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EXECUTIVE SUMMARY
As part of the implementation of the Indian Ocean
Data Rescue (INDARE) initiative, and under the
WMO auspices and the scientific leadership of
Centre of Climate Change (C3) at the Univeristy
Rovira i Virgili in Spain, a capacity building workshop
on Data Rescue (DARE), Quality Control (QC),
Homogenisation and climate change indices was
held in Arusha, Tanzania (9-14 November 2015).
Participants from NMHSs of Comoros, Kenya,
Madagascar, Maldives, Mozambique, Seychelles,
Sri Lanka and Tanzania attended the workshop.
The scientific contents and training was carried
out by three members of the C3 (Manola Brunet,
scientific organiser and trainer, and Enric Aguilar
and Alba Gilabert, as trainers).
Participants got the necessary knowledge and
software to undertake QC and homogenisation
of their climate time series and use them for
analysing climate change at the country level,
based on well-known climate indices developed
by the Expert Team on Climate Change Detection
and Indices. The workshop also allowed sharing
national experiences in DARE, and national relevant
projects and plans were presented and discussed.
It was noted that NMHSs in the region need to
work on the development of denser and longer
networks, in order to ensure that the datasets can

underpin robust analysis of climate change at
the country and regional levels. Several technical
recommendations were provided for the workshop
follow-up activities. In particular, the need to
complement the work started at the workshop by
adding new time-series at each national network,
in order to reinforce the scientific assessment on
regional changes in climate extremes over the
region agreed by the attendees. The workshop also
identified technical and funding challenges that
face the NMHSs in the region.
Financial, technical and well-trained human resources are still lacking in all the Ocean Indian
NMHSs. NMHSs are encouraged to better define
their DARE projects with well-addressed objectives and clear description of activities and planning, this would attract funding support from the
donors. It is expected that the outcome of the
workshop and in particular the follow-up activities
will lead to an international peer-reviewed climate
change assessment in the region that contribute
to the IPCC’s sixth Assessment Report.
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INTRODUCTION
Climate variability influences atmospheric and
oceanic circulations at various scales, resulting
in the departure from the mean state of the
climate and thereby affecting the occurrence and
behaviour of extreme weather and climate events.
In some cases, these events can be associated
with dramatic impacts on the livelihoods of the
population and damage to infrastructure and
property. Many of these variations are repetitive
and associated with well-known, large-scale
anomaly patterns, such as El Niño Southern
Oscillation (ENSO), warming/cooling of seasurface temperatures (SST) in the tropical oceans,
strengthening/weakening of the upper-level jets,
etc. Climate change, however, also exerts additional
influence on the behaviour of the extremes, as
some of them are likely to increase in intensity
and frequency, in particular those associated with
heat. This influence can also affect the relationship
between climate drivers and the resulting climate
anomalies and extremes, such that traditional
prediction tools need to be adjusted and calibrated
to take this influence into account.
There is nowadays a pressing need to improve
the understanding and prediction of the state of
the climate in the context of climate change, so
that decision-making in various socioeconomic
sectors can take into consideration the changing
behaviour of extreme weather and climate events.
Developing and Least Developed Countries (LDCs),
which are the most vulnerable to climate change,
are, unfortunately, the least empowered with the
knowledge and tools that would prepare them to face
the impacts of climate variability and climate change.
Developing countries and LDCs need to enhance
their resilience, including of institutional and
infrastructural components but, most importantly,
the scientific knowledge necessary to set up and
manage integrated climate change adaptation
strategies. Within this strategy, setting up a
sound climate-knowledge capacity to support
the elaboration and delivery of timely and
trustable climate products and services is a must
for National Meteorological and Hydrological
Services (NMHSs), which are at the forefront in the
generation of these products and services. One
of the most limiting factors to producing reliable
climate products over many regions of the world,
however, is the lack of suitable climate data. In
fact, while climate time series are fundamental
in producing robust assessments of historical
extreme weather and climate events and their

trends, the limit in time of existing datasets or
datasets of poor quality towing to a lack of quality
checks or homogenization, does not allow NMHSs
to make calculations with an acceptable degree
of confidence. For example, return periods of
extremes, which are critical in planning for climate
adaptation. Long-term time series of good quality
are also critical in calibrating climate models
that are used in producing forecasts at monthly,
seasonal and annual timescales. They are also
necessary for affirming the skill of these forecasts,
which needs to be communicated to the users, in
addition to the forecasts, so that decision-making
is carried out with a certain amount of confidence.
The Indian Ocean rim countries and islands are
among the most data-sparse regions in the world.
In addition to the limited availability of usable
climate data, the length and quality of currently
available data in digital form are not sufficient to
generate reliable climate products, despite the rich
heritage of historical climate records, which still
exist in paper form and remain largely unusable in
many countries.
To respond to these data challenges, WMO and
the Global Framework for Climate Services with
the kind financial support from the Government
of Norway and Canada launched the INdian
Ocean DAta REscue (INDARE) initiative at the first
International Workshop on the Recovery of Climate
Heritage in the Indian Ocean Rim Countries and
Islands, held in Maputo, Mozambique, from 21
to 24 April 2014, as a framework for regional
and international collaboration. This framework
includes the exchange of experience and sharing
of capacities and tools to accelerate data recovery
of old climate records and make use of up-to-date
knowledge in data recovery, homogenization and
generation of products and services. The INDARE
implementation plan was adopted at the INDARE
Steering Committee meeting in Geneva from 29
September to 1 October 2014.
The INDARE implementation plan includes
capacity-development activities as a primary
expected outcome of the initiative, promoting
the use of best practices and the involvement of
international experts in the field of climate data
restoration and analysis. The World Meteorological
Organization (WMO) Commission for Climatology
(CCl), the Tanzanian Meteorological Agency (TMA),
and the Centre for Climate Change (C3) at the
University Rovira i Virgili in Spain jointly organized

the Capacity Building Workshop on Quality
Control and Data Homogenization to Support
Climate Assessments and Services in the Indian
Ocean Rim Countries and Islands. Held in Arusha,
United Republic of Tanzania, 9–14 November
2015 (hereinafter “the Arusha workshop”), it
was attended by participants from the NMHSs
of Comoros, Kenya, Madagascar, Maldives,
Mozambique, Seychelles, Sri Lanka and the United
Republic of Tanzania. The scientific contents and
training were organized by three members of C3
(Manola Brunet, scientific organizer and trainer;
Enric Aguilar and Alba Gilabert, were trainers).
The workshop was funded by WMO through
the Norwegian project Global Framework for
Climate Services – Adaptation and Disaster
Risk Reduction in Africa as a follow-up event to
refine some of the work initiated in Mozambique
in 2014. Activities included training in quality
control (QC) and homogenization of climatic time
series and the calculation of climate extreme
indices, as defined by the Joint WMO-CCl/World
Climate Research Programme (WCRP)/the
Joint WMO–Intergovernmental Oceanographic
Commission (IOC) Joint Technical Commission for
Oceanography and Marine Meteorology (JCOMM)
Expert Team on Climate Change Detection and
Indices (ETCCDI).
The present report provides a summary of the
Arusha workshop activities and outcomes. The
first section provides the rationale, objectives and
preliminary results of the workshop activities. Data
Rescue (DARE) activities carried out at the national
scale under the INDARE initiative are described
in the second section, while the third section
summarizes the recommendations for follow-up
activities and the support required by countries to
undertake DARE projects.

