikipedia.org/wiki/Mesoproterozoic
https://en.wikipedia.org/wiki/Quartzite
https://en.wikipedia.org/wiki/Sandstone
https://en.wikipedia.org/wiki/Shale
https://en.wikipedia.org/wiki/Granite
https://en.wikipedia.org/wiki/Rwanda
https://en.wikipedia.org/wiki/Gneiss
https://en.wikipedia.org/wiki/Migmatite
https://en.wikipedia.org/wiki/Palaeoproterozoic
https://en.wikipedia.org/wiki/Neogene
https://en.wikipedia.org/wiki/Alluvium
https://en.wikipedia.org/wiki/Quaternary
https://en.wikipedia.org/wiki/Albertine_Rift
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Soil 
Rwanda’s soils are dominated by the soils developed from shale (Central North and Central East of the 
country) and granite (North-East and Central South) parent materials. The shales (or slates) are known to 
produce deep soils, while the granites are known to produce soils which are loose and sandy in texture. 
Rwandan soils are naturally fragile. They often suffer from degradation, mainly due to soil erosion and 
deforestation. The degradation, which is mostly due to anthropogenic activities, lead to an increased 
sedimentation from uphill downward in the valleys. 
 
From the point of the climate hazard assessment, high erosion and landslide risk in the areas which have 
hills, are easily erodible. As seen from Table 6 below, the granite soils and organic material soils have the 
highest erosion risk in terms of erodibility. 
 
Table 6. Major soil groups of Rwanda by their erosion risk. 

Erosion 
Risk 

Soil Group Code Erosion risk 

1 Basic rocks and granite BRG Low 
2 Granite G High 
3 Basic rocks & Mica schist BRM Low 
4 Organic Material OM High 
5 Shale S Low 
6 Lava L Low 

 
Figure 9 below presents all different soil types in the country. As can be seen from the map, the soil types 
vary a lot within the region. The most dominant soil types include Basic Rocks and Granite soils (BRG), 
Granite soils (G), Basic rocks and mica schist soils (BRM), Organic Material (OM), Shale soils (S) and Lava soils 
(L). The most dominant soil groups include Basic Rocks and Granite soils (BRG) and Granite soils (G). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

             
Figure 9. Rwanda soil groups 
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Land Cover 
Rwanda’s total area is 26,338 km², of which, according to Land cover/land use classification of 2018 (MoE, 
Water department), 10 % is covered by water. The country’s seven main land cover/use categories 
(summarised in table 7). The largest cover type is ‘agriculture’ which covers 49.7 % of the total area followed 
by ‘Forest’ covering 22 % of the total area and ‘Natural Parks’ covering 7.8.%. The rest of the areas are 
classified as ‘built-up’ and ‘rocky land’ each at 3.8% and 0.5 of the total area, and ‘wetlands” covering 5.8 % 
of the total area.  

 
Figure 10. Country land use/cover  

Table 7. Types of Land Cover and distribution of area km² 

Cover/Use type  Area (ha) % 
Agriculture (seasonal & perennial)  1,509,820  49.73 
Forest (planted) 673,517  22.18 
Water body 305,100  10.05 
Natural Parks  237,806  7.83 
Wetland 176,348  5.81 
Build up (Settlement &Urban) 116,290  3.83 
Mines, rocky and quarries 17,341  0.57 

 
As shown on the forest cover map, the country has four natural parks: Nyungwe National Park in the South-
West of the country, Akagera National Park in the East, Volcanoes National Park in the North, and Gishwati-
Mukura National Park in the West of the country. There are around 10 patches of remnant terrestrial 
ecosystems outside protected areas, namely: Nyenyeri in Kirehe (388 ha), Busaga/Ndiza (158 ha), Buhanga 
(130 ha), Makera/Ibanda (77 ha), Rujambara (17 ha), Nyagasenyi (15 ha), Sanza/Kirambo (12 ha), Kumbya 
(10 ha), Bukora (4 ha) and Shagasha (4 ha). 
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Other forests found in the country consist of planted public and private forest. They are mainly characterised 
by tree species including exotic species (predominantly eucalyptus) and indigenous species. Currently, the 
Euphorbia Tirucalli species only dominate the pastoral lands of eastern province, while other wooded lands 
of the country are dominated by exotic species such as Eucalyptus, Grevillea, etc. mainly initiated through 
tree plantation practices.  

 

 
Figure 11. Forest cover map of Rwanda 
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Figure 12. Land-use/vegetation cover along the roads 

 
 
 

Table 8. Length of road sections with specific land-use / vegetation cover 

Land cover/Use type  Road Length (in Km) 

Forest 747.4 
Sparse forest  609.8 
Agriculture (perennial) 443.0 
Open areas or grass  1607.7 
Agriculture (seasonal) 3012.0 
Water  19.4 
Wetlands  8.0 
Bare soil 6.3 
Settlements & Buildings 196.0 
Mines  0.3 
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Climate zones 
Situated in the equatorial zone, Rwanda has a mountainous terrain (950–4,500 m) and a temperate climate 
characterised by strong seasonality and high interannual variability. The country’s topography moderates 
temperature and rainfall, leading to large variations over short distances. Rwanda has two rainy seasons, a 
main season from March to May and a short season from mid-September to mid-December. The four main 
climate zones are summarised below. 
 

Table 9. Climate zones of Rwanda21 

 
 

Nevertheless, there are a lot of heterogeneity within those five main zones. To reflect the pronounced 
heterogeneity, the country is further classified in ten agro-ecological zones (AEZ); namely: Buberuka 
Highlands (BH), Bugarama Plain (IMB), Central Plateau (CP), Congo Nile Watershed Divide (CND), Cyangugu 
Backside (IMP), Eastern Ridge and Plateau (ERP), Eastern Savanna (ES), Kivu Lakeside (KLS), Mayaga Plateau 
and Central Bugesera (MPB) and Volcanic Summits and High Plains (VHP). 
 
Temperature and Rainfall 
Precipitation and temperature vary with altitude and agro-ecological zones. The highlands of the Congo-Nile 
divide are characterised by a low temperature (15°C ≤ Mean ≤ 17°C) and sometimes < 0°C in the volcanoes 
area. The central plateaus are characterised by moderate altitude, and therefore medium temperature and 
rainfall, while the north-eastern lowlands are characterised by high temperature and erratic rains. Bugarama 
plain in the south-west with the lowest elevation, is characterised by high temperature, especially in 
February, July and August. Generally, the country has four seasons: short rainy season (September-
December), short dry season (January-February), long rainy season (March-May) and long dry season (June-
August).  
 
A map of the different climate zones that occupy the country region are presented in Figure 13 and annual 
rainfall in Figure 14. 

 
21 Climate Change Risk Profile Rwanda, 2019 
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Figure 13. Agro-ecological zones and their distribution 

Rwanda has seen a mean annual temperature rise exceeding 2°C in the last two decades of this century, 
relative to the mean annual temperature rise during the late 20th century22. It is likely that land 
temperatures over the continent will rise faster than the global land average, particularly in more arid 
regions23.  
 
