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What is Nowcasting

U
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A Originally defined by Browning for thét NowcastingConference in 1981 as:

A Nowcastingdefinition ¢ description of the current state of the weather in detail
and the prediction of changes in a few hours

A 0-6 hr forecasting by any method

A spatial scale of no more than a few kilometers3(km) with frequent updates
(5-10 min)

A Heavyemphasion observations



Why Nowcasting

U
School

Only on thenowcastingime and space scale there is sufficient forecast skill, for
convective storms, that peoplean takeactions to save life, property, and human
inconvenience.
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Nowcastingand History X
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A Thunderstorrmowcastingstarted approx. 50yr ago with extrapolation of radar
echoes

A Firstly proposed by H.idga 1953

40 dBZ

Initiation

Parr
ect Eth'apoIa tion

GRID IVIESI-ﬁ km
NCAR

Based on

/Germann 2004

. | |
y
. 0] 1 2
ﬁ Forecast Length, hours
1]

5 6

(Wilson, 2011)



Nowcastingsystems
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A A variety ofnowcastingnethods and systems exist, mainly based on different
needs (users), different data availability and different local
conditions/environments.

A Most of them focus on thunderstorms amdecip

A Output fromEUMETNENowcastingActivity: Inventory of thenowcasting
systems in EuropégBarion 2014)
A Multi-parameternowcastingsystems
A Radarbased QPF
A Obijectoriented nowcastingapproaches



Nowcastingsystems

Multi -parametersystems

Time range forecast

Name Member Based on Update frequency Products Horizontal resolution
Precip, CLDNS,
The rest: Temp, W, Gust, RH, global radiation,
snowline, 0 °C line, surface Temp, 2h: extrapolation
5-15 min for Precip Info about convective cells and associated 2to6h: blending
ZAMG Austria RAD, SAT, AWS, NWP 15 min for CLDN products (convective Precip and gusts) each 15 6 to 48h: NWP
(ECMWF/ALARQ) . .
80 min for the rest min.
A probabilistic nowcasting system is currently 1x1 km
under development and based on LAM-EPS
information.
OMSZ RAD, AWS, NWP (ECMWF/non- ) . . B hours
Hungary hydrostatic WRE) 60 min Precip, Temp, W, Gust, convective parameters 1x1 krmn
INCA For catchments:
RAD, SAT, AWS, NWP (ALADIN), . QPE: Precip 10 min and 1, 3, 6 and 24 hours. QPF up to 3 hours
CHMICzech 1 chUnpING 10 min QPF: 1X1 km
Also: Temp, W
ARSO RAD, SAT, AWS, NWP (ALADIN), 60 min
Slovenia NWCSAF, AMV 30 min for Precip See ZAMG INCA-CE 12 hours
L - 1h: extrapolation
To general public with_smartphone application. _
10 min for Preci Convection indices and Precip type and QPF for (Precip)
MeteoSwiss | RAD, AWS, NWP (COSMO-2) ! P Pyp 1to6 h: blending
60 min for others the next 6 hours.
Temp, RH, W, Gust >6h:?
B, RV 1x1 km
QOSMER, FVG 24h
' RAD, AWS, NWP (ALARO-5LAM) | 60 min Precip in 15 min time steps our
Italy 1x1 km
) ) 3 hours
OMSZ RAD, SAT, AWS, Precip., Temp, W, Gust, MSLP, CLDNS, Vis. (interpolation:
MEANDER Hungary NWP (non-hydrostatic WRF, 15 min Cell detection and tracking (TITAN) tested. analysis/WRF-BETA)

ECMWF)

The system issues warnings on severe weather.

1x1 km

(Banon 2014)
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Nowcastingsystems