1. RATIONALE, OBJECTIVES
AND PRELIMINARY RESULTS
Under the INDARE Initiative, and the kind
and crucial financial support provided by the
Norwegian-funded project, the WMO Secretariat,
in coordination with the INDARE Steering
Committee, TMA, in its capacity as local organizer,
and the Centre of Climate Change as the scientific
organizer, the Arusha workshop aimed to provide
training to the climatology staff of participating

NMHSs. The workshop covered the development
of scientific and technical skills in a highly
demanding data-management area that is the
restoration and generation of high-quality climate
series at the daily scale. It also covered training
in producing highly assessments of the observed
changes in the frequency and intensity of climate
extremes.
The training workshop had, therefore, as its ultimate
goal to support INDARE NMHSs in the elaboration
of robust climate assessments and products by
ensuring that the basic information – the climatic
data series – met the expected standards to
confidently support any future analysis, particularly
those dealing with changes in, and impacts of,
climate extremes. Among the most utilized climate
change indicators are ETCCDI indices that describe
how climate extremes are changing. These are being
used by several NMHSs to monitor and document
climate change in their countries.
Observed climate records are, however, affected
by a number of either non-systematic or
systematic biases that compromise their quality
and homogeneity and, therefore, their usefulness
to support the elaboration of reliable climate
assessments, products or services. Among the
non-systematic biases, a number of factors have
the potential to include individual or chains of
values that are not truly atmospheric observations
and which can alter the statistical properties of the
climate time series and return inaccurate results, if
they are not detected and corrected before using
the series in a climate assessment or product.
A large number of errors can be introduced in
time series during the chain of processes from
observation, annotation, digitization and/or
transfer into national databanks. A battery of QC
procedures can be applied to the climate time series
to detect suspicious values.
In addition, climate records can also be affected
by systematic biases that alter their homogeneity
– a property that must be also ensured before
using them – and tend to induce abrupt shifts
and artificial trends in the records that are not
representative of actual variations and trends
forced by climate variability mechanisms and
weather factors. Many causes can explain the
breaking-down of climate series homogeneity,
such as changes in observing sites (e.g. station
relocation) and their surroundings (e.g. land-use
and land-cover changes), instrumentation (e.g.
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Number of Tx/Tn/
RR series brought
to the workshop

Number of Tx/Tn/
RR preliminary
series examined
for QC

Number of Tx/Tn/
RR preliminary
homogenized
series

Number of Tx/Tn/RR
series with preliminary
extreme indices
calculated

3/3/3

3/3/3

none

none

KENYA

11/11/11

6/6/6

11/11/11

3/3/3

MADAGASCAR

26/26/26

1/1/1

7/7/7

7/7/7

5/5/5

4/4/4

no

2/2/2

MOZAMBIQUE

22/22/22

2/2/2

22/22/22

2/2/2

SEYCHELLES

1/1/9

1/1/1

no

1/1/1

SRI LANKA

20/20/20

6/6/6

11/11/11

2/2/2

TANZANIA

14/14/14

4/4/4

12/12/12

1/1/1

COMOROS

MALDIVES
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Table 1. Summary of the national climate networks brought to the Arusha workshop, providing the number of
daily maximum (Tx) and minimum (Tn) temperatures and rainfall (RR) series subjected to quality control (QC),
homogenisation and climate extreme indices calculation.

from conventional instruments to automatic
sensors) and their exposure (e.g. from courtyards
to roofs, shelter changes) or in observational
practices and schedules (e.g. changes in observing
times, calculation of means). All these biases have
the potential to compromise the homogeneity of
climate series, often inducing biases that can hide
the climatic signal, and have to be detected and
minimized prior to the use of the records in any
climatic study, product or application.

•

The Arusha workshop was intended for capacitybuilding in the application of state-of the-art QC and
homogenization techniques at different timescales
(from annual to daily), in order to develop reliable
and robust climatic time series that can be used
confidently to compute climate extreme indices
and carry out a regional assessment of changes
in climate extreme indices for the Indian Ocean rim
countries and islands.

The Arusha workshop adopted a two-pronged
approach, following the template of the ETCCDI
regional workshops, which combines international
and local experts to explore together the quality
and homogeneity of the climate time series in a
practical way. Interaction between trainers and
trainees started in advance of the workshop: the
international experts assisted the participants in a
pre-workshop course to select an optimal national
network of stations to be examined during and
after training and to reformat the data to the required
software formats. This interaction took place by
e-mail and lasted several weeks prior the workshop.

The workshop objectives, therefore, included
training in:
•

•

•

The application of QC procedures by using
the
RClimDex
platform
(http://etccdi.
pacificclimate.org/software.shtml) and its
nested extra-QC software (http://www.c3.urv.
cat/data.html);
The application of one of the-state-of-theart homogenization methods, the HOMER
software for monthly data and HOM/
SPLIDHOM for daily data developed by the
European COST Action HOME (http://www.
homogenisation.org/v_02_15/);
The computation and analysis of climate
extreme indices, such as those proposed by
ETCCDI.

In addition, the Arusha workshop had two expected
outcomes:

•

A report summarizing the preliminary results
derived from the climate time series analysed
during the training activity, along with a
summary of the DARE activities carried out at
national level by participating countries;
Carrying out and publishing a peer-reviewed
scientific assessment of the status of climate
change and climate extremes changes in the
region, co-authored by the participants and
the international experts

The training activity consisted of a number of
scientific and technical lectures and hands-on
training. The lectures set the scene for the structure
and expected outcomes from the workshop,
related WMO programmes and initiatives (e.g. the
Global Framework for Climate Services, INDARE
and I-DARE), the rationale for QC, homogeneity
testing and homogenization of climate records
or the meaning and applications of the ETCCDI
indices. More practical lectures addressed the
application and requirements of the software in
use for QC, homogenization and the calculation
of extreme indices and countries’ presentations,
where the data brought by participants and their
DARE activities were discussed.

Figure 1. Daily maximum temperature time-series of Moroni station in Comoros during the 1931-1971 period, as
provided by the RClimDex quality control (QC) graphical output.

A post-workshop follow-up activity was also
envisaged and is currently underway, with the aim
of carrying out a scientific analysis of regional
changes in climate extremes in the Indian Ocean
rim countries and islands. It will be submitted
for publication to a peer-reviewed scientific
journal and results will be contributed to the Sixth
Assessment Report (AR6) of the Intergovernmental
Panel on Climate Change (IPCC), in order to add to
the knowledge of how the climate and its extreme
events are evolving in this data-sparse region.
The national datasets available at the workshop
and the strategies adopted to increase their
temporal and spatial coverage are described,
together with the preliminary results of the QC
and homogenization exercises and caveats that
needed to be taken into account for an optimal
data restoration. The second subsection is aimed
at providing exploratory results of the extreme
indices calculated on a country-by-country basis
and addressing current needs of Indian Ocean
NMHSs in terms of the resources required to
undertake, and progress in, DARE activities.

1.1. CLIMATE DATA BROUGHT AND
ANALYSED AT THE ARUSHA WORKSHOP,
RESULTS AND ISSUES
Nine attendees from eight NMHSs, guided by
the international trainers, participated in the

preparatory pre-workshop work by selecting from
their national climate databanks the most reliable,
complete, continuous and longest series of daily
maximum (Tx) and minimum (Tn) temperatures
and precipitation (RR) recorded at evenly
distributed meteorological stations and, at the
same time, representative of the different climate
types existing in each country. This interaction
resulted in the selection of the national climate
networks to be analysed during and after the
workshop. Table 1 in the Appendix to this report
provides details of the eight national climate
networks brought by the trainees to the workshop,
including station identifiers, geographical details
and length of record. These climate records
will initially be part of the regional network to be
analysed in the agreed regional assessment about
changes in climate extremes in the Indian Ocean
rim countries and islands. A regional action plan
was approved to ensure a successful outcome
from this assessment and participants agreed
to add new stations to enhance its spatial and
temporal coverage.
Table 1 summarizes the climate data brought and
examined for QC, homogenization and used to
calculate extreme indices during the workshop.
A clear dissymmetry in station density can be
seen between insular and continental country
networks, with the lowest densities for Comoros,
Maldives and Seychelles and the highest for

7

INDARE | Arusha

Summary Report

INDARE | Arusha

Summary Report

Station: qc00670010, 1971~1980, prcp

0

0,08

400

800

Histogram for Station: qc00639800 of PRCP>=1mm

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1989

1990

1999

2000

1981

1982

1983

1984

1985

1986

1987

1988

0

0,00

400

800

0,02

Station: qc00670010, 1991~2000, prcp

0,04

0

400

Density

800

0,06

Station: qc00670010, 1981~1990, prcp

1991

1992

1993

1994

1995

1996

1997

1998

0

50

100

150

200

250

400

800

Station: qc00670010, 2001~2010, prcp

0

8

2001

2002

2003

2004

2005

2006

2007

2008

2009

Madagascar, Mozambique and Sri Lanka, while
the United Republic of Tanzania and Kenya are inbetween. The low spatial resolution of the national
networks, even for the countries with the highest
coverage, must be highlighted, since it will have
implications in both exercises – homogenization
and calculation of climate extreme indices – which
will return non-optimal results, as discussed later.
As seen by the different figures provided in Table 1
documenting the number of Tx, Tn and RR series
and those series examined for QC, homogenization
and indices calculation, it is necessary to provide
some explanation of these processes in order to
justify the divergence between the data brought
and assessed during the training.
The QC exercise consisted in applying the
tests included in the two softwares in use at
the workshop: the RClimDex QC and its nested
extra-QC. Several tests are included in RClimDex
software, which provides three graphical files,
where daily Tx and Tn time series are plotted
to examine data continuity and gaps and an
RR probability density function (pdf) histogram
to assess RR distribution consistency. Three
numerical files were created: two contained
unreasonable values for the three parameters and
days with Tx ≤ Tn values, and the third file flagged all
possible outliers (values exceeding the mean plus

