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ABSTRACT
Billions of historical weather observations dating back centuries remain in the original paper form, vulnerable to permanent 
loss due to deterioration and unusable by modern science. Africa, in particular, faces significant challenges in climate impact 
research due to the scarcity of consistent, high-quality historical observational data. The Climate Data Rescue-Africa (CliDaR-
Africa) project engages second-year undergraduates at Maynooth University, Ireland, in participatory, classroom-based digiti-
zation of unique African meteorological records. This paper presents detailed outcomes from the CliDaR-Africa projects during 
2023 and 2024 which successfully digitised over 300,000 unique sub-daily and daily meteorological observations from stations in 
Madagascar and the Central African Republic spanning 1949 to 1966. Initial analysis of the rescued Madagascar records reveals 
several notable extreme weather events, underscoring the country's high vulnerability to hazards such as hot spells, droughts, 
heavy rainfall, and particularly tropical cyclones. Among these is a sequence of tropical cyclones which received limited interna-
tional coverage either at the time or in the intervening years. By bringing these overlooked extremes to light, the data potentially 
alters our understanding of extremes and their unusualness in the modern era. Complementary documentary evidence corrob-
orates the meteorological findings and provides rare, detailed insights into the socio-economic consequences, illustrating how 
these extremes impacted on the communities and economies of Madagascar at the time.

1   |   Introduction

Most existing digitised climate data primarily consist of records 
from the mid-20th century onward (Chimani et al. 2022; Noone 
et  al.  2021; Brönnimann et  al.  2018; WMO  2016; Brunet and 
Jones 2011; Allan et al. 2011). Prior to this period, many of the 
digitally available station records are of poor quality, incomplete 
or have a limited range of observed variables (Noone et al. 2021; 
Cram et al. 2015; Rennie et al. 2014; Schneider et al. 2013). Yet, 
billions of weather observations dating back centuries remain in 
paper form, vulnerable to decay and potential loss (Brönnimann 
et  al.  2019). The recovery, digitization, quality assurance and 

effective use of long historical, high-quality meteorological re-
cords are essential for contextualising recent climate variabil-
ity, identifying emerging trends, and ground-truthing future 
climate models (Luterbacher et al. 2024; Brunet et al. 2013). Sir 
Winston Churchill once said ‘The farther backward you can 
look, the farther forward you are likely to see’ (Churchill n.d.).

Increasing the amount of historical climate data, especially in 
data sparse regions, will also allow studies to identify and anal-
yse past extreme weather events such as storms, droughts and 
heatwaves (Craig and Hawkins  2024; Luterbacher et  al.  2024; 
Hawkins, Brohan, et  al.  2023; Murphy et  al.  2023; Dooley 
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et al. 2023; Noone et al. 2017). Such analyses provide invaluable 
insights into the frequency, intensity, and patterns of past cli-
matic anomalies, providing a better understanding of long-term 
climate variability.

Due to an absence of sufficient historical data, the 
Intergovernmental Panel on Climate Change (IPCC) AR6 
Working Group I (AR6 WGI) was unable to comprehensively 
assess climate extremes in several regions, hindering the valida-
tion of future climate extreme projections and limiting effective 
adaptation planning (Trisos et al. 2022; Seneviratne et al. 2021). 
Africa is one of these regions, where climate impact research 
is limited and more reliable historical climate data is urgently 
needed (Kaspar et al. 2022; Dinku 2019).

Historical data is also important for the production of reanal-
ysis datasets. Availability of more data can help produce more 
reliable representations of past weather (Copernicus Climate 
Change Service  2024; Hawkins, Brohan, et  al.  2023; Slivinski 
et  al.  2019). Brönnimann  (2022) demonstrated that incorpo-
rating more ship historical observations into the ‘Twentieth 
Century Reanalysis’ Version 3 improved reanalysis output qual-
ity across parts of Sub Saharan African (Slivinski et al. 2019). 
The European Centre for Medium Range Weather Forecasts 
(ECMWF) is also continuing to promote the acquisition and use 
of historical observations in their reanalysis datasets, especially 
data sparse regions such as Africa (Hersbach 2023).

Despite extensive global climate data rescue efforts conducted by 
diverse contributors requiring significant financial and human 
resources (e.g., Engström et al. 2023; Hawkins, Burt, et al. 2023; 
Lakkis et  al.  2023; Hawkins et  al.  2019; Ashcroft et  al.  2018; 
Ryan et al. 2018; Noone et al. 2015; Kaspar et al. 2015; Wilkinson 
et al. 2011), a very substantial amount of historical climate data 
still remains in archives and needs to be digitised.

A key potential source over Africa, but by no means the only 
source, is a collection of data that were imaged to microfiche 
and microfilm in the late 1980s/early 1990s at African Center 
of Meteorological Applications for Development (ACMAD) in 
association with the Belgian meteorological service (RMI) and 
the World Meteorological Organization (WMO). The majority 
of sub-Saharan countries took part in this initiative providing 
many or all of their historical records for imaging. For a long 
time these data were feared lost, rendered unusable by their 
storage on what turned out to be unstable media. In recent 
years a copy, kept in a glass fronted airtight cabinet was found 
at RMI and the films and fiche were imaged under contract to 
the Copernicus Climate Change Service resulting in some 4–5 
million recovered images of original records. These images now 
reside in electronic format failsafe saved at several locations.

In 2022, the EU funded ‘Copernicus C3S2-311 Lot 1 Collection 
and Processing of In  Situ Observations’ contract (Noone 
et  al.  2021) led by the ICARUS Climate Research Centre at 
Maynooth University (MU) in Ireland began to address the chal-
lenge of converting the saved images to digital data records. The 
C3S2-311 team along with the MU Geography department de-
signed the Climate Data Rescue Africa Project (CliDaR-Africa). 
The project engaged second-year undergraduate students to 
digitise historical meteorological data from scanned images in 

the ACMAD data collection (Noone et al. 2024). Due to its suc-
cess, the CliDaR-Africa project was rolled out again with MU 
students in 2023 and 2024.

This paper will present the data digitization efforts completed 
by students at MU in the CliDaR-Africa projects during 2023 
and 2024. To illustrate the utility and significance of this data, 
this paper presents the findings of an initial analysis highlight-
ing several notable extreme weather events identified in the re-
cently digitised meteorological records from Madagascar. Open 
access online documentary evidence is then used to validate 
some of the findings and offer valuable insights into their socio-
economic impacts.

The remainder of this paper is organised as follows: Section 2 
introduces the main study area and outlines the data selected 
for digitization. Section 3 details the methods employed for data 
digitization, quality control, and subsequent analysis. Section 4 
presents the results of the analysis. Section 5 discusses potential 
future work and data availability, while Section 6 concludes the 
paper with final remarks.

2   |   Main Study Area

Madagascar is a former French colony with a climate that is var-
ied, with specific different microclimates due to its geographical 
position in the South-Western Indian Ocean and varying topog-
raphy. However, Madagascar's climate is predominantly tropi-
cal, characterised by a hot and rainy season from November to 
April and a cooler, drier season from May to October. Regional 
variations include a humid eastern coast, drier central high-
lands, and arid southern areas (Goodman et al. 2003; Tadross 
et al. 2008). The country is highly vulnerable to climate change, 
experiencing increasing temperatures, unpredictable rainfall, 
drought and more frequent extreme weather events (Hannah 
et al. 2008). Future shifts in climate are expected to exacerbate 
environmental challenges and affect agricultural productivity, 
biodiversity and food security (Harvey et al. 2014). Madagascar 
is abundant in natural resources and biodiversity but struggles 
with high poverty, food insecurity, rapid population growth and 
resource exploitation (Weiskopf et al. 2021).

Madagascar is located in one of the most active regions in the 
world for tropical cyclones. Cyclones that make landfall can 
result in significant socio-economic impacts, including major 
damage to infrastructure and loss of life (Khan et al. 2025; Serele 
et al. 2023; Nash et al. 2015). Between 2002 and 2023 75 cyclones 
passed close to or made direct landfall on Madagascar (Khan 
et al. 2025). The strength of these cyclones over this period var-
ied from Saffir-Simpson scale Category 1 that has wind speeds 
of 119–153 km/h up to Category 5 with wind speeds of 252 km/h 
or higher (Khan et al. 2025; National Hurricane Center 2019). 
Some of these cyclones were particularly noteworthy, caus-
ing severe damage and loss of life across Madagascar (Serele 
et al. 2023). Cyclone Batsirai in 2022, was a Category 4 cyclone 
with a maximum sustained wind-speed of 230 km/h, and a low-
est central pressure of 932.0 hPa (Khan et al. 2025). Category 5 
Freddy in 2023 is the most long-lived tropical cyclone ever re-
corded, lasting over 35 days with sustained wind speeds over 255 
km/h. Notably Freddy had a rainband diameter of 700–1000 km 
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and made landfall multiple times, causing over 1400 deaths and 
damage costing in excess of $655 million (Trewin et al. 2024; Liu 
et al. 2023).

