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•  INCA = Integrated Nowcasting through Comprehensive Analysis 

• Nowcasting system of several meteorological fields: 
temperature, humidity, wind, cloudiness, precipitation, precipitation type 
and some derived fields (e.g. wind chill, height of freezing level, visibility) 

• High resolution: 1 km 

• Several of these fields are analysed in a three-dimensional grid 

• Developed by national meteorological institute of Austria (ZAMG) 

•  INCA-BE: implementation of INCA in Belgium 

INCA-BE one-slide summary 
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Nowcast =  real-time forecast for the next couple of hours 
with high resolution in space and time 
contains some kind of extrapolation of current observations 

Numerical models not accurate enough in this time frame, and do not 
have (yet) the required resolution. 

Why nowcasting? 
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Radar 
AWS 
gauges 
satellite 
... 

nowcast “analysis fields” 
accurate representation of 
current state of the atmosphere 

nowcast “forecast fields” 
high-resolution extrapolation 
for coming hours 

Why nowcasting? 
Nowcast = 
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Nowcasting system INCA merges both forecasting strategies 
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INCA at ZAMG 

http://www.zamg.ac.at/incaanalyse/ 



•  INCA is growing! More and more 
countries have adopted (or 
going to adopt) INCA as their 
main nowcasting system: 
Slovakia, Slovenia, Croatia, 
Poland, Switzerland, Czech 
Republic, Turkey, Israel and 
even a province in China 

•  INCA-CE: ambitious European 
program to collaborate on 
improved nowcasting for Central 
Europe (May 2010 – Sept. 2013) 

http://www.inca-ce.eu 

INCA in Europe 



INCA-CE 
INCA	
  for	
  central	
  Europe	
  hIp://www.inca-­‐ce.eu/CE-­‐Portal	
  
	
  

•  4	
  km	
  resoluAon	
  
•  6h	
  forecast	
  for	
  

2m	
  temperature,	
  
10m	
  wind,	
  
10m	
  gusts,	
  
precipita)on	
  



INCA-CE project 

Czech	
  Republic	
  

Hungary	
  

Slovakia	
  

INCA-­‐CZ	
  

INCA-­‐HU	
  

INCA-­‐SK	
  

Exchange	
  
of	
  

knowledge	
  
and	
  data	
  

Civil	
  protecAon	
  

Hydrological	
  service	
  

Road	
  management	
  

“Pilot	
  implementa)on”	
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INCA-BE 

600x590 km, 1km resolution 

INCA-BE domain 

INCA-­‐BE	
  is	
  the	
  local	
  
implementaAon	
  of	
  
INCA	
  in	
  Belgium	
  

INCA-BE domain 
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INCA-BE input 

AutomaAc	
  weather	
  staAons,	
  synop	
  
staAons	
  and	
  regional	
  gauge	
  networks	
  

Satellite	
  data	
  (MSG	
  RSS	
  -­‐	
  SAFNWC)	
  NWP	
  (ALARO-­‐4km)	
  –	
  6h	
  update	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Radar	
  
(Wideumont,	
  Zaventem,	
  Avesnois,	
  Jabbeke)	
  

INCA-BE 

High	
  resoluAon	
  
elevaAon	
  data	
  
(USGS	
  GTOPO30)	
  



INCA-BE topography 

• ALARO-4km topography compared to INCA-BE topography 

ALARO-­‐4km	
  

INCA-­‐BE	
  

Difference up to 100m! 



• ALARO-0 4km 
4 runs per day 
hourly output, 36h of forecast 
output available roughly 4h after analysis time 

• Automatic weather stations and synop stations 
30 stations Belgium (available within 15 min after hour) 
~120 synoptic stations in neighbour countries within INCA-BE domain 
most of them available after ~20min 

• Precipitation (10min time step) 

- Radar composite Wideumont + Zaventem + Avesnois + Jabbeke 
- Rain gauges 

‣ our own stations (available every hour) 

‣  regional hydrological services VMM and Sethy (real-time) 
• Satellite (10min time step) 

Cloud-type product of SAFNWC from RSS (real-time) 

INCA-BE input 
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Basic fields: forecast up to +12h, time step 1h, update every hour	
  

Precipitation: forecast up to +4h, timestep 10 min, update every 10 min	
  

Convective fields: only analysis, time step 1h, update every hour	
  

Output grouped into four categories:	
  

2m temperature, 2m dewpoint, 2m relative humidity, snowfall 
level, freezing level, 10m wind, wind chill, ground temperature	
  

Precipitation and precipitation type [rain/mix rain+snow/snow/freezing rain] 	
  

CAPE, CIN, LCL, Level of free convection, Lifted Index, Showalter Index, 
Deep Convection Index, Trigger temperature, Trigger temperature deficit, 
Equivalent pot. Temperature, Moisture convergence, Flow divergence, 
Precipitable water 	
  

