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What is Nowcasting 
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• Originally defined by Browning for the 1st Nowcasting Conference in 1981 as: 
 

• Nowcasting definition – description of the current state of the weather in detail 
and the prediction of changes in a few hours 
 

• 0-6 hr forecasting by any method 
 

• spatial scale of no more than a few kilometers (1-3 km) with frequent updates 
(5-10 min) 
 

• Heavy emphasis on observations 
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Only on the nowcasting time and space scale there is sufficient forecast skill, for 
convective storms, that people can take actions to save life, property, and human 
inconvenience. 

Source: www.wiwo.de Source: www.nzz.ch Source: www.thelocal.it 

Source: www.vegetarianbuffalo.com Source: www.tt.com Source: www.land-oberoesterreich.gv.at 

Aviation Construction Civil Protection 

Concerts Sport events Winter road maintenance 

Why Nowcasting 



Nowcasting and History … 
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• Thunderstorm nowcasting started approx. 50yr ago with extrapolation of radar 
echoes 

• Firstly proposed by H. Lidga, 1953 

(Wilson, 2011) 



Nowcasting systems 
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• A variety of nowcasting methods and systems exist, mainly based on different 
needs (users), different data availability and different local 
conditions/environments. 
 

• Most of them focus on thunderstorms and precip 
 

• Output from EUMETNET Nowcasting Activity: Inventory of the nowcasting 
systems in Europe: (Bañon, 2014) 
• Multi-parameter nowcasting systems 
• Radar-based QPF 
• Object-oriented nowcasting approaches 



Nowcasting systems 
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(Bañon, 2014) 



Nowcasting systems 
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(Bañon, 2014) 



Nowcasting systems 
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(Bañon, 2014) 



Nowcasting systems 
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(Bañon, 2014) 



Nowcasting systems 
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(Bañon, 2014) 



Nowcasting systems 
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(Bañon, 2014) 



Integrated Nowcasting through Comprehensive Analysis (INCA) 

     Analyses and Nowcasting 

Surface observations 

Satellite observations 

Geoinformation data 

NWP forecasts 

INCA 
Data QC, Integration, 

optimization 

Radar observations 

Soundings 

(Haiden et al, 2011) 
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http://upload.wikimedia.org/wikipedia/commons/7/7f/Goes-4.jpg


INCA-CE ─ A Central European Nowcasting Initiative 

 

• EU funded Nowcasting project 
 

• 16 partners from 8 CE countries 
• Weather services 
• Research institutions 
• Public authorities 
 

• Project budget: 4.7 million US$ 
• Project duration: Apr 2010 – Sep 2013 
 

• ZAMG leading 
• www.inca-ce.eu 
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http://www.inca-ce.eu/
http://www.inca-ce.eu/
http://www.inca-ce.eu/


Domain size 
700 x 400 km 
 
 

Elevation range 
100 - 4000 m 
 
 

Resolution 
Horizontal: 1 km 
Vertical: 150 - 200 m 
Time: 15 min – 1h 
 
 

Update frequency 
5 min – 1h 

INCA configuation and topography 
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 Observations are always reproduced! 

INCA strategy 

Precipitation Cloudiness Temperature 

& Humidity 

Wind 

Analysis 

background 

Radar data Satellite data NWP 

forecast 

(ALARO5) 

NWP 

forecast 

(ALARO5) 

Nowcasting 

method 

Extrapolation 

with motion 

vectors 

Extrapolation 

with motion 

vectors 

Persistence 

+ NWP trend 

Persistence 

+ NWP trend 

NWP 

forecast 

ALARO5 + 

ECMWF 

ALARO5 ALARO5 ALARO5 

Nowcasting 

limit 

6 hours 6 hours 3 to 12 hours 

(depending 

on stability) 

6 hours 



Precipitation analysis: Merging radar and raingauge data 

Radar Data Raingauge Data 

Filtering 

Climatological scaling 

Shift of radar field 

Latest-data scaling 

Combination 

Filtering 

Spatial interpolation 

Archived radar 

and raingauge 

data 

Precipitation 

analysis 

Elevation effects 



Components of INCA precipitation analysis 

Station interpolation Radar 

Radar scaled INCA Analysis 

18 July 2009, 07:30 UTC 



INCA precipitation nowcasting 

• INCA Motion Vectors (IMVs) 
computed from two consecutive 
analyses 

• Plausibility check with ALARO 700 
and 500 hPa wind field 

• Extrapolation of precipitation 
analysis 
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Quality control and filter mechanisms 

1. Station data consistency check  
e.g. compare 10min precipitation to aggregated 1min obs / sunshine data 

2. Plausibility filter 
Detect unrealistically high/low values, NaNs, etc.  

3. Climatological limits 
defined according to time of the year and accumulation period 

4. Flatfilter 
Identify and remove suspicious series of constant values 

5. Singlefilter 
Identify and remove single “outliers” (i.e., values that appear suspiciously high / low compared to 
neighbourhood or radar data) 