Moreover, the people who live in the southern semi-arid and arid 
areas of Madagascar, known as the ‘Deep South’ have experi-
enced so many frequent natural disasters that they have named 
the after-effects from such events; ‘Kere’ (Ralaingita et al. 2022). 
‘Kere’ is a repeated devastating famine that studies suggest is 
caused by not only extreme weather events such as drought, 
but by many interacting factors, including deforestation, pests, 
disease, poverty and other social issues (Ralaingita et al. 2022). 
This regular cycle of events results in thousands of deaths an-
nually and perpetuates ongoing poverty in the two main south-
ern regions of Androy and Atsimo-Andrefana which cover an 
area of roughly 50,000 km2. In recent decades, the people of 
Madagascar's “Deep South” have experienced a ‘Kere’ event 
every single year without exception (Ralaingita et al. 2022).

2.1   |   Data

For the 2023 and 2024 follow-on CliDaR-Africa projects, unique 
good quality data images from the ACMAD collection were 
selected for digitization from five stations in Madagascar and 
two stations in the Central African Republic (CAR). Table 1 and 
Figure 1 provide detailed information about each station.

The C3S2-311 team identified Madagascar and CAR images in 
the ACMAD collection as having unique undigitized data by 
comparing the data inventories with existing digitised data cur-
rently held in existing global sources (Noone et al. 2024). Most of 
the existing available digitised data for Madagascar only begins 

in 1970's with the majority of data prior to this period containing 
many temporal inconsistencies with only a limited number of 
variables, specifically just daily observations of temperature and 
precipitation (Randriamarolaza et al. 2022). The CAR only has 
13 stations with existing sub-daily data and this data also has 
inconsistent temporal and variable coverage.

3   |   Methods

3.1   |   Data Digitising and Initial Quality Checks

The C3S2-311 team collaborated with the MU Geography teach-
ing team to update the teaching materials and prepare the data 
images for distribution to the students in the CliDaR-Africa proj-
ects during 2023 and 2024. There were 184 MU students enrolled 
in the 2023 class and 180 in the 2024 class. Both Madagascar 
and CAR are former French territories and were using the same 
logbooks provided from France to record their observations at 
that time. The data images consisted of three separate sheets for 
each month of observations, with station name, month and year 
on each sheet. The observations were recorded at some combi-
nation of three times a day and at once a day intervals depending 
upon observed parameter (see example in Figure  2). The first 
sheet contains precipitation and evaporation observations, the 
second sheet contain temperature, cloud and humidity observa-
tions and the third sheet has pressure and wind observations.

The C3S2-311 team developed Excel template sheets for the 
first project in 2022, designed to specifically match the lay-
out of cells in each of the three data image form types (see 
Figure 3). Form Type 1 Excel template, shown on the left of 

TABLE 1    |    Details of all stations selected for digitising in follow on 
CliDaR-Africa project in 2023 and 2024.

Station name Country

Latitude, 
longitude, 
elevation

Data 
years for 
digitising

Ambodifotatra Madagascar −16.99, 
49.85, 10 m

1955–1960

Nosy Varika Madagascar −20.58, 
48.53, 10 m

1951–1964

Andapa Madagascar −14.39, 
49.37, 470 m

1955–1956,
1959–1960

Morombe Madagascar −21.75, 
43,367, 4 m

1950–1952

Moramanga Madagascar −18.95, 
48,22, 980 m

1963–1966

Bambari Central 
African 
Republic

5.85, 20.65, 
475 m

1953–1956

Birao Central 
African 
Republic

10.28, 22.78, 
464 m

1951–1954

Note: Andapa data was selected to fill in some gaps originating from the 2022 
project.

FIGURE 1    |    The location of stations in Madagascar and Central 
African Republic chosen for digitization in the current CliDaR ac-
tivities described herein. The three stations denoted by red squares, 
Ambodifotatra, Nosy Varika and Andapa are focused upon for further 
analysis and discussion. [Colour figure can be viewed at wileyonlineli-
brary.com]
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Figure  3, was created for data image sheets containing pre-
cipitation and evaporation observations. These consist of 
accumulations recorded twice daily at 7 AM and 5 PM along 
with daily totals. Form Type 2, corresponding to the middle 
data image sheet, contains temperature, cloud, and humidity 
observations. Instantaneous values are recorded three times 
daily at 7 AM, 12 noon and 5 PM, with daily maximum and 
minimum temperatures recorded once per day. Form Type 3, 
shown on the right in Figure 3, contains pressure and wind 

observations, recorded as instantaneous values three times 
daily at 7 AM, 12 noon and 5 PM. As with the first CliDaR-
Africa project (Noone et  al.  2024), the students were tasked 
with entering the data exactly as it appeared in the images 
into the corresponding cells in the templates. Each data sheet 
column included a total of the entered values at the end, which 
served as an initial quality check. Students verified the totals 
using pre-set formulas; if a discrepancy arose, they reviewed 
the entered data for that column. All non-fixable discrepancies 

FIGURE 2    |    Example of the three form types for 1 month of data during January 1964 at Moramanga, Madagascar. The first sheet on the left con-
tains precipitation and evaporation observations (accumulations recorded twice daily at 5 PM and 7 AM, with daily totals), the middle sheet contains 
temperature, cloud and humidity observations (recorded instantaneous values three times daily at 7 AM, 12 noon and 5 PM with daily maximum 
and minimum temperature recorded once daily) and the sheet on the right contains pressure and wind observations (recorded instantaneous values 
three times daily at 7 AM, 12 noon and 5 PM).

FIGURE 3    |    An example of the completed excel template form that students used to enter the values from the data image sheet. [Colour figure can 
be viewed at wileyonlinelibrary.com]
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were documented in a separate notes file, including details of 
the image and a description of the issue for further review by 
the C3S2-311 team. Each student was only tasked with digi-
tising 2 months of data which equated to six image sheets of 
observations in total. This allocation ensured that students 
were not overwhelmed with keying in too many observations.

In the 2023 CliDaR-Africa project, it was decided to have the 
students key the data sheets only once to increase throughput. 
However, upon receiving the completed forms, the C3S2-311 
team found that it took much longer to check, verify, and cor-
rect errors because each sheet had to be carefully manually 
checked. Consequently, the team reverted to double keying for 
the 2024 project. In this approach, half of the students keyed 
one set of images, while the other half keyed a matching set. 
This redundancy enabled the C3S2-311 team to use Python pro-
gramming language (Python Software Foundation 2023) scripts 
that compared the two sets of keyed data files and flagged any 
value mismatches. Five stations rescued in 2025; Morombe, 
Moramanga, Bambari, Birao and Nosy Varik were checked for 
discrepancies using the mismatch Python code. The C3S2-311 
team then cross-checked these flagged values against the orig-
inal images to resolve potential errors. The mismatched output 
text files provided the C3S2-311 team with the filename, the row 
and column where the mismatch occurs, the variable name and 
the values entered in both sheets. While we cannot guarantee 
two students did not incorrectly key a value the blind nature of 
sheet assignment means collusion to deliberately key false val-
ues is highly unlikely. In addition, since students are distributed 
across seven–eight different classes, every effort was made to 
avoid assigning the same set of data image sheets within a single 
class. Although not foolproof, this precaution helps prevent two 
students working on the same data from sharing their results, 
thereby maintaining the effectiveness of double-keying for error 
prevention.

3.2   |   Conversion of Original Measurements Units

The final verified digitised data files were converted to a pipe 
separated common data format designed by the C3S2-311 
team for future processing. The common data format consists 
of 19 columns of identifier information, location information, 
temporal information, quality information and observation 
value information. The datetimes for observations in all sta-
tions were also converted from local time to Coordinated 
Universal Time (UTC). Some of the original observations re-
quired conversion to the WMO recommended International 
System of Units (SI).

