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Abstract
This paper presents the recent WWRP/WMO Forecast Demonstration Project INCA-CE (INtegrating nowCAsting for Central Europe) co-funded by the European Union. Twenty-four partners of national and regional
hydro-meteorological services, national and regional crisis and disaster management centers, and authorities
for road management world-wide have participated in INCA-CE for international cooperation on nowcasting development, interdisciplinary cooperation for nowcasting applications and transnational cooperation for
nowcasting services. INCA-CE has implemented the nowcasting system INCA at the project partner countries, applied INCA nowcasting in civil protection, operational hydrology and road safety, and improved the
INCA system based on the end user’s requirements. The main difference to other similar projects is that end
user’s involvement and the improvements involve the whole end user value chain. The project has developed
several ideas for end users on how to interpret nowcasting products (INCA-SWING) and on how to deal
with the nowcasting products in their working practice (INCA-MCPEX and ISW). INCA-CE is also oriented
strongly to transnational cooperation in nowcasting development and implementation, in easy access to a
homogenized set of nowcasting products from those INCA providers to end users in the region, and in the
transnational use of real-time products by end users in cases of high impact weather across borders.
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1 Introduction
High impact weather is responsible for many natural disasters causing damage and loss of life, and it has always
posed challenges for crisis management and risk prevention. Nowcasting (Browning, 1981; Browning, 1982),
which provides an analysis of the present weather situation and very short range weather forecasts (0–6 h)
in a timely manner and in high spatial detail (Wilson
et al., 1998), is an essential part of early warning systems. When tailored to the end-users’ needs, it can support them in their time-critical applications to respond,
prepare and take actions regarding high impact weather
related hazards, and it allows for an increase of cost effectiveness and security. In recent years, nowcasting has
been in the focus of many weather services and research
institutions, which resulted in significant improvements
of nowcasting systems (Sun et al., 2014), but its integration with the end users, such as with crisis management
and risk prevention is still a highly complex and difficult
task.
Nowcasting systems (as other forecasting models)
have their strengths and weaknesses and it is crucial
to understand the applicability and limitations of results
obtained. Decision makers and end users do not need to
learn about the full complexity of nowcasting systems.
However, there is a need to communicate the essential
characteristics in order for them to effectively take actions. Close cooperation and communication between
nowcasting providers and decision makers is becoming
increasingly important. What is still rare however, are
actual initiatives in building partnerships between nowcasting information provider (usually the National Meteorological and Hydrological Services NMHSs) and end
users or decision makers, and at the same time investigating on methods for improved communication and
strategies for the implementation of weather forecasts.
This paper gives an overview of a Central European
nowcasting project – INtegrated nowCAsting for Central Europe (INCA-CE). The aim of INCA-CE was integrating nowcasting with crisis management and risk prevention in an interdisciplinary and transnational framework. The INCA-CE project fact-sheet in Fig. 1 summarizes the project in detail. Its implementation over Central Europe was funded by the European Regional Development Fund through the CENTRAL EUROPE Programme and led by ZAMG (ZentralAnstalt für Meteorologie und Geodynamik). Among the 16 project partners from eight Central European countries (Austria,
the Czech Republic, Italy, Germany, Slovakia, Slovenia, Poland and Hungary) were seven National Meteorological and Hydrological Services (NMHSs), and nine
end users representing decision makers from civil protection, operational hydrology and road safety.
The INCA-CE project qualified for the application
as a Forecast Demonstration Project (FDP) in World
Weather Research Programme (WWRP) and was endorsed by WMO as such in 2011 (WWRP/WMO, 2012).
Besides the INCA-CE partners, six additional NMHSs
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and regional weather services from Belgium, China,
Croatia, Israel, Switzerland and Turkey participated in
this FDP. Fig. 2 shows geographical distribution of the
INCA-CE WWRP/FDP partnership.
The chosen approaches in the project were the interdisciplinary cooperation and transnational cooperation. It can be highlighted as: (i) the involvement of the
whole end user value chain, (ii) the provision of homogenized nowcasting information across regions (Central
Europe), (iii) advancing the nowcasting system in accordance with end user needs, (iv) providing easily understandable products together with training sessions, and
(v) to establish a feedback loop between end users and
NMHSs.
Scientific and technical cooperations on regional
numerical weather prediction (NWP) models in Europe, such as HIRLAM (High Resolution Limited Area
Model, Bengtsson et al., in press), COSMO (COnsortium for Small scale MOdelling, Baldauf et al., 2011)
and RC LACE (Regional Co-operation for Limited Area
modelling in Central Europe; Wang et al., submitted)
have demonstrated the importance of joining forces in
order to gain sufficient momentum to considerably improve NWP systems. Similar consortia focusing on nowcasting development and applications do not yet exist or
are on the way of being formed (e.g. the EUMETNET
Application oriented analysis and very short range forecast environment (ASIST) programme).
INCA-CE builds on the philosophy of establishing
a community of NMSs actively involved in developing
nowcasting systems and connecting with decision makers from several end user groups to collaboratively advance, disseminate and integrate nowcasting information in the decision making process.
One of the main goals of INCA-CE was the implementation and further development of a common automated nowcasting system within Central Europe for
application in civil protection, operational hydrology,
and road safety. A number of automated nowcasting
systems have been developed worldwide, and operationally or semi-operationally used in some NMHSs,
such as TITAN (Thunderstorm Identification Tracking
Analysis and Nowcasting; Dixon and Wiener, 1993),
SCIT (Storm Cell Identification and Tracking; Johnson et al., 1998), TRT (Thunderstorm Radar Tracking;
Hering et al., 2004), FAST (Fuzzy logic Algorithm
for Storm Tracking; Jung and Lee, 2015), Co-TREC
(Continuous Tracking Radar Echoes by Correlation;
Li et al., 1995; Rinehart and Garvey, 1978), CELLTRACK (CELL TRACKing; Kyznarova and Novak,
2009), MAPLE (McGill Algorithm for Precipitation
Nowcasting by Lagrangian Extrapolation; Germann
and Zawadzki, 2002), CASA (Collaborative Adaptive
Sensing of the Atmosphere; Ruzanski et al., 2011),
ANC (Auto-NowCast system; Mueller et al., 2003),
SWIRLS (Short-range Warnings of Intense Rainstorms
in Localized Systems; Li and Lai, 2004), CAN-Now
(Canadian Airport Nowcasting; Bailey et al., 2009),
INTW (The Enviromental Canada Integrated Weighted
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Figure 1: Factsheet of INCA-CE project – an initiative of NMHSs with end users to work on improved communication and implementation
of nowcasting-related information.
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Figure 2: INCA runs operationally in the countries and regions marked with a blue star.

