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Abstract: Automatic weather stations (AWSs) serve a number of goals in the SASSCAL context and beyond. A suffi  cient 
cover and density in geographical space is needed to record spatial climatic variability and to feed climate models and 
forecast services. In addition, research projects using an ecosystem approach require robust information on local weather. 
In response to these goals and under consideration of the low density of climate stations in the SASSCAL region (Angola, 
Botswana, Namibia, South Africa, and Zambia), the establishment of a network of weather stations was initiated in 2009–
2010. The SASSCAL network, meanwhile, includes 154 AWSs and has achieved a reputation for providing unprecedented 
progress in terms of coverage and access to climatic data for the SASSCAL region. This paper presents the most important 
strategic and technical steps, from setting up the station network for data transmission and data quality controls to the Internet 
publication of the SASSCAL WeatherNet climatic data.

Resumo: As estações meteorológicas automáticas (AWSs) servem uma série de fi ns no contexto do SASSCAL e mais além. 
São necessárias uma cobertura e densidade sufi cientes no espaço geográfi co para registar a variabilidade espacial climática 
e alimentar os modelos climáticos e serviços de previsão. Além disso, projectos de investigação que usam uma abordagem 
ecossistémica requerem informação robusta sobre as condições meteorológicas locais. Em resposta a estes objectivos, e 
considerando a baixa densidade de estações climáticas na região do SASSCAL (Angola, Botswana, Namíbia, África do 
Sul e Zâmbia), foi iniciado o estabelecimento de uma rede de estações meteorológicas em 2009-2010. Entretanto, a rede do 
SASSCAL inclui 154 AWSs e alcançou uma reputação de proporcionar progresso sem precedentes em termos de cobertura 
e acesso a dados climáticos para a região do SASSCAL. Este artigo apresenta as etapas estratégicas e técnicas mais impor-
tantes, desde a criação da rede de estações para a transmissão e controlo da qualidade dos dados até à publicação online dos 
dados climáticos da SASSCAL WeatherNet.
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Introduction

The Southern African Science Service 
Centre for Climate Change and Adaptive 
Land Management (SASSCAL) is a joint 
initiative of Angola, Botswana, Namibia, 
South Africa, Zambia, and Germany in re-
sponse to the challenges of global change. 
SASSCAL research activities aim at im-
proving our knowledge on the complex 
interactions and feedbacks between ter-
restrial and atmospheric systems. To better 
understand and assess processes, fl uxes, 
and linkages in and between the systems, 
reliable data of high quality are needed. 
This is especially important consider-
ing climate variability and its projected 
change as well as socio-economic devel-
opment in sub-Saharan Africa. However, 
a major challenge faced by most countries 
of southern Africa is the lack of adequate 
monitoring networks to provide reliable 
data, specifi cally for the development of 
effi  cient management strategies for sus-
tainable water and land resources man-
agement, drought and fl ood risk analyses 
and forecasts, and climate change impact 
assessments. For example, in Angola, Bot-
swana, and Zambia there is a demand for 
improving existing national weather-mon-
itoring networks to provide up-to-date 
information for decision-makers and the 
public. By implementing and operating 
the SASSCAL WeatherNet, SASSCAL 
addresses this defi ciency and has extend-
ed the national monitoring networks to 
provide a consistent and freely accessible 
dataset for the SASSCAL region.

The SASSCAL WeatherNet, with its 
currently 154 automatic weather stations 
(AWSs), and the necessary IT infrastruc-
ture for data transfer and open-access 
presentation on the Internet have been es-
tablished only within the past seven years 
(2010–2017). This could be achieved only 
by a direct SASSCAL investment of ap-
proximately 1.3 Million € and the work of 
a team of six to ten staff  members involved 
on a permanent or temporary basis.

History

The SASSCAL AWSs have been installed 
at diff erent stages during the SASSCAL 
initiative. The fi rst installations date back 

to 2010, replacing earlier devices (Jür-
gens et al., 2010). In 2013, a workshop 
was held in Windhoek, Namibia, to sys-
tematically expand the network with the 
participation of national meteorological 
services, ministries, World Meteoro-
logical Organization (WMO) representa-
tives, scientists, and representatives of 
the funding agency to assess the current 
situation and identify the most pressing 
needs. A basic set of sensors, according 
to WMO standards, was decided upon for 
each station. One result of the workshop 
was the implementation of ten stations 
each in Angola, Botswana, and Zambia. 
The locations were suggested by the 
respective national meteorological ser-
vices. Basics were decided upon for the 
open-access availability of data.