Multi -parametersystems

Name Member Based on Update frequency Products Tlm? s foreca'_st
Horizontal resolution
HIRLAM U11 KNMI AWS, MODES (obs. air traffic . Norr.naI.NWPo.utput with 10 min time s.teps 24 hours {10 min first
60 min To aid air traffic control forecasts of arrival 6 hours)
RUC Netherlands control RAD, transponders: Temp) . .
times of airplanes
DMI HIRLAM DMI SAT, AWS, NWP, GNSS’ potentially 1.0m|n for selected All standard NWP output plus extra data for 6-12 hour benefits
Sl d b " ModeS, road stations. fields 4 and : — Rest until 24 h
Ippery roa enmar RAD close to operational 80 min for standard roac anc eneray sector est untl ours
Analysis and first
RAD, SAT, AWS, NWP (ECMWF), ) . guess
FMIFinland | SOUNDING, LIDAR, Aviation 60 min rcr:]c'p;eTVZTep;N\g;tiZit' L\fr?&;ﬂsfn\ég ::'C’ Plans: 6 hours
reports, LTG soon & ' : (HARMONIE)
3x3 km
LAPS ISAC-CNR RAD (soon), SAT, AWS, NWP (for the analysis of single case studies)
' ! i i the BOLAM model initialized with the LAPS Pl d RUC1-3
Italy (ECMWF/GFS), GPS, SOUNDING 60 min Heemay Mmoce tla pec WER the Lars annec as o
analysis (time range forecast 9 hours) hours
. 60 min (near-to-
RAD (soon), SAT, AWS, NWP 60 min analysis forecast, for
Univ. Athens SOUNDING, AMDAR, buoys 30 m|n.|n its All standard NWP output first guess fields)
operational mode

(Bafion 2014)
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Nowcastingsystems

Radarbasedextrapolation algorithms

What is

Time range of the

e P2
Name Member What is it? based on? Update frequency Products forecast
Two components: 1) Probability of Precip.
Extrapolation based ensembles
1) 15 min for ohly. 1) 180 min (for radar-
probabilistic radar- based ensemble
RAVAKE A hlgh-resolutlon nov.\.'.castlng . RAD, NWP based nowcasts 2) Blended pl’Ol:.)abI.hStIC nowcasts)
. algorithm for probability of rainfall (forecast time steps 5 forecasts combination of radar-
(blended for FMI Finland . (HIRLAM, j
initati by combining_seamlessly radar and HARMONIE min) based and NWP-based 2) 30 hours {for
precipitation) NWP information ) ensembles blended NWP and
2) 1 hour for nowcasts radar ensemble
and forecasts combining A sms-based alert tool uses this nowcasts)
radar and NWP system as background
information information
Precip single output but is an
TULISET M| Finland Radar-L:)a.sed. extrapolation algorithm RAD 10 min with 5 min time ensemble mean of 51 samg. les 180 min
of precipitation pattern steps that illustrates the uncertainty
related to the NWC
RAD, AWS?, . .
NWP MAX_Z, CAPPI 2km, etc. ?:) d:r'zzﬁgtf:'actﬂ:egs"f
ALADIN): Precipitation field )
COTREC CHMI Czech Precipitation extrapolation system ( . ) 5 min recipitation fie s. .
motion extrapolated: Precip, Precip for o
) 180 for precipitation
fields as a catchments
. forecasts.
first guess

(Bafion 2014)
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Nowcastingsystems

Radarbasedextrapolation algorithms

U
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What is based

Time range of the

is it?
Name Member What is it? on? Update frequency Products forecast
Detection, tracking and extrapolation RAD
ARSO of precipitation systems. Focused on Basedin . Extrapolated radar images:
RADCAST . 10 1h
Slovenia time-of-arrival to a specific location COTREC with min MAX our
{(mainly airports) improvements
Displacement fields
extrapolated Z images and R.
R around each city.
2piR scheme Metéo-France Extrapolgtlon of radar image. Rainfall RAD 5 min Descrlptlo.n of convective areas 1 hour
nowcasting (aeronautical).
Probabilistic description of the
QPF (based on the variability of
the rainfall on the vicinity of
gach grid point)
Geostatistical raingauge-radar QPE of 5min, 1, 3,6, 12, 24
CombiPrecip MeteoSwiss combination for production, in real- RAD, AWS 10 min hours in real-time precipitation

time, of rainfall fields

maps

(Banon 2014)
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Nowcastingsystems