Model system; Huang et al., 2012), ABOM (The Enviromental Canada Adaptive Blending of Observations
and Models; Bailey et al., 2014), INCA (Integrated
Nowcasting through Comprehensive Analysis; Haiden
et al., 2011), STEPS (Short-Term Ensemble Prediction
System; Bowler et al., 2006), LAPS (Local Analysis
and Prediction System; Alberts et al., 1996), NowCastMIX (NowCast Mix; James et al., 2015). Those nowcasting systems vary from using single observations
to multiple observations, from point-based to gridded
nowcasts, from simple extrapolation of observations to
sophisticated strategies of cell/area tracking, from single weather phenomena such as precipitation to multiparameter system, and from deterministic to probabilistic nowcasts. The interested reader is referred to the recent WMO nowcasting guidelines (Wang et al., 2017).
The basis for the INCA-CE project is the nowcasting system INCA (Haiden et al., 2011). It provides
weather analyses and nowcasts for weather warnings
and downstream applications (1 km × 1 km grid-spacing,
and rapid update frequency every 5 min–1 h depending on the weather parameters and application requirements). INCA was chosen as it is a multi-parameter and
gridded nowcasting system providing information relevant to the three end-user groups of INCA-CE and their
downstream models: civil protection (wind, gust, precipitation), operational hydrology (precipitation) and road
safety (precipitation and type, temperature, wind). Additionally, the INCA system was already in use in some
collaborating Central European countries before INCACE was initiated and thus facilitated the project initiation.
The performance of INCA was evaluated during the
Vancouver 2010 and Sochi 2014 Olympic and Paralympic Winter Games (Isaac et al., 2012; Kiktev et al.,
in press). Studies of the performance of INCA over
mountainous areas and for winter cases (Isaac et al.,
2012; Huang et al., 2014a and b, Bailey et al., 2014;
Haiden et al., 2012; Kiktev et al., in press) showed
that INCA compares favourably against other nowcasting systems such as INTW (Huang et al., 2012) and

ABOM (Bailey et al., 2014) of CAN-now of Environmental Canada.
The INCA-CE activities can be divided into three
phases. In the first phase, an INCA baseline version was
created whereby it was implemented in all NHMSs involved, and user requirements on the aspects of nowcasting which are most relevant for their areas of work
were gathered. In the second phase, INCA-CE tried to
identify ways in which INCA could be improved based
on user’s requirements, and to train the end users for improved understanding and the use of INCA and its forecasts. In the final phase the improved INCA system was
assessed, and a second user feedback loop was begun
concerning its usefulness in practice.
Rather than providing a rigorous description of scientific developments in nowcasting, this contribution follows the INCA-CE project idea and consequently focuses on the transnational and interdisciplinary cooperation, which are described in Section 2. The application
of nowcasting at three end user groups including case
studies is presented in Section 3, and a few improvements to the INCA system are shown Section 4. A summary of the INCA-CE project is provided in Section 5.

