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Preface

What were the odds for me to �nd a thesis project about Burundian farmers in the Netherlands?
Almost none. Working on this particular thesis topic with a direct impact on smallholder farmers
was a blissful and inspiring journey. But it has also been a roller-coaster between pain and gain. 1
month into the thesis, the COVID-19 crisis roared on one side but home welcomed me on the other
side.

I am very grateful to Marc for all the meetings held and where I was invited to critically think about
the results, making sure that I do not drown in the python codes and probably most importantly,
try to write the report with the reader in mind. Stefan always reminded me f the importance and
impact of this work but also ensured that it stays scienti�c enough for the university. Few months
before my thesis, Nick introduced me to the TAHMO project as well as struggles of potato small-
holder farmers in Rwanda. This opportunity later helped me better prepare the �eld visits. Marie
Claire asked the questions that I am happy to have heard before my defense. I also acknowledge
WeatherImpact for welcoming me in the team and showing me other parts of the project such as
the seasonal forecast. AUXFIN BURUNDI has facilitated all my visits in the di�erent provinces,
making sure I visit all the stations I needed and talked to farmers with di�erent backgrounds.
Working with the WaterWatch team during the �eld visits and presentations at FABI and IGEBU
helped me share the project with other (future) Burundian scientists and engineers. Whenever I
visited farmers I told them that I have come to learn more than to teach. And I have learned
quite a lot! Thanks for all the farmers who shared their joy and struggles of crowd-sourcing rainfall
measurements and using the weather forecast for daily activities.

Since the beginning, I have been sharing experiences, career aspirations, etc with my classmates.
Please, do not change and keep me posted again if you see any interesting position with \Africa"
and \water/rain". I would also like to show gratitude to my family. For the 6 months I have been
home, they made sure it was quiet whenever I have a Zoom meeting. When working to meet a
deadline, they were the ones to remind me to nourish my body.

I am especially grateful for my �anc�e Moses who has supported me since the start of my
engineering studies up to now. You have seen my ups and downs and I could not dream of a
greater support and a bigger sense of overcoming challenges.
Last but the greatest, I bless the LORD as he provided during the whole period, as he put on
my path divine connections such as the women in BSF in the Hague and Trinity International
Church. He also amazingly created miraculous ways through what we usually call coincidence. In
your Majesty, thanks for being mindful of me!
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Abstract

In this thesis, the quality and usefulness of crowdsourced precipitation measurements from 01/01/2019
to 31/01/2020 of 63 stations held by farmers in Burundi are investigated. Common sources of errors
in the measurements are identi�ed following �eld visits and discussions with farmers. Two �lters
for identifying and removing faulty zeros and suspiciously high precipitation amounts based on the
measurements of neighbour stations are proposed. These �lters successfully distinguish extreme
rainfall events from outliers and show that within 13.5km radius, 90% of zeros corresponds to a
median of 0mm/day. However, all these results are strongly a�ected by the number of neighbour
stations. The high density crowdsourced precipitation data are also compared against the lower
resolution Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) data set.
Results show that although the range and the average over the whole period are almost equal for
both data sets, there can be large temporal and spatial mismatches for the zero rainfall values and
the extremes. Moreover, the inter-stations rainfall variability for the crowdsourced data is 4 times
smaller than the stations-CHIRPS variability.

The agreement between the 0-day the European Centre for Medium-Range Weather Forecasts
(ECMWF) forecast and the CHIRPS was higher than between CHIRPS and the crowdsourced
rainfall data. This could be explained by the fact that both the CHIRPS dataset and the ECMWF
model make use of the same satellite radiation data, making them more likely to be correlated
with each other. The crowdsourced precipitation observations are used to verify ECMWF forecats
delivered to farmers in Burundi by WeatherImpact. Results show that only the 0 and 1 day lead
time forecasts of ECMWF are more skillful than the climatology-based forecasts and that the
skill of the forecast is comparable to what is observed in the tropics. Regardless the lead time,
most ECMWF forecasts tend to be better at discriminating no-rain from rain events than the
climatology-based forecast.
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ECMWF European Center for Medium-Range Weather Forecasts
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Introduction

1.1 Background

Burundi is a small country (27'834 km2) in Eastern Africa. It lies in the tropics where it is crossed
by the East African Rift from South to North (Figure 1.2). Both its geographical location and
its landscape subject it to convective rainfall highly in
uenced by the orography. The national
meteorological center, IGEBU (Institut G�eographique du Burundi), is in charge of the collection
and dissemination of national water resources data as well as the climate monitoring1. As men-
tioned in the Synthesis Report of the IPCC Fifth Assessment Report AR52, climate change risks
in Africa result from both the continent's high exposure and the population vulnerability. About
95% of the agriculture in subsaharan Africa is rain-fed (Wani, Rockstr•om, & Oweis, 2009), making
it particularly vulnerable to climate change and changes in precipitation patterns.

