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Abstract
Climate-change induced agricultural impacts are expected to exacerbate in the future in many
regions. The Rwandan agriculture will not be exempted from such impacts since it is mainly rain
fed. It, thus highly depends on climate conditions. While climate change threatens agriculture, an
appropriate monitoring system and quantification of the spatial and temporal variability of
climate-change induced impacts is missing. One possibility to monitor climate variability and
change impacts is to engage the public in the monitoring process by developing a citizen-science
network. In many parts of the world, citizen-science networks monitored, analysed, forecasted
and communicated climate-change induced impacts. Yet, how an agricultural citizen-science
network could be implemented in Rwanda is unclear.
This study aims to assess how a citizen-science network can improve the adaptive capacity of the
Rwandan agriculture to climate-change impacts. I addressed four research questions.
The first research question determined how Rwandan climate changed over the past decades.
The Rwandan Meteorological Organisation provided temperature and rainfall data from 1971 to
2015 from sixteen weather stations. Data analysis shows that climate patterns changed between
1971 and 2015. Rwanda’s mean annual temperature increased by 0.30C per decade. The average
annual maximum and minimum temperatures increased more rapidly in Kigali with 0.50C and
0.30C per decade respectively. Average annual maximum temperature consistently increased in
the western and southern provinces by 0.30C per decade but the average maximum temperature
decreased in the northern and eastern provinces. The rainfall patterns differed as well from
region to region. In the western province rainfall increased, while the eastern province
experienced more arid conditions.
The second research question addressed how past climate changes impacted agriculture in
Rwanda. Besides a literature review, I conducted field work in northern, southern, eastern, and
western provinces. To collect quantitative and qualitative data, I interviewed different people
including agricultural experts, local authorities and institutional representatives. Purposive
sampling was employed to select relevant interviewees. Eight respondents were chosen for semistructured interviews. In addition, smallholder farmers were surveyed and focus-group
discussions were organized with farmers. The survey also targeted farmer cooperatives, which
experienced historical weather events over the past decades. Questionnaires were randomly
administered to 37 farmer respondents, and 60 farmers were involved in the focus-group
discussions. The focus-group discussions included farmers, some local authorities and opinion
leaders. Data was entered, verified and then analysed using Microsoft Excel and MAXQDA
ix

software. One-code and sub-code segments models and mixed methods were used to produce
Max Maps. These Max Maps show the existing connections among stakeholders with respect to
climate-change adaptation.
The findings from the interviews and surveys revealed that adverse weather events (e.g. heavy
rains, floods, droughts and high temperatures) have affected crop yields. Its direct economic
costs on agriculture are estimated to be US$ 883 million between 1995 and 2012. Weather
related diseases (e.g. cassava mosaic and banana bacterial wilt) developed much faster especially
during this period. Cassava and banana extent decreased, followed by Irish potatoes sweet
potatoes. Although agricultural stakeholders are aware of climate-change impacts, the
accessibility and communication of relevant information to cope with these impacts is still
unsatisfactory.
The third research question explored different adaptation measures that could be supported by a
citizen-science network. The data from all interviews and questionnaires were used to create the
Max Maps. These Maps show several agricultural adaptation options and indicate stakeholders
with their respective responsibilities. These options include irrigation, crop diversification, crop
insurance, better weather forecasts, rain water harvesting, plant clinics, emergency response and
early warning systems. My study clearly indicated how these options can be supported by an
agricultural citizen-science network.
The last research question assessed the requirements for an agricultural citizen-science network
to operate in Rwanda. Reflecting on the discussions with stakeholders and on my own
judgement, I discovered that seven components/activities have to be considered for a successful
implementation of a citizen-science network. These include: 1) developing a monitoring
program; 2) recruit and train participants; 3) analyse and visualize observations; 4) communicate
results to allow adaptation; 5) define the role of stakeholders, 6) acquire funding; and 7)
coordination. I conclude that multiple agricultural stakeholders will benefit from such citizenscience network in different ways. The agricultural stakeholders will be empowered to take
appropriate actions to adapt to the likely future climate-change and variability impacts. However,
several practical aspects require further investigation before initiating the citizen-science
network. Most importantly a Short Message Service (SMS) functionality via which farmers can
report

their

observations

and

political

support

x

from

the

Rwandan

government.
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Introduction

1.1

Climate Change in Rwanda

Climate change has become one of the most important issues on the global political and
economic agenda (Godfrey, et al. 2012). Africa is particularly vulnerable because of its limited
adaptive capacity to cope with climate-change induced impacts (Hulme, et al. 2001). While the
developing world is most vulnerable, even advanced societies remain inadequately adapted to the
risks posed by climate change (Parry 2007).
Rwanda, which is located in equatorial Africa, will not be exempted from such impacts due to its
high vulnerability and low adaptive capacity (Byamukama, et al. 2011). Rwanda’s vulnerability
to climate change is justified by its relief, socio-demographic and economic characteristics.
Known as “a country of thousand hills”, Rwanda has a hilly and mountainous terrain with an
average altitude of about 1000m above sea level. Increasing population pressure and farming in
these fragile areas expose many people to extreme weather events such as floods, droughts,
landslides, and soil erosion problems (Asumadu-Sarkodie, et al. 2015). According to the
situational analysis report of droughts and floods damages in Rwanda, about 4.16 million people
were severely affected, 237 people out of them lost their lives as result of six drought events
which occurred between 1900 and 2015 (Asumadu-Sarkodie et al. 2015). Within the same
period, 82,308 people were also affected by 12 flood events and 183 people of them passed
away. Food Agriculture Organization statistics and World Bank staff calculations have estimated
the total costs of adverse weather events on Rwandan agriculture to be US$ 883 million in 18
years ranging from 1995 to 2012 (WorldBank 2015). Previous studies have also estimated
economic losses equivalent to US$ 34.3 million resulting from soil erosion (Rwanda 2009).
However, it should be noted that this is only a limited selection of the impacts.
The 1997 floods, prolonged droughts of 2000, and El Niño and La Niña episodes are clear
examples of extreme weather events signifying climate change in Rwanda (Rwanda 2006).
According to the report by (Pachauri and Reisinger 2007) the mean surface temperature in Africa
has risen about 0.2 0C during the period of 1970 to 2004. Other authors indicated a future
projection of an increase of annual temperatures in Rwanda which would be even higher than 2.0
0

C during 2010 to 2100 (Mutabazi 2010). Although it is more uncertain to predict the complex

climate of Rwanda with wide seasonal variations, the study of economics of climate change in
Rwanda undertaken by the Stockholm Environment Institute together with local partners
estimated an increase in mean annual temperature of 1 to 3 0C by the 2050s and a more intense
rainfall associated with greater flood risks (Byamukama, et al. 2011).
1

1.2

Impact of climate change on agriculture

Agriculture contributes about 39% of national GDP of Rwanda and employs about 88% of the
total population (Byamukama, et al. 2011). It is the main lifeline for the majority of Rwandans
living in rural areas. Agriculture has been recognised as one of the four main sectors that will
both boost economic expansion and make great contribution to poverty reduction in Rwanda
(Rwanda 2010) . Since 2007, Rwanda has initiated a Crop Intensification Program (CIP) which
focuses on six priority crops namely maize, rice, beans, wheat, Irish potatoes, and cassava
(Kathiresan 2011). Rwanda also produces cash crops including coffee, tea and pyrethrum which
constitute valuable agricultural exports of the country. However, weather and climate related
hazards (e.g. abnormal rains, hail, floods, landslides and prolonged dry spells) present a major
threat to Rwandan agriculture. Whilst climate change threatens agriculture, unfortunately the
adaptive capacity of Rwandan farmers is still low.
According to (Pachauri and Reisinger 2007), yields from rain fed agriculture could be halved by
2020 in some African countries. Given that Rwandan agriculture is mainly rain fed, any
significant change in precipitation has direct potential impacts on agricultural productivity and
yield reduction. The rainfall trend analysis performed by Nzeyimana and Kwitonda (2015)
showed that the rainy seasons tend to shorten but intensity increased. This variation has led to
drought events in dry eastern areas of the country while the northern and southern regions suffer
from heavy floods and landslides resulting in crop damages, loss of properties and human lives.
Based on the number of floods recorded from 1985-2011 in Rwanda, the probability of flood
occurrence in in a given year is more than 20% , while the drought events recorded from 19012008 reflect a probability of drought occurrence ranging between 10-27% per year (AsumaduSarkodie, et al. 2015). Besides, the projected changes in temperature may have negative impacts
on crop yields in some regions while favouring conditions for pests and diseases outbreak
(Musahara, et al. 2006). Plant diseases such as cassava mosaic virus, can reduce yields by 8090% in many areas of East Africa including Rwanda (Vurro, et al. 2010). Abnormalities of
climate variables also have impacts on seasonal fluctuations, timing of agricultural practices and
agricultural productivity.
1.3

Monitoring climate induced agricultural impacts

Rwanda is yet to put in place an appropriate system to monitor and quantify the climate-change
induced impacts. Regular monitoring, which clearly states what the past and current climate
induced agricultural impacts are, is missing.

2

One way to get information on weather and climate variability impacts is to involve the public in
the monitoring process by developing a citizen-science network. Citizen science engages the
public in collecting large quantities of data across different locations over long period of time
(Bonney, et al. 2009). From the past decades, various citizen-science projects have been
successful in advancing scientific knowledge in many areas around the world (Bonney, et al.
2009). For example, Wageningen University in the Netherlands has now a big initiative of
piloting the “Environmental Virtual Observatories for Connective Action” (EVOCA programme)
that enables participatory monitoring of spatial and temporal variability of many natural
processes affecting biodiversity, health, and agriculture across different African countries
including Rwanda. The EVOCA programme will use the ''Nature Today'' platform to boost the
development of environmental virtual observatories for connective action in East and West
Africa1.
Nature Today, which is an ICT based virtual platform, contains a citizen science module that
encourages users to actively report observations of natural processes in their living environment2.
Currently, two citizen-science networks are active: The first one focusses on Nature’s Calendar
program and the second focusses on the Mosquito radar (Figure 1). The Nature’s Calendar is a
Dutch phenological network that aims to monitor, analyse, forecast and communicate
phenological events3. About 8,000 volunteers and over 30 organisations are actively involved in
the monitoring of life cycle events in many sectors including health, nature, biodiversity and
agriculture. The mosquito radar is a citizen science tool which was developed under Nature
Today to support the surveillance, analysis and communication of mosquito populations.
Building on existing citizen-science platforms in the Netherlands, mosquito radar that fits the
Rwandan situation is also being developed to provide timely information on mosquito
prevalence and malaria transmission in Rwanda.