2 Methodology
2.1 Transnational cooperation
A nowcasting system needs to be adapted to the local
needs and user requirements to be successful. However,
many small to medium sized weather services (as is often the case in Central Europe) do not have the capability to develop their own nowcasting system due to
e.g. a lack of personnel, technical capacity or know-how.
Transnational cooperation can help (i) to tackle nowcasting/high impact weather forecasting, and (ii) to coordinate warnings at a larger scale and in an improved way
compared to efforts on national scale only. The transnational cooperation is indispensable for Central Europe,
as it is a cross border region with many small countries. INCA-CE recognized the importance and benefits
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Table 1: Characteristics of INCA implemented in weather services in Central Europe (AT-Austria, CZ-Czech Republic, HU-Hungary,
IT-Italy, PL-Poland, SK-Slovakia, SI-Slovenia).
Weather service

Resolution

ZAMG (AT)
ČHMÚ (CZ)
OMSZ (HU)
ARPA-FVG (IT)
IMWM-NRI (PL)
SHMÚ (SK)
ARSO (SI)

1 km × 1 km
1 km × 1 km
1 km × 1 km
1 km × 1 km
1 km × 1 km
1 km × 1 km
1 km × 1 km

Update frequency
5–60 min
10 min
15 min
10 min
15 min
5–60 min
15 min

of transnational cooperation: One aspect achieved was
the holistic approach regarding the warning chain, which
included meteorological models, dissemination of nowcasting information and warnings.
Experiences from central European cooperation programmes, such as the aforementioned RC LACE, have
demonstrated the benefit of joining forces to develop
common tools and methods. Besides the development of
state-of-the art forecasting tools, such cooperation programmes aid the capacity building and foster the knowledge exchange in the regions of implementation.
The INCA-CE transnational cooperation was created
in a number of ways:
• Achieving greater efficiency in nowcasting development
• Homogenizing operational implementation of the
same system in several weather services.
• Providing easy access to a more or less homogenized
set of nowcasting products from those services to end
users in the region
• Transnational use of real-time products by various
types of emergency managers in cases of high impact
weather across borders
The INCA-CE project is the first such cooperation
programme for developing and implementing a nowcasting system as a joint effort between Central European NMHSs. This project has shown that the scientific
expertise and technical skills of the individual partners
can be coordinated to implement a common nowcasting
system (INCA) and to improve this system for several
dedicated applications. Valuable feedback to the model
developers was gained through the implementation of
INCA for many different regions with varying domains
and topographic complexity and with a variety of different NWPs providing background fields. In this process,
some weaknesses of the INCA system were identified
and appropriate solutions implemented. The homogenized implementation (one nowcasting system) in Central Europe, standardized input/output interfaces, improvements in data flow, data quality control and computational efficiency (code optimization and parallelization) allow for a consistent prediction of severe weather
phenomena across regions and thus facilitates the operations of crisis managers and other authorities relying on
meteorological forecasts.

Observations

NWP model

Radar, Satellite, AWS
Radar, Satellite, AWS
Radar, AWS
Radar, Satellite, AWS
Radar, Satellite, AWS
Radar, Satellite, AWS
Radar, Satellite, AWS

AROME; ALARO
ALARO
WRF
ALARO
ALARO
ALARO
ALARO

Table 1 gives the characteristics of the INCA implementations in Central Europe, and their domains are
shown in Fig. 3. Each INCA implementation is set up for
the respective national territory. Most of the implementations have used the limited area numerical prediction
model ALADIN/ALARO (Aire Limitée Adaptation dynamique Développement InterNational, Radnóti et al.,
1995; Wang et al., 2006; Horanyi et al., 1995), with
varying setup (e.g. physical parameterization, boundary conditions, initialization) for the respective countries. Some implementations use forecasts of the nonhydrostatic model WRF (Weather Research and Forecasting, Skamarock et al., 2008) and AROME (Applications of Research to Operations at Mesoscale, Seity
et al., 2011), which enable an explicit simulation of deep
convection.
A transnational visualization platform has been developed which shows INCA nowcasts for the entire Central European domain. National portals – some inspired
by the common portal – are targeted for weather forecasters and local authorities, and they provide a more indepth view on the nowcast fields. Fig. 4 shows an example and the information provided by the INCA-CE webportal. The transnational feature of the INCA-CE web
portal was to provide nowcasting information for the entire Central European area, which required all Central
European countries to exchange their national observation data in real-time. To overcome the language barrier
for better understanding and communication within the
forecaster and end users, the INCA-CE web portal provides the nowcasting information not only in English but
also in the national languages of the participating countries (German, Italian, Polish, Czech, Hungarian, Slovak
and Slovenian).

