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Role of WCBs for large-scale dynamics and predictability
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Role of WCBs for large-scale dynamics and predictability
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of forecast uncertainty
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Role of WCBs for large-scale dynamics and predictability
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Role of WCBs for large-scale dynamics and predictability

WCBs affect lifecycle of

blocking anticyclones
(e.g., Steinfeld & Pfahl 2019)

WCBs are source/magnifier

of forecast uncertainty
(e.g., Grams et al. 2018) Outflow (+24 h)

10km

Ascent (

WCBs contribute to _ .
intensification of cyclones WCBs are associated with
. uinting & Grams (JAS), 2021 . .
(e.g., Binder et al. 2016) precipitation extremes
(e.g., Pfahl et al. 2014)

Accurate representation of WCBs in weather and climate models desirable
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An Eulerian WCB Metric (ELIAS 2.0)

Data ERA-INTERIM (Dee et al. 2010)

amount ~ 58,400 time steps

Grid: 1° at 61 vertical model levels
Temporal availability: 6-hourly
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An Eulerian WCB Metric (ELIAS 2.0)

Data ERA-INTERIM (Dee et al. 2010) S2S ensemble reforecasts

amount ~ 58,400 time steps ~10° to 107 time steps

availabilit Grid: 1° at 61 vertical model levels Grid: 1.5° at 10 pressure levels
y Temporal availability: 6-hourly Temporal availability: 24-hourly
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An Eulerian WCB Metric (ELIAS 2.0)

Data ERA-INTERIM (Dee et al. 2010) S2S ensemble reforecasts

amount ~ 58,400 time steps ~10° to 107 time steps

availabilit Grid: 1° at 61 vertical model levels Grid: 1.5° at 10 pressure levels
y Temporal availability: 6-hourly Temporal availability: 24-hourly

Trajectory calculation @ Trajectory calculation x

Eulerian metric to identify signature of WCB stages
based on Unet-type convolutional neural network
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An Eulerian WCB Metric (ELIAS 2.0)

Predictor selection

* Predictors based on standard

input fields at pressure levels: T, gv, Z, U, v

P WCB inflow WCB ascent

1 700-hPa thickness advection 850-hPa relative vorticity

2 850-hPa meridional moisture flux 700-hPa relative humidity

3 1000-hPa moisture flux convergence 300-hPa thickness advection

4 500-hPa moist potential vorticity 500-hPa meridional moisture
flux

5 conditional probability of ascent (+24 30-d WCB ascent
h)* climatology**

Quinting and Grams (2021), JAS
doi:10.1175/JAS-D-20-0139.1

1 ECMWF, Reading

WCB outflow

300-hPa relative humidity
300-hPa irrotational wind speed
500-hPa static stability

300-hPa relative vorticity

conditional probability of ascent (-24
h)*
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An Eulerian WCB Metric (ELIAS 2.0)

Predictor selection Unet-type convolutional neural network
* Predictors based on standard e Trained on global ERA-Interim
input fields at pressure levels: T, gv, Z, U, v at 1° grid spacing

Input: 5 predictor variables

B Convolution 3x3, ReLU Output: probabilty of occurrence

P WCB inflow WCB ascent WCB outflow

B> Concatenate, Dropout,

Convolution 3x3, ReLU

1 700-hPa thickness advection 850-hPa relative vorticity 300-hPa relative humidity . . (

P Convolution 1x1, Sigmoid ) J i

'

2 850-hPa meridional moisture flux 700-hPa relative humidity 300-hPa irrotational wind speed B> Max-pooling 2«2, Dropout

> Upsampling 3x3 Ey
3 1000-hPa moisture flux convergence 300-hPa thickness advection 500-hPa static stability fon®™ 1616 1

16
[ Number of filters

4 500-hPa moist potential vorticity 500-hPa meridional moisture 300-hPa relative vorticity 2412
(- Spatial dimensions (MxN)

v
R Z—
— A—
v

flux
-=+- % Copy (Skip connection)
5 conditional probability of ascent (+24 30-d WCB ascent conditional probability of ascent (-24
h)* climatology** h)*
Quinting and Grams (2021), JAS f
doi:10.1175/JAS-D-20-0139.1 G,

Quinting and Grams (2022), doi:10.5194/gmd-15-715-2022
https://git.scc.kit.edu/nk2448/wcbmetric_v2
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WCB frequency biases in S2S IFS reforecasts (PhD Jan Wandel)
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DJF WCB climatology at 1, 5, 10, 15% here shown for ELIAS 2.0 PhD Dissertation Jan Wandel (2022)
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WCB outflow skill in S2S IFS reforecasts (PhD Jan Wandel)

WCB skill 1997-2017 (DJF)
(CY43R1, CY43R3, CY43R5)

WCB outflow skill WCB outflow skill
Daily forecast skill horizon N (daily) | N (weekly) |
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MJO modulates WCB activity