Over the years, the network has been 
expanded in stages (Fig. 1). Many of 
these stations were fi nanced from funds 
 earmarked for SASSCAL, some of them 
directly for the purchase of equipment, 
and others through eff orts in individual 
projects such as SASSCAL Task 001, 
Task 054, and Task 337. 

Other donors have also participated, 
convinced by the possibilities of SASS-
CAL WeatherNet (BIOTA AFRICA; Mi-
nistry of Agriculture, Water and Forestry 
(MAWF), Namibia; Local Institutions 
in Globalized Societies [LINGS], Ger-
many; Instituto Nacional de Meteorolo-
gia de Angola [INAMET], Angola; Insti-
tuto de Desenvolvimento Florestal [IDF], 
Angola; Instituto de Desenvolvimento 
Agrário [IDA], Angola; Universidade 
José Eduardo dos Santos [UJES], Ango-
la; Gestão de Terras Aráveis [Gesterra], 

Angola; Gabinete para a Administração 
da Bacia Hidrográfi ca do rio Cunene 
[GABHIC], Angola; University of Basel,  
Switzerland).

The implementation of the AWSs has 
been done in several campaigns with a 
team of technicians from providers as 
well as from SASSCAL participants. All 
the IT components (data transmission 
pathways, algorithms for quality control, 
SASSCAL WeatherNet website design) 
have been set up by three staff  members at 
the University of Hamburg. Maintenance 
of the stations in the fi eld was carried out 
by only three staff  members in Namibia, 
three staff  members in South Africa, two 
staff  members each in Angola, and the 
national weather services in Botswana 
and Zambia. In 2017, a second workshop 
with the participants of the SASSCAL 
WeatherNet was organised to gather the 
experiences had so far and to plan neces-
sary steps for the future. For a sustainable 
future SASSCAL WeatherNet, it will be 
necessary to either integrate the stations 
into the maintenance networks of the na-
tional meteorological services or to in-
crease the available trained maintenance 
staff  within SASSCAL structures.

Technical implementation

Stations
At the end of 2017, the SASSCAL Weath-
erNet AWSs are distributed in the fi ve 
countries of the SASSCAL region (see 
Tab. 1 and 2, Fig. 2). Currently, 88 stations 
have been purchased with SASSCAL 
funding and 66 stations were contributed 

Figure 1: Implementation of automatic weather stations within SASSCAL WeatherNet. Row: 
cumulative number of AWSs per country; column: fi rst data
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Table 1: List of weather stations and time series properties as at end of 2017
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by other sources (see the section ‘Histo-
ry’). Each AWS is equipped with several 
sensors measuring more than ten climatic 
elements (see Fig. 3, Tab. 3).

In Table 1, details about the availability 
of time series for each station are present-
ed, including the fi rst date and, in the case 
of termination, the last date. Not all sta-
tions produced continuous data; causes of 
data fl ow interruption include vandalism, 
communication interruptions, and in some 
cases the necessity to change the location 
of certain stations. 

The AWSs have been purchased from 
diff erent providers, coming with a variety 
of data loggers and sensors (Tab. 4). The 
variety of types is one of the reasons for 
the need for careful data management, 
which has to harmonize the many vari-
ants of incoming data.

Table 1 also provides information 
about locations of AWSs registered by the 
WMO, and Table 5 compares SASSCAL 
AWSs with WMO-registered AWSs in 
the SASSCAL region.

Data transfer
Starting from the respective climate sta-
tion, the data is transferred over diff erent 
transmission channels to the FTP server 
(see Fig. 4 for a simplifi ed representation). 
From here the raw data are picked up, pro-
cessed, and written into the database. Sev-
eral data quality examinations take place 
during the processing phase (see ‘Data 
processing and quality control’). With the 
diversity of AWSs, the variety of transfer 
methods has increased. The providers Ad-
con/OTT, MCS, and Cimel collect the data 
fi rst and forward these to the SASSCAL 
FTP server. The data from most of the 
Gobabeb AWSs are downloaded remotely 
from the data logger with the assistance 
of the Campbell LoggerNet tool. For the 
AWSs with transmission via Meteosat 
satellite, an Eumetsat download portal is 
in use. From there, the current data are 
retrieved, processed, and forwarded to the 
SASSCAL FTP server every hour.   

The volume of data increases every day: 
95 AWSs have a resolution of one record 
per hour and 69 AWSs have a resolution of 
four records per hour, which results in 8,904 
expected records per day. Despite data loss 
caused by malfunctions, especially as a result 
of transmission problems either at the AWS or 
on the side of the GPRS service provider, on 
average 7,500 records per day are recorded.

Figure 2: Locations of automatic weather stations within the SASSCAL WeatherNet.