2.2 Interdisciplinary cooperation
As nowcasting information is primarily targeted to
application-specific end-user groups, a successful development of nowcasting can only be achieved through
an interdisciplinary cooperation. The INCA-CE development and implementation process involved end users
from civil protection, operational hydrology and road
safety accompanying the integration of INCA at the
NMHSs and for their respective applications. In addi-
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Figure 3: Domains over which INCA was implemented and applied in Central Europe during INCA-CE: ZAMG (purple), ČHMÚ (green),
OMSZ (blue), ARPA-FVG (black), IMWM-NRI (dark red), SHMÚ (red), ARSO (yellow).

tion to providing requirements as external users, the end
users were integrated in a feedback loop and evaluated
and discussed the results with the nowcasting developers. This cooperation was coordinated and conducted
by three transnational and interdisciplinary work teams
“operational hydrology”, “civil protection” and “road
safety”. Through regular meetings (bi-annual general
meetings, numerous bi- and multi-lateral expert meetings), surveys among at least 15 national and regional
end users, work days and exercises, the nowcasting experts and the specialists of end users from the partner
countries quantified the end user’s requirements on nowcasting; developed jointly the respective strategies for
optimal use of nowcasting in the three application areas; identified ideas for nowcasting improvement and
defined the work plan for pilot implementations.
Specialized tools have been elaborated, which target
the close relation between NMHS’s and end users:
• INCA-MCPEX (Meteorological-Civil Protection
EXercise): a cross-border exercise between NMHS’s
and civil protection authorities to find an optimal
workflow for a severe storm case.

• INCA-SWING (SevereWeather
INterpretation
Guide): based on INCA nowcast fields, areas with
an elevated risk of severe weather are highlighted.
This allows for an easier interpretation of forecast
fields by end users.
• INCA-ISW (Impact of Severe Weather): enhancing the communication and knowledge about the
economic impact and predictability of significant
weather events.
Three questionnaires targeting the entire user community were designed and distributed to the end users:
at the beginning of the project, during implementation
of nowcasting and coupled hydrological models, and
towards the end once the pilot implementations were
implemented. The first questionnaire showed that especially hydrologists were not satisfied with the meteorological and hydrological tools and that 75 % of hydrologists did not use nowcasting products at all. Small
improvements of the forecasting tools were registered
by the respondents from the second questionnaire. In
the last questionnaire, 90 % of the respondents noticed
significant improvements in the results of their work.
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Figure 4: INCA Central European web portal: Different weather parameters, maps and function settings (update frequency, capacity, speed
of loop), and languages can be chosen. Due to the large amount of radar data which was required for the precipitation nowcasts, a centralized
computation was not feasible for precipitation. The approach taken was the combination of all regional precipitation nowcasting into one
precipitation composite.

The forecasts (e.g. precipitation and temperature) were
found to be more precise and the prediction of the location of extreme events more reliable than before.
The pilot implementation was evaluated by those
three work teams through studying at least five cases of
three different types of hazards including flood, storm
and snowfalls in application areas in the participating
countries, e.g. operational hydrology in Austria, Slovakia, Czech Republic and Poland, civil protection in
Austria, Slovakia and Poland; and road safety in Austria
and Slovenia. The establishment of structured feedback
between the nowcasting provider and end users was built
on the experience gained by the NMHSs in applied nowcasting and end users involved in the project. Those experiences were documented and synthesized into a list
of recommendations. The evaluation and feedback processes were carried out through surveys, workshops on
nowcasting, regular meetings, two training sessions for
nowcasting developers and end users and E-learning material, manuals for INCA implementation and the observations.