Significantweather/ object oriented thunderstorm nowcasting
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Name Member What is it? What is based on? Update Products Time range of the
frequency forecast
PoC, CSD, PSW, PoH.
RAD, SAT, AWS, LTG, Precip, W Gust, snow height.
DWD Identification on NWP, other (KONRAD, . Deterministic solution for the forecast Up to 2 hours for
NowCastMIX 5 min .
Germany hazard zones Cell-MOS, Meso cell. extrapolation cells
Detection, RadVor-OP) Probabilistic for the classification and
extrapolation.
. RAD (3D,) SAT {quality
3D ?E;\?nET lcTeITIsc.)f convective control and 10 min PoC, CSD, PSW, PcH, automatic warnings 60 min
P background), LTG, NWP
RAD (2D), AWS > min: Variable time span
IPMA ITF of convective . ! . . rainfall int. PoC of flash flood prone systems, PSW, ) P
2D {raingages calibration ] for extrapolation
Portugal cells - . - 10 min: 2D PoH and other forms of severe weather.
with RAD rainfall field) . cells
—_— +warnings
CELLTRACK Cze?h H. ITF of convective RAD 5 min PoC. Pr.eC|p|tat|on forecasts for 30 min for tracking
Institute cells predefined catchments. 180: catchments
CONO: IT
Metgo- | blending. RAD (z, R, WS), SAT CTH et msociate (16 il v, W
SAFNWC, AWS, LTG i ! ! i
SIGOONS France system:CONO + NWP ! ! ! > min Gust, PoH). Cloud top Temp. Risk of 60 min
AWS+Precip+WSs Thunderstorm Warning
+NWP
. PoC, CSD, PoH, Maximum Expected
5/25min .
Meteo ITF of convective (different Severe Hail Size (MESHS), PSW, etc 60 min for cells
TRT ) RAD, LTG, NWP PoC takes into account the spread of the .
Swiss cells RAD scan - - - . extrapolation
. velocity vectors from the last three 5 min
strategies) )
time steps.

(Banon 2014)
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Nowcastingsystems

Significantweather/ object oriented thunderstorm nowcasting
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Name Member | Whatis it? What is based on? fledats Products WILD3 T FRCH
frequency forecast
PoC from those with probable
. e RAD, SAT, LTG- intensification / severe thunderstorm
Early identification , .
COALITION Meteo of severe climatology (not real- 5 min development. 15 min for CTT
Swiss . time), NWP, An object based forecast for the VIL and 30 min for VIL
convective cells . .
topography CTT. Does not provide any extrapolation
of the cell.
1 hour with
A-TNT ZAMG ITF of convective | pap, 1TG, NWP 5 min PoC. Hail warning temporal
Austria cells resolution of 15
min
Warning info
system {DWD)
-Current weather
Met KONRAD { Radar 2D
FeWIS eteo and forecast ( Radar 2D, 5 min PoC, CSD, PCH, tracking 60 min
Lux . LTG)
-Forest fire Index,
-ITF, etc
RDT Metéo- ITF of convective SAT, LTG, NWP, other 5/15/30 PoC, extension, motion vector, cooling Up to now:
SAF-NWC France cells SAF products {cloud min rate, etc. Cloud cell phase, maximum analysis
products and CRR) convective rain rate, overshooting Developing a
detection, etc. NWC up to 1 hour
NEFODINA CNMCA ITF? of convective SAT, LTG, NWP, HSAF 15 min PoC, slope index, Precip, cloud’s temp, ?
Italy cells products CLDNS, cloud's height, LTG, fire?
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Surfaceobirvations Soundings

=

NWPforecasts\

Data QC, Integration,
optimization

Geoinformationdata

Analysesand Nowcastin A~
(Haidenet al, 2011) y 9 ’ /@ZZAlM.ﬁ



http://upload.wikimedia.org/wikipedia/commons/7/7f/Goes-4.jpg
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AN EUROPEAN UNION
* * EUROPEAN REGIONAL
DEVELOPMENT FUND

INCA-CE 7 i ) EUROPE

Nowcasting for Central Europe

A EUfunded Nowcastingproject

A 16 partnersfrom 8 CE countries
A Weatherservices
A Researchnstitutions
A Publicauthorities

A Projectbudget 4.7million US$
A Projectduration: Apr 2010 Sep 2013

A ZAMGleading
A www.incace.eu
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INCA configuation and topography

Domainsize ; - [m] -

700x400km N : ; 3000

e L i - | 2700

. 2400

Elevationrange 2100

100- 4000 m 1700

1450

. 1200

Resolution i

Horizontal: 1 km ! | 600

Vertical 150-200m } & o

Time: 15 mirg 1h 250

180

120

60

Upc_latefrequency o
5 min¢ 1h



INCA strategy

Observations are always reproduced!