Table 2: Number of weather stations within 
the SASSCAL region and their methods of 
data transmission

Table 3: Number of 
stations measuring 
respective weather 
variables



B   E  6    2018 39

C
lim

at
e

Data processing and quality 
control
To provide high-quality data, there are 
certain prerequisites that need to be met:
1. Up-to-date, high-quality technical 

equipment: sensors, data loggers, and 
transmitters.

2. Protected sites: stations are fenced in 
or in secure areas such as at police sta-
tions or farms. 

3. Support at the station location: some-
one from the local village/station is 
able to undertake minor repairs and 
maintenance and/or provide security.

4. Immediate checks on receipt of values 
for presence and plausibility: quality 
checks of data should be carried out by 
one or two persons per country to assist 
the IT team in delivering high-quality 
data and to know in time when one of 
the sensors has been damaged or stops 
functioning.

5. Regular maintenance measures: regu-
lar maintenance is carried out twice an-
nually, but for stations in exposed areas 
every three months to prevent the for-
mation of rust and blockages of gauges 
by fi ne silt (dust) or other debris.

6. Technical competence in the SASSCAL 
region: the lack of manpower to assist 
in troubleshooting has made it neces-
sary to compile manuals that can be 
used to train technicians and managers 
(e.g. Strohbach, 2014).

7. Stocks with spare parts available within 
the countries: spare parts at hand make 
it possible to eff ect timely repairs.

8. Near real-time publication of the data: 
not only for general use, but also for 
the timely detection of problems.

9. Lean information chains to initiate re-
pairs: short communication paths con-
siderably accelerate measures in case 
of malfunctions.

Although these prerequisites are care-
fully considered within the SASSCAL 
network, every incoming value must be 
checked for its reliability and suspicious 
measured values need to be excluded. In 
principle, there are several ways to check 
incoming values for consistency and 
plausibility (WMO, 2011, 2012).
1. The values must be between acceptable 

range limits (e.g., barometric pressure 
depends on altitude).

Figure 3: Typical weather variables recorded by the SASSCAL weather stations.

Figure 4 : Data fl ow from the automatic weather station to online presentation.

Table 4: Number of stations per type, # number of AWSs, Adcon Telemetry / OTT Hydro-
met Group (Austria/Germany) (own devices), CTS Central Technical Supplies (Pty.) Ltd 
(Namibia) (Campbell, Young, Vaisala), MCS Mike Cotton Systems (South Africa) (own 
devices, Vaisala), INOVA (Angola), Gobabeb FogNet (Namibia) (Campbell, Young, Vaisala, 
Setra), Cimel Electronique (France)
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2. A value must fi t within a known context 
(e.g., frost in the early afternoon is pos-
sible only during the winter season).

3. Logical relationships of values of diff er-
ent parameters must be respected (e.g., 
the wind speed minimum must be less 
than wind speed average, which in turn 
is to be less than wind speed maximum).

4. Consecutive values in a time series must 
be coherent (e.g., if several consecutive 
wind speed values are identical, this is 
an indication of a sensor failure; also, 
extraordinary rapid changes in specifi c 
values indicate sensor failures).

5. The trend of a parameter value must 
match the trend of other parameter val-
ues (e.g., as a rule of thumb, air humid-
ity and leaf wetness values increase 
when it starts raining). 

6. Long-term trends must be consistent 
(e.g., a rising mean humidity value 
over more than a year indicates a need 
for calibration of the humidity sensor).

Items 1, 2, and 3 relate to a single value 
or combination of values of the same data 
record and can be checked immediately 
after arrival of the record. In the case of 
items 4, 5, and 6, an examination can be 
carried out only at a later point in time, 
as data records must be compared with 
several, possibly even very many, other 
records.

It has been found to be advantageous to 
relate interval limits (see point 1 above) 
to the individual station. This makes it 
possible to adapt the limits to the local 
conditions and to detect outliers easier 
and more precisely. It has also proved 
useful to adjust the tests to the time of 
day or season to detect anomalies such 
as false positive precipitation values in a 
known dry period (see, e.g., Fig. 5 and 
Tab. 6). All abnormalities are logged in 
a database.

Figure 6 shows plausibility checks of 
the SASSCAL WeatherNet, which are 
automatically performed when a set of 
values is received.