Wind speed was originally recorded in three different units; 
Beaufort scale, kilometres per hour, meters per second and these 
varied throughout the record. The SI unit for wind is metres per 
second (m/s). The equation used to convert the Beaufort-scale 
wind speed observations to m/s is as follows: W = 0.836 × B1.5, 
where W is wind speed in m/s and B is value (integer from 0 to 
12) on the Beaufort scale. This equation calculates the appro-
priate median values for that Beaufort-number and is approxi-
mated to the nearest integer. The equation used to convert the 
kilometres per hour wind observations to metres per second is as 
follows: 1 (km/h) = 1000/3600 (m/s). Given the inconsistencies 

in wind speed measurement units throughout the historical re-
cord and the subjectivity of the Beaufort scale, caution is advised 
when interpreting the wind speed data. Wind direction was con-
verted from Cardinal directions to degrees of the compass with 
‘Calm’ entries in the ‘Observed value’ field left empty and ‘Calm’ 
text string entered in the measurement code field for reference. 
Caution in comparing these cardinal converted directions to 
modern wind direction measurements typically at c.1 degree 
resolution is advised.

The air pressure data was original recorded in millibars (mb) 
but required either adding 900 or 1000 mb depending on the sta-
tion notes. All precipitation and temperature observations were 
originally recorded in SI units of millimetres (mm) and degrees 
Celsius (°C).

3.3   |   Postprocessing of Data to Enable Analysis 
of Madagascar Stations

We analyse and present the results in later sections for three 
Madagascar stations with the longest records; Ambodifotatra 
(1955–1960), Andapa (1949–1960), and Nosy Varika (1951–
1964). The complete data set for Andapa (1949–1960) was ana-
lysed combining the digitised records from this project and all 
previous projects. Moramanga and Morombe and the two CAR 
stations are omitted from the analysis, due to limited years of 
digitised records at this time.

To identify particularly hot periods, this paper calculates the 
monthly maximum temperatures for the selected stations in 
Madagascar derived from daily maximum temperature obser-
vations. The calculations apply the 3/5 rule, whereby any month 
containing more than three consecutive missing daily tempera-
ture records or more than 5 missing days in total is excluded 
from the computation. This quality control approach ensures 
the reliability and accuracy of the monthly temperature aver-
ages by minimising the impact of incomplete data (Anderson 
and Gough  2018). The analysis then highlights periods at the 
stations in Madagascar where monthly mean maximum tem-
peratures exceeded the 90th percentile threshold for three or 
more consecutive months, indicating a particularly hot period.

The monthly accumulated precipitation is calculated from the 
daily values to identify extreme periods. The analysis excludes 
months where over 10% of daily precipitation records are miss-
ing, ensuring data reliability. The monthly precipitation records 
at Ambodifotatra, Andapa and Nosy Varika are then analysed 
using the Standardised Precipitation Index (SPI). SPI is a widely 
adopted and versatile drought index used to quantify precip-
itation anomalies over different timescales, such as monthly, 
seasonal or annual periods (Van Loon  2015; Lloyd-Hughes 
and Saunders  2002; Redmond  2002; Guttman  1999; McKee 
et al. 1993). By comparing the observed precipitation to averages 
over the period of record, the SPI provides a standardised mea-
sure of how wet or dry a particular period is relative to the clima-
tological average (McKee et al. 1993). Positive SPI values indicate 
wetter than average conditions, while negative SPI values signify 
drier than average conditions (Jenkins and Warren 2015). The 
severity of these deviations is classified into categories ranging 
from mild to extreme, enabling detailed assessments of drought 
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and wetness intensity (Hayes et al. 2011; Guttman 1999). SPI val-
ues between 0.99 and −0.99 are generally considered to be near 
normal, SPI values between ±1.00 to ±1.49 is classed as moder-
ate, ±1.50 to ±1.99 is a severe period and ±2.00 is an extreme 
period (WMO 2012). For this analysis, the SPI-3 (3-month accu-
mulation periods) were calculated, which is commonly used to 
monitor seasonal crop moisture needs, assess short term water 
availability and is useful for identifying the onset of drought or 
wet conditions, making it a valuable tool for short-term planning 
and response (WMO 2012; McKee et al. 1993).

The station level pressure at Ambodifotatra, Andapa and Nosy 
Varika was also analysed to identify potential tropical cyclones 
over the period of record. The station level pressure data in-
cluded observations taken daily at 7 AM, 12 PM and 5 PM local 
time, over the period 1949–1964. Typically, tropical cyclones are 
characterised by a sudden drop in pressure with significant low-
pressure anomalies below an approximate sea level pressure 
of 1000 hPa (Emanuel 2005; Gray 1968; Petterssen 1956). The 
station level pressure threshold value of 1000 hPa was adjusted 
at each station based on the standard atmospheric lapse rate, 
accounting for the station elevation above sea level (asl) as de-
scribed in Holton (2004). For low elevation stations, the pressure 
difference between sea level and a station at height can be ap-
proximated using a simple linear form of the hydrostatic equa-
tion, where,

•	 ΔP\Delta PΔP = pressure offset (in hPa),

•	 hhh = station elevation above sea level (in meters),

•	 ρ\rhoρ = air density (≈0.225 kg/m3 at sea level),

•	 ggg = gravitational acceleration (9.81 m/s2),

•	 Division by 100 converts Pa to hPa (1 hPa = 100 Pa).

This linear approximation assumes standard atmospheric con-
ditions, including a constant air density and temperature near 
sea level (Holton  2004). For example the Nosy Varika and 
Ambodifotatra stations, are both approximately 10 meters asl, 
the offset is estimated as: ΔP = 0.12 × 10 = 1.2 hPa. Therefore, the 
adjusted station level pressure threshold was calculated as fol-
lows: P threshold, station = 1000 − 1.2 hPa = 998.8 hPa. Likewise 
the Andapa station is at 470 m asl and therefore the threshold for 
identifying potential cyclone is adjusted to 943.6 hPa using the 
formula: ΔP = 0.12 × 470 = 56.4 hPa.

3.4   |   Documentary Sources

Documentary evidence is explored to validate the occurrence 
of, and assess the socio-economic impacts resulting from spe-
cific extreme events identified in the Madagascar data. Open 
access digital and searchable historical print media were ac-
cessed through the Irish Newspaper Archive (Irish Newspaper 
Archives,  n.d.), and the Trove Australian newspaper archives 
(National Library of Australia, n.d.). Many of these newspapers 
began publishing in the early to mid-18th century, and some 
continue to operate to present day and have regularly reported 
global events. To identify news articles, yearly and monthly 
filters derived from specific data analysis results were used 
and combined key words such as ‘Madagascar’, ‘floods’, and 

‘cyclone’ to reveal some interesting and informative articles. 
We also extract, translate and present information from two old 
French journal articles, that provide some interesting details 
and accounts of the impacts from the identified extreme events 
(Aldegheri 1959; Saboureau 1959).

3.5   |   Comparison Between Newly Digitised Data at 
Nosy Varika and ERA5 Hourly Data on Single Levels 
From 1940 to Present

To highlight the value of this newly digitised data we accessed 
the ERA-5 reanalysis data (Copernicus Climate Change Service, 
Climate Data Store 2023) to see how the rescued observations 
have the potential to improve dynamical reconstructions of im-
pactful extreme events in this region. Using the coordinates of 
stations Nosy Varika and Ambodifotatra we were able to down-
load the ERA-5 reanalysis hourly mean ensemble station pres-
sure data for a particular month of interest from https://​cds.​
clima​te.​coper​nicus.​eu/​datas​ets/​reana​lysis​-​era5-​singl​e-​levels?​
tab=​download. We chose times of day for the ERA-5 data at 
7.00 AM, 12 noon and 6.00 PM that matched the data observa-
tions times recorded at Nosy Varika and Ambodifotatra. First, 
the two datasets were plotted and the differences between corre-
sponding values were calculated and also plotted. The mean bias 
was then computed to evaluate the average tendency of the re-
analysis to over- or under-estimate the observed pressures. The 
root mean square error (RMSE) was calculated to quantify the 
magnitude of the errors, and the Pearson correlation coefficient 
was determined to assess the strength and consistency of the 
relationship between the observations and the reanalysis data.

4   |   Results

4.1   |   Initial Quality Control Results

The results of the mismatched value check on the data digitised 
in the 2024 project showed that most errors occurred due to is-
sues with students keying the incorrect or inconsistent decimal 
places for the values, as shown in Figure 4. These were relatively 
simple to fix because it was usually a consistent error within 1 
month of data. Other issues occurred, where a student had mis-
read the value and clearly entered the wrong variable values 
into a column, this issue was also easily fixed by the checker. 
Figure 5 presents some actual misread incorrect keyed values 
for cloud observations (denoted as cld) and dry bulb temperature 
(denoted as dbt). Another identified error was the wrong year or 
month being entered on the template sheets, although not prev-
alent, this error did take a bit more time to investigate and fix.