1

INREF Responsible Innovation in the Digital Age –EVOCA website version(without budget).pdf
https://www.naturetoday.com/intl/en/aboutnaturetoday/about-nature-today
3
https://www.wageningenur.nl/en/show/Natures-Calendar-The-Dutch-phenological-network.htm
2
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Figure 1 Citizen Science networks operating under Nature Today platform
According to the Rwandan vision 2020 report (Kaberuka 2000) the rate of adoption and
integration of science and technology in socio-economic life is still very low. In line with life
science innovations for development in the digital age, a citizen science network could be a great
opportunity for Rwandan farmers to embrace their future and become a self-sustaining
community by exploiting innovations in monitoring and reporting climate change induced
impacts using their mobile phones. The citizen-science network will enable farmers to play an
active role in data collection, thus become part of practical science and decision making process.
This monitoring network will increase awareness among beneficiaries, develop skills, change
social attitudes and behaviour towards a resilient community. Recall that observations that could
be made by citizens day-to-day give them access to information that the government could never
obtain (Roberts and Dobbins 1992). The citizen-science network could promote the use of this
information; after being processed; to advise the farmers on which adaptation options to take in
order to adapt to the likely future climate-change induced impacts. The citizens will be referred
to as the farmers in this study.
One of the functionalities of the Nature Today platform is its easily extension to other countries.
That could save significant development costs. The Rwandan agriculture could possibly make
use of this platform, by urging farmers to report their weather related observations by using
mobile phones. Reporting climate agricultural observations would allow active participation and
exchange of information among farmers and other relevant agricultural stakeholders. However, it
is now unclear how a citizen-science network for the Rwandan agriculture can be implemented.
We don’t know yet what kind of observations to be made, who is supposed to observe, what
4

requirements are needed to support the reporting system, how the results can be disseminated to
beneficiaries, and what adaptation measures that can be supported by such a citizen science
network.
1.4

Objective and research questions

The main objective of this study is to assess how a citizen-science network can improve the
adaptive capacity of the Rwandan agriculture to climate-change impacts. During this research,
four research questions (RQs) will be answered to better understand the dynamics of climate in
Rwanda and to explore what products and services a citizen-science model can provide to
improve the adaptive capacity of the Rwandan agriculture. The main RQs are:
RQ1. How did the Rwandan climate change over the past decades?
1. How did the temperature and its variability change over time?
2. How did the amount and intensity of rainfall change?
3. How did the duration, intensity, frequency and annual variation of dry and rainy seasons
change?
RQ2. How did past changes in climate and climate variability impact agriculture in Rwanda?
1. How did the timing of agricultural practices change due to recent climatic changes?
2. What are the climate induced changes in agricultural productivity?
3. What are the climate induced changes in development of pests and diseases?
RQ3. What adaptation measures could be supported by a citizen science network?
RQ4. What are the requirements for a citizen science network to operate in Rwanda?
1. What kind of observations can be done by famers to better quantify spatial and temporal
variability of weather impacts on agriculture?
2. How can farmers be motivated and facilitated to participate in the monitoring process?
3. What are the requirements of the Nature Today reporting system?
4. What information can be generated with the observations that can help the agricultural
sector to adapt to climate change impacts?
5. How can this information be communicated to agricultural stakeholders?
6. Who could coordinate such a citizen science network?
Next the methods are described followed by results presentation. Finally, the major findings are
briefly presented and discussed.
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2

Methods

This section includes a brief description of the study area and different methods used for
collecting and analysing data. The research methods employed in this study are mainly divided
into four sections; these are: the collection and analysis of long term meteorological data,
interviews with agricultural and climate change experts, focus group discussion and survey with
smallholder farmers. The analysis of meteorological data and the literature were employed to
answer the first and second research questions while the information obtained from interviews
and group discussions was analysed to respond to the third and fourth research questions. A
critical analysis of stakeholders interests was helpful to identify the needs and benefits of setting
up a citizen science network.
2.1

Study area description

The study was undertaken in Rwanda which is one of the smallest countries in Africa with a total
area of 26,338Km2. Rwanda is geographically located in the tropical belt (latitude: 1o51'S-2o51'S
and longitude 28o52'E – 30o55'E) (Figure 2). The country lies across two basic climatic regions;
East Africa and Central Africa (Asumadu-Sarkodie, et al. 2015). The country’s relief is hilly
with an average altitude of hills of about 1000m above sea level. The central plateau is about
1500m to 2000m high and 4507m in highlands of Northwest part of the country. This variation
in elevation has a lot of influence on weather patterns and occurrence of extreme weather events
(Asumadu-Sarkodie, et al. 2015). The north west region experiences more floods and landslides
due to heavy rains while the Southern and Eastern parts of the country are drought prone areas
due to low rainfall intensity (Twagiramungu 2006).

Figure 2 Geographical location of the study area
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2.2
2.2.1

Data collection methods
Climate data

Temperature (max and min) and rainfall data from 1971 to 2015 were collected from sixteen
weather stations operating from Kigali city, Northern, Southern, Eastern and Western regions of
Rwanda. Mean temperature data were retrieved from Climate Change knowledge Portal of the
World Bank group4. The climate data representing the Northern Province were collected from 3
weather stations (Busogo ISAE, Ruhengeri Aero, and Byumba Met). The data from four weather
stations (Butare aero, Rubona colline, Gikongoro Met, and Byimana) were employed to analyse
the trends in Southern province. The trends of Eastern province were visualized from five
weather stations including Kawangire, Kibungo, Kibungo Kazo, Nyagatare and Nyamata).
Finally, the weather stations such as Rubengera Met, Gisenyi Aero and Kamembe Aero provided
the data for the representation of Western province. The majority of station records were shorter
than the minimum desired time period of at least 30years. Kigali Airport was the only station
which had an almost complete history of temperature and rainfall records from 1971 to 2015. It
is therefore important to note that the results represented by Kigali station cannot be assumed to
be the representative of the national cover.
2.2.2

Interviews

Personal interview is one of the most used techniques in qualitative research. Despite its
disadvantages, the interview approach allows an open discussion about the subject matter, thus
avoids ‘‘yes’’ or ‘‘no’’ answers that provide incomplete response. According to (Clifford 2013)
qualitative interviewing technique allows the interviewer to collect not only factual data, but also
to gather in-depth data that is not easily obtained through questionnaires.
Assuming that all interviewees were not familiar with the citizen science concept, semistructured interviews were appropriate in this study to provide the broader set of perspectives.
Eight interviews were conducted with key persons and experts from agricultural sector and the
environment domain. By purposive sampling technique, interviewees were purposely selected
from relevant institutions believed to have reliable information regarding the need of a citizenscience network in improving the adaptive capacity of the Rwandan agriculture.
A

recommendation

letter

for

data

collection

collected

from

Wageningen

University/Environmental Systems Analysis chair group together with interview questionnaires
(Annex 1) were administered to eight interviewees as presented in Table 1.

4

http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisCCode=RWA
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Interviews were moderated by me and guided by a checklist of 17 open-ended questions
formulated on the basis of the main research questions. The interview questions cover several
aspects designed to generate informative answers to the main research questions.
Table 1 Repartition of interviews according to organizations and positions
Name

Position

Organization

Date

of

interview
Bisangwa Innocent

Climate change and Ministry of Agriculture 26-05-2016
Environmental expert and Animal Resources
(MINAGRI)

Dr

Desire

K. CCAFS-CSA Project International Centre for 12-05-2016

Mbarushimana

coordinator

Tropical
Agriculture(CIAT)

Mugabo Patrick

Climate change data Rwanda
manager

Environment 12-05-2016

Management
Authority(REMA)

Mugwaneza Belize

Company staff

Agriculture climate risk 11-05-2016
enterprise (Acre Africa)

Mutako V. Alphonsine
Nkizingabo

Jean

Managing director

de District Agronomist

ENAS Ltd company

03-06-2016

BUGESERA District

31-05-2016

Dieu
Uwamaliya Sabine

Uwitonze Nicolas

Early

warning Ministry of disasters 20-05-2016

specialist

and Refugee affairs

Innovation

Rwanda

Agriculture 8-06-2016

manager/Government Board (RAB)
services department
2.2.3

Focus group discussions

A focus group discussion is a research methodology in which a small group of participants
(usually not more than 10 people) gather together to discuss a specific topic to generate data
(Wong 2008).
Four group discussions with farmer cooperatives were conducted in all provinces (North, South,
East and West) to discuss farmers’ perceptions about climate change and what they may consider
as facilities and motivation for them to get actively involved in the process of data collection.
8

Sixty farmers were involved in the focus group discussions. The discussions were moderated by
me and guided by the main topics of the research. The main topics discussed are presented in
Table 2.
2.2.4

Survey

The survey was carried out on 37 farmers of whom 17 were from TUBURA IMBUTO
cooperative (North), 6 from KOKAR cooperative (South), 6 from COAPTKA ABAJYINAMA
(West) and 8 commercial farmers from Bugesera District in Eastern province (Figure 3).
Respondents were selected based on the historical weather related events which constrained the
agricultural production of above mentioned farmer cooperatives. During the process of selecting
farmer respondents, a phone call was made to the agricultural agents at district and sector levels
for better identifying the relevant farmer cooperatives which have some historical records of
climate related impacts.
The survey was moderated by me and guided with a questionnaire (Annex 1) which was
developed and tested in Wageningen University one week before starting the field work. The
survey was conducted both on farms and farmer cooperatives’ office (Figure 3). However, one
targeted farmer cooperative with valuable drought records in the Eastern province was not
reached due to accessibility and communication challenges. Due to that reason, I decided to talk
to commercial farmers who work independently within Bugesera District after prior consent with
the district agronomist.

Figure 3 Focus group discussions and survey with farmers from western, southern and
northern regions of Rwanda
9

2.3

Data analysis

The findings of this research are based on meteorological records provided by Rwanda
Meteorological Office and qualitative information provided by the participants through a series
of 8 interviews with experts in the fields of agriculture and climate change, and 37
questionnaires answered by farmers.
The climate data were analysed using Microsoft Excel tool to detect variations in temperature
and rainfall across the country. Since many records were of insufficient length and completeness,
the available monthly data were averaged to get seasonal or annual total values, which may
significantly affect the identification of a certain trend.
The information gathered from survey was first entered, tested for normality and then analysed
using SPSS Statistics 23. The data was highly variable and normally distributed. The information
collected through interviews was entered and analysed using MAXQDA software. One- code
and sub-code segments models and mixed methods were conducted to design networks and
explore coherences among stakeholders and their perceptions towards an agricultural citizen
science concept. The codes represent the key interview guide topics and sub-codes stand for
relevant aspects which were covered during the interviews and focus group discussions.
All necessary information gathered by interviews and survey was summarised into 7 interview
guide topics, so called ‘’codes’’. These are: stakeholder’s perceptions about climate change,
impacts of climate change on agriculture, monitoring and adaptation, access and use of weather
information, communication and collaboration, needs and services expected from citizen science
network, support for farmers to report, coordination& management of citizen science network.
The sub-codes include many various aspects depending on how far a given code is
operationalised. Table 2 shows a code matrix browser containing a list of key topics and aspects
covered according to their relevance to different stakeholders.
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Table 2 Code matrix browser of interview guide topics

After identifying the main topics and aspects discussed during our research, a code matrix
analysis was performed. The analysis shows that the most relevant topic for discussion was the
use of weather and climate information in adaptation to climate change (with a score of 23). This
reflects the relevance of an agricultural citizen science network in sharing and communicating
climate agricultural observations for the sake of the farming business. The expected benefits
from an agricultural citizen science network came at the second position (with a score of 12), and
the third topic was the communication and accessibility of weather and climate information for
agricultural purposes.
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3

Results

This Chapter includes the main research findings. The first and second sections give a brief
description of farmer respondents and stakeholders. Next the major findings are presented
according to the main research questions. The results are presented in the form of figures and
tables.
3.1

Characterisation of farmer respondents

The socio-economic background information (gender, age, education level) was assessed to
understand the characteristics of farmer respondents who participated in the survey. In total, 60
smallholder farmers participated in the focus group discussions and 37 of them answered the
questionnaire.
3.1.1

Gender of the respondents

From 37 surveyed respondents, 18 were male and 19 were female. Although the overall
representation of respondents does not show a big difference in gender, the difference between
men and women engaged in agriculture was remarkable at provincial level. For example the
majority of respondents in the Northern Province were female with about 76% of the total
surveyed farmers. Contrarily, only men were surveyed in Eastern province, simply because the
ongoing agricultural activity by the time of survey was irrigation. Regarding the dominance of
men in Eastern region, respondents replied that the existing irrigation equipment was still new.
So it had to be operated by men in the beginning and train women after some time.
3.1.2

Age of the respondents

The majority of respondents (46%) are adults falling in the third category of age ranging between
34 to 41 years (Figure 4). The youth with the age less than 26years are not directly involved in
agricultural activities since the majority of them are at school pursuing their education.