To support the farmers in tackling these risks, the GAP4All (Good Agricultural Practices for
All) project (2018-2021) is funded through the G4AW (Geodata for Agriculture and Water) pro-
gramme by the Netherlands Ministry of Foreign A�airs and executed by the Netherlands Space
O�ce (NSO) 3. In Burundi,the project's objective is to reach and help 100'000 smallholder farmers
make information-driven decisions. These farmers can then get access to the needed information
through the AgriCoach app on their tablets.

As most farmers have a low education level, they were initially unfamiliar with the way pre-
cipitation is measured and what typical values they could expect (i.e. in mm/day). The initial 66
manual rain gauges that were distributed to the farmers not only increased the number of mea-
surements points but also triggered the curiosity of the participants and provided them with the
opportunity to learn more about the science behind precipitation measurement and forecasting.
Furthermore, AUXFIN Burundi, one of the local partners, has put in place a hierarchical network
to increase interactions with all di�erent groups from the small-holder farmer to the national project
supervisor (Figure 1.1). 50 neighbour households are gathered in a single group G50 with which
AUXFIN will collaborate in activities such as teaching good agricultural practices or purchasing
good quality fertilisers. The Master Activator (M.A), the Super Activator (S.A) and the Key Ac-

1https://www.adaptation-undp.org/partners/geographic-institute-burundi-igebu-ministry-water-environment-
land-management-and-urban

2https://www.ipcc.ch/report/ar5/syr/
3https://g4aw.spaceo�ce.nl/en/g4aw-projects/g4aw-projects/5/gap4a.html
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tivator (K.A.) respectively oversee the farming and �nancial activities over a commune, a zone, a
group of � 3 collines . This structure allows AUXFIN to better coordinate their activities at the
national level.

Figure 1.1: AUXFIN pyramidal network

As a result of the GAP4All project, farmers are now using the weather forecasts for planning
important farming activities such as planting and harvesting.Thanks to these forecasts, they also
manage the farm's labour force by reducing costs related to hired workers who could not work
because of heavy rainfall. Before getting access to the information, farmers were very vulnerable
to dry spells during the planting season. At the end of the day, these information-driven decisions
save therefore the farmer's hard-earned money.
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Figure 1.2: Digital Elevation Model of Burundi in meters. Source: The Shuttle Radar Topography
Mission (SRTM) for digital elevation data and Global Administrative Areas (GADM) for the the
administrative units boundaries. The black dots represent the reported farmers' gauge locations.

1.2 Motivation

In order to make accurate and reliable weather forecast, climate data availability and in-situ ob-
servations are crucial. However, these constitute a global challenge.For instance, the total number
of rain gauges in the world does not even cover half of a football �eld (Kidd et al., 2017).In Africa,
the amount of available data is lower than average. Burundi is unfortunately no exception to this.
Moreover, the few data that are available are often not openly or easily shared and thus not very
accessible (Dinku, 2019). A recent report estimates that less than half of the existing data sets are
submitted to regional WMO associations in Africa (Figure 1.3).
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Figure 1.3: Submitted precipitation data sets to WMO 4

One of the reasons of the reluctance to share climate data is that sometimes governments sell
the intellectual property of the data to commercial companies (Overpeck, Meehl, Bony, & East-
erling, 2011). Other challenges include lack of funding for performing maintenance, data sparsity
and declining station density over time, especially in rural areas (Dinku et al., 2018). Moreover,
socio-political and �nancial problems often make it di�cult to access remote areas and uneven
terrain. Data quality is also a challenge knowing that some institutions lack both the tools and the
capacity to carry the quality control (Dinku, 2019). This is very unfortunate knowing that climate
data are crucial for decision making in agriculture.