Cloudiness fields: only analysis, time step 10 min, update every 10 min	
  
Cloudiness and visibility	
  

INCA-BE output  



Runtime information 
Hourly fields: basic and convective	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
  First	
  run	
   	
  Second	
  run	
  
T2M,	
  TD2M,	
  RH2M,	
  ZSNOW,	
  ZFREEZ 	
  H+16’ 	
   	
  H+43’	
  
WIND10M 	
   	
   	
   	
   	
   	
   	
  H+17’ 	
   	
  H+44’	
  
TGR	
   	
   	
   	
   	
   	
   	
   	
   	
  H+18’ 	
   	
  H+46’	
  
WCHILL 	
   	
   	
   	
   	
   	
   	
   	
  H+19’ 	
   	
  H+47’	
  
ConvecAve	
  analysis 	
   	
   	
   	
   	
  H+20’ 	
   	
  H+48’	
  

10min fields: precipitation and cloudiness	
  
RR10MIN	
  and	
  PTYP 	
   	
   	
   	
   	
  H+02’,H+12’,H+22’,H+32’,H+42’,H+52’	
  
CLOUD	
  and	
  VIS 	
   	
   	
   	
   	
   	
  H+14’,H+24’,H+34’,H+44’,H+54’	
  

	
  +	
  rerun	
  last	
  hour 	
   	
   	
   	
   	
  H+04’	
  

Output	
  is	
  available	
  roughly	
  2	
  or	
  3	
  minutes	
  afer	
  launch	
  

! INCA-BE generates 1680 images per hour!	
  



INCA-BE website on intranet 

Sub-page 
selector 

Animation 

Field browser 

Time browser 

Overlays	
  

Refresh 
Contours 
Zoom 



Basic fields 
forecast up to 12h 
time step 1h 
update every hour	
  

2m temperature 
2m dewpoint 
2m rel. humidity 
freezing level 
10m wind 
ground temp. 
snowfall level 
wind chill 

INCA-BE output  hSp://intrarmi.oma.be/metpro/inca-­‐be/	
  



Precipitation 
forecast up to 4h 
time step 10min 
update every 10min	
  

Precipitation 
(10 min accum) 
Precipitation type 

INCA-BE output  Intranet	
  webpage:	
  
hSp://intrarmi.oma.be/metpro/inca-­‐be/	
  



Precipitation 
forecast up to 4h 
time step 10min 
update every 10min	
  

Precipitation 
(10 min accum) 
Precipitation type 

INCA-BE output  Intranet	
  webpage:	
  
hSp://intrarmi.oma.be/metpro/inca-­‐be/	
  



Convective 
analysis 
only analysis 
time step 1h 
update every hour	
  

INCA-BE output  hSp://intrarmi.oma.be/metpro/inca-­‐be/	
  

CAPE, CIN, Lifted 
Index, Showalter Index, 
Deep Convection 
Index, Trigger 
temperature deficit, 
Moisture convergence, 
Flow divergence, 
Precipitable water, 
LCL,	
  Level of free 
convection, Trigger 
temperature, 
Equivalent Potential 
Temperature	
  



Cloudiness fields 
only analysis 
time step 10min 
update every 10min	
  

INCA-BE output  hSp://intrarmi.oma.be/metpro/inca-­‐be/	
  

Cloudiness 
 

Visibility 
(experimental) 

Live	
  demo	
  



Interactive meteogram 
Export meteogram 

INCA-BE 
website on 
intranet 



INCA-BE 
website on 
intranet 

Hourly	
  accumula)ons	
   Sum	
  for	
  next	
  
four	
  hours	
  

Examples	
  of	
  
meteograms	
  

T2M	
  

WIND10M	
  

RR10MIN	
  



Contents 
Latest news 
How to navigate 
Legend and runtime info 
Test cases 
Notes & known issues 
Changelog 
Documentation 
Further development 

INCA-BE 
info page on 
intranet 



Visibility 
Visibility	
  is	
  an	
  experimental	
  product	
  with	
  promising	
  results,	
  but	
  with	
  
room	
  for	
  improvement.	
  VerificaAon	
  difficult.	
  

Wideumont	
  

Antwerpen	
  

Luxembourg	
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INCA-BE precipitation forecast 

INCA motion vectors are derived from consecutive INCA 
precipitation analyses, with an area tracking algorithm. 



VALA	
  

INCA-BE precipitation forecast 

INCA motion vectors are filtered by the ALARO wind field at 
500 and 700 hPa. 