 
 
 
 
 
 
 
 
 

 

 
22 Climate Change Risk Profile Rwanda, 2019 
23 Idem 
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Figure 14. Monthly trends of rainfall amount and average temperature in Rwanda between 
1970 and 201824 

 
According to the third national communication report, the annual rainfalls in Rwanda exhibited very high 
fluctuations since 1961 to 2016. The mean rainfall dominantly decreased in January, February, May and June 
with a dominant increasing trend in the remaining months of the year across the country. Rise in rainfall was 
observed in northern region from 1960, reaching the apex in 1982 while the period of 2000-2009 was the 
driest with more fluctuations in mean rainfall for 2009-2016 (REMA, 2018).  

According to the same report, a dry period was observed from 1998 to 2005 while 2008-2014 was the 
wettest period in the western region along with volcanic region. Contrary to eastern region which 
experienced the dry and wet years for 1992- 2008 and 1978-1990 respectively. This shows that the eastern 
region has faced frequently the dry episodes. Furthermore, the period of 1978-1992 was the wettest while 
1998-2010 was the driest in the central plateau region. The period of 1961-1991 was wetter than 1991-2016 
across the country25.  

For the analysis of the main climate variation in Rwanda, the results from existing meteorological stations 
were used. 
 

 
24 RMA, 2018 
25 Compendium of Environment Statistics of Rwanda, 2018 
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Figure 15. Annual mean rainfall of Rwanda 
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Figure 16. Location of Rwanda traditional meteorological stations 

The average annual precipitation amounts, and the location of Rwanda traditional meteorological stations 
are presented in Figures 15 and 16. 
 
Earthquakes 
Earthquakes can pose a risk on the infrastructure by causing slopes to collapse, triggering landslides, etc. 
Rwanda’s exposure to earthquake at intensity scale of MMI VI and VII is also very high. The entire population 
is exposed with about 3.2 million people exposed to earthquake at intensity MMI VII and approximately 7.3 
million Rwandans are exposed to earthquake at intensity MMI VI. The population in all the districts in the 
western province are exposed to earthquake intensity VII including some districts in the southern and 
northern provinces. The rest of the country is also exposed to earthquake at intensity MMI VI. About 1.3 
million poor Rwandans are exposed to earthquake of MMI VII and another 2.5 million people are exposed to 
earthquake of MMI VI. These are common events in the country region. Table 10 below presents a map of 
the incidences of earthquakes between 2002 and 2008, the most earthquake incidents have occurred in the 
Western part Rwanda. However, many of the earthquakes have also occurred in the areas of higher 
topography and with more hills such as Cyangugu and Gisenyi.  
 
Earthquakes have a great influence for the road structure and risk of land- and mudslides. These are 
especially risky during times of high precipitation, when the soil may be saturated with water and more 
susceptible for landslides. The earthquakes may act as a triggering factor for landslides in the hilly areas of 
the Rwanda, and cause cuts to road services.  
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Although earthquakes are not very frequent and intense, and posing a lesser risk than for example flooding 
events which return on a regular basis, they must be considered in the overall climate risk evaluation. As 
coupled with high precipitation events they may somewhat increase the risks of climate related hazards such 
as landslides. 

 
Table 10. Earthquakes incidents in Rwanda between 2002 and 200826 

 
 
 
3.1.2 Effects of Environmental Vulnerability 
 
Erosion and landslides 
 
Erosion and landslides are a coupled phenomenon in terms of the driving factors. Both are influenced by the 
topography of the area. Landslides are more common in areas with rugged terrain, where there is higher 
potential energy for the landmasses to flow down and cause disruptions and damage to the local 
infrastructure.     
 
The main factors affecting the landslide risks are precipitation patterns and the erodibility of the soils. When 
precipitation comes in higher intensity, it can saturate the soil, increasing its mass, and lead to landslides. 
Preventive factors which reduce the likelihood of landslides include vegetation cover. Trees are the best 
binders of soil. Especially trees with deep roots can hold the soil in place. Shrubs and grass cover also 
prevent erosion of soil, but they are less effective in binding the soil together. This is why for example 
unsustainable land use patterns where trees are removed from slopes to make way for agricultural crops 
increase the risk of landslides. One of the best indicators for landslide prone areas include the examination 
of previous landslide patterns. Areas which have experienced a high occurrence of landslides in the past are 
likely to have similar events in the future as well. This is something that can be examined for example by 
interviewing local residents on the previous landslide events to identify hotspots. Figure 17 below presents 
an overlay of the topography and precipitation patterns to identify erosion hazards. 
 
 
 
 
 
 

 
26 Rwanda Risk Atlas, 2015 
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Figure 17. Loss estimate (T/ha/year) in Rwanda27  

According to the erosion hazard map, the highest erosion risk (34.4 %) is present in the regions with high 
elevations (1800m and above) and watered (greater or equal to 1400mm of total rainfall per year). The 
medium erosion risk is covering the largest areas (47.4%) of the country, located in different regions. Table 
11 below presents the proportions of each risk area. 

Table 11. Erosion risk areas 

Erosion Risk Area (Km²) Area (%) 
High 8,665.79 34.4 
Medium 11,952.62 47.4 
Low 3,079.46 12.2 
Swamp 1,511.30 6.0 
Total 25,209.17 100 

 
Apart from registered landslide events, a nationwide map of landslide map was generated; and during this 
assignment the map was crosschecked and validated using different physiographic and potentially related 
factors, ranked as illustrated by the table below and one sample map. 
 
 

 
27 Minagri, 2014 
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Table 12. Landslide risk areas validation matrix  

Factor  Risk level categorisation cut-
off point Description 

Topography/ 
Landscape  

High    2001 - 4500 m 

Mountain and major scarps. Structural 
(Horsten/Graben, volcanic) landscapes with high 
relief intensity. They may occur in a single, isolated 
feature or in a group forming a long chain or range. 

Moderate     1601 - 2000 m  

Hilly and minor scarps with moderate relief intensity. 
High drainage density, erosional undulating 
landscape characterised by flat and top-rounded 
summits 

Low    900 - 1600m 
Foot slope Ridges with rounded summit and Plateau 
and peneplain dissected by deep valleys and their 
interfluves retaining the same height.  

Slope  

High    ≥ 20% 
Steeper slope. Distance between higher and lower 
parts of the landscape is characterised by a restricted 
summit area and steep sides with irregular surface 

Moderate     7 - 20 %  Moderate slope gradient. High drainage density in 
concave minor valleys 

Low    0 - 7% Very low slope gradient made by deep valleys, 
wetlands and widen downstream. 

Soil texture 
(Clay content)  

High    > 35%  Rich in small particles (low permeability)  
Moderate    25 - 35 % clay content moderate (moderate permeability)  
Low    < 25 % Rich in large size particles (high permeability)  

 
After overlay analysis with more than six factors, the landslide risk map was adjusted and reclassified in 
three classes as visualised in Figure 17. 
 
The road segment under landslide risk categories are visualised in Figure 17 and summarised in Table 12. 
 