In recent years, several initiatives to tackle the issue of climate data availability and accessibility
have emerged. One example is the ENACTS ("Enhancing National Climate Services") initiative
launched by the International Research Institute for Climate and Society (IRI) of Columbia Uni-
versity supported by many National Meteorological Centers in Africa. Other e�orts are aimed at
improving the interpolation of existing data, such as the Global Precipitation Climatology Cen-
ter (GPCC) 5, satellite-based products including the Tropical Applications of Meteorology using
SATellite data and ground-based observations (TAMSAT)6 and the Climate Hazards Group In-
fraRed Precipitation with Station data (CHIRPS) 7. However, satellite-based products su�er from
many errors and biases and their quality heavily depends on the number of existing ground stations
available for quality control and bias correction. Recently, the Trans-African HydroMeteorological
Observatory (TAHMO) has started to expand the existing network of ground stations by installing
a large number of automatic cost-e�ective hydro-meterological stations with the goal to achieve
a density of 1 station per 1000 km2 (van de Giesen, Hut, & Selker, 2014). Variables such as air
temperature, relative humidity, pressure, wind speed and direction, and rainfall are measured. The
network also includes stations in remote areas where regular monitoring and maintenance of the
instruments is di�cult.

5https://www.dwd.de/EN/ourservices/gpcc/gpcc.html
6https://www.tamsat.org.uk/
7https://www.chc.ucsb.edu/data/chirps
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Another possibility to �ll up the temporal and spatial gaps in professional weather observations
is to rely on crowd-sourced precipitation measurements (Kidd et al., 2017). One good example
of this is the Community Collaborative Rain, Hail and Snow Network (CoCoRaHS) 8 which is
the largest daily precipitation provider in the United States. Other well-known examples include
Weather Underground 9 and the Met O�ce Weather Observation Website (WOW) 10. In developing
countries already struggling with standard rainfall measurements collection, crowd-sourced precip-
itation measurements can greatly increase the number of available data. However, many obstacles
related to quality control, storage and dissemination of the data still need to be overcome. In Nepal,
citizens have been monitoring precipitation through the Smartphone4Water project (S4W) since
2017 using low-cost gauges made from soda bottles (Davids et al., 2019). To keep the volunteers
motivated and engaged, personal messages, certi�cates of involvement and even payments were
awarded. To encourage not only a larger quantity of the crowd-sourced data but also their quality,
some assign badges in recognition of the great expertise whereas others such as the WOW prefer
to use a star rating system in recognition of the quality of the instrument and the weather station
exposure.

While crowd-sourcing is a good solution to increase data quantity, it does not solve the various
quality issues. In fact, due to the lack of measurements standards, maintenance protocols and
limited technical skills of the volunteers, many additional errors are introduced compared to stan-
dard measurements (Muller et al., 2015). Hence, before their use, crowd-sourced observations must
undergo rigorous quality control. This can be achieved by validation or by veri�cation (Tweddle,
Robinson, Pocock, & Roy, 2012). Validation checks that the observations satisfy speci�c require-
ments (e.g., no negative rainfall values) whereas veri�cation aims at comparing the data against
each other or against a reference truth to detect outliers. This quality control also depends on the
network stations and measurements. Recently, DeVos, Leijnse, Overeem, and Uijlenhoet (2019)
developed a quality control methodology of crowd-sourced rainfall measurements with Personal
Weather Stations (PWS) in the Netherlands. The particularity of this quality control mechanism
is the absence of auxiliary or metadata data. Faulty zeros and high precipitation in
ux were �ltered
out based on the measurements of stations within 10 km radius as well as previous time interval
rainfall values.

1.3 Research questions

The main objective of this study is to assess the quality and usefulness of crowd-sourced precip-
itation measurements in Burundi. Clear recommendations for how to improve data quality and
reliability within the framework of the future, planned expansion of the rain gauge network will
also be formulated. To this end, an automated quality control system that 
ags suspicious precip-
itation observations needs to be developed. To assess the added value of high-density rain gauge
networks, we will perform detailed comparisons with satellite retrievals and daily forecasts from
numerical weather models. The latter can be useful to better understand natural variability in
precipitation over time and within regions as well as to reduce biases and measurement/forecast
uncertainties.

8www.cocorahs.org
9www.wunderground.com

10 http://wow.meto�ce.gov.uk
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Throughout this research, following questions will be answered:

1. What are common errors in daily crowd-sourced precipitation observations in Burundi and
what can be done to improve the quality of the data in the future?

2. How can we �lter out suspicious or erroneous crowd-sourced daily precipitation observations?
And how reliable/good are these �lters?

3. How well do crowd-sourced precipitation observations in Burundi compare to lower resolution
precipitation data sets for the region such as CHIRPS?

4. How well do crowd-sourced precipitation measurements and CHIRPS agree with the ECMWF
weather forecasts over this region? And how skillful is the ECMWF forecast compared to the
climatology forecast?