2010

Figure 2. Graphical output from the
RClimDex quality control procedure
for daily precipitation amounts
recorded at Moroni station,
Comoros, during the 1971–2012
period.

or minus n times standard deviation of the value
for the day) in daily temperatures with the dates on
which those outliers occurred1. As examples of the
graphical outputs produced by the RClimDex QC
exercise, Figure 1 (Figure 2) provides the annual
cycles of the Tx series (daily RR amounts) for the
period 1931–1971 for Moroni station in Comoros,
where data continuity and initial identification of
potentially false values can be easily identified
visually. Figure 3 shows the histogram frequencies
(pdf) for RR series recorded at Seychelles airport
station, estimated from the 1972–2014 period.
The extra-QC software includes a larger number
of tests to identify duplicate dates, rounding
problems, outliers (based on interquartile range
exceedance), large inter-daily differences (based
on fixed threshold values) and consecutive equal
values in the examined time series, producing
three graphical and eight numerical files to be
examined2. Figure 4 shows annual box plots of
daily RR, Tx, Tn and diurnal temperature range
1
Zhang and Yang (2004). RClimDex (1.0) User Manual.
Accessible at: http://etccdi.pacificclimate.org/software.shtml
2
Aguilar and Prohom (2010). EXTRAQC quality control
software. Accessible at: http://www.c3.urv.cat/data/manual/
Manual_rclimdex_extraQC.r.pdf

Figure 3. Probability density function histogram of daily rainfall (PRCP≥1mm) series recorded at Seychelles airport
station estimated from the 1972–2014 period.

(DTR) as recorded at Colombo station in Sri
Lanka, estimated from the 1869–2015 period,
while Figure 5 illustrates time series box-plots for
the same station and period. Figure 6 provides
frequency histograms of daily RR, Tx and Tn data
with resolution at the decimal points (.0 to 0.9) to
identify potential rounding issues at Seychelles
airport station calculated from the 1972–2014
period.
Under the guidance of the instructors, the
participants’ application of the different tests in
both softwares returned a remarkable number
of suspicious values in each time series. These
had to be evaluated one by one in order to judge
their reliability by consulting the original source, if
available, or using the judgement of the attendees,
following the clues provided by the trainers. Quality
control is a time-consuming activity, due to the
large amount of values labelled as potential errors.
This explains the divergence between the numbers
of series brought to the workshop and those that
could be controlled in the two days devoted to this
training exercise.
The QC exercise highlighted four data issues.
First, the short temporal length of most of the
climate series brought to the workshop, with a few
exceptions, such as in the case of the Sri Lanka

national network. Second was the sparsity and
low spatial resolution of most of the networks.
Third, data continuity and completeness in the
time series examined was a problem in most of
the national networks, since most of the analysed
time series presented many gaps and some
long missing periods. Fourth, the impossibility of
undertaking and completing the QC exercise for all
the climate time series brought to the workshop
due to the little time allotted to this activity, owing to
the short length of the activity as a whole, and the
training character of the workshop that could not
include a proper data-development component.
Attendees should address this during the agreed
post-workshop activities. All these shortcomings
justify the limited number of time series subjected
to the QC exercise and point to the need to
undertake DARE projects at the national scale to
recover, digitize and develop the quality of both the
already available time series in digital format or
those observations and time series still remaining
in unusable formats.
Once the attendees learned the application of
both QC approaches and applied both softwares
to the number of climate series shown in Table
1, training focused on a preliminary application
of the homogeneity testing and homogenization
procedure in use at the workshop, namely, the
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Figure 4. Annual box-plots of daily rainfall (PREC) (top left panel), maximum (top right panel) and minimum (bottom left panel) temperatures and diurnal temperature range (bottom right panel). Data flagging as outliers (round
circles) all those values falling outside a range with percentile 25 minus 3 interquartile ranges (IQR) (lower bounds)
and percentile 75 plus 3 IQR (top bounds) for temperature, with the same ranges, but using 5 IQR for precipitation
at the Colombo station (Sri Lanka) estimated from the 1869–2015 period.

Summary Report

Figure 6. Daily precipitation (PREC), maximum (Tx) and minimum (Tn) temperature frequency histograms, showing the decimal points (.0 to .9 values) to identify possible rounding issues at Gan station, Maldives, estimated
for the 1978–2014 period, from which anomalous low frequencies for even decimal points are evident in the Tx
and Tn series.

HOMER method and software (Mestre et al., 2013)3
to detect and validate time-series breakpoints (BPs)
and homogenize the data at the monthly scale,
along with the approach of Vincent et al. (2002)4
to interpolate the monthly factors into the daily
scale. As other relative homogenization methods,
HOMER requires the use of a set of reference
stations at the candidate station (between 8 to
12 reference stations for an optimal application),
which demands high correlations between the
candidate and reference series. As discussed
earlier, the low spatial and temporal resolution
of the climate series brought to the workshop
made it difficult to explore the homogeneity and
homogenize some of the time series, as discussed
below.
3
Mestre, O., P. Domonkos, F. Picard, I. Auer, S. Robin, E. Lebarbier, R. Böhm, E. Aguilar, J. Guijarro, G. Vertachnik, M.
Klancar, B. Dubuisson and P. Stepanek. 2013: HOMER HOMogenisation softwarE in R-methods and applications. Idöjárás 117:
47–67. Available at http://www.homogenisation.org

Figure 5. Daily time-series
box-plots, as in Figure 4.

INDARE | Arusha

4
Vincent, L.A., X. Zhang, B.R. Bonsal and W.D. Hogg.
2002: Homogenization of daily temperatures over Canada. Journal of Climate, 15: 1322–1334

The homogenization exercise undertaken by the
participants under the guidance of the trainers
over two days consisted of three phases. First,
the detection and validation stage, which required
counting on metadata for each station to better
guide the BP validation procedure. Second, the
correction process of homogenization includes
the estimation of monthly adjustment factors by
applying a two-way ANOVA model. Those reference
stations with the highest correlations have a
larger weight for calculating the adjustments and
require a minimum of three to four reference series
available for each inhomogeneous segment with
high correlations (r > .7). This requirement explains
why some of the available national networks at the
workshop could not be examined or homogenized,
as discussed later. Third, the application of
the scheme of Vincent et al. to interpolate the
estimated monthly adjustments into the daily
scale. This approach consisted of assigning each
monthly factor to the 15th day of each month
and interpolate them linearly, in the case of the
temperature parameters, while, for precipitation,
the annual factor was applied linearly to all daily
values to adjust.
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Country

Number of
stations
examined

Averaged
number of
BPs in RR
series

Averaged
number of
BPs in Tx
series

Averaged no.
of BPs in Tn
series

Averaged
number of
BPs in Tn
series

Averaged
number of
BPs in DTR
series

KENYA

11

5

7

7

5

4

MADAGASCAR

7

27

7

10

u

u

MOZAMBIQUE

22

u

u

u

u

u

SRI LANKA

11

u

u

u

u

u

UNITED
REPUBLIC OF
TANZANIA

12

u

u

u

u

u

Table 2. Number of stations examined for homogeneity and homogenized by country and averaged number
of validated breakpoints (BPs) for monthly precipitation (RR), maximum (Tx), minimum (Tn) and mean (Tav)
temperatures and diurnal temperature range (DTR), after undertaking the homogenization exercise using the
HOMER software (u denotes unknown).
Figure 7. Diurnal temperature range (DTR) difference series of Dodoma, as candidate station, and other three
reference Tanzanian stations, where breakpoints are detected (thick vertical lines) and averages for the different
subhomogeneous period identified (thin blue horizontal lines), while dots indicate pairs of annual differences.

Figure 9. Annually adjusted daily temperature range (rn) series from Dodoma station (United Republic of
Tanzania) for the period 1961–2004.

Figure 8. HOMER breakpoints (BPs) validation plot (red crosses) to adjust the monthly maximum temperature
series of Tomasino Aero station in Madagascar.