Precipitation | Cloudiness | Temperature wind
& Humidity
Analysis Radar data | Satellite data NWP NWP
background forecast forecast
(ALARObS) (ALARObS)
Nowcasting | Extrapolation | Extrapolation | Persistence | Persistence
method with motion | with motion | + NWP trend | + NWP trend
vectors vectors
NWP ALAROS + ALAROS ALAROS ALAROS
forecast ECMWF
Nowcasting 6 hours 6 hours 3to 12 hours 6 hours
limit (depending
on stability)




Precipitation analysis: Merging radar ar@ghgaugedata

Filtering « \‘ Filtering
Archived radar g v . g v .
and raingauge |~ Climatological scaling Spatial interpolation
data - J - J
Shift of radar field < { Elevation effects J
Latest-data scaling «

—’[ Combination }‘—




Components of INCA precipitation analysis
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INCA precipitatiomowcasting

A INCA Motionvectors (IMVs)
computed from two consecutive
analyses

A Plausibility check with ALARO 700
and 500nPawind field

A Extrapolation of precipitation oOwe
analysis
C C C
'V ‘+ 'V B VALA
D=5 m/s
Z
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Quality control and filter mechanisms

Improvements of the precipitation analysis fields by applying quality control

1.  Station data consistency check _ _

e.g. compare 10min precipitation to aggregated lmwins/ sunshine data

Plausibility filter

Detect unrealistically high/low valueldaNs etc.

Climatological limits

defined according to time of the year and accumulation period

Flatfilter

Identify and remove suspicious series of constant values

5.  Singlefilter . ~ o ~ ; ~ R
LRSYuUATe YR NBY2US aAyatsS az2dzuift ASNRAE OADPSDZ
neighbourhood or radar data)

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

7.  SPfilter
Cross check with cloudiness

8. Radar filters
Remove artefacts in the radar fields

9. Blacklist _ _
Permanently exclude bad stations from analysis

N

> W



INCA precipitation without advanced quality control 4

INCA 24h RM_nogc Accumulated Precipitatic;n [mm] 17.08.2013 06:00 UTC (-24h)
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INCA precipitation with advanced gquality control

INCA 24h RM Accumulated Precipitation [lﬂl’g] 17.08.2013 06:00 UTC (-24h)
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Observationanalysisin INCATemperature
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A The analysis of temperature starts with an NWP shanige forecast as a first guess,
which is then corrected based on observatiforecast differences.

Step 1: 1st guess from ALADIN Extrapolation into valleys
Qutput (trilinear
Interpolation)

> . temperature
F according to
. gradient
wr aer’ ve
= boundary
layer
INCA Topo

A Corrections to the first guess are computed based on the differepntes
between the observed and NW@mperaturesat stationlocations

Shifting

A Similarto Temperature, NWPforecass are usedasfirst guessn humidity
and windanalysis



Onthe useof NWPfor nowcastingpurposes
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NWP is widely used idowcastingsystems indirectly:

AObservation analysis amtbwcastproducts
ABlending

ANowcastincludingadvection, initiation, growth and decay of convection
AEnsembleéNowcasting

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 radarr,

GPS etc., there will be more and more use of NWP directly and indirectly in
Nowcasting

(Wang etal., 2013) . ZAM.,G



Onthe useof NWP innowcasting Blending
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The blended forecast is calculated as the weighted sum of the extrapolation
and NWP. The forecast values are combined using awangng weighting
function which is derived from the measured performances.

I:\)blend ([) = Wnowcast |([ ) CR ,nowcast ([) +w NWP ] ([ ) CRJ NWP ( )

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

Z

ZAMG



Overview of blending

Different blending techniques are presented in the literature. Here is described the evolution
of blending technique by enumerating several article highlighting the novelty of each
methodology developed.

* The first operational blending technique was developed by Golding (1998). Their
technique is based in a simple weight of both NWP and radar-based extrapolation
fields. The weights are computed by calculating the correlation coefficient from the
previous hour.

* The next step was to include a Object Oriented Model (OOM) that reproduces the life
cyele of a shower cloud. It was incorporated into GANDOLF system (Pierce. 2000)
which would choose OOM forecast during episodes of air mass convection. whereas
Nimrod would be selected in any other episode.

* A decomposition of the problem into component processes was proposed by Ganguly
and Bras (2003). They have developed an hybrid model that require alternative tools
ranging from simple interpolation to statistical time series models and artificial neural
networks.

7~ZAMG
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Overview of blending

The first ensemble-based probabilistic precipitation forecasting scheme has been
developed by Bowler et al (2006) that blends an exfrapolation nowcast with a
downscaled N'WP forecast. They are combined in a scale-dependent way using
several levels on cascade processes. The small scales nor represented accurately by
the model are injected into forecast using stochastic noise.