Allowed	
  moAon	
  vector	
  

Rejected	
  moAon	
  vector	
  

5 m/s 
(18 km/h) 

Δ	
  



INCA-BE precipitation forecast 

0h-­‐2h:	
  pure	
  
translaAonal	
  
forecast	
  (with	
  
moAon	
  vectors	
  as	
  
explained	
  above)	
  
2h-­‐4h:	
  model	
  is	
  
injected	
  into	
  
forecast.	
  

Small	
  jumps	
  in	
  space	
  
can	
  occur	
  in	
  
precipitaAon	
  from	
  
ALARO,	
  since	
  this	
  
field	
  is	
  only	
  available	
  
once	
  per	
  hour.	
  



INCA precipitation forecast verification 

MAE	
  Winter	
  2008/2009	
   MAE	
  Summer	
  2009	
  



INCA-BE precipitation type algorithm 

Precipitation type algorithm uses near-surface information 
(T2M, Tw wet bulb, TGR) and upper-air information (ZSNOW): 

1)  Tw	
  <	
  +2°C:	
  
Determine	
  whether	
  surface	
  elevaAon	
  is	
  
-­‐	
  below	
  (rain),	
  
-­‐	
  in	
  (mix	
  rain/snow)	
  or	
  
-­‐	
  above	
  (snow)	
  ZSNOW	
  level	
  layer.	
  
Width	
  of	
  melAng	
  layer	
  (around	
  ZSNOW)	
  is	
  currently	
  fixed	
  at	
  
200m	
  

2)  Tw	
  ≥	
  +2°C:	
  rainfall	
  is	
  diagnosed	
  
3)  If	
  rain	
  is	
  diagnosed:	
  extra	
  test	
  for	
  freezing	
  rain:	
  

either	
  air	
  temp.	
  or	
  ground	
  temp.	
  is	
  <	
  0°C	
  
(laIer	
  case	
  air	
  temp	
  has	
  to	
  be	
  <+2°C	
  as	
  well).	
  



INCA-BE precipitation type example 

PrecipitaAon	
  intensity	
   PrecipitaAon	
  type	
  

Example	
  05.03.2012	
  



INCA-BE runtime strategy precipitation 
•  Runtime strategy for the precipitation module: for every 

timestep (every 10 minutes), the precipitation module is repeated 
four times: respectively for 30, 20, 10 minutes ago and for the 
current time (also motion vectors are re-calculated). 

Advantage:	
  the	
  analysis	
  is	
  more	
  accurate	
  since	
  the	
  number	
  of	
  available	
  gauges	
  increases	
  
with	
  elapsed	
  Ame.	
  



INCA-BE lightning forecast 

AddiAon	
  of	
  “lightning	
  
acAvity”	
  field	
  defined	
  
as	
  follows:	
  for	
  each	
  
INCA-­‐BE	
  gridbox,	
  it	
  is	
  
1	
  if	
  at	
  least	
  one	
  
lightning	
  (intracloud	
  
or	
  cloud-­‐to-­‐ground)	
  is	
  
observed	
  in	
  that	
  
gridbox,	
  0	
  
otherwhise.	
  
	
  
Forecast:	
  advect	
  with	
  
precipitaAon.	
  



•  Extension	
  sta)ons	
  towards	
  neighbour	
  countries	
  
•  Quality	
  control	
  of	
  input	
  data	
  (QC	
  staAons,	
  filtering	
  radar)	
  

INCA-BE precipitation: known issues 



INCA-BE precipitation: known issues 

•  Radar-­‐gauge	
  merging	
  
technique	
  can	
  be	
  
improved;	
  our	
  group	
  
has	
  the	
  experAse	
  
(Goudenhoofdt	
  &	
  Delobbe,	
  
2009)	
  



INCA-BE precipitation: known issues 

•  Phase	
  shiZs	
  
between	
  radar	
  and	
  
model	
  can	
  occur	
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Application: Outdoor Event Forecast 

The	
  events	
  with	
  
contract	
  are	
  integrated	
  
in	
  INCA-­‐BE:	
  
-­‐	
  ongoing	
  contracts	
  are	
  
marked	
  with	
  
-­‐	
  ongoing	
  fesAvals	
  with	
  	
  
-­‐	
  meteograms	
  are	
  
generated	
  by	
  clicking	
  on	
  
this	
  mark	
  



Application: Outdoor Event Forecast 
Outdoor	
  Event	
  Forecast	
  product:	
  package	
  for	
  event	
  organisers.	
  

Contains:	
  
•  Customized	
  version	
  

of	
  MyMeteo	
  
•  SMS	
  warning	
  
•  At	
  day	
  of	
  event:	
  

privileged	
  contact	
  
with	
  forecaster	
  by	
  
phone	
  



Application: Outdoor Event Forecast 
Example:	
  convecAve	
  cells	
  hitng	
  the	
  Les	
  Ardentes	
  fesAval	
  (Liège)	
  on	
  
05.07.2012,	
  around	
  17:00	
  LT	
  (15:00	
  UT).	
  