Table 2 presents the keying error statistics for all five stations 
that were double keyed in the 2024 project. The results for 
Form Type 1 (precipitation and evaporation observations) in-
dicate that Moramanga and Birao had the highest error rates, 
with more than 20% of observations affected at these stations. 
Stations Morombe, Bambari, and Nosy Varika exhibited fewer 
than 8% keying errors. There appears to be no obvious reason 
for the disparity in error rates across stations, as all data image 
sheets are uniformly formatted, of good quality, and all values 
are clearly visible.
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The results for Form Type 2 (temperature, cloud and humid-
ity observations) show that Bambari had the highest error rate 
at 17.4%, followed by Birao at 15.4% and Morombe at 12.6%. 
The results at the remaining two stations were much lower; 
Moramanga recorded an error rate of 9.8%, while Nosy Varika 
had 5.7%.

The results for Form Type 3 (pressure and wind observations) 
revealed that Morombe had the highest error rate at 23.1%. As 
before, some forms contained incorrect dates, but the main issue 
was mismatched wind direction letter case (e.g., Value1: wsw, vs. 

Value2: WSW), which was easily corrected. Moramanga, Birao 
and Bambari recorded error rates of 10.9%, 11.8% and 10.7%, re-
spectively, while Nosy Varika had an error rate below 5%.

The results indicate that Nosy Varika, the longest station, had 
the fewest keying errors, with error rates showing below 6% 
across all form types. Upon reviewing the data image sheets, 
the C3S2-311 team noted that, unlike the other stations, Nosy 
Varika's sheets featured clear and consistently formatted values 
without commas. This likely made it easier for students to read 
and enter the correct values with the proper decimal placement.

FIGURE 4    |    Snapshot of a mismatched value output file showing examples of some of the decimal place keying errors made by students.

FIGURE 5    |    Snapshot of a mismatched value output file showing examples of some of the keying errors made by students where either rows or 
columns had been misassigned by one of the students yielding a mismatch.
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The C3S2-311 team observed that some returned forms con-
tained incorrect date information, which caused mismatch er-
rors in the data. The C3S2-311 team will reiterate the date entry 
requirements in future project instructions. However, most er-
rors in Form Type 1 resulted from incorrect or inconsistent use 
of decimal places. This issue affected all stations except Nosy 
Varika. For example, precipitation and evaporation values are 
recorded in tenths of millimetres with leading zeros and, in 
some cases, include commas (e.g., 002 or 621). Similarly, some 
temperature and humidity values across different stations in-
clude commas while others do not (e.g., 2650 vs. 2825). These 
varying data formats appear to have confused some students 
when entering decimal values. The C3S2-311 team will ensure 
that guidance on decimal placement is clarified in future proj-
ect instructions. Additionally, some wind observations in Form 
Type 3 were difficult to interpret. In particular, wind direction, 
recorded in cardinal directions, was often hard to read due to 
poor or smudged handwriting, contributing to keying errors. 
Many errors, however, were caused by mismatched letter case 
(e.g., Value1: wsw vs. Value2: WSW); the Python code has been 
updated to account for this issue going forward.

Through this rigorous quality control process, the team pro-
duced a fully verified set of digitised data files for each station 
based on the original images. This verification process took a 
C3S-team member 1-month to complete for the double keyed 
2024 data, whereas the single keyed 2023 data files took around 
3-months to complete the checks. Table 3 presents details of the 

number of observations that were digitised for each station by 
each variable type. Over the two follow on CliDaR-Africa proj-
ects in 2023 and 2024 the students digitised over 315,000 obser-
vations for Madagascar and 71,000 observations for CAR.

4.2   |   Initial Data Analysis Results

4.2.1   |   Hot Periods

Figure  6 presents monthly maximum temperatures (°C) for 
Ambodifotatra, Andapa and Nosy Varika in Madagascar from 
1949 to 1964 derived from daily temperature observations. 
Table 4 highlights periods at three stations in Madagascar where 
these monthly mean maximum temperatures (°C) exceeded the 
90th percentile threshold for 3 or more consecutive months at 
each station.

The results at Ambodifotatra reveal two hot periods, the first oc-
curred from January to March 1959, the second from December 
1959 to February 1960, both lasting 3 months when monthly 
mean maximum temperatures reached or exceeded the 90th 
percentile (note this is austral summer period). Andapa results 
show that two extremely hot 3-month periods occurred between 
January 1954 and March 1954 and again between January 1955 
to March 1955. Most notably the results for Nosy Varika show 
a 4-month severe hot period started in January 1961 persisting 
until April 1961.

TABLE 2    |    Presents the error statistics for stations digitised in 2024 (Morombe, Moramanga, Bambari, Birao and Nosy Varika) when double 
keying checks were conducted.

Form 
type 1 
keying 
errors

Total of 
values 
keyed

% of 
errors

Form 
type 2 
keying 
errors

Total of 
values 
keyed

% of 
errors

Form 
type 3 
keying 
errors

Total of 
values 
keyed

% of 
errors

Morombe 4954 340 6.9% 9906 1250 12.6% 7471 1729 23.1%

Moramanga 6003 1224 20.4% 8948 879 9.8% 7387 874 11.8%

Bambari 8387 494 5.9% 15,760 2744 17.4% 10,821 1161 10.7%

Birao 7203 1506 20.9% 14,265 2197 15.4% 7185 789 10.9%

Nosy Varika 15,302 799 5.2% 45,142 2581 5.7% 45,237 2114 4.7%

Note: Form 1 Type = precipitation and evaporation observations, Form Type 2 = temperature, cloud and humidity observations and Form Type 3 = pressure and wind 
observations.

TABLE 3    |    The number of observations by variable for each station that have been digitised by students over the two projects in 2023 and 2024.

Ambodifotatra Nosy Varika Andapa Morombe Moramanga Bambari Birao

Temperature 18,681 45,142 10,650 7400 6590 10,506 10,704

Precipitation 6025 15,302 4990 2465 2648 4199 3656

Pressure 6524 15,130 4320 2551 2500 2818 0

Wind 11,819 30,107 8640 4920 4887 8003 7185

Water vapour/humidity 3245 0 4990 2489 2456 9353 7180

Cloud 6214 15,093 273 2506 2358 3940 3561

Total observations 52,508 120,774 33,863 22,331 21,439 38,819 32,286
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4.2.2   |   Precipitation Extremes

Figure 7 presents the SPI-3 analysis results from the monthly ac-
cumulated precipitation. Table 5 results show that Ambodifotatra 
experienced a severe 2-month drought: November 1960 to 
December 1960, with the maximum SPI-3 intensity value reach-
ing (−1.92). A further 1-month drought occurred in October 

1959, and had a maximum SPI-3 intensity value of (−1.84). 
Andapa experienced one severe drought event during November 
1950 (SPI-3 = −1.61).

The analysis for Nosy Varika identifies several drought events 
over the 14 years of available data. The most notable 3-month 
drought event occurred from September 1956 to November 

FIGURE 6    |    Monthly maximum mean temperatures (°C) for the three stations in Madagascar from 1949 to 1964, calculated from daily values 
using the 3/5 rule. Colours range from blue indicating colder conditions to red for hotter conditions and are presented in the style of Ed Hawkins 
warming stripes (https://​showy​ourst​ripes.​info/​). Any month with more than three consecutive missing daily values or more than five missing daily 
values in total was excluded from the calculation. [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE 4    |    Identified hot periods at each station, where the monthly mean maximum temperature (°C) exceeded the 90th percentile threshold 
for 3 or more consecutive months.