3 Application of nowcasting in civil
protection, operational hydrology
and road safety
3.1 Civil protection
Civil protection is one of the main end-users of nowcasting information. Crisis managers and decision makers in civil protection have to factor in present weather

and meteorological forecasts when assessing potential
threats to the general public. For instance, forecasts
of a severe storm will affect the preparation of public
events (e.g. open air concerts) and will call for special
measures taken by civil protection authorities. To reciprocally understand the workflow, identify misconceptions and practice cross border communication, NMHSs
and local authorities from civil protection from Austria, Hungary and Slovakia have participated in INCAMCPEX. In this exercise the “EMMA” windstorm on
1 March 2008 (Pistotnik et al., 2011) was simulated
with the INCA-CE tools whereby forecast information
was distributed in “real-time” to civil protection authorities. All actions by authorities were documented and
continuous feedback was gathered throughout the exercise. Through the intensive communication and feedback, the challenges in interpreting weather information
as well as the forecast accuracy could be documented
and improved the processes involved in INCA-CE. For
example, civil protection authorities reported the difficulty of direct comparisons between the national INCA
portals due to different units for the same parameters
and different warning thresholds used. The INCA-CE
web portal – covering the entire Central European region - solved this problem and was tested during the exercise. Moreover, the disaster management had to evaluate the respective weather situation (e.g. large-scale and
rapidly propagating windstorms) and take some measures already several hours before the event (e.g. deciding whether special interventions such as the evacuation
of civilians, provision of emergency power supply, or the
imposition of limitations in transport would be neces-
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Figure 5: INCA-SWING diagnostics (left) showing the areas of observed and potential thunderstorm activity in Slovakia, valid for
1500 UTC 22 June 2013; and the corresponding INCA 1 h precipitation analysis (right).

sary). For this purpose, local nowcasts (even if accurate)
are insufficient and high-resolution products generated
on a large domain (at least 1500–2000 km in side length)
are essential for the early detection of severe weather.
To make the interpretation of meteorological parameters easier and more understandable for civil protection
authorities, INCA-SWING was developed to provide
comprehensive information about the potential for severe weather events. The INCA-SWING algorithm identifies the existing precipitation patterns and highlights
the areas with thunderstorm potential in the near future
(0–2 h). Although this algorithm does not add any additional information to the meteorological fields, it facilitates the interpretation of meteorological data for nonmeteorologists. This concept has been tested on several
cases of severe weather. In the example of 22 June 2013
several thunderstorms formed within a warm and unstable air mass over many parts of Central Europe (mainly
Austria, Hungary and Slovakia) with hail and windstorms reported. The INCA-SWING diagnostics and the
corresponding INCA analysis are shown in Fig. 5. It reveals the presence of thunderstorms, as well as the potential for further development of convection in Slovakia
and northern Hungary.
The extension of this application to the entire Central
European domain was implemented as well.

3.2 Operational hydrology
Precipitation nowcasts and very short range forecasts
provide important information for flash flood forecasting. At the Slovak Hydrometeorological Institute
(SHMÚ) a coupled nowcasting – hydrological flood
warning system did not exist before INCA-CE. During
the project, as part of a pilot implementation in Slovakia,
INCA was coupled with a rainfall runoff model based
on the works from Bergström (1976) and Bergström
(1992). The new coupled system was tested for the
Gidra river basin (about 30 km2 ), which is situated in
southwest Slovakia, partly in the Little Carpathian hills

Figure 6: Simulated discharge of the coupled model with simulations run hourly between 1400 and 1700 CEST. Measured discharge
is shown as black line.

and partly in the Danube lowlands. A flash flood occurred on 7 June 2011 when two consecutive convective storms hit the area. The first storm filled the retention potential of the watershed, and the second one
caused the flood which destroyed infrastructure in the
Pila village. For the INCA precipitation analyses, about
300 automatic weather stations along with two weather
radars were input into the system. For the nowcasts, the
Slovakian implementation of INCA uses the ALADIN
model (Derková, 2005) as a background field. The coupled model was able to capture the flash flood event with
good timing, but the flood wave peak value was underestimated, as was its duration. Fig. 6 shows the simulated and measured discharge with hourly simulations
from 14 h to 17 h CEST. An increase of the flood wave
peak can be observed already in the model run at 15 h,
which is 105 minutes before the peak wave occurred.
Later runs (16 h and 17 h) show a very good agreement
with the observed discharge.
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Figure 7: Example of INCA precipitation analysis in Austria (amount and type) provided to road maintenance agencies via a web portal.