During 2009 three new approaches are published. All of them have introduced a
phase and intensity model correction before the blending technique. Both of them
(Wong et al. 2009; Dufran et al, 2009) correct the phase and intensity model error by
minimising a cost function. The another procedure (Chiang and Chang, 2009) has
corrected the model by applying a back-propagation neural network between radar
observation, NWP meteorological variables and gauge measurement.

Within the IMPRINTS project a blending procedure has been developed by the SMC
group (Atencia et al, 2010). It is mainly based on several existing techniques but a
novelty approach has been included. A spatial dependence of weight as distant
function to precipitation structures has been introduced into the weight computation.

EZAMG
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Blending in BOSFDP

NIWOT Fusion Algorithm. |t is assumed that the radar based extrapolation is the best method for
rainfall zone forecasting, numerical models have certain skills for capturing precipitation coverage.
If an echo exceeds 35 dBZ at the time of forecast, the echo based extrapolation is used to forecast
the future location of the echo, and then based on the echo zone' from madel, the forecasted echo
area through the echo extrapolation is re-delineated. If no echo exceeds 35dBZ at the time of
forecast, and the model forecasts a future echo, then the model output shall be used. In addition,
NIWOT permits manual corrections of the blended forecast.

SWIRLS Blending Algorithm. The technique of “phase correction” is used to correct an error in
rain-belt location prediction by the NWP model, and at the same time the model based rainfall
intensity is re-adjusted based on the actual measurements before converged with the echo
extrapolation. By this blending algorthm, the weighting factors wused for the echo
extrapolation-based hourly rainfall forecast and corrected model prediction are determined by a
hyperbolic function to increase the validity of model rainfall prediction from 1 to 6 hours. This
algorithm can be dynamically re-adjusted according to the echo extrapolation and the most recent
squall line forecast.

GRAPES Blending Algorithm. The fuzzy logic is used to blend the displacement vector of
COTREC algorithm with the horizontal wind field forecast by the hourly updated and assimilated
NWF model GRAPES-CHAF to obtain an extrapolation vector field. Taking into account the error in
extrapolation due to the limited resolution of COTREC vector and the truncation error in the echo
pixel location forecasts, a grid point compensation scheme is used in radar reflectivity forecasts
(Feng et al, 2007a).

v 2ZAMG
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Blending in INCA
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A To obtain a continuous sequence of forecast fiel@gransition from the extrapolation
forecast to theNWP forecasts constructed through a prescribedeighting functionthat

gives full weight to the extrapolatiorforecast duringthe first 2 h and decreases linearly to
zeroat 6h.

A Attempts to improve upon the fixed weightindy makingthe time scale of the transition
dependent onthe magnitudes of NWRnd nowcasting errors has as yabt shownany
benefit.

|

weight

nowcasting

forecast time ———

Updatefrequency

ECMWF 12 h (availableat +9 h) l
ALARO5 6 h (availableat +5 h) e 7 aMmG
Nowcasting 515min (availableatb H n XHp YA YU e




Blending in INCA

25

Fehler [Grad]
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Nowcastin INCAtemperature and humidity T school

A

A

In the case ofemperature andhumidity, Lagrangiamersistenceaxplains only a small
part of the totaltemporal variation and variations due to the diurneycle become
dominant.

Thetemperaturenowcastis basedn thetrend given by the NWP model and computed
for eachgrid point froma recursive relationship.

Tineat) = Tinealti_) + Frl Tawp (1) — Tgwplti_y)]
Tincay ~ temperatureat the analysisime

Thus the INCA temperaturaowcastis the latestanalyzed temperatur@lus the
temperature chang@redicted bythe NWP model, multiplied biy.

Thisfactor isparameterized aa function of the cloudiness forecastror of the NWP
model.