As an example of the graphical outputs from
HOMER, Figure 7 provides the graphical output
of the HOMER detection procedure, showing the
different series of DTR estimated using Dodoma
station (United Republic of Tanzania) as candidate
and three reference series (Songea, Mwanza and
Mtwara, also in the United Republic of Tanzania).
Figure 8 provides an example of the plots produced
by HOMER to validate the BPs found in the case
of monthly RR series recorded at Tomasino Aero
station in Madagascar.

As discussed earlier, due to the low spatial and
temporal resolution of most of the available
time series, the abundance of missing data,
the insularity and remoteness of some of the
participating countries (Comoros, Maldives and
Seychelles), as well as the fact that QC could not
be applied to all the time series, the results from
the homogenization exercise must be considered
as preliminary and as a training exercise, needing
to be continued in the framework of the envisaged
regional assessment. In this regard, only a few

countries – those participating in the exercise with
the largest networks – could adjust some of their
records. This exercise was undertaken for the sake
of understanding the homogenization process. The
trainers, however, suggested that the attendees
explore the possibility of using all climate records
from the small Indian Ocean islands (Comoros,
Maldives and Seychelles) together, in order to
increase the number of time series that could be
used as references and, therefore, make it possible
to undertake the homogenization exercise for
these countries. This exercise did not, however,
return meaningful results. This can be explained
either by the fact there were not enough common
periods among the examined time series or by the
remoteness of these islands. Table 2 provides, on
a country-by-country basis, the number of stations
subjected to the homogenization procedure,

together with the validated BPs for all the variables
examined (when the participants made this
information available).
The participants ran the homogenization software
for the majority of the stations and time series
listed in Table 2, although most of the time
series could not be previously quality-controlled.
In addition, most participants had not brought
enough metadata to adequately guide the BP
validation procedure, which also cast doubt on
the reliability of the results reached. The main aim
of the application of the semi-automatic HOMER
software was to train participants in learning the
procedure, but not for a real data restoration – a
task that must be continued in the framework of
the regional assessment to ensure robustness
in data development. As an example, Figure 9
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Figure 10. Annual counts of days below the 10th percentile of maximum (Tx) and minimum (Tn) temperatures
(top left and bottom left panels, respectively) and above the 90th percentile of Tx and Tn (top right and bottom
right plots) in days/decade for Ansohihy Aero in Madagascar (top left plot), Vilanculos in Mozambique (bottom
left plot), Male in Maldives (top right panel) and Colombo in Sri Lanka (bottom right panel) stations. See Table 4
for definitions and acronyms.

provides the adjusted series of DTR for Dodoma
station (United Republic of Tanzania) over the
period 1961–2014. It shows a decline in the
variable that points to a larger increase in Tn than
in Tx series, in agreement with many other similar
signals identified worldwide.

1.2. PRELIMINARY RESULTS FROM THE
ASSESSMENT OF CHANGES IN CLIMATE
EXTREME INDICES
The training continued by addressing the meaning
and calculation of the 27 core ETCCDI climate
extreme indices, which are listed in Table 3,
together with their acronyms, brief definitions and
units.
The attendees were trained in the indices
calculation component of the RClimDex platform
application. Most of the countries, except Kenya
and Madagascar, used some of their unadjusted
time series, although most of them were quality-

1980
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Year
R2= 12,1 p-value=0,022 Slope estimate= 0,012 Slope error=0,005

Figure 11. Annual evolution of the lowest and highest daily maximum (top left and right panels, respectively) and
minimum (bottom left and right, respectively) indices at Colombo station in Sri Lanka and at Seychelles airport
station (bottom right panel). See Table 4 for definitions and acronyms.

controlled, due to the aforementioned reasons.
The results from this exercise therefore also have
to be regarded as preliminary, although they point
to clear signals of climate change in the region. In
addition, some of the ETCCDI indices, particularly
those based on percentiles that require almost
complete data during the reference period (> 80% of
the daily data) and are highlighted in bold in Table
3, could not be calculated for a number of stations
due to data incompleteness during the baseline
period. Nevertheless, most of the other ETCCDI
indices could be calculated, as summarized in
Table 4.

stations used to calculating the indices and the
number of stations brought to the workshop is not
significant, since the one and a half days dedicated
to calculate indices did not allow the participants
to estimate them for their entire national networks.
It cannot be expected that the attendees learned
and remembered the methods and procedures
taught in a course that lasted only one week nor
to control the quality of all the entire networks
brought to the workshop. Any homogenization
method application requires hands-on learning,
which the participants will be expected to do during
the elaboration of regional analysis.

Table 4 provides a summary of the number of
stations and indices that could be calculated during
the workshop by the attendees with the help of
the instructors. Extreme indices are differentiated
between those that were percentile-based and
other indices. This is because the indices based
on percentiles have a large signal/noise ratio and
are more representative of the climate change
signal. The divergence between the number of

The results from the extreme indices calculation
exercise returned unequivocal signals of warming
in most of the examined series. The warming signal
is clear, consistent and statistically significant in
most of the temperature extreme indices estimated
for all the countries. Both wetting and drying
signals emerge from the preliminary analysis, but
they are less consistent and in few cases reach
statistical significance.

Figure 10 provides four examples of percentilebased temperature indices for several countries.
Cool (warm) day indices for Ansohihy Aero station
in Madagascar (Male station in Maldives) and
cool (warm) night indices for Vilanculos station in
Mozambique (Colombo in Sri Lanka) are provided,
all of them showing clear and significant warming
of the upper and lower tails of temperature
distributions. The number of cool days (top left
plot) and cool nights (bottom left panel) are
decreasing, while warm days (top right plot) and
warm nights (bottom right panel) are increasing
in those stations, which means that, at present,
there are lower (higher) occurrences of cool days
and nights (warm days and nights) than at the
beginning of the analyzed Tx and Tn series.
Figure 11 shows examples of the coldest and
warmest daily Tx indices for Colombo station in Sri
Lanka and the coldest (warmest) daily Tn for the
same station (Seychelles airport). Both the coldest
days and nights and the warmest days and nights
become warmer, as the lowest and highest daily
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Definition

Unit

TXN

Min Tmax

Coldest daily maximum temperature

°C

TNN

Min Tmin

Coldest daily minimum temperature

°C

TXX

Max Tmax

Warmest daily maximum temperature

°C

TNX

Max Tmin

Warmest daily minimum temperature

°C

DTR

Diurnal
temperature range

Mean difference between daily maximum and daily
minimum temperature

°C

GSL

Growing season
length

Annual number of days between the first occurrence of 6
consecutive days with Tmean > 5°C and first occurrence
of consecutive 6 days with Tmean < 5°C. For the
Northern Hemisphere this is calculated from 1 January
to 31 December while for the Southern Hemisphere it is
calculated from 1 July to 30 June

Days
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Index

Definition

PRCPTOT Annual
contribution from
wet days

Unit

Annual sum of daily precipitation ≥ 1mm

mm

CWD

Consecutive wet
days

Maximum annual number of consecutive wet days (i.e.
when precipitation ≥ 1.0 mm)

Days

CDD

Consecutive dry
days

Maximum annual number of consecutive dry days (i.e.
when precipitation < 1.0 mm)

Days

R10MM

Heavy precipitation Annual number of days when precipitation ≥ 10 mm
days

Days

R20MM

Very heavy
precipitation days

Days

RNNMM

Annual number of days when precipitation ≥ 20 mm

CSDI

Cold spell duration
indicator

Annual number of days with at least 6 consecutive days
when Tmin < 10th percentile

Days

Precipitation above Annual number of days when precipitation ≥ nn mm (nn:
a user-defined
user-defined threshold)
threshold

WSDI

Warm spell
duration indicator

Annual number of days with at least 6 consecutive days
when Tmax > 90th percentile

Days

Table 3. List of the ETCCDI climate indices used at the Arusha workshop (bold type indicates percentile-based
indices). Source: Donat et al., 2013.