Flooding 
Because of its geographical features and climatic profile, Rwanda is prone to various hazards but especially 
localised floods (Douglas et al, 2008). Due to its dense river network and large wetlands, the country is 
threatened mainly by riverine floods. According to Stockholm Environment Institute (2009) and REMA 
(2010), major flood events occurred in 1997, 2006, 2007, 2008, and 2009, resulting in infrastructure damage, 
fatalities and injuries, landslides, loss and damage to agricultural crops, soil erosion and environmental 
degradation. 
 
Available information from USGS indicates that since 1974, floods caused a lot of damages in terms of 
human lives, houses, crops and infrastructure. The table 13 below details these events with date and type of 
damage recorded.  
 
Flood hazards affect people and activities located in flood prone areas across the country. The effects of 
flood hazards have worsened with recent increase of the population accompanied with the scarcity of land 
that have pushed people to settle in marginal land and flood prone areas. In general, the agriculture sector is 
the most affected by flood hazards. Between 2011 and 2013, a recording system of flood hazard events and 
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its impacts has been installed. It showed that 38 people have been killed, 40 injured, 878 houses were 
damaged or completely destroyed and 746 ha of land were affected28.  
 

Table 13. Severe flooding events during the past 45 years29 

 

 
28 Idem 
29 Rwanda Risk Atlas, 2005 
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Table 14. Flood Exposure Index based on the severe floods over the last four decades. 

Flood  North South East West Kigali 
City 

Significant risk (km²) 203 635 991 314 61 
Low/non-risk (km²) 3069 5332 8474 5568 668 
Total area (km²) 3272 5967 9465 5882 729 
Proportion (%)  6.2 10.6 10.5 5.3 8.4 

 
As presented in Table 13, the most severe flooding events in the past have occurred in the five provinces of 
Rwanda but mostly in the eastern and southern parts of the country. Kigali City, northern and western parts 
of the country have seen the least number of severe flooding events. This is due to the topography and 
wetland areas where the Mwogo, the Rukarara, the Mukungwa, the Base, the Nyabarongo and the Akanyaru 
rivers flow. The Nyabarongo is called the Akagera after receiving the waters of Rweru Lake30. Figure 19 
presents the high-risk areas for flooding in the lower parts of Rwanda.  
 

Table 15. Total areas different exposure to flood per province  

Total area km2 
 North South East West Kigali City 

High risk  203 635 991 314 61 
Moderate risk  3069 5332 8474 5568 668 
Low risk  3272 5967 9465 5882 729 

 

 
30 NBI, National Nile Basin Water Quality Monitoring Baseline Report, 2005. 

https://en.wikipedia.org/wiki/Mwogo_River
https://en.wikipedia.org/wiki/Rukarara_River
https://en.wikipedia.org/w/index.php?title=Mukungwa_River&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Base_River&action=edit&redlink=1
https://en.wikipedia.org/wiki/Nyabarongo_River
https://en.wikipedia.org/wiki/Akanyaru_River
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In this assessment, nationwide flood prone areas were delineated using multiples factors potentially 
contributing to fresh flooding events, as summarised in table 14 bellow.  
  
Table 16. Flood prone areas delineation matrix using physiographic factor maps.  

Factor  Risk level categorisation cut-off point Description 

Topography
/ Landscape  

High    900 - 1600m 

Foot slope Ridges with rounded summit 
and Plateau and peneplain dissected by 
deep valleys and their interfluves 
retaining the same height.  

Moderate     1601 - 2000 m  

Hilly and minor scarps with moderate 
relief intensity. High drainage density, 
erosional undulating landscape 
characterised by flat and top-rounded 
summits 

Low    2001 - 4500 m 

Mountain and major scarps. Structural 
(Horsten/Graben, volcanic) landscapes 
with high relief intensity. They may occur 
in a single, isolated feature or in a group 
forming a long chain or range. 

Slope  

High    0 - 7% Very low slope gradient made by deep 
valleys, wetlands and widen downstream. 

Moderate     7 - 20 %  Moderate slope gradient. High drainage 
density in concave minor valleys 

Low    ≥ 20% 

steeper slope. Distance between higher 
and lower parts of the landscape is 
characterised by a restricted summit area 
and steep sides with irregular surface 

Soil texture 
(Clay 

content)  

High    > 35%  Rich in small particles (low permeability)  

Moderate    25 - 35 % clay content moderate (moderate 
permeability)  

Low    < 25 % Rich in large size particles (high 
permeability)  
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Figure 18. Areas with high flooding risk due to topography 

By using overlay analysis, all factors were combined to generate the composite map of flood risk areas, as 
visualised in Figure 19 bellow.  
 

 
Figure 19. Flood risk areas delineated using landscape system characteristics  
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According to the above flood risk areas map, road segments under different risk level of flood are visualised 
in Figure 20 and their length summarised in Table 17. 

 
Figure 20. Road segments and flood risk levels 

Table 17. National Roads and District Roads class 1 total segments (in km) and their risk levels. 

Road segments and their risk level  Total  

Road segments under high risk  460 
Road segments under moderate risk  542 
Road segments under low risk  5673 
 TOTAL  6674 

 
Droughts 
Drought is defined as a prolonged period of abnormally low rainfall, leading to a shortage of water. Heavy 
rainfall and floods have caused damaged to road infrastructure. There is no established impact of low rainfall 
and shortage of water on road infrastructure. It is however agreed prolonged droughts may lead to 
increased solar radiation that can destroy the top layers of paved road infrastructure. 
 
Since the establishment of MIDIMAR in 2010, Rwanda has its own system of data collection on hazard events 
occurring in the country. For drought, one important event is recorded in March-May 2014. A prolonged 
delay of rainy season resulted in soil dehydration. It impacted the Eastern Province mainly in Bugesera and 
Kayonza districts31. 

 
31 Midimar, 2014 
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The districts of Gatsibo, Kayonza, and Kirehe are highly susceptible for being affected by severe droughts 
compared to other districts. 26% and 24% of the total area of Kayonza district are exposed to severe drought 
with high to very high respectively. Note that all districts of the northern, southern, and western provinces 
are low in drought susceptibility except for a small part of Kigali city, Gasabo district (29% of its area), is 
exposed to low probability of having a severe drought. Kayonza district is still the most exposed to high 
probability of being affected by severe droughts, where 75% and 25% of its total area are in high and very 
high drought susceptibility classes. Other districts that have high susceptibility to severe drought are Kirehe, 
Gatsibo, Kicukiro, Nyagatare, Nyarugenge, and Rwamagana where more than 40% of their total area are in 
high or very high drought susceptibility classes32.  
 
NAPA (2006) and REMA (2010) highlighted that the eastern and southern provinces of Rwanda are the most 
affected areas by droughts. The droughts tend to be cyclical and can be persistent. Kigali city was not among 
the areas reported by NAPA and REMA mainly due to the fact that agriculture sector is less developed.  
 

3.2 Socio-Economic Vulnerability 
 
Socio-economic vulnerability refers to the inability of people, organisations, and societies to withstand 
adverse impacts from multiple stressors, in this case climate change related stressors in relation to the road 
network, to which they are exposed. 
 
Socio-economic vulnerability is linked most importantly with the livelihood activities of the people living in 
the affected area and the effects of the potential climate hazards on their ability to cope. Unfavourable 
weather conditions and interrupted traffic connections enhance the exposure and vulnerability by restricting 
access of the people to the resources and services they need for survival. 