Station Year–month Monthly mean maximum temperature (°C) 90th Percentile (°C)

Ambodifotatra 1959–01 29.3 29.1

Ambodifotatra 1959–02 29.1 29.1

Ambodifotatra 1959–03 29.2 29.1

Ambodifotatra 1959–12 30.0 29.1

Ambodifotatra 1960–01 29.5 29.1

Ambodifotatra 1960–02 29.7 29.1

Andapa 1954–01 30.9 30.6

Andapa 1954–02 31.1 30.6

Andapa 1954–03 31.0 30.6

Andapa 1955–01 30.8 30.6

Andapa 1955–02 31.0 30.6

Andapa 1955–03 31.1 30.6

Nosy Varika 1961–01 30.0 29.7

Nosy Varika 1961–02 31.1 29.7

Nosy Varika 1961–03 30.5 29.7

Nosy Varika 1961–04 30.4 29.7

Note: The table includes the station name, start and end dates of each hot period, and the corresponding monthly mean temperatures during these periods and 
corresponding 90th percentile temperature.
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1956 reaching a maximum SPI-3 value of (−2.50), indicative 
of exceptional drought conditions. The second most notewor-
thy 3-month drought event was experienced in December 
1960 to February 1961, reaching a maximum SPI-3 intensity 
value of (−1.75). There were two further 2-month drought 
events at Noisy Varika. The first occurred between October 
1957 and November 1957 and showed a maximum SPI-3 inten-
sity value of (−2.05), the second event was September 1963 to 
October 1963 and recorded a maximum SPI-3 intensity value 
of (−1.89). There were another four single month duration 
drought events at Nosy Varika with SP1-3 values ranging from 
(−1.56 to −1.88).

These results underscore the intensity and recurrence of se-
vere drought episodes at Nosy Varika during the period 1951–
1964. Under the Köppen–Geiger climate classification (Peel 
et al. 2007), Nosy Varika has a classic tropical rainforest climate 
(Af), characterised by warm, humid, and very wet conditions, 
with an increased risk of tropical cyclones during the summer 
months. Although September and October are Nosy Varika's 
driest months, the region usually experiences consistent pre-
cipitation throughout the year, making the identified droughts 
particularly remarkable. Moreover, many of these droughts 
appeared to have emerged during or near the monsoon sea-
son (November to April), a period when Madagascar usually 
receives most of its annual precipitation. Droughts during this 
period can have critical knock-on effects and can lead to severe 
water shortages, crop failures, livestock stress, and heightened 
food insecurity (Rigden et al. 2024).

Table  6 provides results from the SPI-3 analysis, focusing on 
periods where the SPI-3 value exceed the threshold of (+1.5). 

According to McKee et  al.  (1993) instances exceeding this 
threshold are indicative of significantly above-average precipi-
tation over a three-month period, which can have considerable 
hydrological, infrastructural and ecological implications.

The results presented in Table 6 indicate that Ambodifotatra's 
most notable extreme long duration precipitation period oc-
curred in early 1959, from March to May reaching a maximum 
SPI-3 intensity of (+2.2), indicating extreme wet conditions. A 
further one-month severe precipitation period occurred during 
March 1960 with a maximum SPI-3 intensity of (+1.7). For 
Andapa, the analysis identified three 2-month duration precip-
itation periods. The first occurred between March and April 
1950, with a maximum SPI-3 intensity of (+1.8). The most ex-
treme 2-month duration precipitation period occurring during 
March to April 1951 and recorded a maximum SPI-3 intensity 
of (+2.4). The third 2-month precipitation period occurred be-
tween March and April 1958 and had a maximum SPI-3 inten-
sity of (+2.2). The remaining precipitation periods at Andapa 
were 1-month duration periods and have SPI-3 values ranging 
from (+1.6 to +1.7).

Nosy Varika experienced several severe precipitation periods 
between 1951 and 1964. The most notable, as identified in the 
Ambodifotatra's results, occurred over a 3-month period start-
ing in March 1959, with a maximum SPI-3 intensity reaching 
(+2.9), continuing through April (SPI-3 = +2.8), and then into 
May (SPI-3 = +2.3). These results uncover an exceptionally 
intense precipitation period during March 1959. Nosy Varika 
received 1452 mm of total rainfall, a 615% increase above the 
normal monthly March precipitation of 203 mm (calculated over 
the 1991–2020 period) for Madagascar (World Bank  2025b). 

FIGURE 7    |    Plot of calculated SPI-3 values from the monthly summed precipitation (mm) with data months with over 10% missing days filtered 
out for selected stations in Madagascar from 1949 to 1964. The heatmap represents extreme drought to extreme wetness, with colours ranging from 
brown (dry conditions, negative SPI values, range from −2.5) to blue (wet conditions, positive SPI values, values range to +2.9), zero indicates normal 
conditions. [Colour figure can be viewed at wileyonlinelibrary.com]
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Remarkably, nearly double the normal March monthly precip-
itation (385 mm) fell in just 1 day on March 29, 1959 at Nosy 
Varika. Another notable extreme precipitation period occurred 
at Nosy Varika in February 1956, with a maximum SPI-3 inten-
sity value of (+2.1). Additionally, a 2-month extreme period was 
recorded at Nosy Varika during March 1957 to April 1957, and 
reached a maximum SPI-3 intensity of (+1.8). A further four 1-
month precipitation periods were identified during; March 1951, 
May 1952, February 1956 and March 1958, with SPI-3 values 
ranging from (+1.6 to +2.1).

4.2.3   |   Tropical Cyclones

The first potential cyclone event at Ambodifotatra (Figure  8, 
top-plot) occurred when the pressure dropped from 1000.5 hPa 
at 12 noon down to 995.4 hPa at 5 PM on 25 January 1956. The 
pressure the following morning at 7 AM on the 26 January fell to 
995.0 hPa. According to NOAA (n.d.), the Historical Hurricane 
Tracks tool shows that there was an unnamed tropical depres-
sion which began on the 19 January 1956 in the Indian Ocean 
just off the north-east coast of Madagascar. On the 21 January 
it developed into a category 1 cyclone with maximum wind 
speeds of 65 knots (120 km/h), making landfall directly over 
Ambodifotatra on the 25 January between 6 PM and 12 mid-
night. As it passed over Madagascar from north east to west it 

weakened to a tropical storm with reduced wind speeds of 35 
knots (65 km/h). The wind data at Ambodifotatra recorded wind 
speeds of 6.7 m/s (24 km/h) at 7 AM, 9.4 m/s (33.8 km/h) at 12 
noon, and 15.5 m/s (55.8 km/h) at 5 PM on the 25 January 1956. 
On the 26 January the Ambodifotatra records show wind speeds 
of 22.6 m/s (81.4 km/h) at 7 AM, 9.4 m/s (33.8 km/h) at 12 noon 
and then the wind speed reduces to 2.4 m/s (8.6 km/h) at 5 PM 
as the storm moves away.

The second potential tropical cyclone was identified on the 
25 March 1959. The pressure at Ambodifotatra dropped from 
1001.4 hPa at 12 noon down to 996 hPa at 5 PM on the 25 
March, rising to 1000 hPa at 7 AM. This corresponds with an 
unnamed category 1 cyclone that developed as a tropical de-
pression off the north east coast of Madagascar at 6 AM on 
the 22 March 1959 (NOAA n.d.). The cyclone moved towards 
the northern region of Madagascar and made landfall just 
north of Ambodifotatra on the 25 March at 6 PM with max-
imum wind speeds of 65 knots (120 km/h). The wind data at 
Ambodifotatra showed that wind speeds peaked at 16.9 m/s 
(60.8 km/h) at 5 PM on the 25 March 1959 dropping down to 
4.2 m/s (15.1 km/h) at 7 AM on the 27 March as the cyclone 
moved away.

TABLE 5    |    The summary of outcomes of the SPI-3 analysis, 
specifically highlighting all instances where SPI-3 values fall below 
(−1.5).

Station Year and month SPI-3 value

Ambodifotatra 1959–10 −1.84

Ambodifotatra 1960–11 −1.92

Ambodifotatra 1960–12 −1.73

Andapa 1950–11 −1.61

Nosy Varika 1954–11 −1.60

Nosy Varika 1955–10 −1.88

Nosy Varika 1956–09 −1.94

Nosy Varika 1956–10 −2.50

Nosy Varika 1956–11 −1.91

Nosy Varika 1957–10 −1.59

Nosy Varika 1957–11 −2.05

Nosy Varika 1959–10 −1.56

Nosy Varika 1960–10 −1.72

Nosy Varika 1960–12 −1.68

Nosy Varika 1961–01 −1.54

Nosy Varika 1961–02 −1.75

Nosy Varika 1963–09 −1.54

Nosy Varika 1963–10 −1.89

Note: This threshold signifies the onset of severe drought conditions, as per the 
SPI classification system (McKee et al. 1993; WMO 2012).

TABLE 6    |    The results of the SPI-3 analysis and all values that 
exceed an SPI-3 of +1.5 which indicated a severe wet period.