Frequency of respondents

Male

Female

12
10
8
6
4
2
0
26-33

34-41

42-49

58-65

Age

Figure 4 Age class and gender of the respondents
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3.1.3

Education of the respondents

The education level of respondents was assessed to find out whether education factor influences
the perceptions on weather and climate related risks among farmers. Figure 5 shows that the
majority of surveyed respondents (53%) have relatively low education level, followed by 20% of
famers who have no formal education at all. The limited access to education can probably

Frequency of respondents

hamper farmers’ ability to access and make use of the existing weather information.

20
18
16
14
12
10
8
6
4
2
0
No formal
education

Primary
school

Secondary
school

University

Vocational
traing school

Figure 5 Education level of the respondents
3.2

General description of stakeholders

Several definitions can be attributed to the term “stakeholder”. In this case, I will refer to
stakeholders as actors (individuals or groups) that can affect or are being affected by the decision
making on an environmental issue (Freeman and McVea 2001). The stakeholders were identified
based on their stake in promoting the Rwandan agriculture. These are: a) the Ministry of
Agriculture and Animal Resources, b) Rwanda Agriculture Board, c) Rwanda Environment
Management Authority, d) Ministry of Disasters and Refugee Affairs, e) Rwanda Meteorological
Organization, f) Agricultural private companies, g) local governments, h) farmers; i) Financial
institutions (banks), j) Media and k) Scientists.
The willingness of institutions to support and facilitate farmers to report their observations will
highly depend on the level of interest in this matter. A better understanding of individuals or
groups’ interests, inter-relations and influence will help to assess how the existing resources can
be mobilized in implementing a citizen science network. The evaluation of stakeholders’
perspectives will determine the relevance of having past and current observations, and therefore
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helps to decide which group or individual stakeholders that can work closely to successfully
implement and sustain the citizen science network.
3.2.1

Ministry of Agriculture and Animal Resources

The ministry of Agriculture and Animal Resources (MINAGRI) aims to initiate develop and
manage suitable programs of transformation and modernization of agriculture and livestock to
ensure food security and contribute to the national economy. Given that agriculture in Rwanda is
a climate sensitive sector, the Ministry of Agriculture and Animal Resources together with
different partners recently launched a new project named “Rwanda climate services for
agriculture” that will benefit nearly one million farmers by 2019 and transform Rwanda’s rural
family communities and national economy through improved climate risk management. The
project will develop climate information products and services based on the needs of farmers and
other end users.
3.2.2

Rwanda Agriculture Board

The Rwanda Agriculture Board (RAB) aims to ensure improved food security for all Rwandans
by transforming agriculture from subsistence into modern farming. By generating market
oriented research and extension activities, RAB develops the Rwandan agricultural sector and
thus responds to the needs of agricultural stakeholders5. Among its extension services, RAB
educates and trains farmers on new technologies through ‘‘TWIGIRE MUHINZI’’ extension
model. This is a farmer oriented agricultural extension model developed to ensure that all
farmers in Rwanda have access to advisory services. TWIGIRE MUHINZI model can be also
regarded as a basic foundation for farmers to report their weather related observations through an
agricultural citizen science network. RAB has now trained almost 15,000 promoters and 2,500
facilitators on performing technology specific extension services in all regions of the country (N.
Uwitonze, personal communication, June 8, 2016). With respect to the citizen science concept,
RAB has a high interest in having such a network and relatively high influence to make it
operational from local to national level.
3.2.3

Rwanda Environment Management Authority

Under supervision of the Ministry of Natural Resources (MINIRENA), Rwanda Environmental
Management Authority (REMA) reserves the legal mandate for national environmental
protection, conservation, promotion and overall management, including advisory to the

5

http://rab.gov.rw/about-rab/mission-vision/
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government on all matters pertinent to the environment and climate change6. Rwanda as Party to
United Nations Framework Convention on Climate Change (UNFCCC) has received a least
developed country grant for the preparation of national adaptation plan of actions as a direct
channel of expressing its urgent adaptation needs to climate change (MINIRENA 2006).
The first assessment report of climate change vulnerability at the national level states that the
introduction and integration of climate information into a community based adaptation approach
would improve community resilience and adaptive capacity of different development sectors
(Rwanda 2015). This statement clearly defines a high interest and high influence of REMA in
supporting a citizen science network as one approach to get information on weather variability
impacts.
3.2.4

Ministry of Disaster and Refugee Affairs

The Ministry of Disasters and Refugee Affairs (MIDIMAR) aims to promote a disaster
awareness culture within a framework oriented to managing natural and human induced disasters
such as floods, landslides, storms, fires, droughts and earthquakes.
MIDIMAR has a potential interest in receiving information regarding property losses attributed
to weather hazards and other sources. The ministry has developed a timely communication tool
called ‘‘disaster communication system’’ that allows to access information related to disasters.
This information system was put in place in line with building the adaptive capacity in
conducting a comprehensive and rapid assessment for a better monitoring and management of
disasters including weather hazards. It is a web based application which uses phone text
messages from sector level to the ministry level. The system has different components including
disaster cases, alerts, detailed messages, warnings and reports. As a government entity,
MIDIMAR has a high influence over disaster management decisions across the country.
3.2.5

Rwanda Meteorological Organization

Rwanda Meteorological Organization (Meteo Rwanda) is a government agency mandated to
provide accurate, timely weather and climate services and products for the safety of life and
property of the Rwandan citizens. Among different products that are currently delivered, Meteo
Rwanda provides forecasts and severe weather warnings. Weather forecast products vary
depending on the need of the end users of weather information. There is 6-hours forecast, daily
forecast, 3-days forecast, 5-days forecast, 10-days forecast, monthly, seasonal, special and early
warning forecasts.
6

http://www.rema.gov.rw/index.php?id=20
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The Rwanda Meteorology Agency plays a big role in monitoring the spatial and temporal
variability of climate, thus it should provide useful weather information and climate services that
are relevant for end users and farmers in particular. Given that the Rwandan agriculture is a very
climate sensitive sector, accurate forecast services are needed for making a link between farmers’
observations and weather information gathered by meteorologists.
3.2.6

Agricultural Insurance companies – Acre Africa

Agriculture climate risks enterprise ''Acre Africa'' is a weather index micro-insurance product
designer for farmers so that they may insure the value of farm inputs and harvest against drought
and excess rainfall. Acre Africa operates in Kenya, Tanzania and Rwanda. Since 2012, Acre
Africa covers more than 90,000 farmers across Rwanda.
Acre Africa supports insured farmers to cover the impacts of weather and climate induced risks
as well as increased investment in farm productivity. It offers three types of agricultural
insurance products; the season cover, area yield cover and catastrophic cover. The types of crops
covered include maize, beans, sorghum, wheat, cassava, soy beans, rice and Irish potatoes.
Payout is calculated based on the amount and distribution of rainfall over a season. However, the
availability of weather information and quantification of crop damages is still one of the big
challenges to calculate the exact payout.
3.2.7

Local government

The local government of Rwanda is referred to as a local level based authority through which
local people manage their own concerns (Rwanda 2012). When we talk about local government
in line with agricultural citizen science network, we aim for local authorities who have a
particular attention on the management of agricultural and environmental activities at district,
sector, cell and village levels. These agents include: District agronomists, Sector agronomists,
Integrated Development Programs (IDPs) officers at cell level and farmer promoters at village
level. These are all important focal points who can be actively involved in the process of
recruiting and motivating farmers to report. The local authorities are influential persons who
have the power to influence the social acceptance of any development project. They can
therefore exercise their high power in mobilizing and persuading farmers to participate in data
collection.
3.2.8

Farmers

Rwandan famers make an important group of stakeholders with high interest over establishment
of an agricultural citizen science network. Farmers are the primary beneficiaries of the network.
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Once implemented, the citizen science network will increase awareness among farmers and bring
a positive change towards their social attitudes. Farmers of Rwanda are grouped in farmer
cooperatives. The initiation of cooperatives was the convenient approach to promote agriculture
through access to inputs, finance and education (Musahara 2012). As far as gender is concerned,
women are highly involved in farming activities than men. From the daily activity plan, women
spend about three hours more in agricultural activities than men (MINAGRI 2010). Famers are
potential human resources for the Rwandan economic development, however they are still
encountering climate variability induced obstacles to sustain their farming business.
3.2.9

Financing institutions

The Rwandan agricultural sector is constrained by insufficient access to finance and low
investment capital for farming (WorldBank 2015). Through different programs such as the
Rwanda Investment Fund and SACCO credit cooperatives, the government of Rwanda is
assisting rural farmers to access agricultural credits and insurance to protect their crops against
weather variability impacts. For farmers to grow and improve their farm business, they are urged
to work with banks to finance their seasonal production costs. With accessibility to bank loan,
farmers can purchase farm inputs (seeds, fertilizers) and other important production facilities.
Now, considering the sensitivity of Rwandan agriculture to changing climate, farmers are
recommended to ensure their crops from climate risks in order to cover their bank loan in case of
extreme weather incidence. So, it is therefore important for the financing institutions to keep
seasonal weather records through an agricultural citizen science based monitoring system.
3.2.10 Media
In Rwanda there are about 28 radio stations; few of them broadcast to the entire country and
many others to a single district (RURA 2015), several television stations and daily newspapers.
Radio is the main source of information for many people especially those living in rural areas.
Radio Rwanda is the state owned FM station which is the only one broadcasting to the entire
country and it has 25 transmitting stations across the country (RURA 2015). While Radio
Rwanda is the most listened in rural areas, television and newspapers have influence in the
capital city and provincial towns. Despite its low interest in communicating climate agricultural
information, the media in Rwanda has high influence in disseminating relevant information to a
number of citizens. Radio Rwanda in particular can be regarded as a major communication tool
when setting up a citizen science network.
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3.2.11 Scientists
The valuable knowledge of scientists and researchers about climate change effects are helpful to
raise awareness and provide education on possible adaptation measures which can be put in
place for future development. The University of Rwanda/college of Agriculture and Veterinary
Medicine, agricultural research institutes and climate scientists have high influence in
communicating climate impacts via societal publications, workshops and community outreach
programs.
3.3