To answer the above questions, the data are �rst analyzed for inconsistencies, such as missing
data and wrong coordinates. Then, the quality of the measurement sites and day to day operation
of the gauges by the farmers is assessed through �eld visits and interviews. Based on these �ndings,
an automated quality control method to �lter out abnormally high/low rainfall values is proposed.
Then, the quality-controlled data are compared against the CHIRPS and the daily weather forecast
delivered to the farmers to assess the practical value and provide recommendations for the future.

9
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Data

2.1 Crowd-sourced precipitation measurements

Daily rainfall is collected with the help of manual rain gauges as shown in Figure 2.1. The rain
gauge consists of a plastic bucket of a conical shape and a perforated removable plastic lid. Users
can read a minimum of 1 mm of rainfall with 1 mm increment for up to 20 mm of rainfall and 5 mm
from 20 mm to 70 mm of rainfall. In total, 66 rain gauges were distributed to the farmers (Figure
2.3). The result is a dense network with 0.5-8 km distance between adjacent stations, and all the
stations are within � 100km radius. Note that 3 rain gauges will not be considered for this analysis
due to missing geographical coordinates and change in stations' names. For this study, only the
precipitations measurements covering the period form January 1st, 2019 to January 31st, 2020 are
considered leading to a total of 20342 measurements which is about 80% of expected reports.

Figure 2.1: Rainmeter1
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Everyday at 7 a.m , farmers are expected to report the rainfall measurements via the UMVA
platform. The UMVA platform was initially designed for money transfer but has since then been
adjusted for \rainfall measurements transfer" as shown in Figure 2.2. The farmer has to select
his group name in theAccount drop-down whereas the Recipient is �xed to "WeatherImpact". To
report a rainfall event, the farmer enters the measurement in mm in theAmount �eld, then clicks
Send button. When there is no rain to report, the farmer directly clicks the No Rain button.

Figure 2.2: UMVA Platform

2.2 ECMWF precipitation forecast data

WeatherImpact is in charge of providing the meteorological information namely the weather and
seasonal forecast to farmers. The weather forecast is generated from the ensemble forecast from
the European Centre for Medium-Range Weather Forecasts (ECMWF) model (Stellingwerf, 2019).
Among the various meteorological variables, temperature and rainfall forecasts are provided. Other
meteorological variables such as relative humidity, pressure, wind speed as well as other precipitation
forecast types such as hail are omitted. The ECMWF Ensemble Prediction System consists of 51
ensemble members with a resolution of 9� 9 km. The model runs each day at 12 UTC and gives
an output every 6 hours for 240 hours. A forecast day being de�ned as 00UTC-00UTC, the �rst
and last hours are discarded resulting in a full 9 days forecast. These forecasts are visualised using
symbols that can be easily interpreted by farmers (Figure 2.4).
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Figure 2.3: (a) The distance from the nearest neighbour station (b) The frequency of distance
between the stations. Also known as a distogram
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Figure 2.4: Weather Forecast in AgriCoach App2

The ECMWF de�nes the total forecasted precipitation as the sum of the large-scale and convec-
tive precipitation. 3. To provide forecasts closer to the current observations, ECMWF model uses
the short-range forecast and previous observations to make a better estimate of the initial condition
of the atmosphere.4. Observations assimilated in the model are classi�ed as direct/ground-based
observations or indirect/satellite-based observations (ECMWF, n.d.). In 2007, 98% of the available
observations were from satellites (Persson & Grazzini, 2007). This fraction probably increases when
it comes to Africa where there has been a decrease in direct measurements such as from aircrafts
or ground stations as discussed in Chapter 1.

The ECMWF model output is classi�ed based on the percentage of the ensemble members
exceeding a speci�c threshold. WeatherImpact uses 2 mm as the dry-wet threshold. As a result of
this classi�cation, �ve probability classes are obtained: no rain (� 15%), low (15-40%), medium(40-
65%), high (65-95%) and very high (� 95%). The current approach is to retain the class with the
highest probability among the �ve and use it for the forecast delivery. Later on, symbols are
associated to these categories to help the farmer better understand the information.
For this study, the period of the forecast ranging from January 1st, 2019 to January 31st, 2020 was
chosen to match the measurement period of the gauges. Figure 1.2 shows the landscape of the area
of interest and the location of the rain gauges whereas Figure 2.5 shows the forecast grids location
with respect to the location of the rain gauges.

3ECMWFDetails
4https://www.ecmwf.int/en/about/media-centre/news/2020/fact-sheet-earth-system-data-assimilation
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