Station Year and month SPI-3

Ambodifotatra 1959–03 2.0

Ambodifotatra 1959–04 2.2

Ambodifotatra 1959–05 1.7

Ambodifotatra 1960–03 1.7

Andapa 1950–03 1.8

Andapa 1950–04 1.5

Andapa 1951–03 2.4

Andapa 1951–04 1.7

Andapa 1952–03 1.6

Andapa 1954–02 1.7

Andapa 1955–03 1.7

Andapa 1958–03 2.2

Andapa 1958–04 1.6

Nosy Varika 1951–03 1.8

Nosy Varika 1952–05 1.6

Nosy Varika 1956–02 2.1

Nosy Varika 1957–03 1.8

Nosy Varika 1957–04 1.7

Nosy Varika 1958–03 1.7

Nosy Varika 1959–03 2.9

Nosy Varika 1959–04 2.8

Nosy Varika 1959–05 2.3
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The results of the station level pressure analysis at Nosy Varika 
(Figure  8 middle-plot) identified three potential tropical cy-
clone events over the period 1951–1964. The first occurred on 
14 March 1957 when the pressure drops from 1003.3 hPa at 
7 AM, to 1000.9 hPa at 12 noon and then reduces to 986.0 hPa 
at 5 PM. Unfortunately, there is no documented evidence of a 

tropical cyclone or tropical storm hitting Nosy Varika or eastern 
Madagascar on the 14 March 1957. In addition, the wind speed 
data at Nosy Varika do not show any major increases around 
this date. The precipitation data did not reveal any particularly 
extreme events on the 14 March 1957, but it was a particularly 
wet period from March to April 1957. The original value was 

FIGURE 8    |    Potential tropical cyclone events at the three stations in Madagascar. Blue traces denote normal pressure values with red dots high-
lighting pressure values below the allocated threshold to identify a potential cyclone for each station based on the station altitude. Thresholds applied 
are: Ambodifotatra 10 m asl (998.8 hPa), Andapa 470 m asl (943.6 hPa), and Nosy Varika 10 m asl (998.8 hPa) (see Section 2 for further details). [Colour 
figure can be viewed at wileyonlinelibrary.com]
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checked and deemed to be entered correctly as per the origi-
nal data sheet, so this may have been a temporary instrument 
measurement issue or potential observer keying error. If future 
quality checks deem these values to be suspicious they will be 
flagged.

The second potential cyclone is identified on the 28 into the 29 
March 1959 and shows a drop in pressure from 1000.6 hPa at 
5 PM local time on 28 March down to 973.0 hPa by 7.00 AM on 
the 29 March. The Nosy Varika wind data also shows that wind 
speeds peaked at 9.4 m/s (33.8 km/h) at 7 AM and 12 noon on the 
28 March and again at 7 AM on the 29 March. These results cor-
respond with the results presented for Ambodifotatra and relate 
to the same cyclone identified around this date. The Historical 
Hurricane Tracks tool shows that on the 26 into 27 March the 
now tropical depression moved inland and south-westward, but 
swung left towards the east coast again, impacting Nosy Varika 
on the 28 March (NOAA n.d.). Section 4.3 will provide more in-
depth details on this particular extreme cyclonic event.

The third potential cyclone identified at Nosy Varika occurred 
on 17 January 1963. The results show that pressure dropped 
from 1004.8 hPa at 5 PM on the 16 January to 981.0 hPa at 12 
noon on the 17 January. The results also show that although 
pressure increased slightly to 1001.0 hPa at 7 AM on the 18 
January it dropped again to 996.0 hPa at 12 noon and 5 PM 
on the same day. The Nosy Varika wind data shows that wind 
speeds of 6.7 m/s (24.1 km/h) were recorded throughout the 17 
and 18 January and peaked at 22.6 m/s (81.4 km/h) at 5 PM on 
the 18 January. This relates to cyclone Delia that developed on 
the 9 January 1963 several hundreds of kilometres off the east 
coast of Madagascar (NOAA n.d.). Fortunately, this powerful 
cyclone, with maximum wind speeds of 75 knots (140 km/h), 
did not make landfall on Madagascar (NOAA n.d.). However, 
Delia moved close to the mid-eastern coastline of Madagascar 
on 17 and 18 January 1963 causing some impacts on the coastal 
settlements including Nosy Varika. The precipitation data at 
Nosy Varika show that 19.5 mm fell on the 15 January, another 
58.7 mm was observed on the 16 January and a further 19.5 mm 
recorded on the 17 January 1963.

The results at Andapa (Figure  8, bottom-plot) show that the 
threshold of 943.6 hPa for identifying potential tropical cyclones 
was not breached. However, the results do show some low 
pressure values close to the threshold. These occurred on the 
5 February 1950 (944.8 hPa), 13 January 1951 (945.0 hPa), 25 
March 1959 (946.0 hPa), 17 March 1959 (946.3 hPa), 13 January 
1954 (946.8 hPa) and the 26 March 1959 (946.9 hPa). The results 
for March 1959 at Andapa are consistent with the cyclone iden-
tified at Ambodifotatra and Nosy Varika around these dates. 
Unfortunately, the March 1959 precipitation records for Andapa 
are missing from the series.

4.3   |   Documentary Evidence of Extreme Weather 
Events Across Madagascar During March 1959

The initial data analysis revealed several noteworthy extreme 
events. Here we focus on the March 1959 unnamed cyclones that 
particularly impacted Nosy Varika and Ambodifotatra both lo-
cated on the east coast of Madagascar.

An online search revealed that only two articles reported on 
the March 1959 cyclones. Both articles are in French but the 
translated text states that two intense cyclones impacted the 
east coast and high plateaus of Madagascar during March 1959 
(Aldegheri  1959; Saboureau  1959). The first cyclone formed 
as a low-pressure system on 14 March 1959, as the depression 
headed towards southern Madagascar it strengthened and in-
tensified. By 16 March heavy rain was falling along the north-
eastern coast from the Masoala Peninsula to Mananjary moving 
westward at c.18 km/h. The system deepened and became a 
category 1 cyclone and making landfall on 17 March around 
1.00 PM UTC. The eastern region experienced sustained wind 
speeds over 100  km/h with torrential rainfall (Aldegheri 1959; 
Saboureau 1959).

In Tamatave, which was located more than 300 km away from 
the centre of the cyclone ‘During the night of March 16 to 17, 
their intensity is such that a port crane, weighing more than 
100 tons, is pushed over 100 meters, while the SS Caplane, at 
anchor, drags on its anchor and nearly gets thrown ashore’ 
(Aldegheri 1959). The article also noted that at the weather sta-
tion of Île Sainte-Marie; ‘The precipitation is heavy: 49.9 mm 
on the 16th; 128.4 mm on the 17th; 229 mm on March 18th’ 
(Aldegheri 1959). The cyclone continued to slowly move across 
northeastern plateaus of Madagascar and as it travels across 
land it weakened in strength, but still ‘causes very abundant 
precipitation over all the eastern regions’ (Aldegheri 1959). On 
the 20 March the cyclone moved out to sea and gains intensity 
once more, with heavy rain persisting along the east coast. 
By 22 March, the depression had shifted eastward, while a 
strengthening anticyclonic system settled south of the region. 
The disturbance near Mananjary, still fed by equatorial and 
trade winds, slowed and stalled about 120 miles offshore. On 23 
March, conditions had changed significantly as a new cyclone 
formed in northeast of Saint-Brandon disrupting the equatorial 
inflow, causing the cyclone over Mananjary to weaken. Luckily, 
the core of the first cyclone did not make landfall in any major 
urban areas, and with wind gusts only ranging from 95 to 100 
km/h only limited damage was reported, but extremely heavy 
rainfall was experienced along the eastern coast causing severe 
flooding. Figure 9 presents images taken from Aldegheri (1959) 
and shows the impacts in the aftermath of the 1959 cyclones in 
Madagascar.

Figure  10 shows the trajectory of the first cyclone and pro-
vides some highlights of the rainfall amounts, wind speeds 
and minimum pressure values recorded across major towns 
on Madagascar's east coast during March 1959. The most no-
table rainfall amounts were recorded at Mahanoro which re-
ceived 637.4 mm between the 16 and 21 March (Aldegheri 1959). 
Tamatave, received 602.5 mm of rainfall in just 4 days from 16 
to 19 March. Wind speeds in Tamatave were estimated to have 
peaked at 27.8 m/s (100km/h) on 16 and 17 March. Wind speeds 
in Ambodifotatra, on the island of Île Sainte-Marie, reached 28 
m/s (98.4 km/h) between 18 and 20 March and the air pressure 
dropped to 999.3 hPa.