3.3 Road safety
Winter road maintenance authorities rely on precise
weather forecasts to effectively handle difficult road
conditions. Important parameters, as indicated by the
road management partners, are: onset of snowfall event,
duration and amount of snowfall, forecast of road temperature and dew point, detection/forecast of freezing
drizzle, fog, and wind forecast for drifting snow. Accurate forecasts can improve the decisions of road maintenance staff on the treatment procedures concerning the
amount of salt applied, as well as the optimal location
and time span. Such optimization can result in reducing the total amount of spread road salt, thereby diminishing harmful impacts on the environment. The INCA
forecasts can be used as input for different road weather
models focusing on the prediction of road surface temperature and road state, or be used as standalone weather
information. Accurate predictions of road conditions increase the road safety and thus decrease the potential
risk of accidents. Fig. 7 shows an example of INCA precipitation analysis (amount and type) provided to road
maintenance agencies.
An estimation of salt and thus cost reduction for a
small region in Lower Austria (Weinviertel – the wine
district with an area of 10.25 · 106 m2 ) resulted in 16 k C
and 20 k C saved for freezing drizzle and ongoing snowfall respectively. Even if the number of circuits for salt
spraying increases when accurate weather information
is available, the amount of salt spread for one circuit
is half the amount used when no accurate weather information is available. INCA has been applied in the
road maintenance agency of the provincial government
of Lower Austria concerning e.g. the forecast of heavy
snowfall. A heavy and regionally restricted snowfall
event occurred in the northern Alps of Lower Austria
on 15 and 16 March 2013. In this area, between 10
and 25 cm of snow fell during one night which lead
to massive traffic problems. Fig. 8 compares the regional NWP model ALARO forecast with INCA forecast. The ALARO forecasted only very little snowfall in
this area, whereas INCA produced results closer to the
reality. Weather situations with heavy postfrontal precipitation due to effective orographic precipitation enhancement are rather challenging for NWP models be-

cause drying effects are dominating due to sinking air
masses in higher altitudes. Furthermore, such orographically influenced events are usually restricted to small
areas and characterized by a very high spatial variability. Hence, NWP models with a rather coarse resolution
might have difficulties in such situation. The main advantage of INCA compared to NWP models is – in addition to the higher resolution – the consideration of observations and radar data especially for nowcasting applications up to 12 h. On the other hand, even INCA forecasts have their limits in cases of complex terrain (e.g.
poor radar quality) and erroneous station measurements
(poor station density, measuring errors in case of snowfall). Nevertheless, the use of INCA as a supplement to
the NWP models enables more precise warnings and increases the forecast skill. End-users in road maintenance
benefited from the INCA information.
In Slovenia, INCA model outputs were integrated in
a Road Weather Information System (RWIS) to predict
wind speeds during a pilot implementation. This tool
has been used by the Slovenian Infrastructure Agency
to optimize their decision system for opening and closing the motorway in case of strong wind. Such decisions
are delicate because, on the one hand, they can cause
economic losses, but on the other hand, it is necessary
to ensure the safety of drivers. Typical high wind speeds
(bora) occurred along the motorway section near Podnanos (Slovenia) between 19 and 21 September 2012.
The verification of the INCA wind speed forecast at
Šumljak road weather station is shown in Fig. 9. It is
possible that high wind speeds can be predicted several
hours ahead, with a good timing of the high wind speed
events.
Besides wind speed, road surface temperature is one
of the most important parameters which is relevant for
anti-icing and plowing operations of winter road maintenance. INCA nowcasts of surface temperature and the
respective observations obtained at the road weather station Bandera (near Senožeče Slovenia) were analyzed
between 6 and 12 February 2013 when road surface temperatures were around 0 °C (with large variations between day and night). Temperatures from INCA nowcasts at 3 h lead time together with the measurements
are shown in Fig. 10. The modelled temperatures follow
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b)

c)
Figure 8: a) ALARO forecast of 4 h accumulated precipitation between 2000 UTC 15 March 2013 and 0000 UTC 16 March 2013 with
initialization on 1200 UTC 15 March 2013; b) INCA forecast field of 4 h accumulated precipitation between 2000 UTC 15 March 2013 and
0000 UTC 16 March 2013 based on the INCA run of 2000 UTC 15 March 2013; and c) the INCA analysis of 4 h accumulated precipitation
between 2000 UTC 15 March 2013 and 0000 UTC 16 March 2013.

Figure 9: Wind speed measured and forecast at Šumljak road
weather station.

Figure 10: Temperature modelled and measured at Bandera road
weather station between 6 and 12 February 2013. Red line: INCA
nowcast at 3 h lead time. Black line: Measurement from road
weather.
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Figure 11: Example showing the precipitation rate from the original precipitation analysis method (left) and the new method (right).

the diurnal cycle well but do underestimate the measured
temperatures consistently. This negative bias is more acceptable than a positive bias since it is preferable to
be more conservative regarding winter maintenance actions.
Following the INCA-CE project, it could be shown
that coupling of INCA with a dedicated road weather
model (METRo, Crevier and Delage, 2001) and
adapting this model (Kršmanc et al., 2013 and Kann
et al., 2015a) significantly increases the capabilities of
forecasting road temperature.