TX10P

Cool days

Share of days when Tmax < 10th percentile

% of
days

TN10P

Cool nights

Share of days when Tmin < 10th percentile

% of
days

TX90P

Warm days

Share of days when Tmax > 90th percentile

% of
days

TN90P

Warm nights

Share of days when Tmin > 90th percentile

% of
days

FD

Frost days

Annual number of days when Tmin < 0°C

ID

Icing days

SU
TR

Country name

No. of stations used in
indices calculation

No. of Tx/Tn (RR)
percentile based
indices calculated

Days

No. of other Tx/Tn (RR)
indices calculated

KENYA

3

16 (4)

26 (16)

MADAGASCAR

7

28 (14)

35 (35)

MALDIVES

2

12 (20)

4 (18)

MOZAMBIQUE

2

7 (1)

7 (5)

Days

SEYCHELLES

1

6 (2)

10 (9)

Annual number of days when Tmax < 0°C

Days

SRI LANKA

1

6 (2)

9 (9)

Summer days

Annual number of days when Tmax > 25°C

Days

TANZANIA

1

6 (2)

9 (9)

Tropical nights

Annual number of days when Tmin > 20°C

Days

RX1DAY

Max 1-day
precipitation

Maximum 1-day precipitation total

mm

RX5DAY

Max 5-day
precipitation

Maximum 5-day precipitation total

mm

SDII

Simple daily
intensity index

Annual total precipitation divided by the number of wet
days (i.e. when precipitation ≥ 1.0 mm)

mm/
day

R95P

Annual
contribution from
very wet days

Annual Sum of daily precipitation > 95th percentile

mm

R99P

Annual
contribution from
extremely wet
days

Annual sum of daily precipitation > 99th percentile

mm

Table 4. Number of stations used for climate extreme indices calculation by each country, together with the number
of percentile-based and other indices calculated from daily maximum (Tx) and minimum (Tn) temperatures
and precipitation (RR) series. RR indices are provided in brackets. Extreme indices calculated from preliminary
adjusted (quality-controlled) time series are in italic (normal type).

temperatures are higher at the present than at the
beginning of the series.
Signals emerging from precipitation indices are
more variable among stations and countries,
with some showing signals of wetting and others
of drying, although most of them do not reach
statistical significance. Figure 12 shows the annual
evolution of RR series for Lodwar station in Kenya
(top left plot), Vilanculos station in Mozambique
(top right plot), Seychelles airport station (bottom

left) and Colombo station in Sri Lanka (bottom
right), in order to provide the boundary conditions
for precipitation extremes in these countries. No
significant trends can be seen at the annual scale,
except for the Mozambique time series, which
shows a significant drying tendency at Vilanculos
station.
As with the RR annual evolution in Figure 12,
most of the precipitation extreme indices do not
reach statistical significance, but point towards

17

INDARE | Arusha

Summary Report

INDARE | Arusha

Summary Report

PRCPTOT ho00636120

CWD qc00435550

CDD

12

30

CWD

PRCPTOT

600

14

40

800

16

1000

50

CDD ho00000001

1970

1980

1990

2000

20

10

400
200
1960

2010

8

Year
R2= 4,6 p-value=0,167 Slope estimate= -3.237 Slope error=2.301

1980

1990

2000

2010

Year
R2= 0 p-value=0.964 Slope estimate= -0.001 Slope error= 0.033

1970

1980

1990

2000

2010

Year
R2= 9.7 p-value=0.022 Slope estimate= 0.185 Slope error= 0.078

4000

20
1500

15

2000

2000

SDII

2500

PRCPTOT

3000

3000

3500

25

3500

SDII ho00043466

2500

PRCPTOT

1960

PRCPTOT ho00043466

PRCPTOT ho00639800

1990

2000

2010

1900

1920

Year
R2= 2,1 p-value=0,355 Slope estimate= 4.422 Slope error= 4.729

1940

1960

1980

2000

Year
R2= 1,5 p-value=0,205 Slope estimate= 1.806 Slope error= 1417

10

1980

1900

1920

1940

1960

1980

2000

Year
R2= 8.8 p-value=0.002 Slope estimate= 0.023 Slope error= 0.007

Figure 12. Annual precipitation evolution at Lodwar station in Kenya (top left), Vilanculos station in Mozambique
(top right), Seychelles airport station (bottom left) and Colombo station in Sri Lanka (bottom right).

Figure 14. Annual evolution of consecutive wet days (CWD) at the Male station in Maldives (top left panel), consecutive dry days (CDD) at the Bukoba station in Tanzania (top right panel), the simple daily intensity index (SDII)
at the Colombo station in Sri Lanka (bottom left) and very heavy precipitation days (RR > 20 mm day) at the Antalaha Aero station in Madagascar (bottom right).
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both intensified rain events and a tendency
to drying. Figure 13 shows percentile-based
precipitation indices for four stations, representing
the contribution to the annual precipitation
amount of very wet days (R95p) at three stations
and extremely wet days (R99p) in one station
(expressed in mm). Three indices show slight,
but not significant, increases, pointing to some
intensification of heavy precipitation days and
a larger contribution of them to the annual RR
amounts, while at the Kenyan station the very wet
day index indicates a tendency towards a lower
contribution to total annual rainfall amounts from
very wet days.
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Figure 13. Annual evolution of very wet day indices at Antalaha station in Madagascar (top left), Moyale station in
Kenya (top right), Seychelles airport station (bottom left) and extremely wet days index (bottom right) at Colombo
station in Sri Lanka.

Figure 14 depicts four RR extreme indices for
different stations and countries in the Indian Ocean
Rim countries. First, the evolution of consecutive
wet days (CWD) at the Male station in Maldives
(top left panel), consecutive dry days (CDD) at the
Bukoba station in the United Republic of Tanzania
(top right panel), the simple daily intensity index
(SDII) at Colombo station in Sri Lanka (bottom left)
and very heavy precipitation days (RR > 20 mm
day) at the Antalaha Aero station in Madagascar
(bottom right plot). No change is evident in the case
of CWD days at Male, while CDD at Bukoba station
show a significant increase, pointing to an increase

in their length and, therefore, drought length at this
station. The SDDI index increases significantly at
the Sri Lanka station, indicating an intensification
of the rainy events at this station, while days of
heavy RR also increase the Madagascar station,
albeit without reaching statistical signification.

2. DATA RESCUE ACTIVITIES
THE NATIONAL LEVEL
In addition to the capacity-development activities
envisaged in the INDARE implementation plan,
this initiative also promotes DARE partnership
and activities at the national scale to recover the
rich heritage of historical climate information kept
in fragile media in INDARE countries and NMHS
archives. Most of the countries and NMHSs taking
part have undertaken DARE activities to some
extent, although the activities and results vary.
This section contains a description of DARE
activities undertaken on a country-by-country
basis in accordance with the information provided
by attendees in their national presentations.
DARE needs and requests from most of the
countries are also discussed, in order to formulate
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recommendations to enhance and make progress
in climate data recovery. This is a preliminary and
unavoidable step to ensure that the observed
data and derived climate time series are of proven
quality and homogeneity to support reliable
climate assessments and produce reliable climate
products and services.
The Arusha workshop was the first INDARE
activity in which the Comoros NMHS had taken
part. Observational activities in this NMHS started
around 1928 with mainly precipitation observations
currently kept in microfiches. The meteorological
network is composed of four synoptic stations that
started operation in 1966, five automatic weather
stations recording meteorological variables since
2012, four agrometeorological stations operating
since September 2015 and 85 rain gauge stations.
Due to the recent integration in INDARE, but above
all because of the lack of financial, technical (e.g.
high-resolution scanner, cameras, printers) and
well-trained human resources, as well as a lack of a
proper climate data management system (CDMS),
there is little progress in DARE activities, except
for some of the longest precipitation records that
have been duplicated on microfiches.
The Kenya Meteorological Department (KMD)
initiated data rescue activities about three years
ago, thanks to the support of the Kenya Government
and other partners in need of climate services.
The process began by searching and locating the
data to be rescued, yielding an inventory of data
sources maintained in different media (paper,
electronic media, autographic charts, etc.) and the
degree of preservation (data in paper format may
be well or poorly preserved). Figure 15 provides an
example of a well-preserved logbook (left), another
in poor condition (centre) and the shelves where
the organized data sources are kept.
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Preservation through duplication (imaging) of the
data sources is an important stage in any DARE
activity and will ensure that the data sources last
longer. Consequently, KMD plans to carry out
imaging and/or scanning and store the original
data sources in order to save them for posterity
and in a manner that allows authentication of
the data transcribed in electronic media from the
registers, without causing damage to the fragile
paper. For this, it is proposed to use a server
that will archive the scanned files with a proper
nomenclature and store the paper forms in mobile
cabinets. In addition, KMD has started key entry
activities of some of the inventoried data and
a project proposal has been sent to WMO in the
framework of the INDARE Initiative.
Madagascar’s
Direction
Générale
de
la
Météorologie (DGM) has started its DARE plan
by organizing, sorting and preserving the data
sources on shelves in an air-conditioned room, as
shown in the photographs in Figure 16.
However, DGM does not have the financial and
material resources to ensure data duplication
through imaging, backing up the data into a proper
CDMS and for data digitization. In view of this,
DGM submitted a successful proposal for a CDMS:
the CliSys CDMS developed by Meteo-France,
together with re-installation and training through
the WMO’s Voluntary Cooperation Programme.
The project will start in 2016 and will be funded by
Meteo-France and WMO-Trust Fund Canada.
The Maldives NMHS undertook data digitization of
most of its recent station data and entered them
into the CLICOM database, an obsolete CDMS
that is not currently in use. The digitized data
were transferred into Excel spreadsheets and are
now archived in the climate section. Station data

Figure 15. Two examples of data sources in paper format in the archives of the Kenya Meteorological Department
and a view of the shelves where data sources are kept after organizing (right). Left (middle) photograph shows an
example of a well-preserved logbook containing data for 1944 (poorly preserved).

