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Global Ensemble Development

%
@oon%co Background

s USAF made a strategic decision to partner with the United
Kingdom’s Met Office to run a local instantiation of their Unified
Model (UM) driven by USAF-acquired observations

s The AF configuration of the model is called the Global Air-Land
Weather Exploitation Model (GALWEM)

s Performing the data assimilation locally enables AFW to produce
a global ensemble (GE) tailored to its user needs

= UM DA is a hybrid ETKF/4DVAR technique; ensemble ICs come from
the output of the DA suite
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Global Ensemble Development
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= In addition, USAF made a strategic decision to mimic other
ensembles in the National Earth System Prediction Capability’s
(ESPC) operational suite with GALWEM-GE

s 21 members each from NOAA/NCEP, CMC, FNMOC
s Half-degree output, 384 hour forecasts, 00/12Z cycles

s USAF product line called “GEPS”
s Global Ensemble Prediction Suite
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Green: Top-ranked
Yellow: Second-ranked

Q: What if we add GALWEM-GE to GEPS?

(CRPS)
Forecgst Lour GEPS | GEPS w/GALWEM
850T 120 0.67 0.61
850T 240 1.00 0.94
SLP 120 0.94 0.87
SLP 240 1.90 1.84
850WS 120 2.10 2.00
850WS 240 2.70 2.60
250WS 120 | 4.30 4.20
250WS 240 6.60 6.40
500GPH 120 | 9.37 9.20
500GPH 240 | 20.20 19.90
Aveage biference - -4.4%
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AFWEPS SURVEY AND 2016 USAGE SUMMARY

90%
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Total product views |
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Supported missions who Users who say ensembles

want forecast confidence “significantly benefit”
information their mission

|
: |
Unique users |
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WHY DO YOU USE ENSEMBLE PRODUCTS
(% SIGNIFICANT REASON)

UPDATED FREQUENTLY 55%
TAILORED FORECASTS ~ 954%
LOADS QUICKLY KL/
UNCERTAINTY IS VALUABLE WKL/
RELIABLE FORECASTS Relel/

HOW SUPPORTED MISSIONS DESIRE TO RECEIVE
FORECAST DECISION INFORMATION

10%

MOSTLY WANT YES/NO BUT SOMETIMES 49%
WANT INFO ON CONFIDENCE

MOSTLY WANT INFO ON
CONFIDENCE

UTILITY OF 4-KM MEPS COMPARED TO
OTHER TOOLS (% SIGNIFICANT EXTRA)

LIGHTNING 53%
PRECIPITATION 51%
SURFACE WINDS 429
CEILING/VISIBILITY 40%
WINTER PRECIP TYPE  35%
TERRAIN PHENOMENA [ekl/s
SNOWFALL [Behlys
SEVERE WEATHER [y
FLT HZRDS L1/

TEMPS KPS

HOW USEFUL ARE THE PRODUCTS (% VERY
USEFUL)

PEP BULLETINS 78%
PROBABILTY CHARTS 66%
4-KM FLOATER DOMAIN B2
STAMP CHARTS ey

SPEC/SUMMARY W4k




PEP bulletins

Selectamodel GEPS 20km MEPS 4km MEPS

Jmml'mu[m How to use this product

Enter an ICAQ |® ficren

WAYNESVILLE RGNL ARPT AT

FORNEY FLD 37,7400 lat -92.1400 lon 353 meters elevation MAROON: =15% increase in last 12 hours
MODEL BOX INFO 37.7643 lat -92.0289 lon 297 meters elevation BLUE: =15% decrease in last 12 hours
20 km MEPS FEB 19/12Z THR 19 FRI20 SAT21 SUN 22 MON 23 TUE 24
Surface winds 16 18 20 22]0Z 02 04 06 08 10 12 14 16 18 20 22]0Z 02 04 06 08 10 12 14 16 18 20 22| 0Z 02 04 06 08 10 12 14 16 18 20 22 0Z 02 04 06 08 10 12 14 16 18 20 22| 0Z 02 04 06 08 10 12 14 16 18 20 22]0Z
Winds GT 25 KT
Winds GT 35 KT
Winds GT S0KT
Winds GT 65 KT
LLWS GT 30KT
Precipitation 20 22J0Z 02 04 06 08 10 12 14 16 18 20 22| 0Z 02 04 06 08 10 12 14 16 18 20 22| 0Z 02 04 06 08 10 12 14 16 18 20 22| 0Z 02 04 06 08 10 12 14 16 18 20 22]0Z 02 04 06 08 10 12 14 16 18 20 22]o0z
Precip GT 0.05 IN in 6 hr 10 12 14 10 25 48 28 21 11 11 12 12 11
Precip GT 20N in 12 br
FZRAGT0.01IN [ 5] 13 20 24| 16
SN GT 0.01 IN [ 12 J40] 27 27 33 31 21 13 34 42 41 36 29 26
SNGT20Nin12hr
SNGT 6.0 Nin 24 br
Thunderstorms 0Z 02 04 06 08 10 12 14 16 15 20 22|07 02 04 06 08 10 12 14 16 18 20 22 oz g/ 04 06 05 10 12 14 16 18 20 22 0z
Lightning within 20 km
0.75 IN Hail within 23 NM
Cig+Vis 04 06 08 10 12