On 22 March, a swift eastward movement of a mobile polar 
trough occurred, causing a high-pressure system to intensify 
south of Madagascar and the Mascarene Islands. While a small-
diameter cyclone remained off Madagascar's southeast coast, 
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the overall atmospheric pressure continued to rise. Easterly 
winds strengthened south of the Intertropical Convergence 
Zone (ITCZ) and at higher altitudes, a cyclonic curvature per-
sisted. However, a pilot's weather report from Mahé in the 
Seychelles noted a shift in the equatorial current, changing di-
rection from west-northwest on 21 March to west-southwest by 
06:00 UTC on the 22. The loss of north-westerly inflow, caused 
the southern cyclone to weaken. In contrast, one of the distur-
bances within the ITCZ rapidly intensified on the night of the 22 
March, developing into a moderate, then strong tropical depres-
sion (Aldegheri 1959). During the 23 March this tropical depres-
sion continued to deepen and evolved into the second cyclone 
during the night.

On 24 March, the second cyclone continued to intensify as 
it moved west-southwest at 10 knots (18.52 km/h) towards 
Tromelin Island. A rapid pressure drop was noted at 07:00 
UTC, with sustained wind speeds reaching 148 km/h by 15:00 
UTC, gusting to over 51 m/s (185 km/h), causing damage to the 
Tromelin Island weather station anemometer. At 18:00 UTC 
a minimum pressure of 949.6 hPa was recorded at Tromelin 
Island as the cyclone's centre passed just north of the island the 
winds speeds were greater than 55.6 m/s (200 km/h). No calm 
centre eye-feature was observed and the cyclone continued on 
a west-southwest track towards Madagascar. In Tamatave, se-
vere wind gusts were observed along the coast but again the an-
emometer failed to record the speed, probably due to damage 
from the wind gusts.

During the night of 25 March into the 26 the second March cy-
clone reached Madagascar's northeastern slopes over the north-
ern highlands, just south of Mandritsara. By the afternoon on 
the 26 the cyclone had moved inland weakened and slowed 
down. Overnight the cyclone shifted southward in direction, 
slowing to 5 knots (9.26 km/h), now a broad cyclone that caused 
widespread heavy rain. On the 28 March, the cyclone passed 
near Maevatanana, moved through the Antananarivo region 
before coming close to Marolambo. Overnight on 28 March into 
the 29, the cyclone re-entered the ocean near Nosy Varika, caus-
ing rapid intensification again. The article mentions that from 
the night of the 28 March until the 29 March, ‘the depression 
moves off the land at the height of Nosy-Varika and exception-
ally heavy rainfall is recorded’. Travelling at around 10 knots, 
the cyclone neared Réunion Island but on 30 March it slowed 
and appeared to stall 60–80 nautical miles southwest of the is-
land before gradually turning south-southwest. By 31 March, it 
started to move away from Réunion on a south-southwest trajec-
tory. This cyclone was among the most violent ever recorded in 
the southwest Indian Ocean.

Figure 11 not only presents details of the trajectory of the sec-
ond cyclone but also highlights rainfall amounts as well as 
wind speeds and some minimum pressure values from 23 
March to 3 April 1959. The towns of Anivorano-Est, Mahanoro 
and Mananjary, along the eastern coast near Nosy Varika, re-
ceived rainfall exceeding 600 mm between 24 and 29 March 
(Aldegheri 1959). In addition, wind speeds in Mahanara reached 

FIGURE 9    |    Images showing the impacts after the March 1959 cyclones that hit Madagascar. Top left image is the harbour quarter in the capitol 
Tananarive, the top right shows Tananarive's Lake Mandroseza, bottom left image is the rural town of Sonierana, in the Analanjirofo Region and 
bottom right shows the Anosizato zone in Tananarive. Images taken from (Aldegheri 1959).
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55 m/s (200 km/h) and a minimum pressure of 967 hPa was re-
corded. Ambodifotatra, located on the island of Île Sainte-Marie, 
saw wind speeds reach 40 m/s (144 km/h) and pressure drop to 
992.8 hPa on 25 March.

Figures  10 and 11 show that both this cyclone and the previ-
ous one had similar trajectories and made landfall in nearly the 
same area of Madagascar. This meant that within only a few 
days the eastern coastal region between Mananara-Nord and 
Mananjary, including the Highlands was exposed twice to the 
severe impacts associated with tropical cyclones.

An online search of open access English language newspaper 
archives also revealed some documentary evidence that de-
scribes the violent storms that occurred during March 1959 in 
Madagascar. A newspaper article found in the National Library 
of Australia online archives (National Library of Australia, 
n.d.) from the Canberra Times published on the 31 March 1959 
(page1) stated that ‘Winds of 210 m.p.h., tropical rains and 
river floods have made more than 100,000 people homeless 
in Madagascar’ it also noted that ‘Forty thousand people were 
evacuated on Saturday night from Tananarive’ and ‘Whole plan-
tations and villages have been swept away and damage runs into 

FIGURE 10    |    Summary of the trajectory of the first cyclone during March 1959 and providing some details of the amount of rainfall that fell across 
larger towns located on the east coast of Madagascar between 1 March and the 24 March 1959. The image also shows areas of extreme wind speeds 
denoted by \\\\ on the map and provides some minimum pressure values. Image taken from Aldegheri (1959).
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millions of francs’. The Canberra Times on the 1 April (page 1) 
stated that although the French Air Force planes had dropped 
food supplies ‘many isolated areas were reported to be down to 
their last supplies’ and also noted that the capital Tananarive 
was completed covered in flood water that was continuing to 
rise (see Figure 12).

On the 2 April 1959 (page 6), the Canberra Times initially 
reported that over 3000 people were feared dead and over 
200,000 people from Tananarive had been evacuated to 
higher ground (see Figure 12). The article goes on to say that 
a lack of communications has made it impossible to fully as-
sess the number of casualties from remote areas. The article 
also states that there ‘is a great danger of epidemics’ due to 
polluted water.

Searchable historical print media were also accessed through 
the Irish Newspapers online archive (Irish Newspaper Archives 
n.d.) which provides over 300 years of newspaper articles. 
Many of these newspapers revealed some interesting articles 
on the Madagascar March 1959 cyclone's (see Figure  12). The 
Belfast Newsletter published on 27 March 1959, (page 5) ini-
tially reported that 20 people had died after a cyclone had hit 
the north-east coast of Madagascar the night before causing ‘di-
sastrous damage’. The Belfast Newsletter published on 4 April 
1959 (page 3) and the Irish Examiner published on 4 April 1959 
(page 9) both mention how 40,000 people were made homeless 
in the city of Tananarive and reported that some other towns 

across Madagascar were so badly damaged that they will have 
to be completely rebuilt. The same articles also state that some 
regions were under six and half feet of mud with up to 40% of 
crops of rice, coffee and sugar destroyed. It was also noted that 
the French army were dropping emergency supplies to affected 
remote areas, but they were running out of parachutes (see 
Figure 12). Moreover, in the months immediately following the 
two cyclones, the region experienced additional extreme rainfall 
events (Table 5), likely compounding their impacts. There is also 
some interesting historical black and white film footage online 
from the British Pathé global newsreel archive, showing of the 
aftermath of these devastating cyclones during March 1959 in 
Madagascar (British Pathé 1959).

4.4   |   Results of Comparison Between Nosy 
Varika Pressure Observations and ECMWF ERA-5 
Pressure Data

In this section, we present the results of the comparison be-
tween the newly digitised observation at Nosy Varika and 
Ambodifotatra and ECMWF ERA-5 reanalysis data. The analy-
sis focuses on March 1959, when two cyclone events affected the 
eastern coast of Madagascar.

The first cyclone, which occurred between 18 and 20 March 
1959, remained offshore of Nosy Varika. While it produced sub-
stantial rainfall, the winds had minimal impact on Nosy Varika. 