4 Nowcasting developments
4.1 Precipitation analysis and nowcasting
The quality of nowcasting is largely determined by the
quality of the weather analysis. This is particularly crucial for such a discontinuous parameter as precipitation that is characterized by high spatial and temporal
variability, ranging from long-term precipitation within
warm frontal zones to summer convection precipitation
regimes with very localized but high precipitation rates.
The scientific and algorithmic challenge is the combination of sparse in-situ real-time rain gauge data, possibly
suffering from systematic and random measurement errors, with indirect high-resolution (in space and time)
measurements from remote sensing data. In INCA-CE a
precipitation analysis method was developed including
sophisticated data quality control in combination with
an extended Kalman filter algorithm for merging the different data sources. The new algorithm has been validated, and a comparison with outputs from the original method indicates an improvement of the new algorithm: A more realistic precipitation field is obtained
with the new method compared to the unrealistic patterns (bull eyes) from the original method, which is
shown in Fig. 11.
Based on Steinheimer and Haiden (2007) and results from ongoing research at ZAMG (not published)
a convective precipitation nowcasting scheme has been
implemented. For verification, a set of 15 convection
days was selected in Austria in 2011. The precipitation

Figure 12: RMSE of four precipitation nowcasting methods (translational precipitation nowcasting, convective precipitation nowcasting respectively with ALADIN background, AROME background
and ALARO background) including all 15 investigated days.

nowcasting has been performed from 0000 to 2300 UTC
for each selected day, and the forecast lead time is 6 h.
The verification of areal precipitation values was done
for regions with a characteristic size of a few thousand square kilometers. These were either catchments
of medium-sized rivers or physical regions of similar
size. Thus, Austria was divided into 34 regions. The
mean size of these regions was an order of magnitude
larger than structures that were resolvable by ALADIN
(∼ 100 km2 ), more than two orders of magnitude larger
than structures resolvable by AROME (∼ 6 km2 ) and
three orders of magnitude larger than structures resolvable by the nowcasts (1 km2 ). Hence, the “double
penalty” effect might play less of a role in this case.
Fig. 12 displays the Root Mean Square Error (RMSE)
of the four precipitation nowcasts (extrapolation precipitation nowcasts, and convective precipitation nowcasts
with either an ALADIN background, an AROME background or an ALARO background) for all dates of the
15 investigated days. Table 2 describes the model configurations of ALADIN, ALARO and AROME for the
verification. They differ mainly from their model reso-

470

Y. Wang et al.: Integrating nowcasting with crisis management and risk prevention

Table 2: ZAMG model configuration of ALADIN, ALARO and
AROME.
Horizontal
and vertical
resolution

Dynamical core

Physics

ALADIN 11 km,
45 levels

hydrostatic

Deep convection
parametrisation

ALARO

5 km,
60 levels

hydrostatic

Grey zone physics
parametrisation

2.5 km,
90 levels

Non-hydrostatic Micro cloud physics,
explicit convection
scheme.

AROME

lution and model physics. Judging from the overall situation, the performance of convective nowcasts with
AROME background is obviously the worst, with its
RMSE value almost twice that of the other three nowcast methods. This result is mainly due to the smallscale pattern of the wind fields which affects the moisture convergence and thus leads to unrealistic convective fields. The other two convective nowcasts (with
ALADIN and ALARO backgrounds) outperform the
translational/extrapolation nowcasts for almost all lead
times.

4.2 Wind nowcasting
A major INCA-CE nowcasting development for civil
protection was the better representation of topographic
effects on the wind field (Kann et al., 2015b), as well
as a better analysis of the downburst potential of thunderstorm cells. Several methods for predicting nonconvective gusts were implemented and evaluated with
respect to civil protection usage. A physical approach of
parameterizing gusts related to thunderstorms (‘downbursts’) was developed based on the idea of Yeung et al.
(2008). Intense downdrafts and convective outflow are
partially determined by the properties of the thunderstorm environment and the amount of negative buoyancy. The downdrafts are further enhanced by precipitation load, which is assessed from radar reflectivity observations and nowcasts (Pistotnik, 2012). The resulting field represents the potential maximum convective
gust in case of thunderstorm, though the algorithm does
not explicitly simulate the dynamics of the downdrafts
and outflows. However, it could be shown that such a
convective gust index is able to indicate hazardous situations and is beneficial in civil protection applications.
An example is provided in Fig. 13.
Dissemination of precipitation and gust nowcasts to
public and civil protection authorities supports their decisions to guarantee the security during large openair events. However, deterministic forecasts can still
be misinterpreted by non-meteorologists and the actual hazards can be underestimated. Therefore, Ensemble INCA which is based on ensemble forecasts of
Limited Area Models (LAM) (e.g. WRF, ALADIN,
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AROME) or other methods reflecting the uncertainty of
the nowcasts in current weather situation might increase
both, probability of severe weather detection and confidence/understanding of warnings based on the outputs
of nowcasting systems (Simon et al., 2013; Suklitsch
et al., 2015).