Even minor flooding of rural roads can often mean isolation to the communities and consequent lack of 
access to various services such as education and health care. Severe flooding events can cause deaths, 
displace entire communities, damage households, infrastructure, crops, and increase the risk of waterborne 
diseases. Interrupted rural connectivity hinders the movement of people and cut-off the access of 
households and communities from trading markets and services causing losses in economy. This chapter 
examines the socio-economic vulnerability of the communities in Rwanda. 
 
3.2.1 Population 
 
Rwanda has one of the highest population densities in Africa (658.26/sq km) with a young, mostly rural 
population. In 2019, the population is estimated at 12.63 million, an increase from 2013's estimate of 11.8 
million. This puts Rwanda 76th in the world33. 
The geographical distribution of the population and the location of the settlements are presented in figure 
21. 
 
 

 

 
32 Rwanda Risk Atlas, 2015 
33 World Population Review, 2019 
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Figure 21. Geographical distribution of population per district. 

 

The variance of the population density between the provinces is presented in the Table 18 below. 
 
Table 18. Distribution of population per district according to last two general population census. 

District 

2002 
Total 

Populatio
n 

2012 Population 
Sex 
Rati

o 

Populatio
n Change 

(2002-
2012) (%) 

Averag
e 

Annual 
Growth 

Rate 

Populatio
n Density 
(sq.km) 

(2002-
2012) 

Males Females Total (%) 

NYARUGENGE 236,990 148,282 136,578 284,860 109 20.2 1.9 2,127 

GASABO 320,516 274,342 256,565 530,907 107 65.6 5.2 1,237 

KICUKIRO 207,819 162,755 156,906 319,661 104 53.8 4.4 1,918 

KIGALI CITY 765,325 585,379 550,049 1,135,428 104 48.4 4 1,556 

NYANZA 225,209 160,877 162,511 323,388 99 43.6 3.7 481 

GISAGARA 262,128 150,312 172,491 322,803 87 23.1 2.1 475 

NYARUGURU 231,496 139,428 153,996 293,424 91 26.8 2.4 290 

HUYE 265,446 158,196 170,409 328,605 93 23.8 2.2 565 
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District 

2002 
Total 

Populatio
n 2012 Population 

Sex 
Rati

o 

Populatio
n Change 

(2002-
2012) (%) 

Averag
e 

Annual 
Growth 

Rate 

Populatio
n Density 
(sq.km) 

NYAMAGABE 280,007 161,640 180,472 342,112 90 22.2 2 314 

RUHANGO 245,833 153,499 168,522 322,021 91 31 2.7 514 

MUHANGA 287,219 155,193 163,772 318,965 95 11.1 1.1 492 

KAMONYI 261,336 163,075 179,717 342,792 91 31.2 2.8 523 
SOUTHERN 
PROVINCE 2,058,674 

1,242,22
0 

1,351,89
0 2,594,110 92 26 2.3 435 

KARONGI 278,944 155,887 175,684 331,571 89 18.9 1.7 334 

RUTSIRO 264,360 152,231 171,020 323,251 89 22.3 2 279 

RUBAVU 292,653 195,340 208,938 404,278 93 38.1 3.3 1,041 

NYABIHU 268,367 138,044 157,536 295,580 88 10.1 1 556 

NGORORERO 282,249 154,827 179,586 334,413 86 18.5 1.7 493 

RUSIZI 331,950 194,310 210,402 404,712 92 21.9 2 422 

NYAMASHEKE 325,032 179,023 204,115 383,138 88 17.9 1.7 326 

WESTERN PROVINCE 2,043,555 
1,169,66

2 
1,307,28

1 2,476,943 89 21.2 1.9 421 

RULINDO 251,266 136,058 152,394 288,452 89 14.8 1.4 509 

GAKENKE 322,043 159,320 179,266 338,586 89 5.1 0.5 481 

MUSANZE 307,078 174,760 193,803 368,563 90 20 1.8 695 

BURERA 320,759 160,481 175,974 336,455 91 4.9 0.5 522 

GICUMBI 359,716 189,312 208,559 397,871 91 10.6 1 480 
NORTHERN 
PROVINCE 1,560,862 819,931 909,996 1,729,927 90 10.8 1 528 

RWAMAGANA 220,502 149,214 161,024 310,238 93 40.7 3.5 455 

NYAGATARE 255,104 228,610 238,334 466,944 96 83 6.2 243 

GATSIBO 283,456 208,355 225,642 433,997 92 53.1 4.4 275 

KAYONZA 209,723 167,767 178,984 346,751 94 65.3 5.2 179 

KIREHE 229,468 164,012 176,971 340,983 93 48.6 4 288 

NGOMA 235,109 162,388 176,174 338,562 92 44 3.7 390 

BUGESERA 266,775 177,404 185,935 363,339 95 36.2 3.1 282 

EASTERN PROVINCE 1,700,137 
1,257,75

0 
1,343,06

4 2,600,814 94 53 4.3 275 

RWANDA 8,128,553 
5,074,94

2 
5,462,28

0 
10,537,22

2 93 29.6 2.6 416 

 
Historical Growth of the Population and its Future Trends 

Rwanda ranks among the African countries with the fastest growing population (Uwacu, 2013). Since the 
independence of the country in 1962, the population grew exponentially from about 2.9 million people to 
about 3.6 million in 1970, to around 5 million people in 1978, to around 7 million people in 1991, to around 8 
million in 2002 and to around 11 million in 2012.  
The country’s population annual growth rate is around 2.6%. This means that about 300,000 people are 
added every year (MINECOFIN & NISR, 2014). This number is higher than the current population size of some 
districts such as Nyarugenge, Nyaruguru, Nyabihu and Rulindo. In other words, approximately one new 
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district is added to the country’s population every year. Figure 22 presents three possible scenarios under 
which the country’s population is expected to grow in 20 years (from 2012 to 2032). 
 

 
Figure 22. Future trends of population growth under three scenarios (Data Source: MINECOFIN & NISR, 
2014) 

Rwanda is also generally characterised by a young population, with half of the population being less than 19 
years. In addition, the country counts about only 3% of people aged above 65 years. The majority of young 
people are found in urban areas, due to various pulling factors for the young generation (MINECOFIN & NISR, 
2014). 
 
The averaged family size in the country is 4.3 persons. However, in urban areas, the family size becomes 
smaller (with about 4 persons per family). This can be explained by many factors, including the fact that most 
people with the low level of literacy are located in rural areas where the problem of family planning is 
somehow misunderstood. As far as life expectancy is concerned, it is clear that, after the 1994 Genocide 
against Tutsi, the country took strict measures to promote the health sector, which has led to increase the 
population's life expectancy since 2002 (Figure 23).  
 

 

 

 

 

 

 

 

Figure 23. The curves of Rwandans’ life expectance at birth per sex since 1970s (Data Source: NISR, 2014) 
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3.2.2 Basic Societal Services 
 
Access to basic health services and education are important factors in evaluating the potential impacts of 
climate hazards on the local populations. This section provides a brief overview of the distribution of the 
health care and educational facilities within the country. 
 