FIGURE 11    |    Illustration of the trajectory of the second cyclone during March 1959 providing some details of the amount of rainfall that fell across 
larger towns located on the east coast of Madagascar between 24 March and the 29 March 1959. The image also shows areas of extreme wind speeds 
denoted by \\\\ on the map and provides some minimum pressure values for four main towns. Image taken from Aldegheri (1959).
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As a result, the observed surface pressures at Nosy Varika show 
no major effect from this system, and ERA-5 similarly reflects 
no significant pressure changes (Figure 13). The second cyclone 
passed directly over Nosy Varika on the 29 March 1959. The 
second cyclone producing a minimum pressure observation of 
973.0 hPa at 07:00 UTC on the 29 March at Nosy Varika. As 
shown in Figure 13, ERA-5 underestimated the intensity of this 
event, producing a minimum pressure of 980.8 hPa on the 27 
March at 12:00 UTC, and misrepresented the timing by nearly 
2 days. These results provide direct evidence of the cyclone's 
intensity and timing at Nosy Varika, aspects that are only par-
tially captured by the ERA-5 reanalysis.

The overall statistics for the comparison between Nosy Varika 
and ERA-5 data show a mean bias of +1.21 hPa indicating only a 
small systematic overestimation by ERA-5 relative to the station 
data (Figure 14). This bias is not atypical and results from the 
use of grid cell representative topographic values in ERA5. The 
results on the analysis between the datasets showed an RMSE of 
5.89 hPa which suggests moderate random errors. The correla-
tion coefficient of 0.42 shows that ERA-5 only partially repro-
duces the temporal variability observed at Nosy Varika.

The first cyclone passed over Ambodifotatra between 18 
and 20 March and produced a modest drop in pressure, with 

FIGURE 12    |    Online newspaper articles showing reports on the extreme weather events during March 1959 in Madagascar. From top left to right; 
the Canberra Times Thursday 2 April 1959 (page 6), Irish Examiner published on 4 April 1959 (page 9), The Belfast Newsletter published on 14 April 
1959 (page 8). From bottom left to right; the Canberra Times Wednesday 1 April 1959 (page 1), Belfast Newsletter published on 27 March 1959 (page 
5), and the Canberra Times Thursday 31 March 1959 (page 1).
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observations ranging from 1003.0 down to 999.8 hPa. ERA-5 
captured the general trend of this low-pressure system, though 
small differences in magnitude and timing occurred (Figure 15).

The second cyclone hit Ambodifotatra on the 25 March, pro-
ducing a station minimum of 996.0 hPa at 18:00 UTC, closely 
matched by ERA-5 at 996.2 hPa on 26 March 12:00 UTC, 

FIGURE 13    |    Timeseries plot showing Nosy Varika station pressure observations and ECMWF ERA-5 reanalysis ensemble mean station pressure 
data. [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 14    |    Difference between Nosy Varika station pressure observations and ECMWF ERA-5 reanalysis ensemble mean station pressure 
data. [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 15    |    Timeseries plot showing Ambodifotatra station pressure observations and ECMWF ERA-5 reanalysis ensemble mean station pres-
sure data. [Colour figure can be viewed at wileyonlinelibrary.com]
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indicating very good agreement in magnitude with a timing off-
set of 18 h clearly defined in Figure 15.

The difference between the Ambodifotatra observed values 
and the ERA-5 data are presented in Figure 16. The compari-
son between Ambodifotatra surface pressure observations and 
the ERA-5 reanalysis shows excellent overall agreement during 
March 1959. The mean bias of –0.37 hPa indicates only a slight 
overestimation by ERA-5, while the RMSE of 2.28 hPa reflects 
small random errors. The correlation coefficient of 0.85 demon-
strates a strong match in temporal variability.

In summary, ERA-5 reproduces general surface pressure 
patterns and minor events reasonably well at both stations. 
However, the comparison with the newly digitised surface pres-
sure observations at Nosy Varika highlights notable discrepan-
cies during the passage of the cyclone on the 29 March 1959, 
particularly in the magnitude and timing of the extreme low-
pressure event. At Ambodifotatra, minor differences and tim-
ing offsets exist between ERA-5 and the observations during 
March 1959. Nevertheless, the reanalysis captures both the 
general pressure variability and the cyclone-induced pressure 
drops with some accuracy. These results underscore the critical 
value of the newly digitised observations. By incorporating this 
digitised data into ECMWF reanalysis datasets, the represen-
tation of extreme events, local pressure minima, and temporal 
variability can be improved. Moreover. this will lead to more 
accurate reanalysis reconstructions for the region. Such good 
quality historical observations are essential for refining reanaly-
sis products, validating model performance, and enhancing our 
understanding of past extreme events.

5   |   Future Work and Data Availability and 
Concluding Remarks

5.1   |   Future Work

Since inception back in 2022, the MU CliDaR-Africa students 
have digitised over 64 years of unique data in Madagascar, 
Guinea and Central African Republic. This equates to nearly 
450,000 meteorological observations. This new data enhances 

coverage in these data-sparse regions, supporting more robust 
climate extremes assessments and future climate projections 
crucial for adaptation planning. Student feedback has been very 
positive, highlighting skill development and a sense of contrib-
uting to a meaningful real-world project (Noone et al. 2024). The 
C3S2-311 team plans to use all feedback to improve the project's 
educational impact in future iterations. The CliDaR-Africa proj-
ect will continue to run in the second year Geography skills 
module at students at MU, initially focussing on completing the 
unique data at Madagascar to produce some long continuous re-
cords from the 1940's to date.

The project has only begun to address the challenge of digitising 
the millions of images in the ACMAD collection. To further this 
effort, personal networks and academic peers are continually 
being contacted at other universities and institutes, encouraging 
them to adopt the CliDaR-Africa data rescue model and inspire 
similar student-driven projects. For example, a recent opportu-
nity to engage visiting students from the University of Kentucky 
enabled digitisation of additional records and they are now con-
sidering the potential to integrate into their formal curriculum 
(Healion et al. 2025). The C3S2-311 team has also been explor-
ing ways to adapt the CliDaR-Africa project to enable secondary 
school students across Ireland to participate in digitising key 
African meteorological records.

The initial data analysis presented in this paper highlights 
the importance and utility of this data and shows the value 
of documentary evidence to confirm the extremes contained 
therein. The results highlight the significant vulnerability of 
Madagascar to extreme weather events such as hot periods, 
droughts and heavy precipitation, and in particular tropical cy-
clones. The information presented in Section  4 highlights the 
importance of understanding the patterns and impacts of these 
weather extremes to inform mitigation and adaptation strate-
gies. The findings also present valuable insights into some of the 
socio-economic impacts of these frequent natural hazards in the 
region. Furthermore, once fully digitised and integrated with 
contemporary records the historical data for Madagascar will 
allow for a more comprehensive reconstruction of past climate. 
In turn, enabling the assessment of changes over time, and pro-
vide a basis for predicting future climate-related challenges. 

FIGURE 16    |    Difference between Ambodifotatra station pressure observations and ECMWF ERA-5 reanalysis ensemble mean station pressure 
data. [Colour figure can be viewed at wileyonlinelibrary.com]
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Moreover, the ingestion of these newly digitised data into global 
reanalysis data products will lead to more accurate outputs for 
this region.

5.2   |   Data Axvailability

The digitised data for this paper in a common data format is 
accessible from Pangaea data repository (https://​doi.​org/​10.​
1594/​PANGA​EA.​983618). All the data image sheets and com-
pleted original data template forms are stored in the C3S2-311 
servers and are available on request. The digitised data will also 
be merged or appended to any existing data and quality con-
trolled using state of the art methods (Dunn et al. 2022; Dunn 
et al. 2014; Dunn et al. 2012; Menne et al. 2012; Durre et al. 2010) 
and then integrated into the next data release of the C3S2-311 
Collection and Processing of In  Situ Observations database. 
The data will be made openly and freely available to data users 
in a common format via the Copernicus Climate Data Store 
(Copernicus Climate Change Service  2021) and the National 
Oceanic and Atmospheric Administration's (NOAA) National 
Centers for Environmental Information (NCEI) data centre in 
the US (National Centers for Environmental Information, n.d.). 
The newly digitised data will also be assimilated in ECMWF 
reanalysis data products, such as the soon to be released ERA-6 
reanalysis (ECMWF 2024).

6   |   Concluding Remarks

Projects such as the CliDaR-Africa project allow students to con-
tribute to real world research, gain new useful skills and deepen 
their understanding of climate change. Such projects also help 
students gain experience in working with complicated data and 
allow them to problem solve potential issues, while boosting 
climate literacy and engagement. Ultimately, students can take 
pride in knowing they have contributed to progressing global 
climate science and contributed to increasing the climate data 
coverage in a particularly data sparse region such as Africa.

Finally, if your university or institute is interested in participat-
ing in the CliDaR-Africa data rescue project, please reach out 
to the corresponding author. We can provide access to images, 
templates, and other materials to support your engagement.
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