5 Conclusion
In this paper we present the international nowcasting
cooperation project INCA-CE funded by the European
Union through the CENTRAL EUROPE Programme.
The aim of INCA-CE was to integrate nowcasting with
crisis management and risk prevention in a transnational
and interdisciplinary framework. INCA-CE applied two
main approaches for nowcasting development and its
application:
• Interdisciplinary cooperation: the strength and scope
of the end user perspective has been adopted throughout the project. The idea is not only to implement
and improve a nowcasting tool based on user requirements; instead, the user involvement and the improvements involve the whole end user value chain:
By communicating end user application needs as
well as possibilities and limitations in nowcasting between end users and nowcasting developers, a reciprocal understanding of each other’s needs was built
up. Such a process goes beyond exchanging documents on requirements but instead creates a partnership for continuous work on improving safety and
security based on an optimal integration of weather
information.
• Transnational cooperation: the project is oriented
strongly towards a transnational cooperation, for example, putting efforts and resources together in nowcasting development; operational implementation of
the same nowcasting system in the weather services
of the region; making the nowcasting products from
the NMHS and the warnings from end user available,
and easy access to the others, NMHSs and end users
of the neighbouring countries in the region
INCA-CE was one of the first projects in the world
that provided for this kind of extensive cross-discipline
and cross-border cooperation on high impact weatherrelated issues. The nowcasting system INCA has been
implemented in the participating NMHSs in the project,
applied in the civil protection, operational hydrology,
and road safety, and was improved based on the end
user’s requirement.
An exchange of real time observations for the nowcasting purpose has been set up, new nowcasting modules have been developed, e.g. precipitation and wind
gusts with higher precision, especially in regions with
particular topographical characteristics. INCA has been
coupled with hydrological runoff models which proved
to increase the preparedness through more timely warnings issued. Integration of INCA in road weather information systems (RWIS) demonstrated the economic
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Figure 13: INCA analysis of 1 h precipitation (shades of grey) and convective gusts (lines of 15, 20 and 25 m/s) with depicted maximum of
diagnosed 29.6 m/s maximum gust (28 m/s observed) valid for 2000 UTC 22 June 2013. The domain shows the central and eastern part of
Hungary.

and ecologic benefits of reduced salt spraying as well
as the possibilities in forecasting road conditions. The
developed INCA-CE web portals allow the general public to examine the current weather situation and to plan
activities according to the nowcasts. Furthermore, the
INCA-CE web portal provided an easy access of nowcasting information and warning information among the
NMHSs and end users in the central European region,
which has supported to develop a standardized information exchange across borders – for better transnational
cooperation in weather emergencies.
The interdisciplinary cooperation was organized by
experts from nowcasting developers, end users and from
different countries. Through regular meetings and workshops, working days, surveys in the different project
phases, trainings and pilot implementations, a reciprocal understanding of the requirements of the end user
community and the limitations of current nowcasting
systems was built. Guidance, recommendations and exercises were developed for teaching the end user what
the products actually mean, and how to interpret them
(INCA-SWING); for training the end user in handling
and interpreting the products in their working practice

(INCA-MCPEX, INCA-ISW). Case studies were investigated during the pilot implementations and showed the
benefit of integrating nowcasting information at end user
services.
The potential of INCA-CE was recognized by the
World Meteorological Organization (WMO), which
chose the project as WWRP/FDP. With the support of
WMO, the INCA system was adopted in various countries around the world, allowing for an exchange of
know-how, expertise and experiences. In total, it is already being used and further adapted by 24 weather service partners from Austria, the Czech Republic, Germany, Hungary, Italy, Poland, Slovakia and Slovenia (all
involved in INCA-CE), and additionally from Belgium,
China, Croatia, Israel, Switzerland and Turkey.
A follow-up project to maximize the longer term benefits of INCA-CE was co-financed by the EU (PROFORCE – Bridging of Probabilistic Forecasts and Civil
Protection, co-financed by DG ECHO civil protection
call, 2014–2015). PROFORCE focused on prevention
and preparedness in civil protection and marine pollution. The main objective of this EU project was to further
improve preparedness and decision making procedures
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in civil protection agencies (i) by building an innovative
seamless probabilistic forecasting system; (ii) by tailoring this system to the needs of civil protection applications by an integration of the feedback from end-users,
and (iii) by strengthening the transnational cooperation
between the participating countries and adapting the system for further use in other European countries.
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