Figure 16. Images of the Archive at the Direction Generale de la Meteorologie of Madagascar,
where data sources are kept and organized and preserved.

from the Maldives network (five stations) are sent
by e-mail to the climate section once a month,
when the observed data are quality-controlled
manually before being archived, since attempts
made to acquire a modern CDMS have not so
far been successful. Two out of the five existing
climate stations in operation since the 1980s and
early 1990s have long-term data dating from the
1970s, although earlier observations (from 1940s
onwards) exist as recorded by the British Royal
Air Force. These data are believed to be kept at
the UK Met Office archive and steps have been
taken to access and digitize them, in cooperation
with the Atmospheric Circulation Reconstructions
over the Earth (ACRE) initiative, within the INDARE
framework. In addition, the NMHS is preparing an
inventory of all available data, together with their
metadata and a project proposal to digitize its
hard-copy logbooks that will be submitted to the
INDARE Initiative.
The Seychelles NMHS, in collaboration with the
Seychelles National Archives, has undertaken
efforts to retrieve/locate meteorological data from
the colonial era that are held locally and has started
the duplication (imaging) of the climate data

sources. For the past 10 months, efforts have been
made to scan as many meteorological documents
as possible, especially those dating from before the
1970s, while their inventorying and organization
is planned to be undertaken later. Duplication of
data sources through imaging is being carried
out on site by staff at the National Archives but
the lack of human resources, the relocation of the
Archives from an old building to a new one and
mistakes made when packing the documents,
makes the scanning progress slow. Examination
of the scanned documents returned a potential for
recovering some weather reports kept overseas.
It is thought that more meteorological records
are kept in other countries that were ruling these
islands in the past (Kenya, India and Mauritius).
Efforts to retrieve the data available outside of
Seychelles will be carried out in the near future
in cooperation with ACRE and contacts in KMD,
where observations taken in Seychelles during the
colonial time have been found. As in the case of
Comoros and Maldives, the Seychelles NMHS has
not implemented a reliable CDMS to manage the
digitized observations, which explains why backups of the Excel worksheets have to be done on
external drives and CDs. A proposal request for
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a CLIMSOFT CDMS implementation and on-site
training has been made to WMO.
As other NMHSs, the Sri Lanka Department
of Meteorology has a huge potential for DARE
activities, since its historical observations date
back to the mid-19th century. Activities to digitize
daily RR, Tx and Tn data have been undertaken
and some organization activities have enabled
the preservation and archival of the hardcopy data sources, as shown in Figure 17. The
digitized data are archived in two CDMS, namely
CLICOM and CLIMSOFT. Data were stored In the
CLICOM database until 2010 and since then in the
CLIMSOFT database. These need to be migrated
into a modern CDMS, although lack of well-trained
staff has so far impeded the merge.
Despite the DARE efforts of the Sri Lanka NMHS,
most of the meteorological variables observed in
this country – except the parameters mentioned
above – remain in perishable format and require
duplication and digitization, particularly the stripcharts and self-recorded observations. The NMHS
has recently submitted a proposal to WMO seeking
technical assistance in rescuing the observed data
and fixing problems identified in its rain gauge
network relating to inaccurate geographic location
information due to station shifting and erroneous
metadata, among other issues.

Figure 17. Images of the data sources stored and
identified in the archive of the Sri Lanka Department
of Meteorology.

Finally, the Tanzania Meteorological Agency in
partnership with the UK Met Office, has recently
carried out a DARE project funded by the UK
Department for International Development,
enabling the imaging and digitization of data from
selected parameters that are crucial to sectors
that are vulnerable to climate change, such as
RR, Tx and Tn data at four stations. Another
initiative is ongoing, thanks to the East African
Community DARE programme, conducted by the
Intergovernmental Authority on Development
(IGAD) Climate Prediction and Application Centre
(ICPAC) based in Nairobi, Kenya, and funded by
the Planning for Resilience in East Africa through
the Policy, Adaptation, Research and Economic
Development (PREPARED) project. The ICPAC
project, which is in the pipeline, targets the Lake
Victoria region, with data from the four main
stations to be recovered and digitized, along with
data from other adjacent voluntary RR stations.
The variables selected for digitization are daily RR,
Tx and Tn series with a length of 30 years and more.
In addition, a project proposal to be submitted to
WMO is underway, with the main targets being the
transfer of all TMA’s historical data sources kept in
hard copy into digital format, as well as enhancing
the TMA CDMS and making reliable data and
derived climate products available to users and
the public.

Figure 18. Images
showing some of
the DARE activities
carried out by staff
of the Tanzanian
Meteorological Agency.

The targets of the TMA DARE programme are
to locate, sort, store in good conditions and
organize the historical climate data sources and
create inventories to ease their identification.
Preservation activities have been undertaken, such
as packing the data sources in special boxes to
avoid deterioration from tearing and deterioration
of paper, along with scanning the records and the
binding of those records that cannot be scanned
and must be keyed in manually.
TMA has been making efforts to rescue the data
after observin a marked deterioration of its paperbased documents, thanks to funds from the
Government and donor organizations.
Figure 18 provides images of the data sorting,
arranging and inventory activities carried out by
TMA staff.
In summary, ongoing DARE efforts in the Indian
Ocean rim countries and their NMHSs, carried
out in most of the NMHSs are to locate, sort,
arrange, inventory, preserve and digitize available
data sources, containing both past and present
observations of the meteorological variables
measured by the national networks. These efforts
have been made possible thanks to partnership
with WMO through the implementation of the
INDARE Initiative and donors that have funded
these activities. This is just a start, however, that
must be continued and supported in order to
recover the majority of meteorological observations
over this data-sparse region. It is clear that most

NMHSs in the Indian Ocean rim countries do not
have resources available to make much progress
in achieving the goals of INDARE, although some
are digitizing current and past observations, albeit
slowly.
There are a number of common recurring issues
among the Indian Ocean NMHSs with regard to
carrying out integrated DARE activities, including
proper data management. Lack of resources, either
financial, technological or human, is a common
problem in most NMHSs. Many other shortcomings
still remain, limiting the NMHS ability to recover,
restore and develop of quality- and homogeneityproven their climate observations.
Most of the Indian Ocean NMHSs highlight their
deficiencies in terms of DARE activities in their
national reports. First, the lack of equipment,
devices and software required for undertaking
the recovery of their assets: scanners, including
high-resolution ones, cameras, microfiche readers,
PCs, external discs, printers, optical character
recognition, automatic curve extraction, speech
recognizers and conditioned rooms and material
for preserving their data sources at least until
the information can be duplicated and imaged or
digitized. Second, the lack of well-trained staff to
properly undertake all the components integrated
in DARE activities, from sorting and inventorying
data sources and the data they contain to the
efficient transfer of the data in unusable formats
to digital format, which requires training. Third, a
need to count on proper CDMSs to migrate and
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manage their digitized observations, which also
requires training and maintenance to be provided.
These shortcomings are the result of the financial
constraints that characterize most of these
countries and NMHSs in the Indian Ocean Basin
and justify the need for international assistance.
Different NMHSs have specific needs. Comoros
NMHS indicates the need for experts trained in
DARE techniques and procedures, as well as the
required equipment. Kenya NMHS requires a server
to store and organize the scanned data images
and digitized data, as well as a mobile cabinet
where their data sources can be properly stored.
Madagascar NMHS seeks to be able to transfer into
digital format their assets kept in microfiches that
were recovered in the 1990s by Belgian experts, in
addition to the required DARE equipment. Maldives
NMHS emphasizes its need for preserving their
logbooks and data sources. Seychelles NMHS
is in need of obtaining access to Seychelles
data kept in overseas archives. Sri Lanka NMHS
requires a highly accurate GPS to provide a precise
geographic location of its rain gauge network, and
the expertise required to transfer the data kept in
the obsolete CLICOM CDMS to CLIMSOFT, as well
as training in managing the new CDMS.