Visibility LT 5 miles
Visibility LT 3 miles
Visibility LT 1 mile

0Z 02 04 06 08 10 12 14 16 18 20 22]0Z 02
G 1 2[27] 14
17 45 26 15 [15]

Ceiling LT 3000 ft

16 30 34 33 28 39

Ceiling LT 1000 ft

12 2% 41 45 43 48

Ceiling LT 500 ft
Others 0 2202 04 06 08 10 12 14 20 22
Mean Temperature (F) 15 20 23 2423 22 22 21 21 20 21 21 24 26 28 2028 28 28 290 M0 31 2
Mean Wind Speed (KT) 32 2113 45 68 91010109 9 87 7 6 35 4 4 4
Prob GT 80% Cloud Cover 6 23 36 T390 88 81 69 56 63 72 82 88 89 90 8586 83 88 94 96 97 %6
Station Adj ALSTG 3038 po2s 3023 3013 3005 = 2850 2980

| DI—
ANSEMBLE ROBARILITY

Color-coded probabilities through time with maroon or blue borders when the forecast has changed by
15% or more in the last 12 hours (6 runs). Meant to distinguish meaningful trends from random noise.

[ar 32 16 15 12
5333 35 25 A 17

6 0 22 20

1311 18 18 20 21 21]18 16 15 13 12 11 10 10 14 18 21

10110 540 6 & & 88 7 7 7 7 6 35 4 433

T7 69 G 69 39 57 54 48|45 40 42 28 20 10 13 2121 24 21
023 3040 3047 3056 3057 3051
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414 4 35 5 6 6 7 % 1011111

20035 30 38 29 27 22 26 33 47 37 42 46
3031 3021 3002 2007




Data Exploitation

o

/ﬁy
2

Ny

&

&/
%QW.~m@
G,ﬁt

s Significant interest in USAF about more effectively
“reasoning” with ensemble datasets to improve
decision making

s Interactive PEP (next slide) prototyped to enable users
to set their own probability thresholds

s Looking to a future where raw ensembles are
databased in the cloud, and all post-processing is
done as a user-requested service that can be called
from other machine applications

s How to define community standards for data storage
and post-processing tools?
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Data exploitation:

Interactive Point Ensemble Probability (iPEP)

Interactive Point Ensemble Probability
Name miami iNTL Latitude 25 79325 Longitude -80290556 Elevation 2.43m

=

KMIA MEPS 20km Northern Hemisphere ¥

MEPS 20km Northern Hemisphere 06/10Z

09 SAT

16 18 20 22 |0Z 02 04 06 08 10 12

16 18 20 22

10 SUN

0Z 02 04 06 08 10 12 14 16 18 20 22

11 MON
0Z 02 04 06 08 10 12 14 16 18

Median (kt) of 10m AGL Wind Gust

Probability (%) of 10m AGL Wind Gust GT 34 kt

Probability (%) of 10m AGL Wind Gust GT 64 kt

Probability (%) of 10m AGL Wind Gust GT 83 kt

Probability (%) of 10m AGL Wind Gust GT 96 kt

Probability (%)} of 10m AGL Wind Gust GT 113 kt

Median (in) of 48-h Sfc Precipitation

Probability (%) of 48-h Sfc Precipitation GT 5 in

Save Preferences | Create Permalink |

17 22 21 24|24 25 26 28 29 33 28

31 39 41 39

35 34 34 31 31 32 32 35 36 35 33 37

m 44 47 46 49
N 15 17 13 16 15 e

1.1 1.8 1.1 1.7 2.3 2.3 1.4 3.1 3.1

39 39 35 39 36 35 36 33 36 33

4.0 4.2 5.0 3.5 33 4.1 4.1

13 17 29 27 27 12 25 30

34 31 48 44 39 42 43 40 39 39

s Choose your product, thresholds, units, etc.
s Create powerful joint probabilities (e.g. snow AND wind)
s User-defined RYG thresholds (tailored risk tolerance)
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Supplementary Material
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Q: How does GALWEM-GE compare to the other
ESPC global ensembles using CRPS?
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reen: Topanced oot o | GALWEM|  GEM GFS FNC
i 850T 120 0.62 0.75 0.65 0.84
850T 240 0.96 1.10 1.00 1.16