RR10MIN	
  meteogram	
  generated	
  by	
  INCA-­‐BE	
  at	
  14:00	
  UT.	
  



INCA-BE application: external clients 

Dissemination to external clients since spring/summer 2013 
Hydrological	
  services	
  of	
  Flanders	
  and	
  Wallonia:	
  precipitaAon	
  

Belgocontrol	
  (Belgian	
  aviaAon	
  agency):	
  all	
  fields	
  

Road	
  management:	
  point	
  forecasts	
  of	
  precipitaAon	
  to	
  control	
  
lighAng	
  on	
  highways	
  (4	
  month	
  test)	
  

Near	
  future:	
  MeteoLux,	
  MeteoWing	
  (Belgian	
  army)	
  



Latest developments 

•  One-day INCA-BE training for our forecasters (dec. 2012) 

•  Created a step-by-step INCA-BE troubleshooting guide 



Evaluation 
Cloudiness	
  fields	
  
•  Here	
  also:	
  implement	
  a	
  more	
  sophisAcated	
  satellite-­‐sta)on	
  

merging	
  technique	
  
•  Choice	
  to	
  use	
  RSS	
  implies	
  two	
  days	
  of	
  outages	
  per	
  month	
  	
  
•  Visibility	
  sAll	
  experimental,	
  verificaAon	
  difficult	
  but	
  necessary	
  



Evaluation temperature 

•  Overall	
  performance	
  saAsfying	
  (quanAtaAve	
  study	
  required)	
  

Error	
  reduc)on	
  due	
  to	
  
sta)on	
  observa)ons	
  

Error	
  reduc)on	
  due	
  to	
  
improved	
  downscaling	
  

INCA-AT (dashed lines)  and ALADIN (solid  lines)  mean absolute  forecast 
errors (MAE) of temperature, averaged over all stations, for July 2009 (grey) 
and January 2010 (black).	
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Future work 

•  Precipitation (medium term) 
–  Improve quality station and radar data 
–  Integrate more real-time station networks (e.g. border stations) 
–  Verification studies 

•  Precipitation (longer term) 
–  Add other extrapolation strategy (STEPS) 
–  Uncertainty estimate on precipitation nowcast 
–  ( Cell tracker ) 

•  Other fields 
–  Implementation of gust module 
–  Verification studies 
–  Improve visibility field 

PLURISK	
  project	
  
(financed	
  by	
  
Belgian	
  Science	
  Policy	
  Office)	
  

PresentaAon	
  Loris	
  ForesA	
  



PLURISK project 
'Forecas)ng	
  and	
  management	
  of	
  extreme	
  rainfall	
  induced	
  risks	
  in	
  the	
  
urban	
  environment’	
  (1 May 2012 – 30 April 2016)  €1million 

WP1:	
  Nowcas)ng	
  of	
  fine-­‐scale	
  
extreme	
  rainfall	
  
•  Using	
  advanced	
  techniques	
  for	
  

storm	
  cell	
  tracking	
  
•  IntegraAng:	
  

-  naAonal	
  (C-­‐band)	
  radar	
  
technology	
  

-  local	
  (X-­‐band)	
  radar	
  
technology	
  

-  numerical	
  weather	
  
predicAon	
  

-  lightning	
  detecAon	
  
•  QuanAficaAon	
  of	
  the	
  

uncertainty	
  in	
  the	
  nowcasAng	
  



INCA-BE “rolling release” 

• System is in constant development; there is no “final version” 

• However, current implementation is stable, and results are satisfying 

• Current implementation will be operational version, but 
improvements will be continuously implemented: rolling release 

• Output of this version is offered to external clients since spring/
summer of 2013 



Overview current applications 

•  Weather office RMI: refine short-term forecasts and more precise 
warnings e.g. for outdoor events like festivals 

•  Hydrological services: integration in their flood-predicting 
software → earlier anticipation on possible high waters and floods 

•  Road management: automatic lighting control for highways to 
reduce energy costs 

•  Aviation: aviation agency Belgocontrol uses INCA-BE for nowcasts 



Conclusions 

•  Current	
  version	
  of	
  INCA-­‐BE	
  is	
  stable	
  and	
  results	
  are	
  certainly	
  
usable	
  
→	
  results	
  are	
  sent	
  to	
  external	
  clients	
  e.g.	
  hydrological	
  services	
  	
  

•  Gust	
  module	
  not	
  yet	
  implemented	
  

•  Future	
  work	
  mainly	
  in	
  precipita)on	
  module	
  
	
  

in	
  the	
  context	
  of	
  the	
  PLURISK	
  project	
  led	
  by	
  the	
  University	
  of	
  Leuven	
  
hIp://www.kuleuven.be/hydr/plurisk	
  