3. RECOMMENDATIONS
After a successful preliminary training event, the
Arusha workshop, where the participants learned
the-state-of-the-art in QC and homogenization
methods, a number of recommendations to
ensure progress and consolidation in the field of
climate data restoration and development can be
suggested.
The week-long training event could not ensure
either perfect knowledge nor be used for qualitycontrol or homogenizing the national datasets
brought to the Arusha workshop by the trainees.
It is recommended, therefore, first that follow-up
activities be undertaken at home to complete the
quality-control of the daily Tx, Tn and RR series
and verify the values labelled as suspicious in all
time series, including those that could be partially
quality-controlled at the Arusha workshop. Only
after examining the original sources will some of
the labelled values be able to be substituted by true
observations.
Second, derived from the low spatial and temporal
resolution of most of the national networks brought
to the Arusha workshop, it is highly recommended
to add other daily Tx, Tn and RR time series
available in digital format at the national databanks.
Doing so, the spatial coverage of the networks will
be extended, as well as expanding back in time
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as far as possible the national climate networks
to be assessed. This will ensure a more optimal
application of the homogenization procedure and,
at the same time, will foster DARE and digitization
activities.
Third, once all the climate time series are fully
quality-controlled, including those brought to the
workshop and the new series to be added to the
network to be analysed, it is recommended that
the homogenization procedure be applied. This
phase, contemplated in the Regional Action Plan
for assessing changes in climate extremes over
the Indian Ocean rim countries, will count on the
help of the trainers of the Arusha workshop, on a
volunteer basis – assistance that will be provided
by e-mail exchange.
The fourth recommendation is to compute from
the quality-controlled and adjusted time series the
ETCCDI extreme indices and assess their signals
in the different Indian Ocean rim countries with
the help of the instructors, who will advise the
attendees not only in difficulties in computing
climate extreme indices, but also in the meaning
and significance of the ETCCDI indices to assess
changes in extremes over their countries.
Fifth, once the extended national climate networks
and the time series they contain have been
examined to assess changes in the mean and
extreme states of the climate at the national scale,
it is recommended that the national results be
combined in a regional assessment on changes
in climate extremes over the Indian Ocean Basin
to be submitted to a peer-reviewed, high-profile
scientific journal and to contribute to the 6th
IPCC Assessment Report (AR6). The three main
co-authors, namely Janet Ole Loning’o Mollel
(Tanzania NMHS), Patricia Nying’uro (Kenya
NMHS) and Jonas Zukule (Mozambique NMHS),
along with the trainers and other participants,
will coordinate, combine and analyse the national
climate indices in a regional scientific assessment.
Sixth, to ensure the correct leadership of the
scientific assessment, it is recommended that at
least one face-to-face coordination meeting should
be supported, involving the three main co-authors
of the regional assessment and one international
expert to define the analytical approach to follow
in order to fully document changes in extreme
indices over the Indian Ocean basin.
Regarding the DARE needs of the whole group of
NMHSs involved in the INDARE Initiative briefly
described in the second section of this report,
major and continued funding support must be
envisaged. The INDARE three-tiered partnership
approach must be applied to find appropriate
funding partners and international experts that can
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support the NMHSs in their DARE activities, which
should include capacity-development training in
the array of DARE techniques and procedures.
It is clear that the lack of financial, technical and
well-trained human resources face all the Indian
Ocean NMHSs. While these shortcomings cannot
be expected to be solved by a major funding
support, at least it is to be expected that some
funding can be made available to those NMHSs
that prepare feasible and practical DARE plans,
where their needs and potential for DARE activities
are clearly defined and quantified.
It is highly recommended, therefore, that the
INDARE Steering Committee establishes a DARE
work plan, where priorities are defined and, with
the help of WMO, seeks donors to support specific
DARE plans at the national scale.
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GLOSSARY
ACE
ACRE

Automatic Curve Extraction
Atmospheric Circulation Reconstructions over the Earth

C3

Centre for Climate Change at URV

CCL

WMO Commission for Climatology

CDMS

Climate Data Management System

CLICOM

A CDMS

CLIMSOFT

A CDMS

CLISYS

A CDMS

DARE

Dare Rescue

DGM

Direction Generale de la Meteorologie in Madagascar

EAC

East African Community

ENSO
ETCCDI
EXTRA-QC
GFCS
HOMER

El Niño Southern Oscillation
Expert Team on Climate Change Detection and Indices
Software for further QC nested in RClimDex
Global Framework for Climate Services
HOMogenisation softwarE in R

ICPAC

Climate Prediction and Application Centre

I-DARE

International-DARE Initiative

IGAD
INDARE

Intergovernmental Authority on Development
INdian Ocean DAta REscue

IOC

WMO-Intergovernmental Oceanographic Commission

IPCC

Intergovernmental Panel on Climate Change

IQR

Interquartilic Ranges

JCOMM
KMD
NMHSS

Technical Commission for Oceanography and Marine Meteorology
Kenya Meteorological Department
National Meteorological and Hydrological Services

OCR
PREPARED
QC

Optical Character Recognition
Planning for Resilience in East Africa through Policy, Adaptation, Research
and Economic Development
Quality Control

RCLIMDEX

Software in R to data QC and ETCCDI indices calculation

SPLIDHOM

Method for Homogenization of Daily Temperature Observations

SST

Sea Surface Temperature

TMA

Tanzania Meteorological Agency

URV

University Rovira i Virgili, Tarragona, Spain

VCP

WMO Voluntary Cooperation Programme

WCRP

World Climate Research Programme

WMO

World Meteorological Organization
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APPENDIX
Country

Comoros

Kenya

Maldives

Madagascar

WMO code

Station Name

Lat

Lon

Alt
(m)

67346

Data Length

-

Changalane

-24,9167

34,2042

-

1962-2012

1962-2012

1962-2012

RR

TX

TN

Umbeluzi

-26,0500

32,3833

-

1951-2012

1951-2012

1951-2012

67339

M Observat

-25,9600

32,6000

-

1951-2012

1951-2012

1951-2012

67001

Moroni

-11.68

43.25

59

1931-2012

1931-2012

1931-2012

67335

Xai-Xai

-25,0500

33,6333

-

1951-2012

1951-2012

1951-2012

67002

Hahaya

-11.32

43.16

16

1981-2007

1981-2007

1981-2007

-

Chokwe

-24,7273

33,0000

-

1961-2012

1961-2012

1961-2012

67004

Ouani

-12.10

44.40

12

1960-1996

1960-1996

1960-1996

-

Maniquenique

-24,7333

33,5333

-

1951-2012

1969-2012

1969-2012

63612

Lodwar

3.7

35.37

506

1961-2014

1975-2014

1975-2014

-

Inharrime

-24,4833

35,0167

-

1951-2012

1951-2012

1951-2012

63619

Moyale

3.32

39.3

1113

1961-2014

1975-2014

1975-2014

67323

Inhambane

-23,8667

35,3833

-

1951-2012

1951-2012

1951-212

63671

Wajir

1.45

40.4

244

1961-2014

1975-2014

1975-2014

67327

Panda

-24,0500

34,7167

-

1951-2012

1963-2012

1963-2012

63723

Garissa

0.28

39.38

138

1961-2014

1974-2014

1975-2014

67315

Vilanculos

-22,0000

35,3000

-

1951-2012

1951-2012

1951-2012

63717

Nyeri

0.26

36.58

1815

1968-2014

1975-2014

1975-2014

67295

Chimoio

-19,1100

33,4600

1951-2102

1951-2012

1951-2012

63820

Mombasa

-4.2

39.37

57

1961-2014

1975-2014

1975-2014

67297

Beira Aero

-19,8333

34,8500

-

1971-2012

1964-2012

1964-2012

63793

Voi

-3.24

38.34

560

1961-2014

1974-2014

1975-2014

-

Sussundenga

-19,3333

33,2333

-

1970-2012

1970-2012

1970-2012

63741

Dagoretti

-1.18

36.45

1798

1961-2014

1975-2014

1975-2014

67261

Tete Aero

-16,1167

33,6333

-

1961-2012

1964-2012

1969-2012

63737

Narok

-1.8

35.50

1890

1961-2014

1975-2014

1975-2014

67283

Quelimane Aero

-17,8800

36,8800

-

1951-2012

1961-2012

1961-2012

63708

Kisumu

0.6

34.35

1149

1961-2014

1974-2014

1975-2014

67237

Nampula Aero

-15,1000

39,2833

-

1957-2012

1957-2012

1957-2012

63687

Kakamega

0.17

34.47

2133

1961-2014

1979-2014

1979-2014

67273

Angoche

-16,2333

39,9000

-

1951-2012

1959-2012

1959-2012

43533

Hanimaadhoo

6.75

73.17

1.4

1992-2014

1992-2014

1992-2014

67231

Cuamba

-14,8167

36,5333

-

1971-2012

1951-2012

1951-2012

43555

Male’