Climate change in Rwanda

The climate in Rwanda varies according to its topography. Climate change is expected to result
in increasing temperature, prolonged dry seasons and intensive rainfall (Rwanda 2015). The
temperature trends measured between 1970 to 2009 have shown an increase in temperature up to
20C (REMA 2011). While the average temperature keeps increasing, the current rainfall trends
show that rainy seasons are becoming shorter and more intense especially in northern and
western provinces leading to erosion and flood risks (REMA 2009). The eastern region suffered
from severe rainfall deficits which resulted in drought events in a number of years (REMA
2009).
Different studies have concluded that such trends in temperature and rainfall are expected to
continue in the future (Rwanda 2015). Climate predictions suggest that Rwanda’s temperature
will increase from 1-2.50C between 2000-2050 (Tenge and Alphonse 2015) and 1-60C by
2100(Mitchell and Hulme 2000). Average annual rainfall models predict a change between 100mm and +400mm for the period 2000-2050 (Tenge and Alphonse 2015). Many parts of
eastern and southern provinces are expected to experience the rainfall deficits while the northern
and western regions may suffer from increasing rainfall. Dry seasons are likely to become longer
while intensified rains will occur during rainy seasons. All these trends result in extreme weather
events including droughts and floods which have been already observed over the past four
decades. This study analyses the temperature and rainfall trends observed in Rwanda from 19712015.
3.3.1

Climate of Rwanda

Rwanda experiences a temperate climate as a result of its location in the tropical belt and its high
elevation. The annual average minimum temperature varies between 15oC to 17oC observed in
highland zones and the annual average maximum temperature varies from 19oC to 21oC. The
average maximum temperature is observed in Southwest and Eastern regions, and it goes up to
24oC in the western valleys (McSweeney, et al. 2011). The precipitation is determined by the
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Inter-tropical Convergence Zone (ITCZ) which happens two times per year and thus controls the
two rainy seasons (Godwin 2005). A short rain season is observed from mid-September to
December when there is higher wind which blows from the Northeast associated with humidified
masses from the Indian Ocean and Lake Victoria. From mid-December to the end of February
Rwanda experiences a short dry season resulting from the dry and cold air from the Arabians.
Intensive rainfall is observed during the long rainy season which starts from March to May,
whereas the long dry season occurs from June to mid- September. Figure 6 shows average
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Figure 6 Monthly average rainfall and monthly average temperature for Rwanda (Period
1971-2012).
3.3.2

Changes in temperature

3.3.2.1 Maximum temperature
The maximum temperature data was used to assess the frequency of hot days. The analysis of the
average annual maximum temperatures observed from Kigali Airport Station in Kigali reveals an
average increase of 0.50C per decade over a period of 44 years (1971-2015) (
Figure 7). Similarly, a consistent increase in average annual temperature was observed at
Kamembe Airport station (Western region) with an average increase of 0.2 0C per decade over
the past four decades.
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Figure 7 Change in average annually maximum temperature observed from Kigali and
Kamembe weather stations (Period: 1971-2015)
Due to high variations in altitude, Rwanda’s average temperatures vary from region to region.
Figure 8 shows the variation of average annual maximum temperature observed in four
provinces namely North, South, West and East between 1971 and 2015. There is a positive trend
in increasing temperature observed from the Southern and western provinces (0.40C per decade)
while the average annual temperature slightly decreases in Northern Province by 0.40C per
decade. However, there is no clear temperature variation in the eastern province due to the lack
of enough data.

Figure 8 Average annual maximum temperatures observed from northern, southern,
western and eastern provinces (Period: 1971-2015)
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For generating trends across 16 stations for the country as a whole, the existing monthly data
were averaged to get the total annual values, and then a standard deviation was calculated to see
the standard amount that the distribution of annual maximum temperature deviates from the
average (Figure 9). The higher the standard deviation, the more varied the distribution is. The
analysis shows a lower R-squared value ( R2=0.0215).
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Figure 9 Standard deviation of average maximum temperature observed from 16 weather
stations (Period: 1971-2015)
3.3.2.2 Minimum temperature
An analysis of average minimum temperature was performed to check if the minimum
temperature increases the same way as the maximum temperature. The average minimum
temperature increased significantly with 0.30C per decade between 1971 and 2015 taking the
average annual minimum temperature to 16.90C in 2015(Figure 10).
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Figure 10 Change in average annual minimum temperatures observed at Kigali Airport
station (period: 1971-2015)
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The minimum temperature changed exactly the same way as the global observed average (0.19
and 0.320C per decade for the period of 1979-2005) while the change in average maximum
temperature is more rapid in Kigali City than the global observed average which was recently
reported by the IPPC (Trenberth, et al. 2007).
Figure 11 shows the standard deviation of the average minimum temperature observed from all
provinces and Kigali city as a whole. Despite the missing data of 1995 and 1996, the analysis
shows little variation in average annual minimum temperature with a weak correlation (R2=
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Figure 11 Standard deviation of average minimum temperature observed from 16 weather
stations (Period: 1971-2015)
3.3.2.3 Mean temperature
The analysis revealed a clear trend in mean annual temperature. Figure 12 shows the variation in
mean annual temperature for Rwanda during the time period 1971-2012. The mean annual
temperature increased with significant variation (R2=0.6766) by 0.30C per decade.
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Figure 12 Change in mean annual temperature for Rwanda (Period: 1971-2012)
3.3.3

Changes in rainfall

The assessment of rainfall is limited by the length and completeness of data records which vary
between different weather stations. Considering the rainfall data of past four decades recorded
from sixteen weather stations, the trend shows annual variability of rainfall across the country.
Figure 13shows the distribution of average annual rainfall observed from all provinces of
Rwanda and Kigali city over 1971 to 2015.
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Figure 13 Monthly average rainfall for Rwanda (Period: 1971-2015)
Rainfall pattern for Rwanda changes according to regions. Although the available data are not
enough to have a clear picture of climate variability, observations over the last 40 years show
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unusual irregularities in climate patterns. Highland zones of Rwanda tend to have high amount of
rainfall while the lowland zones tend to experience rainfall deficits.

Figure 14 Average annual rainfall observed from Eastern, Western, Southern and
Northern provinces (Period: 1971-2015)
Figure 14 shows the rainfall patterns of four provinces and Kigali city observed between 1971
and 2015. The western province experienced higher amount of rainfall which went up to
1474mm in 1989 while the Eastern province was experiencing shortage of rains (688 mm) within
the same period. The standard deviation of average annual rainfall revealed a low inter-annual
variability of rainfall across the country with R2=0.0275 (Figure 15).
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Figure 15 Standard deviation of average annual rainfall observed from 16 weather stations
(Period: 1971-2015)
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3.4

Climate-change agricultural impacts

According to the data presented in Chapter 3, the average annual temperature has been
increasing and average annual rainfall has been gradually increasing over the past four decades.
The perceptions of different respondents showed that people in Rwanda worry about these
changes and think that climate change is going to continuously alter the weather patterns in their
regions. However, the potential impacts of climate change on agriculture should be based not
only on the mean values of temperature and rainfall but also on the probability, frequency and
severity of extreme weather events (Rosenzweig, Iglesias et al. 2001). Some extreme weather
events including heavy rains, floods, droughts, high temperatures have already affected crop
yields in Rwanda to some extent. The most recent severe weather related event on Rwandan
agriculture was the flood of 2007 which incurred the economic damages equivalent to US$ 22
Million. The persistent drought in Eastern province had significantly affected human lives up to
date, with greater agricultural damages estimated to be US$ 507Million in 2007 and 2008 (Table
3). The external factors linked with El Nino and la Nina episodes have been also influencing the
climate variability and agricultural productivity in Rwanda, thus led to severe famines which
marked the periods of 1916 to 1983 (MINIRENA 2006).
The spatial and temporal distribution of pests and diseases is determined by the climate
conditions, because climate variables such as water, temperature and light are major factors
controlling their growth and development (Rosenzweig, Iglesias et al. 2001) . The following
section will highlight the 1995-2012 annual production of tea, Irish potatoes, cassava and banana
crops with their estimated losses due to weather related events. The agricultural productivity
statistics were browsed from the Food Agriculture Organization of the United Nations7.
3.4.1

Impacts of weather and climate risks on tea yield and production

Tea is regarded as one of the main cash crops produced in Rwanda. All tea produced in Rwanda
is 100% rain fed, thus subject to drought risk. Figure 16 shows declines of tea yields and
production in 1999, 2002, 2004, 2008 and 2012 as result of extreme weather events including
erratic rains, drought, and floods in lowlands (WorldBank 2015). The average annual loss in
these years was 7901 tonnes. The Ministry of Finance also added that the low performance of
agricultural production from 2002 was a result of irregular rains and dislocation of rainy seasons
(MINIRENA 2006).

7

http://faostat3.fao.org/browse/Q/QC/E
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Figure 16 Annual tea production in Rwanda (Period: 1995-2012)
3.4.2

Impacts of weather and climate risks on Irish potatoes

Rwanda is the largest producer of potatoes of the East African countries and third largest in the
sub-Saharan Africa (Rwanda 2011). The existence of rich volcanic soils in highland zones of
Rwanda are major potentials that ensure continued growth of Irish potatoes. In September 2007,
Rwanda experienced heavy rains which led to floods and landslides which resulted in extensive
damage of 80% of Irish potatoes and vegetables produced in the Northern and western province
(Mbabazi and Nkusi 2007). About 816 ha were affected with an estimate loss of US$ 22Million
in two Nyabihu and Rubavu districts alone (Byamukama, Carey et al. 2011). This weather
induced incidence caused a deep decline of Irish potatoes yield from 1,276 to 967 thousand tons
in 2007(i.e. 30%). Besides, the 2007 floods have also resulted in 15 deaths, 1,020 displaced
households, 342 houses completely destroyed and 678 houses partially damaged in Nyabihu and
Rubavu districts. However, the rains of 2011 and 2012 which were slightly lower compared to
those of 2007, did not affect the agricultural production due to some adaptation measures which
were put in place by the government of Rwanda after the incidence of 2007. These include water
and land management technologies such as terracing and tree planting which were implemented
by the Land management and Water Harvesting/LWH Project from 2010 up to date.
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Figure 17 Average rainfall in September (blue bars) and potatoes annual production (green
line) in Rwanda
3.4.3

Occurrence of pests and diseases and their implications on agricultural productivity