—— inflow - phase 3; lag 0-5d outflow - phase 3; lag 0-5 d
IR RNy e {ade. | i o N ST g> ;
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WCB activity increases significantly over the western North
Pacific during/after MJO phase 3 (cf. Guo et al. 2017)

climatological frequency (@ frequency anomaly (%)
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MJO modulates WCB activity

—— inflow - phase 3; lag 0-5d outflow - phase 3; lag 0-5 d
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Anomalous ridging over

WCB activity increases significantly over the western North e
Pacific (e.g., Moore et al. 2010)

Pacific during/after MJO phase 3 (cf. Guo et al. 2017)
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MJO modulates WCB activity

inflow - phase 7;lag 0-5 d outflow - phase 7; lag 0-5 d
?> oo {Jn,
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WCB activity increases significantly over the eastern
North Pacific during/after MJO phase 7

climatological frequency (@ frequency anomaly (%)
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MJO modulates WCB activity

inflow - phase 7; lag 0-5 d outflow - phase 7; lag 0-5 d
?> oo {Jn,

WCB activity increases significantly over the eastern Anomalous ridging over
North Pacific during/after MJO phase 7 Alaska (e.g., Henderson et al. 2016)

climatological frequency (@ frequency anomaly (%)
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How is this modulation represented in S2S IFS reforecasts?
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Model
Current NWP models skillfully predict
the MJO out to 28 days
(Vitart 2017)
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How is this modulation represented in S2S IFS reforecasts?
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Current NWP models skillfully predict
the MJO out to 28 days

(Vitart 2017)
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Z500 anomaly 11-15
days after phase 7

S2S IES reforecast

Z500 anomaly 11-15
days after phase 7

Teleconnection signals are weakening
with forecast lead time

(Vitart 2017)
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How is this modulation represented in S2S IFS reforecasts?

Phase 7; IFS 0-5 days after‘initialiiation

PR I N S

Phase 7; ERAI
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At early leadtimes ECMWF’s S2S forecast represent WCB increase over
eastern Pacific after phase 7.

- pos. inflow frequency anomaly - pos. outflow frequency anomaly
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How is this modulation represented in S2S IFS reforecasts?
’Phase 7, ERAI‘Y

Phase 7; IFS 5-10 days after initia!lzation
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Anomalous WCB activity ceases in reforecasts
after 5-10 days forecast lead time

@  os. inflow frequency anomaly @@»  pos. outflow frequency anomaly
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How is this modulation represented in S2S IFS reforecasts?

m—— )

Phase 7; IFS 10-15 days after initigli;ation

Phase 7; ERAI
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Anomalous WCB activity ceases in reforecasts
after 5-10 days forecast lead time

@  os. inflow frequency anomaly @ pos. outflow frequency anomaly
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How is this modulation represented in S2S IFS reforecasts?
‘Phase 7, ERAI“

_________

Anomalous outflow frequency and ridge over western North
America are underestimated. Coincidence or causality?

- 500-hPa geopotential height anomaly

6th WGNE Workshop on systematic errors in weather and climate models
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Implications for MJO phase 7 with unusually high WCB activity

Consider all forecasts that were
initialized 5 days before observed
phase 7 with pentad of abnormally

high/low WCB activity
Phase 7; ERAI

-1.2 0.0

climatological frequency - Inflow frequency anomaly (%)
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Implications for MJO phase 7 with unusually high WCB activity
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Implications for MJO phase 7 with unusually high WCB activity
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Take-home messages

* Deep learning models skillfully identify footprints of Lagrangian airstreams at
significantly reduced costs and from data at coarse resolution

« systematic biases in WCB occurrence in S2S reforecasts affect Rossby wave pattern

* weekly WCB skill up to 2 weeks

* WCB activity is modulated by MJO
— In line with studies on ECs and ARS (Moore et al. 2010; Mundhenk et al. 2016; Guo et al. 2017)

* modulation of WCB activity weakens beyond 10 days lead time
« underestimation of ridge building over western North America after phase 7 correlates

with too low WCB outflow activity
— cause of a long-standing problem in extended-range forecasts? (e.g., Vitart 2017)

6th WGNE Workshop on systematic errors in weather and climate models Institute of Meteorology and Climate Research (IMK-TRO)
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Model documentation

Description of model development and evaluation:

https://doi.org/10.5194/gmd-2021-276
Preprint. Discussion started: 22 September 2021
(© Author(s) 2021. CC BY 4.0 License.

EuLerian Identification of ascending Air Streams (ELIAS 2.0) in
Numerical Weather Prediction and Climate Models. Part I:
Development of deep learning model

Application examples:

https://doi.org/10.5194/gmd-2021-278
Preprint. Discussion started: 28 September 2021
(© Author(s) 2021. CC BY 4.0 License.

Trained-models and

EuLerian Identification of Ascending air Streams (ELIAS 2.0) in eX_amp Ie Scrlp tS
Numerical Weather Prediction and Climate Models. Part I1: Model aval / abl e on GI t/ ab’
application to different data sets

6th WGNE Workshop on systematic errors in weather and climate models
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