Restricted access to health services is linked to a potential increase in mortality rates. There is a total of 382 
provincial and rural hospitals and 53 different types of health care centres in the five provinces of Rwanda 
(Table 19). 
Figure 24 below presents the geographical distribution of the health care facilities within the country. 
 

a) Health facility  

 
Figure 24. Geographical distribution of health care services. 

Table 19. Health facilities by Province. 

 
Provinces 

Referral 
Hospital 

Provincial 
Hospital 

District 
hospital 

Health 
Centre & 
Clinics 

Health Post 
and 
dispensary 

 
Total 

North 1 1 5 110 126 242 
South  1 1 10 142 159 313 
East 1 1 7 126 168 303 
West  1 1 10 133 133 278 
Kigali City 4 0 4 136 152 296 
TOTAL 08 4 36 647 738 1432 

  Source: https://moh.gov.rw/index.php?id=547 
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As can be seen from Table 19 and figure 24 for ones provided with geographical coordinates, health care 
facilities follow roughly similar distribution as the population. Most of the health care facilities are located in 
the Kigali City and Southern Province. These areas are the same ones with the highest likelihood of droughts 
and flooding. A more detailed review on a district level will be provided in the Final Vulnerability Assessment 
Report after the field data collection.  
 
b) Education and Labour force  
According to the statistics from National Institute of Statistics of Rwanda, the country envisages human 
capital as the most important resource available for its development. Henceforth, the country targets to 
build a knowledge-based economy. However, access to education differs in different areas of the country. 
Firstly, looking at access to primary education, the Northern Province was found to have the highest 
attendance rate with 92% among the children supposed to be in school, while the Southern province was 
found to have the lowest attendance rate (NISR, 2016a). Nevertheless, the same statistics show that the 
attendance rate has lowered by 10% in 3 years since 2010. 
 
Secondly, concerning the access to secondary school education, Kigali city was found to have the highest 
attendance rate with 37% (for children aged between 13 and 18 years), while the Western and Southern 
provinces have the lowest attendance rate (20%). Generally, access to secondary school has increased by 8% 
in 3 years since 2010, which is a result of the twelve years basic education programme. Thirdly, for 
vocational/technical and tertiary education, the access rate increased by around 2.5% in three years since 
2010, Kigali city leading with the largest proportion of the people accessing this level of education. 
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Figure 25. Geographical distribution of education facilities 

As for the relationship between the labour force of the country and the available education infrastructure, 
Figure 25 clearly shows that areas with a big number of education infrastructures, the higher the number of 
labour force available.  
 

 

Figure 26. Labour force per District with availability of education facilities (NISR, 2012) 

Access of local population to school infrastructure and teaching materials is an important part when 
evaluating the importance of an individual road section. The effects of restricted access to educational 
services manifest themselves on a fairly long-time frame, but the effects are nonetheless real and should be 
accounted for when estimating the vulnerability of the areas to climate hazards. 
 
 
3.2.3 Agriculture  
 
Rwanda’s economic structure is dominated by agriculture and the service sector. The industry sector is fairly 
small. In 2014, 33 percent of GDP came from the agricultural sector, 14 percent from industry and 47 
percent from the service sector. In line with the goals of Rwanda’s overall policy document Vision 2020, the 
target by that year is to increase the contribution to GDP of services to 57 percent and industry to 19 
percent, and to decrease agriculture’s contribution to 24 percent34.  

 
34 Comprehensive food security and vulnerability analysis, 2016 
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Agriculture is dominated by small-scale, subsistence, rain-fed farming, relying on traditional technologies 
and practices, which renders the sector vulnerable to rainfall variability. According to the 2015 SAS, in 
season A and B35, between 1.1% and 1.5% of all agriculture operators practiced irrigation, while the shares 
for large-scale operators was between 24% and 28% during season A and B. Moreover, the combination of 
rain dependent small-scale agriculture, high rainfall levels, and steep hillsides also leads to very high soil 
erosion rates. The livestock sector is furthermore affected by drought, which limits the availability of water 
and feed particularly in the East and parts of the South and increases vulnerability to diseases. Production 
losses to the dairy value chain are most significant in major drought years. Hence, while subsistence farmers 
are most adversely affected, climate variability affects all agriculture sectors and lowers the annual 
production, value addition, and exports.  
 
Future climate change could exacerbate the impact of climate variability in Rwanda and lead to new risks 
(though also some potential benefits). Rwanda’s climate is already warming, with observational data 
showing that the average temperature has increased over recent decades to higher levels than the global 
average36. Climate change models37 project an increase in temperature of ~1°C to 2.5°C by the middle of the 
century. There are projected increases in the number of hot days and increasing heavy precipitation. The 
projected changes in rainfall (annual and seasonal, as well as droughts) are less certain, though current levels 
of variability will continue. These changes could have potentially large impacts on agriculture in Rwanda, 
from the combination of rising temperatures and changing rainfall, shifting agro-climatic zones, increased 
variability and shocks as well as indirect effects from fostering the development of pest and other diseases. 
Increasing the resilience of Rwanda’s productive system, including to climatic risks, is a key determinant for 
sustainable production, productivity increases and greater food and nutrition security.  
 
Land fragmentation has distinct geographic characteristics. In 10 districts in the Western, Northern, and 
Southern provinces, 40-50 percent of farmers have farmland covering less than 0.2ha (46.4 percent of the 
national total of farms covers this size). Extremely small farms are concentrated in the Western Province (31 
percent of national total). In Rubavu, Western Province, almost 70 percent of farmers have plots smaller 
than 0.2ha38.  
 
With this level of land fragmentation, Rwandan agriculture is predominantly subsistence farming of staple 
crops for self- consumption. Subsistence farmers face a complex set of challenges that suppress yields below 
potential, such as limited access to finance, insurance, technology, skills, irrigation, mechanisation, seeds, 
fertilisers, and other key inputs. Land fragmentation also leads to underemployment in the agriculture 
sector: median hours worked for independent farmers were estimated at 20 hours/week in 2013/1439, as 
farms are too small to provide full employment.  
 
Given Rwanda’s land constraints, land degradation represents a threat to agriculture performance. Notable 
progress has been made towards the prevention and reduction of soil degradation through terracing and 
other measures, but topographic conditions combined with high and often intense rainfall lead to erosion 
and soil degradation. Soil acidity negatively influences the availability and uptake of several essential 
nutrients and restricts root growth and access to water and nutrients, making land less productive. 
According to the government’s state of environment report (2015), about three-quarters of Rwanda’s soils 
are acidic, with a pH below 5.5 and a deficiency in nitrogen or in phosphorus.  

 
35 idem  
36 Minirena, 2012, Second National Communication 
37 Future Climate for Africa (2014). Report Rwanda  
38 IPRI calculations, based on EIVC 4 data 2013/2014  
39 NSIR, EICV4 2013/2014  
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Figure 27. Livelihood zones in Rwanda, adopted from FEWSNET survey’s results (Data Source: FEWS NET, 
2011) 

Rwanda is a small country with diverse terrain and an abundance of water resources. It is also one of world’s 
biodiversity hotspots. High population density and a hilly terrain punctuated by steep slopes and marshland 
combine to limit access to agricultural land in this small country. 
 