6. Accumulation filter 
same as 5) but for longer accumulation periods 

7. SP filter 
Cross check with cloudiness 

8. Radar filters 
Remove artefacts in the radar fields 

9. Blacklist 
Permanently exclude bad stations from analysis 

Improvements of the precipitation analysis fields by applying quality control 



INCA precipitation without advanced quality control 

Daily precipitation analysis without Quality Control  



INCA precipitation with advanced quality control 

Daily precipitation analysis with Quality Control  



• The analysis of temperature starts with an NWP short-range forecast as a first guess, 
which is then corrected based on observation–forecast differences.  

 

 

Observation analysis in INCA: Temperature 

 Corrections to the first guess are computed based on the differences ΔTk 
between the observed and NWP temperatures at station locations. 

 Similar to Temperature , NWP forecasts are used as first guess in humidity 
and wind analysis. 
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On the use of NWP for nowcasting purposes 

NWP is widely used in Nowcasting systems indirectly: 
 

• Observation analysis and nowcast products 
• Blending 
• Nowcast including advection, initiation, growth and decay of convection 
• Ensemble Nowcasting  
 
Progress in NWP in the last years, e.g. advanced data assimilation 
technique, comprehensive model physics and cloud resolving model;  
assimilation of very dense observations in time and space, like radar,  
GPS etc., there will be more and more use of NWP directly and indirectly in 
Nowcasting. 
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(Wang et al., 2013) 



On the use of NWP in nowcasting: Blending  

)()()()()(
,,,,
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NWPjjNWPnowcastiinowcastblend



The blended forecast is calculated as the weighted sum of the extrapolation 
and NWP. The forecast values are combined using a time-varying weighting 
function which is derived from the measured performances.  

To choose an appropriate quality measure is crucial. The weighting 
method can be linear, exponential, or the introduction of stochastic noise. 
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Overview of blending  

(Atencia and Germann, 2010) 
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Overview of blending  
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Blending in B08FDP  

(Wang J. et al, 2009) 
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Blending in INCA 

 To obtain a continuous sequence of forecast fields, a transition from the extrapolation 
forecast to the NWP forecast is constructed through a prescribed weighting function that 
gives full weight to the extrapolation forecast during the first 2 h and decreases linearly to 
zero at 6 h.  

 Attempts to improve upon the fixed weighting by making the time scale of the transition 
dependent on the magnitudes of NWP and nowcasting errors has as yet not shown any 
benefit. 

Update frequency: 
ECMWF  12 h (available at +9 h) 
ALARO5    6 h (available at +5 h) 
Nowcasting  5,15 min  (available at +20…25 min) 
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Blending in INCA 
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Nowcast in INCA: temperature and humidity 

 In the case of temperature and humidity, Lagrangian persistence explains only a small 
part of the total temporal variation, and variations due to the diurnal cycle become 
dominant.  

 The temperature nowcast is based on the trend given by the NWP model and computed 
for each grid point from a recursive relationship.  
 

 

 

  TINCA(t0)  temperature at the analysis time 

 

 Thus, the INCA temperature nowcast is the latest analyzed temperature plus the 
temperature change predicted by the NWP model, multiplied by fT.  

 This factor is parameterized as a function of the cloudiness forecast error of the NWP 
model.  

 If the NWP model underestimates the cloudiness compared to the INCA cloudiness 
analysis and nowcast, it will tend to overpredict temperature changes, and vice versa. 
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Examples of INCA applications 

Road Safety 
• Winter road maintenance 
• Preventive salt spraying 
• Precipitation, -type, wind, TG 
• Metro road weather model 

Hydrology 
• Input for hydrological models 
• Input for flash flood models 
• Part of flood warning system 

Civil 
Protection 

• Storm alert monitor 
• Organisation of large events 
• National/regional alarm centers 

Energy 
providers 

• Global radiation, wind 
• Input for power supply models 
• Wind climatology, re-analysis 

Landslide modeling, dispersion modeling (of dangerous goods), … 

IN
C

A
 



Road safety: Special focus on (surface) temperature 

• 3D temperature analysis starts with the ALADIN / ALARO5 forecast as a first guess 

– First guess is corrected based on differences between observation and forecast at 
surface station locations. 

– The model 2m-temperature forecast is conceptually and computationally 
separated into a ‘3-d’ or model-level part, and a 2-d surface-layer contribution. 
  

• Surface temperature is a derived parameter, based on observations of the +5 cm air 
temperature, -10 cm soil temperature, and 2 m air temperature. 

– Outside the nowcasting range, the NWP forecast of ground surface temperature 
is used (corrected for the actual terrain height based on 2 m temperature). 