4.19

73.53

1.7

1975-2014

1975-2014

1975-2014

67217

Lichinga Aero

-13,3000

35,2333

-

1951-2012

1951-2012

1951-2012

43577

Kadhdhoo

1.86

73.52

1.2

1987-2014

1987-2014

1987-2014

67215

Pemba Aero

-12,9833

40,5333

-

1951-2012

1951-2012

1951-2012

43588

Kaadedhdhoo

0.49

72.99

1.6

1994-2014

1994-2014

1994-2014

67205

M daPraia

-11,3500

40,3667

-

1951-2012

1969-2012

1969-2012

43599

Gan

-0.69

73.15

1.8

1978-2014

1978-2014

1978-2014

67223

Montepuez

-13,1333

39,0333

-

1951-2012

1951-2012

1951-2012

34155

Antananarivo
DMH

18.54

47.32

1310

1950-2015

1950-2015

1950-2015

-

Anse Forbans

-4.7767

55.5167

2.4

1975-2015

-

-

34166

Ivato Aero

18.48

47.29

1264

1983-2015

1983-2015

1983-2015

-

Belombre

-4.6202

55.4075

22.7

1976-2015

-

-

37022

Antsirabe Aero

19.52

47.04

1540

1957-2015

1957-2015

1957-2015

-

Fairview La Misere

-4.6605

55.4664

343

1975-2015

-

-

10011

Antsiranana Aero

12.21

49.18

105

1901-2015

1950-2015

1950-2015

-

Hermitage

-4.6314

55.4525

80.1

1979-2015

-

-

20111

Vohemar

13.22

50.00

5

1901-2006

1950-2015

1950-2015

-

Le Niol

-4.6281

55.4267

196.2

1975-2015

-

-

20511

Sambava

14.17

50.10

5

1956-2015

1956-2015

1956-2015

-

Rochon

-4.6422

55.4533

199.9

1975-2015

-

-

20555

Andapa Aero

14.39

49.37

474

1935-2008

1950-2008

1950-2008

63980

Seychelles Airport

-4.6706

55.5142

2

1972-2015

1972-2015

1972-2015

30511

Nosy Be Aero

13.19

48.19

11

1971-2013

1950-2015

1950-2015

-

Praslin Airstrip

-4.3211

55.6933

3

1977-2015

-

-

21011

Antalaha Aero

15.00

50.20

6

1905-2015

1950-2015

1950-2015

-

Cascade

-4.40

55.2828

110

1976-2015

-

-

33577

Mahajanga Aero

15.40

46.21

22

1949-2013

1988-2015

1988-2015

32011

Antsohihy Aero

14.53

47.58

28

1951-2015

1988-2015

1988-2015

32022

Analalava Aero

14.38

47.46

57

1901-1996

1950-1996

1950-1996

35055

Besalampy Aero

16.45

44.29

36

1928-2015

1950-2007

1950-2007

22138

Ambohitsilaozana

17.41

48.27

786

1951-2015

1950-2015

1950-2015

23111

Toamasina Aero

18.07

49.24

6

1898-2015

1950-2015

1950-2015

29011

Taolagnaro Aero

25.02

46.57

8

1903-2015

1950-2015

1950-2015

37655

Morondava

20.17

44.19

8

1901-2015

1950-2015

1950-2015

41588

Faux Cap

25.33

45.32

20

1939-1987

1950-1987

1950-1987

26088

Mananjary

21.12

48.22

6

1901-2005

1950-2005

1950-2005

26288

Farafangana Aero

22.48

47.50

6

1902-2015

1950-2015

1950-2007

34288

Maevatanana

16.57

46.50

77

1901-2010

1973-2010

1973-2010

38022

Fianarantsoa
Aero

21.27

47.06

1106

1902-2013

1950-2015

1950-2015

38955

Mahanoro Aero

19.50

48.48

5

1991-2011

1950-2011

1950-2011

37811

Ranohira

22.33

45.24

823

1991-2011

1951-2011

1951-2011

37855

Morombe Aero

21.45

43.22

4

1991-2011

1950-2004

1950-2004

38955

Toliary Aero

23.23

43.44

9

1991-2011

1950-2011

1950-2011

Mozambique

Seychelles

-
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43404

Jaffna

9.683333

80.03333

3.1

1871-2014

1871-2014

1871-2014

43413

Mannar

8.983333

43415

Vavuniya

8.75

79.91667

3.6

1870-2014

1870-2014

1870-2014

80.5

97.5

1880-2014

1880-2014

1880-2014

43418

Trincomalee

43421

Anuradhapura

8.583333

81.25

23.9

1869-2014

1869-2014

1869-2014

8.35

80.38333

92.5

1870-2014

1870-2014

1870-2014

43422

Maha Illuppallama

8.116667

80.46667

117.2

1868-2014

1868-2014

1868-2014

43424

Puttalam

8.033333

79.83333

2.1

1869-2014

1869-2014

1869-2014

43436

Batticaloa

7.716667

81.7

7.8

1869-2014

1869-2014

1869-2014

43441

Kurunegala

7.466667

80.36667

116.1

1885-2014

1885-2014

1885-2014

43444

Katugastota

7.333333

80.63333

417.1

1868-2014

1868-2014

1868-2014

43450

Katunayaka

7.166667

79.88333

8.5

1868-2014

1868-2014

1868-2014

43466

Colombo

6.9

79.86667

7.3

1869-2014

1869-2014

1869-2014

43467

Ratmalana

6.816667

79.88333

5.0

1868-2014

1868-2014

1868-2014

43473

Nuwara Eliya

6.966667

80.76667

1893.6

1869-2014

1869-2014

1869-2014

43476

Bandarawela

6.816667

80.96667

1225.3

1890-2014

1890-2014

1890-2014

43479

Badulla

6.983333

81.05

669.6

1868-2014

1868-2014

1868-2014

43486

Ratnapura

6.683333

80.4

86.3

1869-2014

1869-2014

1869-2014

43495

Galle

6.033333

80.21667

12.5

1869-2014

1869-2014

1869-2014

43497

Hambantota

6.116667

81.13333

15.5

1869-2014

1869-2014

1869-2014

43999

Pottuvil

6.883333

81.83333

3.6

1868-2014

1868-2014

1868-2014

63729

Bukoba

-1.33333

31.81667

1144

1961-2014

1961-2014

1961-2014

63894

Dar-Es-Salaam

-6.86667

39.2

53

1961-2014

1961-2014

1961-2014

63862

Dodoma

-6.16667

35.76667

1120

1961-2014

1961-2014

1961-2014

63887

Iringa

-7.63333

35.76667

-

1961-2014

1961-2014

1961-2014

63801

Kigoma

-4.88333

29.66667

-

1988-2014

1988-2014

1988-2014

63791

Kilimanjaro

-3.41667

37.06667

-

1971-2014

1973-2014

1973-2014

63870

Kisauni

-6.21667

39.21667

-

1961-2014

1961-2014

1961-2014

63932

Mbeya

-8.93333

33.46667

1758

1961-2014

1961-2014

1961-2014

63971

Mtwara

-10.35

40.18333

-

1961-2014

1961-2014

1961-2014

63733

Musoma

-1.5

33.8

-

1961-2014

1961-2014

1961-2014

63756

Mwanza

-2.46667

32.91667

1140

1961-2014

1961-2014

1961-2014

63962

Songea

-10.6667

35.58333

1067

1961-2014

1961-2014

1961-2014

63881

Sumbawanga

-7.5833

31.6

-

1989-2014

1961-2014

1961-2014

63832

Tabora

-5.08333

32.83333

1182

1961-2014

1961-2014

1961-2014

Table 1. National Stations network brought to the Arusha workshop by the country participants.