Data presentation
For the use of the data from the SASSCAL 
WeatherNet, data completeness and high 
data quality are necessary conditions. 
However, data presentation is equally im-
portant. Potential data users must become 

aware of the network and be informed of 
the quality and the prerequisites for data 
availability. The link between on-site 
measurement and the use of data for sci-
entifi c or other applications is data pro-
cessing using the Internet, user-friendly 
online databases, web presence, and 
tools of modern data management. This 
is achieved with the SASSCAL Weath-
erNet website (www.sasscalweathernet.
org), which reveals the obtained data to 
both the SASSCAL scientifi c commu-
nity and any other person interested in 
weather data. 

The website provides information 
about the characteristics of each AWS 

Table 5: Comparison of WMO-registered stations versus stations within  SASSCAL 
WeatherNet

Table 6: Registered causes of system failures

Figure 5 : 
Wasps inside the sensor causing false rainfall values at Kalimbeza weather station.
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and allows users to inspect the current 
data in diff erent temporal resolutions, 
from hourly values (or quarter-hourly, 
depending on the sensor) to daily and 
monthly averages. The data are visual-
ized in the form of tables and intuitive 
diagrams. Small data packages can be 
downloaded by the user without restric-
tions. Bulk data are supplied on request.

The popularity of this data source is 
illustrated by the following web sta-
tistics (monthly fi gures for December 
2017): 946,750 hits; 691,917 pages; 
65,844,870 kB download; 5,230 diff er-
ent IP addresses ≈ visitors.

A special service is provided as a 
morning email: every day at 7:30 a.m. 

(GMT+2), an automated routine sends 
an email to a circle of currently 100 sub-
scribers with the parameters of the pre-
vious day’s rainfall and average, maxi-
mum, and minimum temperatures.

System architecture
The SASSCAL IT Team at the University 
of Hamburg uses a rented LINUX virtual 
server with Ubuntu OS 14.04 LTS 64bit + 
Plesk v12.5.30, memory 32 GB, storage 
800 GB. The data are stored in a MySQL 
database and comprise more than 10 mil-
lion rows in the tables with the fi nest 
(hourly or quarter-hourly) resolution. All 
the diff erent routines and webpages are 
programmed with PHP.

Data applications and 
usage policy

The data were initially intended as a ba-
sis to understand changes in the environ-
ment resulting from the expected climate 
change in the following SASSCAL the-
matic areas: climate, water, agriculture, 
forestry, and biodiversity. Scientists in the 
SASSCAL consortium and collaborating 
researchers have used the time series ex-
tensively for both climatic research (e.g., 
Eiselt et al., 2017; Funk et al., 2015; Meyer 
et al., 2017; Siepker & Harms, 2017) and 
biological/ecological work (e.g., Stroh-
bach & Kutuahuripa, 2014; Campbell 
et al., 2015; van Holsbeeck et al., 2016; 
Navarro et al., 2016; Scherer et al., 2016; 
Strohbach, 2017; Beyer et al., 2018). 
Another SASSCAL project supported 
the national meteorological services to 
improve the integration of data into their 
climate databases and internal processes 
(see Posada et al., 2016, 2018). In the 
meantime, data requests to SASSCAL are 
not only for the abovementioned topics 
but also from many other groups, which 
use the data for a variety of purposes such 
as road and infrastructure planning, wind 
and solar energy projects, fi re manage-
ment systems, and cooperation with other 
weather networks (e.g., Kenabatho et al., 
2018; Kumwenda et al., 2017; Siepker & 
Harms, 2017). Additionally, data from the 
SASSCAL WeatherNet have been used 
in the creation of precipitation maps by 
CHIRPS since 2015 (Climate Hazards 
Group Infrared Precipitation with Sta-
tions; Funk et al., 2015). These are used in 
agroclimatology and food security moni-
toring systems such as FEWS-NET (Fam-
ine Early Warning Systems Network; 
Brown et al., 2007) and FLDAS (FEWS 
NET Land Data Assimilation Systems; 
McNally et al., 2017).

SASSCAL has a data usage policy that 
makes it easy for a data user to receive 
the data: ‘Free use of the data is granted 
for non-commercial and educational pur-
poses. Commercial use can be granted 
based on request to SASSCAL.’ The 
most important condition is a citation of 
SASSCAL as data source: ‘For any use 
SASSCAL has to be acknowledged as 
“SASSCAL WeatherNet (2017),  www.
sasscalweathernet.org”’, as stated in the 

Figure 6 : Flow diagram of data plausibility checks as part of data quality control procedures.

