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The seamless vision for forecasting

“‘We are entering a new era in technological
innovation and in use and integration of
different sources of information for the
wellbeing of society”

Quality of forecast
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The quality of weather forecasts defined as a function of lead time for different forecasting methods.
The figure is highly schematic and the quality of forecast is a qualitative accuracy of the different
performance. This figure is based on a previous one originally created by Browning (1980).

»7ZAMG

Zentralanstalt fiir



SAPHIR goals

Analysis and

Radar, AWS, Satellite
forecast

High resolution GIS

Integration

0-72h seamless:
analysis, nowcasting,
short range

Nowcasting and ensembles

Blending

Regional ensembles

Deterministic &

Convection permitting orobabilistic

RUC and ensembles Calibration

Global multi-models
and ensembles



Expectation: output

» Seamless forecast 0-72h

» Resolution: 1km x 1km horizontal, 100m vertical up to 4km

» Update cycle: 5min — 1h

» Deterministic and probabilistic

> Application oriented: T, Q, U, V, RR (amount and type), T2m,
RH2m, V1omi1oom, Tsurf, cloudiness, global radiation, visibility,

snowlines, wind gust, icing potential




SAPHIR system design

probabilistic:
most reliable
forecast

nowcast spatial resolution: 1km x 1km

temporal resolution: 5min - 1h

deterministic:
most accurate

s e s forecast
deterministic

nowcast spatial resolution: 1km x 1km

temporal resolution: 5min - 1h
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Ensemble analysis

Error estimation covariance matrix

Estimation of error
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Uncertainties in observation

Stochastic (random) perturbation, Gausssian-distributed
with zero mean and standrad deviation equal to the
observation error.

Uncertainties in background

Convection-Permitting EPS. @ ZAMG
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Ensemble nowcasting
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Spatial

Global correlation

Observation

Stochastic noise is added to the
INCA field using the local
Lcorrelort'ion information.

% diurnal cycle of precipitation
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Physical processes such as the

is introduced as an external
forcing to the ensemble

enerator.
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Convection permitting
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Ensemble blending

* A lead-time function based on the operational weight in the INCA
nowcasting system.

* A nudging term of the weight towards/against the ensemble
prediction system when there is agreement among the ensemble
members (small uncertainty).

comparison with the latest observati gf,t?rﬁ:?”a“”s

* A portion based on the quality of the ensemble memtiymocov@,fa)
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Convection-permitting ensemble prediction (C-LAEF)
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Stochastic physics

Variables saved ot the end Input prognostic variables : Standard SPPT (ECMWF)Z
of the physics for the T tk Qutput tendencies . .
next fine step /9, UV, the Perturbation of total tendencies
. S
— Microphysics Adjustment 4
subgrid_re, dT 6T :
subgrid_cf sisted!T o clde _ L
Adjusted|T, g, cldfr 3.
dt ot
-y =1
Radiation
Ts, albdde, emis SW and IR fluxes
S:f dr’_ dr (1+P) & P=P
urface _— — X =Px
> , dt dt
Thi‘m, v Wind|stress
Sh. Convection H
LA
Turbulence ~  Fe=ppmmmcecceca={ Tendtke > PO LV@ A% -
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FiG. 2. AROME physics schematic. @ ZAMG

Zentralanstalt fiir
Meteorologie und
Geodynamik



Standard SPPT (ECMWEF)
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bt i
Stochastic perturbation of partial tendencies: pSPPT (ZAMG) “J

’ Radiation scheme

°In pSPPT the partial tendencies of T, Q, U,

L ST,
g*(lﬂ’l)j

V are perturbed directly after each

parametrization

’ Shallow convection scheme

Q *Influence on subsequent schemes
L— x (1 + P2), 2* (1 + P2),etc.

*Different perturbations are applied to the
’ Turbulence scheme J physics schemes
l 8T, Q3 *In C-LAEF we need 4 different
* (14 P3), —* (1+P3),etc. _ o
5t ot perturbation patterns with different

Microphysics scheme J temporal and horizontal scales

oT, 60,4
L T (1+ P4), 5t (1+ P4),etc.



Stochastic patterns in pSPPT
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Results
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Ensemble spread (solid) and RMSE (dashed) of 2m-T, 10m-wind speed, @ ZAMG
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Partial pSPPT (ZAMG)
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A combined stochastic physics: pSPPT + SPP

ochastic perturbation of key parameters (SPP, Ollinaho et al., 2017) at
process level in the turbulence scheme (see table)
*Combination of pSPPT with parameter perturbation SPP in turbulence

XLINI 0-0.1 Minimum BL89 mixing length

XCTD 0.98-1.2 Constant for dissipation of potential temperature
and mixing ratio

XCTP 2.325-4.65 Constant for temperature-vapor pressure
correlation

XCEP 1.055-4.0 Constant for wind-pressure correlation

XCED 0.7-0.85 Constant for dissipation of total kinetic energy (TKE)
XALPSBL 3.75-4.65 Value related to the TKE universal function within
the surface boundary layer
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Results: pSPPT + SPP
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Average vertical profiles of temperature and specific humidity in July 2016 and EZAMG

January 2017. Ensemble spread (solid), RMSE difference to REF (dashed).
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Verification: surface parameters
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Ensemble spread (solid) and RMSE (dashed) for surface parameters in July 2016.
RMSE is given as difference to the reference run without stochastic physics. 7/ 2ZAMG
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Calibration: short range ensembles

19.04.18
Folie 19
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Ensemble calibration
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Ensemble calibration
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Conclusions & next plan

v" SAPHIR has been designed, and its basic components
are available.

v" There are still a lot of challenges in all aspect of related
science and technology.

v" Other R&D activities have been started or in plan, e.g.
SAPHIR at 100m resolution; extension to medium range,

etc.
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