If the NWPmodel underestimateshe cloudines€ompared to theNCA cloudiness
analysisandnowcast it will tend tooverpredicttemperature changesandviceversa




Examples of INCA applications

4 ' : )
Road Safety A Winter road maintenance
A Preventive salt spraying
A Precipitationtype, wind, TG || |
\A Metro road weather model )| ..
A Input for hydrological models
Hydrology A Input for flash flood models
LA Part of flood warning system )=
Civil " A Storm alert monitor Al
MECHlY | A Organisation of large events ||
\A National/regional alarntenters 5 )
Energy " A Global radiation, wind S 8
providers A Input for power supply models
\A Wind climatology, reanalysis )k

Landslidemodeling dispersiormodelingd 2 ¥ R y 3 S NZ 7




Road safety: Special focus on (surface) temperature “‘&

A 3D temperature analysis starts with the ALADIN / ALAROS forecast as a first guess

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

I The model 2mtemperature forecast is conceptually and computationally
a SLI NI O SRQAZ KNRHRISHDd a2 surfacelayer contribution.

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

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

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




Precipitation type

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

Temperatur ZB87-81-23 B8:88 MEZ Niederschlag ZBATY-B1-23 B8:45 MEZ

SCHNEEFALL F
GEFRIERENDER REGEN

Snowfall

Rain
Freezing rain




Hydrology

INCA - Very hig_h update frequenc_:y of RR (5min)
- Information about uncertainty would be
beneficial

I Graph for Reach "R 6" EEEs
Reach "R 6" Results for Run "Dry 2011_INCA"

50
451
40
35

NN
o o O
1 1 1

Evapotranmspiration

Flow (cms)

Channel Flow 107

0 T T S T T T T
12:00 14:00 16:00 18:00 20:00 22:00 00:00

07Jun2011 |
Legend (Compute Time: 19apr2012, 20:41:20)

—+— Run:DRY 2011_INCA Element:R 6 Result: Observed Flow
Run:DRY 2011_INCA Element:R 6 Result: Outflow
——— Run:DRY 2011_INCA Element:R 6 Result: Combined Inflow

Improved output (flash flood forecasting)
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Photovoltaic Solaradiation

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

INCA Verification glow Startdate: 20140207 Enddate: 20140310
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EnsembleNowcastingbasedon det. NWP T sehool

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

A For each forecast

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

A Combine the cascade levels to form a forecast

> v > D

p>X

(Seed, 2011) g:;gt;:](;l:’g"i(eund




EnsembleNowcastingbasedon NWP EPS T school

Nowcasting Model
Rad-TRAM COSMO-DE-EPS
probabilistic probabilistic
forecasts forecasts
Quality
Blending

(Koberet al, 2010) T



Ensemble INCRverview

ALADINLAEF
(limited area ensemble

Ensemble INCA

IntegratedNowcasting ensemble forecast
through in the
Comprehensivénalysis nowcastingrange

INCA

ss5sR8aEaREEIRER00E

Uncertainties
A Measurementerrors
A Radarerrors

A Interpolationerrors

A X



Ensemble INCA: Detalls

ﬂrecipitation

Measurementerror *
Representatiorerror *
Radarerror *
Interpolationerror *

T ey

A Extrapolatiorerror
A Convectiveeffectst

/L

blending

\ (- NWP

J

A NWPerrors/ uncertainties
A andora a dZadél-
I LILINR | OK @ F

)

[

A Measurementerror*
A Representatiorerror *
A Interpolationerror *
A

Ensembléackgroundields

Error in NWRrend
-> LAEF

wmperatur, wind

) -
. gy

Stochastical
blending
with LAEF

[

system EPS *

blending

—

A NW~Perrors/ uncertainties
A ALADIN_LAERNd or multi-

%
O

_

* planney
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Ensemble INCA

INCA/EnINCA Logowt_ smm=l zame
(200920131530CEST> 3 f ~ '

Ensemble based on LAEF: SR

probabilisticnowcasts

A Precipitation, wind, gust, temperature, 2
ANR dzy R (0 SYLISNJI dZNBZ

Error motion vectors (precipitation):

A Ensemble based on error motion
vectors (blue)

A Error in motion vectors estimated from
past analyses

A Motion vector (red) corrected by error
yields the corrected motion vector o
(green). — T

A A sample of motion vectors is drawn ~2ZAMG

u component Zentralanstalt fiir
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v component
2
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Errormotion vectors

’ @ Analysis
@ +15min forecast
? Q© +30min forecast
QO +45min forecast
I <) |
P
s
(<
) @ Analysis
@ +15min forecast
+30min forecas
? QO +30min f t
O +45min forecast
=)
]
(C) @ Analysis
© +15min forecast
O +30min forecast
QO +45min forecast
@

Kinematicextrapolation 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.
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Comparison: Deterministic INCA andIBEICA
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