SLP 120 0.86 1.10 1.00 1.22

SLP 240 1.80 2.00 2.00 2.10

850WS 120 | 2.13 2.21 2.24 2.40

850WS 240 | 2.91 2.96 3.00 3.00

250WS 120 | 4.42 4.39 4.52 5.00

250WS 240 | 6.70 7.03 7.16 7.50

500GPH 120| 8.70 9.80 9.80 11.80

500GPH 240 | 20.10 21.00 22.30 22.90
Avéragp Dlference - 9.3% 7.3%  19.6%
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Q: What if we exclude the lowest performing ensemble?
(CRPS)

L8 .?/}P 1 \Q'
C o “‘\?‘
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coet i | GALWEM/GFS/GEM [ GALWEM/GFS/GEM/FNC
850T 120 0.57 0.61
850T 240 0.93 0.94
SLP 120 0.84 0.87
SLP 240 1.78 1.84
850WS 120 1.98 2
850WS 240 2.79 2.6
250WS 120 4.01 4.2
250WS 240 6.57 6.4
500GPH 120 8.74 9.2
500GPH 240 20.16 19.9
Average Difforenc - 1.4%

QHOOSETHE WEATHERORBATTLE



UHLGFE_ROQAPS JEM COMLES WSL Predduty, 1000=500 dheckaosa, J=houl gretip Run: 2017082102 vl 108 hre ol 2017083708

UB_GFE_HOGGAPS_GEM _COHUS MEL Prapswe, 1000-500 theoknasa, 3—hour grecip fun: 2017
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s Global Ensemble Prediction Suite (GEPS)
s 63 members from NCEP, CMC, FNMOC

s Mesoscale Ensemble Prediction Suite (MEPS)

s “Rolling” ensemble with 16 members of WRF-ARW with
diverse initial conditions and physics

s 144 hour “global” at 20 km, 72 hour regional at 4 km
= MAJCOMSs own keys to 8 re-locatable domains

4
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Rolling Ensemble post-processing
4 km MEPS
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Target forecast range: 12-
48 hours lead time

15 members for
ensemble products—
up to 30 hours old.
Equally weighted.

Fewer runs available for
ensemble products at
long forecast lead times.
Minimum 7 for
probabilities.

00Z 00Z 00Z 00Z 00Z
T+0 T+24 T+48 T+72
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USAF Regional Ensembles
Current Ops
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= " *(as of April 2016)

Green—static; Blue—relocatable (positions subject to change)
Each domain runs to 84 hours every two hours
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Variables Unique to MEPS

Computed inside model code

.'.? o 3 .I
W

Calculated every time step:

Tornado intensity

Hail size

Lightning frequency

Maximum surface wind and adjustment in convection
Surface Visibility

Precipitation Type (Rain, Freezing Rain,
Ice Pellets, Snow)

Snowfall Accumulation

Vertically Integrated Cloud Ice

Maximum Graupel Flux at -15C

Updraft Helicity

Maximum Updraft and Downdraft Velocity

RED = Unique to 4 km MEPS

Caleulated at outout time stepn:  GTOOSHHEWEATHERORBATTLE

17



Summer experiment design

June-August 2017 over Nevada/New Mexico
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s Download HRRR 1,2,3 hour forecasts as soon as possible each hour

m As soon as HRRR 1 hour forecast arrives, initialize 3 new runs
= Member 1 (WDM6, YSU/MM5, NOAH LSM, RRTM): 11Z HRRR, 1 hour forecast

= Member 2 (Thompson, MYJ/ETA, NOAH LSM, Goddard): 10Z HRRR, 2 hour
forecast

s Member 3 (Morrison, ACM2/MM5, PX LSM, RRTMG): 09Z HRRR, 3 hour
forecast
m Generate time-lagged ensemble w/previous 3 cycles (12 members total)
= 3km: 24 hours
= 1km: 12 hours
s Provide ensemble imagery in real-time and ask forecasters to compare to

operational tools they have (global models, 4 km ensembles updated with new
global models, etc)

QHOOSEHHE WEATHERORBATTLE



Summer experiment design
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12 members for

Fewer runs available for

ensemble products— Target forecast range: 2-6 el
. products at
up to 3 hours old. Lo B (1T long forecast lead times.
Equally weighted. 6 runs required to make
probabilities.
217 00Z 02Z 08Z 217
T+0 T+2 T+8 T+24
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