Figure 7: Number of weather stations in Angola in the monthly CHIRPS-v2.0, Climate 
Hazards Group Infrared Precipitation with Stations, ftp://ftp.chg.ucsb.edu/pub/org/chg/prod-
ucts/CHIRPS-2.0/diagnostics/stations-perMonth-byCountry/pngs/Angola.002.station.count.
CHIRPS-v2.0.png (last access February 2018).
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website section disclaimer. Commercial 
use of the data is not desired. The low in-
hibition threshold for sharing of the data 
and the discernible potential for use is a 
challenge for the team of the SASSCAL 
WeatherNet: the delivery of quality-test-
ed data as fi le batches is fundamentally 
diff erent from the continuous feeding of 
data into foreign systems and presents 
an additional burden to the data manage-
ment team. If such commitments of data 
supply are made, conditions must be cre-
ated for a continuous fl ow of data from 
the stations to the collecting server, qual-
ity assurance of the data close to the time 
of measurement, and postdelivery op-
tions for late-arriving data and updates. 
For these tasks, the organizational frame-
work must be in place and the technology 
must be optimized. A necessary technical 
precondition is the establishment of data 
quality check routines (see ‘Data pro-
cessing and quality control’).

Conclusions and outlook

At the end of the seven years of imple-
mentation, the question may be asked 
whether the abovementioned eff ort has 
been a worthwhile investment of re-
sources. We come to an affi  rmative an-
swer and regard the following points as 
crucial aspects:
1. There is no doubt that climate change 

is one of the major drivers of environ-
mental and societal change (IPCC, 
2015). Therefore, it is essential to 
provide robust measurements that in-
form on the direction and intensity of 
change.

2. In large areas of the SASSCAL re-
gion (more so in the northern than in 
the southern parts), the coverage of 
operating AWSs in 2010 was below 
one station per 100,000 km². This was 
a very poor overall spatial coverage 
compared to the geographical diversity 
within the SASSCAL region (Helm-
schrot et al., 2015; Kaspar et al., 2015). 
Except for in South Africa, which has 
a dense weather observation network, 
the majority of the stations in the other 
SASSCAL countries were located at 
major airports and cities while vast 
areas that are highly relevant for the 

formation of important meteorological 
processes were not covered. Studies 
in Sudan (70 stations, area ≈ 2.5 mil-
lion km2) and Nigeria (28 stations, 
area ≈ 1 million km²) indicate station 
densities of 1 per 35,000 km² (Omer, 
2008; Fadare 2010). Today SASSCAL 
operates an AWS network at a density 
of more than 60 stations per 1 million 
km² in its core areas. This fi gure is still 
low compared to industrialized coun-
tries, but it covers the spatial diversity 
of the SASSCAL region far better than 
ever before (see Fig. 7 with the num-
ber of Angolan weather stations used 
by CHIRPS, showing the increase in 
AWS numbers after a long period of 
civil war without data availability). 
The improved network is highly appre-
ciated by climate researchers, who use 
the improved data for modelling, and 
by weather services, which integrate 
the new data into their forecasting.

3. With the observation network in place, 
allowing the capture of climate vari-
ability and supporting climate change 
assessments, researchers are now able 
to integrate fi eld observations, envi-
ronmental modelling, and measured 
biotic and social data with reliable and 
high-resolution climate data.

4. Although it was possible to apply for 
and obtain weather data from the na-
tional weather services in the past, the 
new open-access standard, jointly de-
veloped with the national weather ser-
vices, allows easy and fast download-
ing of all data by every researcher and 
decision-maker. SASSCAL received a 
large number of letters that expressed 
appreciation for this improved access 
to urgently needed weather data in 
times of rapid climate change. 

5. The openly accessible weather data 
of the SASSCAL WeatherNet al-
lowed a wide availability of the most 
recent weather data and, therefore, an 
increased awareness of weather and 
climate change by the wider public. 
A striking example is regular rainfall 
reports in various print and radio me-
dia in Namibia based on SASSCAL 
WeatherNet data. The importance of 
these public-domain data has repeat-
edly been highlighted in statements 
made by many politicians.

In summary, we conclude that it was a 
very good investment by SASSCAL to 
set up the SASSCAL WeatherNet.

For the time ahead, it is particularly 
important to ensure that the measures 
taken in the years to come are sustainable 
and that moderate growth is achieved. 
The WeatherNet workshop 2017 (see 
‘History’) emphasized the importance of 
AWS maintenance and capacity building 
with training in data management, ar-
chiving, data exchange, implementation 
of software, web development, satellite 
communication, and international data 
exchange.

To guarantee long-term data availabil-
ity, the anchoring of knowledge in the 
SASSCAL region is important beyond 
the funding period of the SASSCAL pro-
ject. The SASSCAL Open Access Data 
Centre (OADC) intends to take over the 
tasks of data management and online 
presentation, and the national meteoro-
logical services are ready to continue the 
maintenance of the AWSs handed over 
by SASSCAL.
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