3.4.3.1 Cassava mosaic disease
Cassava is an important food crop in Rwanda, the third consumed in rural areas after banana and
sweet potatoes (Night, Asiimwe et al. 2011). While cassava is one of the main staple food for
many rural households, the production of this crop is mainly hampered by pests and diseases.
The main cassava pests and diseases identified in Rwanda include white fly, cassava brown
streak disease and cassava mosaic virus. A comprehensive survey on the distribution, incidence
and severity on cassava pests and diseases was conducted in 2007 to update the information on
cassava pests and mosaic disease incidence (Sseruwagi, Sserubombwe et al. 2004, Legg,
Jeremiah et al. 2011). The research concluded that the population of white flies on cassava has
increased in 2004, 2005 and 2006 while the incidence and severity on cassava mosaic disease
(CMD) has remained mostly the same in the surveyed sites (Night, Asiimwe et al. 2011).
Cassava yield decline can be attributed to many associated factors including crop variety,
altitude, precipitation and temperature. However, the previous study undertaken by Night ,
Asiimwe et al. (Night, Asiimwe et al. 2011) in 2006 to 2007, has found that cassava mosaic
disease was at 94% of the main growing areas of the Southern, Eastern and Western provinces.
Knowing the southern province as the major cassava growing region of Rwanda (James and
Mayala 2001), the trends show that the rapid increasing temperature accelerated the distribution
of cassava mosaic disease which has eventually impacted on the cassava annual production
(Figure 18). The figure below shows the cassava annual production in relation to the annual
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maximum temperature recorded between 2000 and 2010. The average annual production loss
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Figure 18 Average annual maximum temperature (red line) and cassava annual production
(blue line) in Rwanda
3.4.3.2 Banana bacterial wilt
The fluctuations in banana yield production can be associated with various agro-climatic factors.
Most banana production losses, , were much pronounced since the occurrence of banana bacteria
wilt which was first reported in 2005 in the district of Rubavu, Western province (Reeder, et al.
2007). The disease had spread to two third of Rwanda’s territory in 2012 (MINAGRI 2015). The
study on adverse impacts of banana bacterial wilt on farmers’ livelihoods has estimated the
banana production loss in Rwanda to be 433ha in 2007 with an economic loss of USD 638,675
(Nkuba, et al. 2015).
Although the analysis of crop production loss in relation to weather variability is limited by
insufficient climate data of the years where declines were observed; the World Bank report
(WorldBank 2015) states that weather related risks including drought, erratic temperatures,
floods, hailstorms and landslides have posed major damages on agricultural production in 19952012. Cassava and banana had largest losses, followed by Irish potatoes and sweet potatoes
(Figure 19).
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Figure 19 Weather variability induced agricultural losses from 1995-2012 in Rwanda
(source: FAOSTAT and World Bank staff calculations).
3.4.4

Other costs of adverse weather related events on agricultural production

While losses due to weather related events and unmanaged pests and diseases are not yet
captured in national yield data, the impacts are still observed at provincial level. Table 3
illustrates the costs of adverse weather events for nine crops of which banana, tea and coffee
losses were calculated for 1995-2011, while cassava, paddy rice, sweet potatoes, maize, beans,
and Irish potatoes were calculated for 1995-2012. The table shows years in which major
damages were observed (WorldBank 2015).
Table 3 Costs of adverse weather related events on agricultural production (source:
FAOSTAT and World Bank staff calculations)
Year

2001

Total
cost
of
agricultural
productivity loss due
to weather events (in
US$ Millions)
138.2

2004

150.1

2006

87.1

2007
2008
Total

238.2
269.0
882.6

Percent of total value Weather event
of
average
agricultural
production
20092011
-4.6 Excessive rainfall in Northern and
Western provinces
-5.0 Heavy rains in highlands and
droughts in Eastern and south
Eastern provinces
-2.9 Droughts in Eastern and South
Eastern provinces
-7.9 Drought in eastern Province
-8.9 Drought in eastern Province
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3.5
3.5.1

Stakeholders perceptions about climate change agricultural impacts
Stakeholders perceptions about changing weather patterns

As is clearly stated in Chapter 3 of this report, climate change is real in Rwanda. The mean
annual temperature increased by 0.30C per decade (Figure 12), plant pest and diseases outbreaks
(Figure 18 and Figure 19) and the cost of weather related events on agricultural production
(Table 3) are clear examples signifying the impacts of climate risks on Rwandan agricultural
sector. The questionnaire results show that 100% of the respondents confirmed that they see
weather patterns changing in their respective regions resulting in seasonal fluctuations, delayed
rains in Eastern province, failure of crops before maturity and changes in crop reproductive cycle
(like seeing crops flowering by the time of harvesting).
To measure the relative significance of climate change agricultural impacts, different
stakeholders were asked how they imagine the Rwandan agricultural sector in the future if the
temperature keeps increasing beyond the global observed average. The majority of respondents
indicated that the increasing temperature would result in long dry seasons especially in the
Eastern region. Furthermore, frequent droughts would take place, thus imposing higher
investment costs in irrigation with no hope to succeed.
When interviewed, the president of COAPETKA cooperative (personal communication, May 24,
2016) mentioned that the weather in his region has completely changed compared to how it used
to be in the last 10 years. He added that rainy periods became shorter in the north-western region
with severe damages on crops. He indicated that months were given Rwandan names according
to weather conditions, and now ‘the weather is no longer predictable based on the names of the
months, the weather patterns have notably changed,’’ He said. While the farmers in the North
and the Western regions were lamenting due to heavy rains, the experience of weather related
events was different from the Eastern province. Farmers from Eastern Rwanda are facing long
dry spells, severe droughts leading to drying of crops and unfavorable soils for agriculture.
During focus group discussions held in all provinces of Rwanda, farmers’ views about climate
change were more supported by their memories about extreme weather events which they
experienced in their respective regions over the past decades. Referring on historical droughts of
1997 and recent floods of 2007 which have resulted in severe famines and population
displacement, the respondents indicated that adequate adaptation strategies have to be put in
place in order to cope with new challenges which may arise in the future. Farmers perceive all
these weather changes as a serious disaster to their farming investment since they affect the
timing of their farming practices and ultimately cause the crop yield loss. For a rain-fed
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agriculture as is the Rwandan agriculture, some farming activities including land preparation,
sowing and planting require a certain amount of rainfall. Surveyed farmers mentioned that these
activities are potentially affected by the delay or lack of rains. They indicated that the delayed
rain result in changing crop pattern. An example of maize plantation was given, whereby maize
plants were flowering by the time they should be harvested when the season calendar was pushed
from September to end October 2015. Besides, the excess rainfall also affects the pests and
diseases control activities. Farmers in the North mentioned that by the time of intensive rainfall,
they cannot spray the insecticide on Irish potatoes and vegetables because it can immediately be
washed away, which is a big loss for smallholder farmers. Post-harvest activities including
drying, storage and handling are determined by the number of occurring warm days in many
agricultural areas of Rwanda. Once the weather is not favorable for drying their produce, farmers
get worried that their produce is likely to get spoiled before selling it. However, the Ministry of
Agriculture and Animal Resources is investing in construction of post-harvest infrastructures to
support farmers adapting with the changing climate.
Although the awareness of changes in weather is high, a limited understanding of what is
causing these changes was noticed. I. Bisangwa (personal communication, May 26, 2016), the
expert in environment and climate change, pointed out that having more information on past and
current observations would increase the awareness among people while improving their adaptive
capacity to cope with changing climate.
3.5.2

Communication of weather and climate information among stakeholders

The exchange of quality weather information among stakeholders is an important component to
be considered when designing an agricultural citizen science network in Rwanda. One has to
make sure that the right information reaches the right people at the right time. This study has
explored the type of existing weather information received by farmers, the use of this
information for agricultural purposes and different communication channels through which the
information is delivered.
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Figure 20 Farmers access to weather information
Figure 20 shows that the majority of respondents (46%) have no access to weather information,
30% of the respondents receive weather forecasts from radios, and a relatively small number of
farmers get information from Rwanda television and neighbours.
Currently, the mobile phones are not commonly used to check weather or climate information in
Rwanda. 75% of the surveyed farmers own mobile phones, but only 9% of them do check
weather information twice a month (Figure 21). This is due to different factors; many of the
mobile phones possessed by farmers are not smart phones, they are just simple cell phones with
basic phone features. Therefore, these cell phones cannot process online climate information.
Besides, farmers’ formal educational level is relatively low to manipulate the modern
technological tools such as smart phones.
This is where the so called ‘‘intermediate people” come in as mediators of an agricultural citizen
science network. The mediators include the extension agents, the farmer promoters and farmer
facilitators who could play a role of disseminating weather information that they receive from
Rwanda Agriculture Board. The mediators can, at the same time, support illiterate farmers to
report their climate agricultural observations via mobile phones. It is important to note that, the
intermediate people are key persons with whom a close relationship has to be established for the
effective communication of agricultural information.
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Figure 21 The use of mobile phones to check weather information
During the focus group discussions, the information supplied from Rwanda Meteorological
Organization notably does not reach all the end users. This is not an observation made from
farmers’ side alone; the same remark was found through interviews carried out with various
institutions. For example, the interviewees from MINAGRI, MIDIMAR and crop insurance
companies indicated that they are not satisfied by the accessibility and communication of
available weather information. According to statements made by respondents, the quality of
existing weather information and its communication need to be improved. However, Rwanda
Meteorological Organization which has a mandate to provide weather information indicated that
the quality of weather information is affected by a number of reasons including a limited number
of weather stations, lack of satellites, lack of long term meteorological data and high variation in
altitude. According to A.Twahirwa (personal communication, May 20, 2016), another challenge
to provide a better weather forecast across the country is the fact that it requires the use of
downscaled international data set and collaboration with regional partners and experts.
3.6

Adaptation to climate change in Rwanda

According to the IPCC fourth assessment report, adaptation is referred to as ‘‘ the adjustment in
natural or human systems in response to actual or expected climatic stimuli or their effects,
which moderates harm or exploits beneficial opportunities’’(Parry 2007).
In Rwanda, several governmental and non-governmental organizations are engaged in putting in
place programs, systems and mobilizing necessary resources to reduce all risks associated with
climate change. In this study, the identification of stakeholders was limited to only 9 key players.
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Figure 22 shows a number of measures that are currently being enforced by multiple
stakeholders with regard to monitoring and adapting to climate change induced impacts.