– INCA surface temperature serves as a main input for INCA precipitation types.  

 

 



Precipitation type 

Snowfall 

Snow/Rain mix 

Rain 

Freezing rain 

Temperature Precipitation 

Precip type 

In INCA the distinction between rain and snow is based on the vertical profile of the wet-bulb 
temperature at each grid point, derived from the 3D temperature and humidity fields.  



Hydrology 

- Very high update frequency of RR (5min) 
- Information about uncertainty would be 

beneficial  

INCA 

Improved output (flash flood forecasting) 



Photovoltaic: Solar radiation 

• For sites with photovoltaics: improved radiation forecasts for power supply 
especially in the nowcasting range (~ up to 6 h) 



Ensemble Nowcasting based on det. NWP 

Short Term Ensemble Prediction System- NWP blend 

 Decompose NWP into a cascade  

 Decompose the rainfall field into a cascade 

 Use radar field to estimate stochastic model parameters 

 Calculate the skill of the NWP at each level in the cascade using the 
correlation between NWP and radar 

 Blend each level in the radar & NWP cascades using weights that are a 
function of the forecast error at that scale and lead time 

 For each forecast  

 Add  noise component to the deterministic blend, the weight of the 
noise is calculated using the skill of the blended forecast 

 Combine the cascade levels to form a forecast 

(Seed, 2011) 
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Ensemble Nowcasting based on NWP EPS 

(Kober et al, 2010) 
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Ensemble INCA: Overview 

ALADIN-LAEF  
(limited area ensemble 

system) 

INCA  
Integrated Nowcasting 

through  
Comprehensive Analysis 

 

Uncertainties 
• Measurement errors 
• Radar errors 
• Interpolation errors 
• … 

Ensemble INCA  
ensemble forecast  

in the  
nowcasting range 



05.09.2014 

Folie 41 

NWP 
blending 

Nowcasting Analysis 

NWP blending 
Nowcasting 

Analyse 

Precipitation  

Temperatur, wind  

• Measurement error * 
• Representation error * 
• Radar error * 
• Interpolation error * 

 

• Extrapolation error 
• Convective effects* 

• NWP errors / uncertainties 
• and/or „Multi-Model-

approach“* 

• Measurement error* 
• Representation error * 
• Interpolation error * 
• Ensemble background fields 

 

  Error in NWP-trend  
-> LAEF 

Stochastical  
blending 
with LAEF 

• NWP errors / uncertainties 
• ALADIN-LAEF and/or multi-

system EPS * 

* planned 

Ensemble INCA: Details 



Ensemble INCA 

Ensemble based on LAEF: 

• Use of LAEF EPS as input for INCA to derive 
probabilistic nowcasts 

• Precipitation, wind, gust, temperature, 
ground temperature, … 

Error motion vectors (precipitation): 

• Ensemble based on error motion 
vectors (blue) 

• Error in motion vectors estimated from 
past analyses 

• Motion vector (red) corrected by error 
yields the corrected motion vector 
(green).  

• A sample of motion vectors is drawn 



Error motion vectors 

Kinematic extrapolation in the 
course of one hour. Blue dots show 
the position of an idealized area of 
precipitation, brown dots their 
extrapolated positions (with the 
more transparent ones lying further 
in the future) along the 
corresponding motion vectors 
(black/grey shades). For panel (a) no 
error motion vectors were used at 
all, for panel (b) the current error 
motion vectors alone were used, 
and for panel (c) the current error 
motion vectors and a climatological 
error motion vector were used. 

(a) 

(b) 

(c) 



Comparison: Deterministic INCA and En-INCA 

Analysis 

QPE 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+15 min 

QPF 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+30 min 

QPF 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+45 min 

QPF 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+60 min 

QPF 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+75 min 

QPF 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+90 min 

QPF 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+105 min 

QPF 

Prob > Threshold 



Comparison: Deterministic INCA and En-INCA 

Forecast: 
+120 min 

QPF 

Prob > Threshold 
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Final Remarks 

1. Nowcasting: although basic idea rather old, still beneficial and often superior to NWP 
within the first hours 

2. Originally mainly/only thunderstorm nowcasting, nowadays for many applications 
(warnings, road, civil protection, hydrology, renewable energies, …) 

3. Many different methods/systems/algorithms, but often with similar concepts 
4. Uncertainty assessment becomes more and more important (Ensemble Nowcasting), 

also for end-users 
5. NWP models on the convection permitting scale become more and more attractive to 

be used for nowcasting, indirectly or directly. 
6. Since nowcasting is (and will always be) observation-based (regardless of the method), 

the QC and assimilation of all new and available data sources will be crucial (satellites, 
GPS, radar, aircraft, …) 



Thanks for your attention! 
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