Rwanda has a land area of 24.7 thousand km², with an average altitude of 1,250 metres. The country’s 
terrain rises from lowland plains and swamps in the east to central uplands and rolling hills that meet a 
range of mountains crossing the country from the northwest to southeast. The divide separating the Congo 
and Nile drainage system has an average elevation of 2,700 meters and slopes sharply to the west to meet 
Lake Kivu and the Ruzizi40. 
 
 

3.3 Technical Vulnerability 
 
The road density in all provinces of the Rwanda is relatively low, only 1.44 kilometres of road per km2. Most 
of the existing roads (94.8%) are unpaved and more vulnerable for the negative climate impacts than paved 
roads. Some of them are often partly or totally un-passable during the wet season.  

 
40 www.landlinks.com 
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According to the information from the database of RTDA41 the five provinces of Rwanda have a total of 
16,437 kilometres of classified roads within the basin area. 
The unpaved roads with poor condition are most vulnerable and have the greatest risks for negative climate 
related impacts, such as floods and landslides.  
The overall technical vulnerability of the road network will be assessed by the condition of the road surface, 
base and sub-base of the road, culverts, drainages, bridges, and other road structures. 

The following elements will be surveyed: 

• The paved roads; surface width and type, shoulder width and type, different crack types, potholes, 
rutting, edge damages and side drains 

• The unpaved roads; surface width and type, gravel quantity and quality, road profile and shape, 
potholes, rutting, corrugation, and side drains 

• Wearing course, gravel/earth surface for unpaved and pavement for paved roads 
• Culverts (pipe culverts, box culverts; etc.) 
• Protection structures, key/curtain walls 
• Bridges, most important elements 
• Other structures, embankments, gutters, lateral ditches 
• Slopes and embankments 
 
 

4. Technical Assessment 
 
4.1 Road Surveys 
 
A detailed technical evaluation of the identified vulnerable road sections will be prepared according to the 
detailed condition surveys. The following information will be collected: roughness, pavement type and 
condition, cross-section type, side drainage condition and efficiency, condition of bridges and culverts. The 
condition of drainages, culverts, bridges, and other road structures, as well as embankments are crucial 
when estimating the risks for landslides and erosion. Observations and assessments from the road 
surroundings including e.g. erosion potential and slope stability will be recorded. 

The Consultant’s methodology for the surveys includes the following aspects. 

Road roughness surveys were to be carried out using a smartphone application which is registering the 
vibrations from the road and correlating them to the International Roughness Index (IRI). Because RTDA has 
already conducted these surveys, this exercise is no longer considered.  However, video surveys will be 
undertaken with smart phones using the same application as the roughness surveys. The camera system will 
provide a forward view of the pavement surface and road surroundings to enable data collections to be 
carried out using the video images. Right-of way videos facilitate of all kinds of inventories of the road and its 
surroundings by using special inventory software. Road videos give valuable information for the 
circumstances along the road network and act as “eyes” to people in the offices to their road asset. The video 
logging will be carried and more detailed visual surveys for the different road structures. 

Potential risks and threats within the immediate road environment will be identified and rated. The 
following potential risks areas will be assessed and recorded; 1) subgrade material problems, 2) drainage 
condition/efficiency, and 3) maintenance effectiveness. 

 
41 It must be noted that the information is based on the surveys carried out in 2015 for the paved roads and 
on the surveys in 2013 for the unpaved roads. 
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In addition to the condition surveys of the road structures the hydrologic assessments will be conducted for 
all drainage structures on the identified road sections with flood risk. The hydraulic capacity for the existing 
culvert pipes will be checked in the flood risk areas by identifying the catchment areas. Information of the 
topography and the nature within the catchment area is needed for assessing the culvert size and type. 
Steepness of the slope along the road but also general slope of the areas affects the needed size and type of 
culverts and the needed protection structures. Land cover and vegetation density, as well as general soil types 
are also important components when assessing how well the present culverts are functioning and serving the 
drainage of the road. The needs for preparing the existing culverts and or building new larger culverts will be 
estimated according to this environmental information and the present conditions and hydraulic capacities 
of the culverts. See more details in the next section on “Environment Surveys”. 

The future demands will be estimated by using the Rwanda Wet scenario because culverts should have 
capacity to handle much larger storms than their 10-year design storm as dictated by the existing RTDA 
standards. A Hydrology and Drainage Design Manual is recommended to be used for more detailed design. 
 

The stability of slopes on the road sections as well possible consequences of landslides are estimated during 
the environment surveys. Main options for the needed materials and techniques to reduce the erosion risk 
will be assessed after more detailed information is available. It must, however, be noted that the detailed 
designs for the needed protection structures and/or the stabilisation measures for the unstable slopes must be 
decided later by using experienced geotechnical engineers. 
 

4.2 Environmental Surveys 
 
Potential environmental risks and threats outside the immediate road vicinity (50 to 100m) will be identified 
and rated. The slope stability and potential risks for erosion and landslides will be assessed by recording 
slope angles, land cover and vegetations, soil type of slopes, signs of previous erosion, type of land use on the 
slope. The consultant has prepared a full checklist for monitoring environmental data. 

The checklist includes: 1) road; 2) GPS coordinates 3) slope angle (cut and embankment slope); 4) distance of 
the slope from the road; 5) signs of previous landslides; 6) vegetation type; 7) tree cover; 8) types of land use 
on the slopes; 9) boulder outcrop; 10) type of drainage; 11) drainage condition and 12) waterways.  

The road refers to the road section in question where the data is being collected. The slope angle is the 
specific angle of the slope next to the road for both the cut and embankment. Distance of the slope from the 
road is the distance of a potential steep slope from the road. Signs of previous landslides identifies areas 
where landslides have happened, if their marks are still visible. Vegetation type refers to whether the 
roadside is covered with forest, shrubs, grass, bare, etc. Vegetation cover means the rough estimate of the 
area around the road that is bare. Type of land use is the dominating land use type around the road. Boulder 
outcrop studies whether there are big boulders visible along bare areas of the slopes. Type of drainage 
assesses whether culverts, side drainages or bridges are present. In the case of culverts, information on the 
type of culvert (box or tube), its dimensions and the length of drainage channel is collected. Drainage 
condition assesses whether it is in a good condition. Waterways is an examination if there are several creeks 
or small streams present in the areas around the road. 

Visual surveys will be implemented for each chainage section. As mentioned earlier, some of these datasets 
are already available in GIS, but visual field surveys will help to specify the accuracy of the data. The 
proposed survey form for the environmental survey is presented in Appendix 2. 
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In addition to visual field surveys, the Consultant is aiming to carry out participatory GIS interviews with local 
communities near the identified hotspots. These interviews will help to pinpoint previous climate related 
hazards on maps. 
 