Figure 22 Role of multiple stakeholders in adaptation to climate change. The thickness of
the lines indicates the number of stakeholders attached to a given role.
MINAGRI is playing a vital role in the monitoring of and adaptation to climate change. For
example, 25% (about 24,000 ha) of irrigable land in Rwanda is now developed in Eastern
regions which are regularly affected by cyclical droughts. Construction of artificial dams for rice
farming in swamps and shallow areas, annual programs for reforestation and fighting erosion
problems, establishment of post-harvest infrastructures (dryers, storage facilities), introduction of
short reproductive cycle and drought resistant crop varieties, implementation of plant clinics for
pests and diseases control, improving road networks in agricultural areas, land use consolidation
programs and zero grazing initiative (I. Bisangwa, personal communication, May 26, 2016).
The existing unique system of reporting weather related impacts was set-up by the Ministry of
Disaster Management and Refugee Affairs (MIDIMAR). The Ministry has developed a disaster
communication system that facilitates to access and acquire information related to disasters
reported from locations where they occurred. The most commonly reported information include
the location (District) which experienced the disaster, the type of disaster, property losses due to
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weather extreme events, injuries, number deaths and the date. However, S. Uwamaliya (personal
interview, May 20, 2016) mentioned that the existing reporting format does not allow clear
visualization of the reported impacts, either in a form of graphical representation or informative
maps. Besides, the quantification of reported damages is not always precise.
MIDIMAR has also initiated the early warning system for drought and food security in order to
maintain food supply to all Rwandans (Rwanda 2006). The early warning system is however not
yet operational due to less satisfaction of available climate data (S.Uwamaliya, personal
communication, May 20, 2016).
REMA; as an environmental agency, is encouraging different institutions to get involved in the
formulation of plans and actions to reduce climate risks. While mainstreaming climate policies,
REMA is promoting the use of climate information through a community based adaptation
approach which thus improves the adaptive capacity of all climate information users including
farmers.
Under the supervision of MINAGRI, RAB collaborates with One Acre Fund- TUBURA (NGOs)
in providing education and trainings on new farming techniques through extension services. The
formal extension staff, farmer promoters and facilitators play an important role in mobilization
and sensitization of on –going agricultural activities that are coordinated under RAB. These
extension agents act as source of information; they activate and support farmer groups to monitor
rural projects development (N.Uwitonze, personal communication, June8, 2016).
As far as crop insurance is regarded as one of the adaptation strategies to climate change, ACRE
Africa has been identified as one of the agricultural companies operating in Rwanda to support
farmers to cover the impacts resulting from droughts and excess rainfall. The insurance
companies are indirectly connected with some financial institutions, which in turn, are providing
bank loans to the farmers who want to protect their farming investment against climate risks.
Rwanda meteorology agency stands as a motor and central of climate monitoring activities. It is
mandated to provide accurate, timely weather and climate information for the safety of the
people. The local government coordinates the local implementation of national government
policies. The local authorities are accountable of all development activities that are being carried
out in their respective regions. They organize meetings with different partners and report to the
higher ranked levels if needed. The local authorities are the only group of stakeholders which
collaborates with all other stakeholders because of their high influence and control over different
development projects.
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Farmers are regarded as a group of stakeholders who are directly affected by the agricultural
impacts of weather variability and climate change. Despite their potential interests in protecting
crops against climate induced risks, their participation in monitoring climate impacts is currently
passive. This is justified by the fact that 46% of the surveyed farmers think that tackling the
impacts induced by weather variability is the prior responsibility of the government rather than
their own initiative.
3.7

Benefits of a citizen-science network for the Rwandan agriculture

The overall objective of the ACSN is to monitor, analyse, forecast and communicate the impacts
of changes in weather and climate on agriculture. This section will summarize the adaptation
options that can be supported by the ACSN to help the agricultural sector to better adapt to
changes in weather and climate.
A successful adaptation consists of various actions undertaken by individuals or groups to meet
their own goal and government or public institutions to protect their citizens (Adger, Arnell et al.
2005). Adaptations actions can be planned spontaneous or proactive based on the timing, goal
and motive of their implementation (Smit, et al. 2000).
When interviewed, multiple stakeholders have expressed their different interests and expected
services from an agricultural citizen science network. The code-sub code-segments model
analysis reveals the relevance of an agricultural citizen science network according to different
users (Figure 23).
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Figure 23 The benefits of an agricultural citizen-science network
The ACSN would support different adaptation actions in a number of ways (Figure 23). Multiple
stakeholders such as MINAGRI, farmers and local government have a common interest in one
particular service, which can ultimately improve collaboration and communication among
stakeholders sharing the same interests.
For example MINAGRI and REMA would make use of climate agricultural observations to
monitor weather variability impacts, to make future climate projections and develop climate and
agricultural policies. When interviewed, I.Bisangwa (personal communication, May 26, 2016)
indicated that currently, there is absence of an adequate monitoring system which allows the
Ministry of Agriculture and Animal Resources to receive information from farmers regarding
climate change agricultural impacts. In addition, P.Mugabo (personal communication, May 12,
2016) from REMA, also mentioned that this network would be a solution to the existing
challenge of quantifying exact agricultural impacts of extreme weather events. The availability
of this information would therefore enable the policy makers to make decisions on what adaption
actions to take and give possible options.
RAB and MINAGRI share a common responsibility of providing agricultural advisory services
to different agricultural stakeholders, especially farmers. The advisory (extension) services have
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been recognized as a vital component in promoting agricultural development (Anderson 2007,
Anderson 2007) . The provision of advisory services helps farmers to obtain information that
enable them to improve their adaptive capacity to weather related challenges that they are
confronted with. While the advisory services are key to agricultural development, an agricultural
citizen science network will facilitate MINAGRI to generate a crop season calendar and decide
on what actions to advise farmers accordingly. These actions may include advice on what crop
variety to adopt, which convenient dates to sow, plant or harvest, when to spray pesticides, at
what period to take produce to the market and when to irrigate.
During the focus group discussions, farmers mentioned that by having precise weather forecasts
and being regularly informed about changing weather pattern would allow them to make good
plans for their farming season and become able to quantify their agricultural losses attributed to
weather variability.
When interviewed, B. Mugwaneza (personal communication, May 11, 2016) indicated that the
quantification of crop damage is still a big challenge for the company to calculate exact the payout. She added that there is lack of enough information regarding weather related risks. Having
the climate agricultural observations would provide information that can support the crop
insurance companies to calculate the pay out in case of weather incidence.
The information resulting from farmers’ observations will help the government to plan locationspecific interventions to constantly adapt to weather and climate changing conditions. The
ACSN will support different ministries (e.g. MIDIMAR, MINAGRI, and MININFRA) and
environmental agencies such as REMA to make future climate projections, predictions, develop
possible scenarios, provide policy options, develop response strategies and make adaptation plan
of actions for the future.
3.8

Requirements for an agricultural citizen-science network in Rwanda

Nature Today platform is available as a tool for setting up an agricultural citizen science network
in Rwanda (Figure 24). This chapter addresses the third research question: what are the
requirements for an agricultural citizen science network to operate in Rwanda?
In 2008 the ‘‘Nature Today’’ platform was originated from the Environmental Systems Analysis
Group of Wageningen University and the Foundation for Sustainable Development together with
a large number of nature organisations in the Netherlands as a communication tool to support
societal publications on topical developments in nature. One of the main objectives of Nature
Today is to bring nature into the news domain. In 2016 Nature Today implemented a generic
38

citizen science module via which thousands of citizens are currently reporting their nature
observations in the Netherlands. This system is based on the experiences of a number of citizen
science networks like Natuurkalender.nl, Allergyradar.nl and Tekenradar.nl.
The objectives of an agricultural citizen science network are:
1. Monitoring the spatial and temporal weather variability induced agricultural impacts
2. Recruiting and motivating observers
3. Data analysis and visualization
4. Communicating observations and make forecasts to allow adaptation

Figure 24 Agricultural citizen science module in Rwanda (Demo version)
The successful implementation of an agricultural citizen science network is not a single step
process. It is a complex task which requires the coordination of a wide range of activities,
recruitment of the observers, observation and reporting procedures, data processing and analysis,
disseminating results, make forecasts to allow adaptation and seeking for funds.
3.8.1

Monitoring program

Based on the discussions with the stakeholders, the experiences of the Nature’s Calendar project
in the Netherlands and my own judgement a first version of a monitoring program/protocol has
been developed (Table 4). It describes the kind of observations that can be done by famers.
These observations will help in the better quantification of the spatial and temporal variability of
weather impacts on agriculture. For each group of observations the following questions were
addressed: what to observe, how to do the observations, who should do the observations, where
should the observations be done, and when will these observations be done.
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The protocol will be tested and adjusted (if needed) during field trials for the sake of quality
data. This will be done through farmer field schools (FFS) to check how farmers adapt the
protocol accordingly. Participants will start with simple observation tasks and then progress to
more complex tasks as their experience increases. Considering the literacy level of farmers, the
protocol guide and reporting formats will be translated in Rwanda’s local language
(Kinyarwanda).
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Table 4 Protocol guide for observing weather related events
Reporter:
District:
Sector:
Reg. No:
What?
CC impacts
Type of crop
Flooding
Drought
Erosion
Extreme events
Heavy winds
Hail
Land slides
Heavy rains

Rice
Maize
Beans
Banana
Irish potatoes
Sweet potatoes
Cassava
Sorghum
Wheat
Vegetables
Coffee
Tea
Pyrethrum
Sugar cane
Fruit trees

How?

Who?

Where?

When?

In
farmlands,

Observat
ions will
be made
and
reported
only
when
there is
incidenc
e and of
any
of
the
prescribe
d
weather
events
with
remarkab
le
damages.

Observations
Quantification of the impacts
(Hectares)
Crop damage
Drying of crops
Rotting of crops
Failure of germination
Decrease in water level(wetland)
Increase in water level(wetland)
Reduced Harvest
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Make
direct
observations
and Farmer
report via mobile s
phone, the type of
weather event, on
which type of crop,
observed impacts with
rough estimates of
damages
(if
applicable,) i.e. the
size(ha), quantity(Kg),
number, etc.

In wetlands,
In kitchen
gardens,
Fruit
plantations

Reporter:
District:
Sector:
Reg. No:
What?
Pests

Diseases

Invertebrates
Insects
Mites
Molluscs
Nematodes
Invertebrates
Birds
Mammals
Reptiles

Loss of young seedlings
List of crops
Drying of crops
Rotting of crops

Bacterial
Viral
Fungal

How?
Who?
Pests
could
be Farmer
monitored by using s
the
sticky
traps,
tracking
droppings,
urine stains, runways,
physical
damages,
burrow holes, rodent
odours(Bennett,
Owens et al. 1988)

Failure of plants,
List of crops

Make
direct
observations
on
farmlands; take notes
and photos of infected
parts of the plant (if

Leaf discoloration,
Yellowing of leaves,
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Farmer
s
guided
by
agricult
ural

Where?
On
farmlands

When?
Monitori
ng pests
and
diseases
will be
on
a
regular
basis.
Farmers
will
report
their
observati
ons once
a week
(on
Fridays
before
17hr:
00).

On
farmlands

This is a
continuo
us
monitori
ng

Reporter:
District:
Sector:
Reg. No:
What?

How?
applicable).

Leaf curling,
Wilting of leaves,
Rust(maize),
Blighting (tubers),
Rotting of fruits, stems and roots,
Damping-off (James 1974)
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Monitoring
plant
diseases require a
close
collaboration
between farmers and
agricultural
extensionists
(these
are available in most
agro-zones)

Who?
extensi
onists

Where?

When?
activity.
Observat
ions can
be made
anytime
a farmer
is
in
his/her
farmland
.
He
reporting
system
will be
discusse
d in the
followin
g section
of
this
report.

3.8.2 Recruit and motivate participants
The citizen science works best when it works for the benefit of its participants (Tweddle, et al.
2012). The participants will be mainly the farmers who, on their free will, will take part in
making possible agricultural observations on their farmlands and report them via mobile
phones. Referring on the group discussions held with farmers, 100% of the respondents are
willing to participate in the monitoring activities.
The recruitment process will start from one (any) province as a pilot zone and expand to the
rest of the country later on. During this phase, the local government at the district, sector and
cell levels together with provincial RAB staff will organize field meetings with farmers and
extension workers on a weekly basis. The meetings aim to introduce an agricultural citizen
science concept in Rwanda and register farmers who are willing to participate.
Participants will be motivated in a number of ways. Through interviews held with stakeholders,
institutions such as MINAGRI, REMA, RAB and the local government were willing to provide
trainings to farmers and technical support where it’s needed. In addition, some workshops will
be organized at sector levels by the ACSN office together with funding partners to make a clear
understanding of how observations will be done and exchange experience with different
stakeholders. It’s important to note that all farmers will not attend the workshops, only the
representatives of the farmer cooperatives, farmer promoters and facilitators will attend.
By use of media (district radios), participants will be regularly informed about updates
generated from their observations. The age and gender will be considered while selecting
participants.
3.8.3 Data analysis and visualisation
After receiving a large amount of data and observations from participants, a validation process
will be needed to check if the data have been reported according to the reporting formats. It is
highly recommended to engage a group of statisticians who will work closely with the
meteorologists to process the observations, and make a link between reported weather
observations and climate data recorded from the meteorological station.
Data analysis will require specific machines and qualified people who will extract useful
information from farmer’s observations and convert it into an appropriate form such as graphs,
maps, reports, tables, charts and pictures. Therefore, some digital tools including data
collection applications, data uploads apps, web based platforms and mobile phones will be
required.
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After testing the quality of data and setting a range of summary statistics, Nature Today
platform will allow online data visualization and mapping of participants’ observations, as
shown in Error! Reference source not found.. Many of interviewed people were excited to
see how various observations can be visualized and shared among platform users.
The analysis will be performed by ACSN experts in collaboration with the meteorological
office. Based on the available information, the decision makers will provide some
recommendations to farmers to allow adaptation.

Figure 25 Observation of ideal flood and drought events in Rwanda
3.8.4 Disseminating results
After analysing the observations, the results will be communicated to relevant stakeholders in a
variety of forms. The ACSN coordination office will present the raw data, graphs, maps,
reports, scientific papers, forecasts, pictures, e-flash news, newsletters, and interpretation of the
analysis including advice on actions to take.
The tools to disseminate information will include website, SMS, Media, brochures and
meetings. Nature Today web based platform will be shared among users and maintained by the
ACSN office. The SMS functionality (which is yet to be developed) will provide a rapid
mechanism of sending and receiving messages containing useful information for the end users.
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In order to reach a wide range of farmers especially those living in rural areas, it’s important to
enlarge the existing communication channels by exploring available opportunities to reach
them. For example, we could talk to local journalists and make use of district radio channels to
carry out some agricultural shows and interact with a number of farmers live on radio.
A largest number of Rwandans have now access to electricity, thus it’s possible to have
consistent access to television and radios. Printed media is currently considered as an urban
source of information with little distribution in rural areas. Thus, it would be only used to reach
stakeholders living and working in cities. We would urge the experts and scientists to increase
the number of societal publications to increase public awareness on impacts of climate change
and possible adaptation measures in respective surrounding environment.
3.8.5 Benefits and role of stakeholders
A critical analysis of stakeholders’ interests and influence helps to identify relevant
stakeholders with whom we have to get in touch early in the development process of an
agricultural citizen science network. The interest indicates the extent to which stakeholder’s
needs will be impacted by having such a network while the influence shows the decision
making power which a given stakeholder has over establishing and sustaining an agricultural
citizen science network.
Following the findings from the interviews and personal observation, the identified
stakeholders have been given four different positions within the matrix based on the amount of
interest and influence (
Figure 26). The positions in the figure determine stakeholders’ role in implementing and
maintaining an agricultural citizen science network. The four positions are: protect (A), good
relation (B), monitor(C) and low priority (D). The vertical axis represents the level of interest
which increases from bottom to top while the horizontal axis refers to the level of influence
which rises from left to right.
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Figure 26 Stakeholder matrix of interest and influence (as adopted by Augus, 2010).
A. Protect: this group requires special attention to protect their potential interests. Individual
farmers who belong to this group are directly affected by the outcome of the project. They have
high interest in monitoring weather and climate risks for the sake of their livelihoods. Their
influence is relatively low because of their passive involvement in the decision making process.
B. Good relation: this group reveals high interest and high decision making power over the
subject matter. Thus, a close and good working relationship must be established among
government institutions that have, in their own responsibility, to tackle climate induced impacts
from local to national level. MINAGRI, MIDIMAR, REMA and RAB are empowered
institutions with all necessary resources to influence a successful implementation of an
agricultural citizen science network.
C. Monitor: this group requires careful monitoring and management since it might be the
source of risks and uncertainties. The Rwanda meteorological agency is a potential stakeholder
on which many Rwandan institutions rely for weather information and climate data. However,
most of the interview responses indicated that people are not satisfied by the accessibility and
communication of weather information. In addition, people were a bit sceptical about the
quality of the climate data they receive from the meteorological office. The same feeling was
noticed from the farmers’ side as well, whereby they claimed that they hardly receive weather
information for agricultural purposes. Although the citizen science network does not
necessarily rely on the climate statistics, a clear link between agricultural observations and
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climate records would be important to generate consistent advice for all data users. The media
and scientific publications can be the source of risks once they disseminate biased information.
Since the information broadcasted via media reaches a great number of people, developing a
media module can be an effective way to manage any risks that may arise from journalists.
D. Low priority: this group encompasses some stakeholders who may have some involvement
but relatively in low importance and influence. The group includes private companies (such as
ENAS Ltd, Acre Africa), financing institutions (such as URWEGO Opportunity Bank, SACCO
credit cooperatives) and some specific Non-governmental organizations (such as TUBURA
One Acre Fund). The low priority group of stakeholders is not affected by the outcome of the
citizen science network; they may therefore have a limited involvement in the implementation
of a citizen science network.
3.8.6 Structure and coordination
The structure and coordination of an agricultural citizen science network in Rwanda will be
based on the main components presented in Figure 27. For such a network to be effective,
different partners will play a specific role that fits their actual responsibilities as indicated in
Table 5.

Figure 27 Agricultural citizen-science model for Rwanda
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The farmers observe temporal and spatial weather variability impacts and report their
observations to the ACSN office using mobile phones. The observations will be immediately
visualized online on Nature Today platform. Rwanda Meteorological office will share their
weather database with the ACSN coordination office so that a link can be made between
farmers observations and weather information. After a correlation between observations and
weather data is made, data will be critically analyzed by the ACSN staff to make forecasts. The
transformed data will be presented in the form of stories, maps, graphs, tables, pictures, charts,
figures and any other possible data template form.
The ACSN coordination office will work closely with the Rwanda Agriculture Board to draw
recommendations on which adaptation actions to take. The generated recommendations, advice
and knowledge will be displayed on the web based platform, disseminated via SMS,
newsletters and scientific publications. All associated stakeholders can immediately access the
platform to retrieve useful information without any intermediate. However, given the fact that
the majority of farmers have no access to internet, the media (especially district radios and the
main state-owned radio) and an SMS service should be the main mediums to disseminate the
feedback message.
The ACSN office will provide quick response to farmers based on their reported observations.
The decentralised local government (district and sector levels) is urged to work closely with the
RAB extension workers to support the farmers in implementing the adaptation actions provided
by the ACSN office in collaboration with RAB office. Building on the existing responsibilities,
the RAB office will strengthen the ACSN by providing and training more extension workers
who will ultimately play a role in disseminating relevant information.
Considering the risks of technology failing such as website crash and possible vulnerabilities of
mobile application, the ACSN office will provide technical support and maintains the website.
The Ministry of Agriculture and Animal Resources would provide political and financial
support to ensure sustainability of the citizen science network.
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Table 5 List of activities performed under the ACSN

1
2

Coordination

Recruit observers
Communication Motivate
with observers
observers
Instruct observers
3 Doing observations
4 Building & maintaining website +
SMS service
observations/Model
5 Analyse
building
6 Forecasting
7 Disseminating observations
Writing updates
8
Communicate
Writing reports
results
Talk to media
Workshops
9 Financial support
10 Implement adaptation actions

Scientists

Financing
institutions &
NGOs

X

Media

X

Farmers

X

ACSN
mediators

X

X
X
X

RMS

ACSN office

X
X
X

Local
government

RAB/
MINAGRI

Activities

X
X
X
X

X

X

X

X
X

X

X

X

X

X
X
X

X
X
X

X
X
X
X

X

X

X
X

50

X
X
X
X

X
X
X
X
X

X
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Discussion and conclusion

This chapter concludes this report. A summary of research findings is briefly presented and
discussed. The scope of conclusions about climate change in Rwanda is limited by the quantity
and quality of available data. Still, compared to previous studies, these conclusions sound
logical. Moreover, these conclusions are relevant to the process of establishing a citizen-science
network for the Rwandan agriculture. The following sections are divided according to the main
research questions.
4.1

Climate change in Rwanda

Climate trends for Rwanda show a warmer climate with a likely decrease in rainfall, although
some regions show a decrease in temperature. The analysis of climate data has shown that the
average annual temperatures have increased in Kigali city, western and southern regions of
Rwanda while a slight decrease was observed in the Northern province (Figure 7 and Figure 8).
The temperature changes more rapid in Kigali compared to the rest of the country. This can be
related to the urban heat island effect as concluded in the study conducted by Henninger
(2009) on urban climate and air quality of Kigali. The highest annual maximum temperature
was recorded from Eastern region in 1974 (33.50C). The standard deviation for both maximum
temperature (Figure 9) and minimum temperature showed lower R-squared values with
R2=0.02 and R2= 0.13 respectively (Figure 11). It means that the change in annual average
temperatures across the country was not significant for the period 1971 to 2015. However, the
analysis of mean annual temperature revealed a clear positive trend with a significant change
(R2 = 0.68) as indicated in Figure 12.
The analysis of rainfall patterns has shown a high variation in amount of rainfall across the
country. The western province experienced higher amount of rainfall which went up to
1474mm while the Eastern province has had a rainfall deficit over the past four decades (Figure
14). The current rainfall trends are not different from the study conducted by Tenge and
Alphonse (Tenge and Alphonse 2015) which predicted a rainfall deficit in the Eastern region
and increasing rainfall in Northern and Western regions for the period 2000 to 2050. Likewise
the research undertaken by the Rwanda Environment Management Authority (REMA 2011)
concluded that the rainy periods became shorter but with intensified rainfall observed between
1970 and 2009 in Northern and Western regions of Rwanda.
However, there are higher uncertainties in temperature and precipitation trends for the
Rwandan climate due to incomplete data records especially during the years of 1993-1997.
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This period was marked by the 1994 genocide which devastated a number of human resources
and many infrastructures including weather stations. The weather stations which had
completely collapsed in Eastern province have been renewed and restart to operate since 2007.
The uncertainty in climate data and weather information was also reflected during discussions
held with various stakeholders. Although the ability to draw important conclusions on climate
change is limited by the quantity and quality of the available data, the impacts already present a
serious threat to the agricultural sector.
4.2