 

5. Climate Change Scenarios 
 
Rwanda is a landlocked country with a population of 11.8 million inhabitants (NISR, 2018) as earlier 
mentioned and a GDP of Rwf9 2,358 billion42. It qualifies as a low-income country but expected annual GDP 
growth is in excess of 7% until 201843. The country is particularly vulnerable to the effects of climate change. 
High population growth in conjunction with temperature increases higher than the global average has 
increased pressure on natural resources, land and agriculture in particular. Agriculture is largely dependent 
on regular and predictable rainy seasons which have been severely disrupted by changes in climate and will 
be disrupted more in the future. The intensification of crop yields and cultivation have, furthermore, 
contributed to soil erosion and land degradation. Agricultural outputs constitute 43% of the country’s GDP 
and sustain 90% of the population44. These factors have made Rwanda susceptible to extreme weather. 
Moreover, the country is dependent on oil and energy imports as its power generation capacities do not 
currently suffice to provide sustainable energy.  
 
Existing climate variability already has considerable economic costs as a result of extreme weather events45, 
however, future climate change will lead to additional economic costs which may be as high as 1% of the 
GDP by 2030. Rwanda recently became a member of the V20, the 20 countries most vulnerable to the 
negative effects of climate change.  
 
In 2015, the Rwandan government commissioned a climate change vulnerability index that was updated in 
2018, in order to estimate vulnerability at national and household levels and to assess how investments in 
climate resilience have thus far paid off.  
 
The index is also structured along the five Provinces of the country, namely Northern Province, Eastern 
Province, Southern Province, Western Province and Kigali. In its conclusions, the index suggests that 
exposure and sensitivity are variably high throughout the country and adaptive capacities are low at 
different degrees throughout the country. The Eastern Province is the most vulnerable to climate change at 
the household level based on aggregate statistics, whereas Kigali displays the lowest stats in terms of 
exposure and sensitivity but lags behind regarding adaptive capacities. Vulnerability at the household level 
was measured in terms of exposure to heat, shift in rainfall start date, change in rainfall amount (Eastern 
Province) and change in rainfall amount in the Southern Province46. Regarding sensitivity, irrigation of fields 
is viewed with most concern in all provinces47. Adaptive capacity is highest in the areas of changes in 
practice following an extreme weather event (Western and Northern Provinces) and awareness (Eastern 
Province)48. 
 
Rwanda submitted its National Adaptation Programme of Actions (NAPAs) to the UNFCCC in 2006 which 
identified eastern, central-western and northern regions as most vulnerable due to the frequent occurrence 
of droughts and floods, soil degradation and the destruction of habitats and infrastructure respectively. The 

 
42 World Bank, http://data.worldbank.org/country/rwanda  
43 NISR, GDP National Accounts, 2019 Third Quarter 2019 
44 Ngabitsinze et al 2011 
45 Downing & Watkiss 2009  
46 REMA, Baseline Climate Change Vulnerability Index for Rwanda, 2015.  
47 Ibid.  
48 Ibid 
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NAPAs propose a number of adaptation options. First, a list of 20 options is presented which is then reduced 
to 11 options that correspond with the most urgent and immediate needs in line with national development 
policies. These include promotion of non-rain- fed agriculture, introduction of drought resistant crop species 
and early warning systems to prevent harm from natural disasters.  
The country submitted its Intended Nationally Determined Contributions (INDCs) to the UNFCCC ahead of 
COP21 in September 2015. The INDCs frame the overall goal of transitioning the country into a climate 
resilient economy based on energy security from low carbon energy supplies. Other goals include the 
preservation of ecosystem services, food security, enhanced disaster risk management and social security49. 
Priority areas of action for adaptation in each sector are based on the Green Growth Strategy from 2011. 
Sector goals are subdivided into agriculture, forestry, tourism, water, land use and cross cutting issues. Due 
to its status as a Least Developed Country, Rwanda’s INDCs put emphasis on urgent adaptation actions. 
Furthermore, the INDCs call for close cooperation between ministries, sector agencies, research centres and 
universities.  
 
For the final vulnerability assessment report, predictions will be used for the vulnerability assessment on 
medium to long term climate scenarios for the year 2050 The consultant will use the predictions from IPCC 
CMIP5, which are based on the most recent global circulation model results. It is suggested to use the RCP 
4.5 and RCP 8.5 scenarios to provide a bandwidth of possible future developments. The predictions will be 
related to projected changes in precipitation and drought. These will enable evaluating the risks for future 
heavy rain events, floods, and drought events in Rwanda. 
 
 

6. Identification of Road Sections Vulnerable to Climate Risks 
 
Road sections with high flood risk 
By using the detailed information of different flood event return periods, the consultant identified a total of 
2204 km of roads and 150 bridges, which are affected by regular floods in Rwanda. The size of flooded areas, 
the length of the roads and bridges having flood risk by each province are presented in Table 21. The 
detailed information of roads and bridges is presented in Annex 1 and 2.  
 
Table 20. National and district class 1 roads length and number of bridges under flood risk. 

 North South East West Kigali City Total 

Surface area (Km2) 203 635 991 314 61 2204 
Roads, total length (Km) 1242 1819 1541 1712 336 6650 
Roads with flood risk (Km) 101 111 77 168 18 475 
N. of bridges with flood risk 54 28 19 35 14 150 

 
 
The location of the roads and bridges having a high flood risk are presented in Figure 29. The flood hazard 
map was prepared by using RTDA’s road and bridge information and flood event information. 
 
Other severe climate risks for the road network in Rwanda are erosion and landslides. Based on the spatial 
information analysis, 2829 km (42.5% of the total road length in Rwanda) have been identified to have a high 

 
49 Intended Nationally Determined Contributions for the Republic of Rwanda, p. 2-3, available at:  
http://www4.unfccc.int/submissions/INDC/Published%20Documents/Rwanda/1/INDC_Rwanda_Nov.2015.p
df  
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or very high erosion risk. Road lengths in different erosion categories are presented in Table 22 below. More 
detailed information of the roads with high erosion is presented in the Appendix 3.  
 
Table 21. National and district class 1 roads lengths in different erosion risk categories. 

Erosion Risk Category Length (km) Length (%) 
Very High (150-300T) 46 0.69 
High (100 -150 T) 2783 41.87 
Moderate (50 - 100T) 3426 51.54 
Low (30 -50T)  383 5.76 
Very low (0 -30T)  7 0.11 
Floodplain 2 0.03 
TOTAL 6647 100.00 

 
 
Road sections with different erosion risk categories are presented in Figure 28.  
 

 
Figure 28. National and district, class 1 road sections with different erosion and landslide risk 
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Table 22. National and district, class 1 road sections with different erosion and landslide risk. 

Erosion rate  
Landslide  

High (km) Moderate (km)  Low 
(km) 

Very high (150-300T) 21.1 19.0 5.9 
High (100 -150 T) 739.6 940.7 1084.1 
Moderate (50 - 100T) 620.5 841.1 1911.0 
Low (30 -50T)  22.3 33.0 309.0 
Very low (0 -30T)  0.0 0.3 5.0 
TOTAL 1403 1834 3315 

 
 

7. Prioritisation of the Projects 
 
A total of 1,214.6km km of road sections are situated in the identified vulnerable areas with high risk either 
for flooding or erosion/landslides (tables 20 and 22). Actions needed for these roads to make them more 
climate resilient will be estimated after surveying of the existing drainage system, condition of the culverts 
and the bridges and environmental aspects outside the road area. The roads sections with high erosion / 
flood risk and the bridges with flood risk are summarised in Figure 29, 30 and 31 below. 
 