Impacts of climate change on Rwandan agriculture and perceptions of stakeholders

The changes in weather patterns combined with high variation in topography resulted in
extreme weather events which impacted the Rwandan agriculture. The research has found that
the severity of floods, droughts and diseases have significantly affected different crop yields in
the past decades. The decrease in cassava production was attributed to the increasing
temperature in cassava growing regions. The rapid increase in temperature accelerated quick
propagation of cassava mosaic disease which covered 94% of the main cassava growing areas
within four years (Night, et al. 2011). The decline of Irish potatoes was related to high
precipitation, which caused severe floods of 2007 in northern and western regions of Rwanda.
The effects of the 2007 flood event have been also reported by Mbabazi and Nkusi (2007) and
Byamukama, et al. (2011).
However, in many other cases, no clear link between weather related hazards and agricultural
production loss exists due to insufficient weather information during the years in which crop
damages were recorded. Although the agricultural losses are not visible at the nationally, the
World Bank report (WorldBank 2015) states that weather related risks, including erratic
temperatures, floods, hailstorms, droughts and mudslides pose major threat to Rwandan
agriculture in several provinces. The lack of climate agricultural information highlights the
importance of establishing a citizen-science network as one of the innovative measures to
strengthen the monitoring process of climate induced agricultural impacts.
Yet, the outcome of the future climate change induced agricultural impacts in Rwanda remains
highly uncertain. There is a range of factors affecting agricultural vulnerability, impacts and
adaptation to climate change. Previous study undertaken by Jones and Thomton (2003) used
various crop models to assess the future potential changes for agriculture in East Africa. The
models have shown strong differences between areas within Rwanda. Warmer climate in the
highlands might benefit crops to higher yields, whilst lowlands may show negative effects.
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Given a high variation in topography of Rwanda, the probability that extreme weather events
may continuously affect the Rwandan agriculture in the future is high.
The findings of this study reflect the need of increasing the adaptive capacity of the Rwandan
agriculture to climate change implementing innovative measures related to data collection,
monitoring and forecasting possible impacts of changes in weather and climate.
While most farmers are aware that the weather pattern is changing in their region, the future
climate change-impacts on agriculture are still unpredictable. Although the weather forecasts
for agricultural purpose are available, farmers hardly access this information. Some other
agricultural stakeholders are also not satisfied by the accessibility and communication of
available weather information. One way to check weather related information could be the use
of mobile phones. However, most farmers rarely use mobile phones to check weather
information. The radios and one television channel are the main source of climate agricultural
information. The ability of Rwandan farmers to manage climate agricultural impacts will be
determined by relevant information that is available to them and how is easily they can access
it.
4.3

Benefits from an agricultural citizen-science network

The implementation of an agricultural citizen science network would be an opportunity to
support the monitoring of agricultural impacts attributed to climate variability and change. The
network would be beneficial to different stakeholders as they expressed it themselves during
interviews and focus group discussions. Realizing that weather risks on agriculture define the
lives of Rwandan farmers, the ACSN will be one of the ICT based solutions to monitor weather
and climate risks. The monitoring network will support various adaptations options as indicated
in Figure 23. The main adaptation options that would be supported by the citizen science
network are: 1) prepare farming season; 2) quantification of climate-change induced impacts;
3) plan crop season calendar; 4) forecasts; 5) timing of agricultural practices (e.g. planting and
harvesting times); and 6) support the agricultural policy options. In addition, surveyed farmers
indicated that having information on past and current agricultural observations would raise
awareness on climate-change impacts, thus adjust their farming practices in response to actual
climate conditions.
However, the citizen-science concept is still new for the Rwandan farmers. Intensive
mobilization is required to motivate farmers to actively report their observations on a regular
basis. In order to get all the expected benefits as above-mentioned, the ACSN would be built
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based on the experiences and best practices of successful citizen science networks (e.g.
Natuurkalender.nl, Allergyradar.nl and Tekenradar.nl.) since they can easily be extended to
other countries.
4.4

Requirements for a citizen-science network to operate in Rwanda

The development of a citizen-science network requires a set of activities and roles that have to
be done by the agricultural stakeholders. Based on the discussions held with interviewed people
and farmers, I discovered seven activities that should be in place for the successful
implementation of a citizen-science network in Rwanda. These are: 1) developing a monitoring
program; 2) recruit and train participants; 3) analyse and visualize observations; 4)
communicate results to allow adaptation; 5) define the role of stakeholders; 6) acquire funding;
and 7) coordination. However, the list is not exhaustive. Few practical aspects need to be
investigated before implementing such a monitoring network; these are: an SMS functionality
via which farmers can report their observations, allocation of funds, operational budget,
technical requirements, and have ensured political support from the government of Rwanda.
Despite some difficulties in getting all partners on board, the citizen-science network scheme
developed for the Rwandan agriculture is unique and looks doable since 100% of the surveyed
farmers are interested and willing to participate in the monitoring process on their free will.
Stakeholders were given positions in the stakeholder matrix based on the interests and
influence towards citizen-science network, as expressed during interviews and focus group
discussions. The general impression from interviewed people and farmers was positive in
regard to citizen science application. However, the uncertainty arising from the sample size
used for this study may yield incorrect assumption. The opinions from eight interviewees and
37 farmer respondents would not be generalized for the entire country. Further investigation
would reveal insights from commercial farmers who particularly invest a lot of money in the
agriculture business.
Yet, the ACSN Coordination Office has to be maintained and financed to ensure proper followup of citizen-science network activities. Except for farmers’ trainings and technical support
provided by MINAGRI and RAB, the allocation of necessary funds is not fully defined.
Therefore, funders interested in this research would provide their financial support and help the
Rwandan agriculture to adapt to the impacts of climate change.
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Annexes
Annex 1 Survey questionnaire for smallholder farmers
1. How do you see weather patterns changing in your region? ………………………………..
………………………………………………………………………………………………
………………………………………………………………………………………………
2. How do you perceive changes in weather and climate?........................................................
………………………………………………………………………………………………
………………………………………………………………………………………………
3. Where do you get information about weather for agricultural purposes? Tick from the list:
Television
Radio
Newspaper
Governmental agencies
Internet
School
Neighbours
Other (specify)…………………………………………………………………………
4. What kind of information do you receive about weather variability?.....................................
……………………………………………………………………………………………….
……………………………………………………………………………………………….
5. How is that information useful with regard to your farming business?......................................
……………………………………………………………………………………………….
……………………………………………………………………………………………….
6. Have you, in the last 3 years, experienced any form of extreme weather events?
Yes
No
Don’t know

7. Which events affected your crops in the last 3 years? Please circle the issues from the list:
Flooding
Drought
Erosion
Landslides
Heavy rains
Heavy winds
Hail
Plant pests
Plant diseases
Wildfires
Extreme temperatures
Dry spells
Other…………………………………………….
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8. How did weather related events impact your agricultural productivity in the last 3 years?
Year /Season
2013
A

Type of event

Crop type

Productivity (Kg/Ha)

B
2014

A
B

2015

A
B

9. How do weather related events affect the timing of your farming practices?
Farming practices
Land preparation

Effects/applied rules

Sowing

Harvesting

Post- harvest activities

Control pest and diseases

10. a) Do you regularly take any action out of concern for weather related events?
Yes
No
b) If yes, what do you do to adapt to weather variability related risks? ………………………
………………………………………………………………………………………………….
………………………………………………………………………………………………….
11. Who do you think should have the responsibility to tackle weather variability induced
agricultural impacts? Tick from the list:
National government
MINAGRI
Local government
Private companies
Farmers
NGOs
Others (specify)……………………………………………………………………………………….
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12. What kind of information would you like to receive to better adapt to changes in weather and
climate?.......................................................................................................................................
…………………………………………………………………………………………………
13. Do you own a mobile phone?
Yes
No
14. How often do you use your mobile phone to check weather or agricultural information?
Every day
Twice a week
Once a week
Twice a month
Once a month
Never
15. Are you willing to participate in the monitoring process and report observed agricultural
impacts via mobile phones for the sake of your business?
Yes
No
Not sure
16. What may you consider as support for you, to report the observations on a regular
basis?..........................................................................................................................................
…………………………………………………………………………………………………
17. Do you have anything to add about the issues raised in this questionnaire?.............................
…………………………………………………………………………………………………
18. Sex :
Male
Female
19. Age :
18-25
26-33
34-41
42-49

42-49
50-57
58-65
66-73

74 or above

20. Please indicate your highest education level from the list below:
No formal qualification
Primary
Secondary
University/College
Vocation training school
Other (specify)…………………………………………………………………..
21. What is the size of your farmland?
< 1 ha
1-3 ha
>3 ha
We very much appreciate your time to complete this questionnaire!
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Annex 2 Interview checklist
1. How do you see climate change happening in Rwanda?
2. How does the variability in weather and climate influence the agricultural sector?
3. How would you rate the agricultural impacts of floods that occurred in 2007?
4. Which role does your organisation play with regard to monitoring and adaptation to
climate change induced agricultural impacts?
5. How do you imagine the Rwandan agricultural sector in the future (by 2050 for
example) if the temperature increases with 30C?
6. What are the current adaptation initiatives for the agricultural sector?
7. What are the critical gaps in monitoring climate change induced agricultural impacts?
8. How do farmers get information about weather related risks for the sake of their
business?
9. Is there adequate understanding of weather and climate change related risks among
farmers and governmental organisations?
10. How could having more information on past and current observations improve the
adaptive capacity of the agricultural sector?
11. What kind of information would you like to receive from farmers’ observations?
12. What needs would a citizen science network address in agricultural sector?
13. What services do you expect from such a citizen science network?
14. How would/could you support farmers to report their observations through a citizen
science network?
15. What facilities or incentives can your organization provide to involve the farmers in
data collection process?
16. Who are the key actors that you think can collaborate to successfully implement this
project?
17. From your personal point of view, what challenges would you expect if it comes to
implement an agricultural citizen science network in Rwanda? And how could these
challenges be dealt with?
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Annex 3 Annual production quantities for different crops
Year

Area

Crop yield (Value in tonnes)
Banana
Tea
Cassava Irish potatoes Sweet potatoes
1995
Rwanda
28
5414
148000
137700
550500
1996
Rwanda
29
9057
220638
195381
664601
1997
Rwanda
31
13239
202994
229625
741624
1998
Rwanda
36
14875
188182
181138
751141
1999
Rwanda
40
12959
316934
175889
862562
2000
Rwanda
31
14481
820992
957202
1032916
2001
Rwanda
25
17815
788910
1012269
1156359
2002
Rwanda
29
14893 1031077
1038931
1292361
2003
Rwanda
27
15484 1003078
1099549
868204
2004
Rwanda
29
14493
765748
1072770
908306
2005
Rwanda
27
16458
781639
1314050
885648
2006
Rwanda
37
16976
765198
1275585
777034
2007
Rwanda
35
20474
779414
967283
841000
2008
Rwanda
34
19965 1681823
1161943
826000
2009
Rwanda
43
20535 2019741
1289623
803228
2010
Rwanda
40
22249 2377213
1789404
840072
2011
Rwanda
44
24066 2579000
2171518
845099
2012
Rwanda
50
22503 2716421
2337706
1005305
Source: FAOSTAT Date: Fri Jun 24 18:47:07 CEST 2016
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