 

Figure 29. Road segments prone to flood risk  
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Figure 30: Road segments prone to Landslide  

The risk of landslide is higher from Central plateau to extreme west (including northern and western 
province).  
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Figure 31. Road sections with erosion / flood risk. 

 
Around 80 km of national road and district road (class 1) are at high risk of erosion and floods.  

Strategic planning and primary prioritisation of funding allocations will be made according to the required 
level of the serviceability, based on whether the road is serving wider mobility being crucial for the overall 
development of the economy, or is the road only serving an access to a limited land area. 

It must be noted that the priority of RTDA remains to maintain all the paved and national roads on good/fair 
condition. These national paved roads, approximately 1,349 km in the five provinces of Rwanda, are the 
most crucial for the transportation of goods and people. The prioritising of the actions needed for the 
surface of these paved roads can be carried out by using the HDM4 model which is based mainly on the 
International Roughness Index (IRI) and traffic volumes. 

As mentioned earlier, approximately 1214.6km of national roads and district roads class 1 are situated in the 
identified vulnerable areas. The priority is to minimise negative climate impacts on these identified national 
roads which are critical links for the whole country. The target is to ensure that all national roads will 
withstand the expected negative climate impacts.  
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The information on traffic volume is available for some classified road and the latest was done in 2013. To 
overcome that gap from traffic counts, we have integrated the information on: 

1. Road category: national paved road and national unpaved road linking the Country to main 
secondary city and to neighbouring countries and district road class 1  

2. Population distribution/density per district along a given road segment and urbanised areas and 
grouped settlements they are connecting and.  

3. Socio-economic infrastructures (health facility, Schools, market) distribution and accessibility 

 
 

Figure 32. Road sections with different utilisation level and having either flood or erosion risk. 

 

Table 23. Road sections with different utilisation/utility level. 

Utilisation  Road length under high risk of 
erosion and landslide (km) 

High 319 
Moderate 646 
Low 386 

 
The second priority is to maintain and develop the Secondary Roads (National Unpaved road) of around 
1400 km in total of which approximately 520 km is situated in the vulnerable areas.  
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The third priority is the 4065 km of District class 1 roads, of which approximately 320 km are situated in the 
vulnerable areas. Almost all Secondary, Tertiary and Vicinal Roads are unpaved and exposed for climate 
hazards. Target is to find out (engineering/non-engineering) solutions for these low volume road sections to 
assist them to recover from different negative climate impacts.  
 
The Consultant will assess which kind of strengthening and enhanced protection methods are needed and 
feasible for different road types and sections to make them more resilient for the identified climate risks.  
The actions needed to protect the roads against the climate risks, to decrease the impacts and/or shorten 
the time when the identified road sections are exposed to the negative environmental hazards will be 
considered by assessing the following aspects: 
  
1. the degree and size of possible environmental hazards 
2. the sensitivity of the infrastructure  
3. the severity of the social and economic impacts 
 
The consultant will estimate also the costs for the actions and by comparing the benefits and costs of 
different alternatives select the adaptation methods. The final prioritisation of the projects will be made by 
using economic-, social and environmental criteria. The final prioritisation of roads will be concluded for the 
Final Vulnerability Assessment Report. Using the new prioritising tool being developed as a basis for 
developing a prioritisation method is pending on the future development of the WB tool. Based on the final 
prioritisation the Consult will prepare feasibility studies and detailed designs for ten (10) vulnerable road 
sections identified in Rwanda (number to be discussed with the client). 
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APPENDICES 
Appendix 1. List of Road Sections with High Flood, erosion and landslide Risks 

  



 

 

 
 

 



 

 

 
 

 
 



 

 

 



 

 

 

 



 

 

Appendix 2. Draft of the questionnaire for the environmental surveys 
 

Name of the surveyor ◯ Names of surveyors TBD  
◯ Other  

Name of the surveyor (other) 
${name_surveyor} = 'other'  

 

Road ID  

Direction  
GPS coordinates  

Type(s) of environmental risk 
Select all that apply for this road section 

☐ Erosion / Landslide  
☐ Flooding  

Cut slope angle 

◯ 0-5 degrees  
◯ Over 5-15 degrees  
◯ Over 15-30 degrees  
◯ Over 30-45 degrees  
◯ Over 45-60 degrees  
◯ Over 60 degrees  

Embankment slope angle 

◯ 0-5 degrees  
◯ Over 5-15 degrees  
◯ Over 15-30 degrees  
◯ Over 30-45 degrees  
◯ Over 45-60 degrees  
◯ Over 60 degrees  

Distance from the slope to the road (meters) selected(${environmental_risk_types}, 'erosion_landslide')  

Signs of previous landslides 
selected(${environmental_risk_types}, 'erosion_landslide')  

◯ Yes  
◯ No  

Photo of previous landslide ${previous_landslides} = '1'  



 

 

 

Vegetation cover 
The area within a radius of roughly 200m around the risk spot should be considered. 

◯ Forest  
◯ Some forest  
◯ Mainly shrubs  
◯ Mainly gras  
◯ Mainly bare  

Tree cover (%)  

Land use on the slope 

◯ Undisturbed  
◯ Agriculture  
◯ Pastures  
◯ Residential area  
◯ Industrial  
◯ Other  

Specify other land use 
${land_use} = 'other'  

 

Boulder outcrop or weathered rock exposed 
selected(${environmental_risk_types}, 'erosion_landslide')  

◯ Yes  
◯ No  

Photo of boulder outcrop or weathered rock 
${boulder_outcrop} = '1'  

 

Type of drainage 

◯ Culvert  
◯ Side drainage  
◯ Bridge  
◯ Other  
◯ No drainage  

Specify other type of drainage 
${drainage} = 'other'  

 

Type of culvert ◯ Box culvert  
◯ Tube culvert  



 

 

◯ Other  

Specify other type of culvert 
${culvert_type} = 'other'  

 
Culvert width (m) ${culvert_type} = 'box' or ${culvert_type} = 'other'  

Culvert height (m) ${culvert_type} = 'box' or ${culvert_type} = 'other'  

Culvert diameter (m) ${culvert_type} = 'tube'  

Length of drainage channel (m)  

Bridge span (m) ${drainage} = 'bridge'  

Photo drainage 
${drainage} != 'no_drainage'  

 

Drainage in good condition 
E.g. not silted 

${drainage} != 'no_drainage'  

◯ Yes  
◯ No  

Waterways present 
E.g. rivers, creeks, small streams 

selected(${environmental_risk_types}, 'flooding')  

◯ Yes  
◯ No  

Photo 1 
Only necessary if no previous picture was taken  

Photo 2 
If necessary, not mandatory 

${photo1} != ''  

 

Photo 3 
If necessary, not mandatory 

${photo2} != ''  

 

Photo 4 
If necessary, not mandatory 

${photo3} != ''  

 
Photo 5 ${photo4} != ''  



 

 

If necessary, not mandatory 
 

Other risks / comments  
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