‘Ensemble Prediction Systems

7 Pa
\T WED 080430/1200V132 00Z GEFS ENSEH} HPOMB HEIGHTS: 564 DM (pitdk)
WED 080430/1200¥132 00Z ECHWF REfl 15 il
A o Thn SV )
.
/ Sigw 5

-80 = ~ - - ‘

080912/0000vV072_GEFS 500-MB HGHT 591 DM CONTOURS (GREEN)
080912/0000V072 GEFS MEMBER 10 (RED), MEMBER 18 (BLUE)

080912/0000V072 GEFS MEAN (MAGENTA), GFS 500-ME HGHT 591 DM CONTOUR (BLACK)

Ok, " 1 g
WED 080430/1200¥132 OOE)GEPS NSEMBLE MEAN 500! HEIGHT: 564 DH l:oum?ﬂ
WED 080430/1200v132 00Z GFS‘500MB HEIGHT: 564 DM (dashed yellow)

WED 080430/1200¥132 00Z BIAS-CORRECTED HAEFS HEAN 500MB HEIGHT: 564 DH (green)

Eric S. Blake & Michael J. Brennan

National Hurricane Center
8 March 2016

Acknowledgements to Rick Knabb and Jessica Schauer



2 Ké | NByQu az2RS

A Atmospheric variables cannot be measured to an
Infinite degree of accuracy or precision
(measurement error)

Aa2RStaQ AYAUGALFET &adlasS vy
atmosphere(analysis error)

A Initial condition errors grow with model integration
time, most rapidly at smaller scalésror growth)

A Model equations do not fully represent all of the
processes In the atmosphe(model error)

A Model grid cannot explicitly resolve all features and
processes Iin the atmosphe(model error)
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Options?
AlIncrease our understanding of physical processes anc
how models represent therfresearch)

A More accurate and numerous observations with
greater coveraggexpensive)

Almproved data assimilation method4-D Variational
Data Assimilation, Ensemid&lmankilter)

A Faster computers and more complex modgtsany
programs competing for resources)

A Probabilistic forecasting with ensembles



Definitions

w Deterministic Model- single forecast from one
forecast model or method using a single set of initial
conditions

¢ Examples: GFS, ECMWF, UKMET, GFDL, HWRF, BAMS

wEnsemble O2f f SOUA2Y 2F aYSYO
at the same time created from:

¢ Differentbut equally viablanitial conditions

¢ Different forecasting methods and/or models that (ideally)
statistically represent nearly all forecast possibilities



Definitions

w Dynamical Model Ensemblebased on perturbation of initial
conditions of a single model or different models to create
OYSYOSNE FT2NBOIl adua

¢ ExamplesNCEP Global Ensemble Forecast System (GEFS), ECMWF
Ensemble Prediction System

w Control Runc for dynamical model ensembles, the member of
iKS SyasSvyofS Nd¥zy 6AGK GKS 646
¢ The analysis used by the control run is usually perturbed to produce
Initial conditions for the remaining ensemble members

w Spreadc measure of the degree of disagreement (i.e., standarc
deviation) between ensemble members



Definitions

A Multi-model Ensemble;
ensemble composed of multiple
forecasts frondifferentmodels

A ExamplesTVCA, IVCN

A Lagged Average average of
forecasts with different initial
times all verifying at the same
time

A{dzLISNByasSyotsS 2
Consensusg similar to a
consensus of multiple models, bt

attempts to adjust for individual E= T EOeT T T T T : _
model biases 4 GFS model forecasts valid at

1200 UTC 20 March 2014

A Example: FSU Superensemble
(FSSE)
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w Originally used for medium - (
to longrange forecasting of .-
the largescale pattern

w Uses have grown to
encompass all temporal
and spatial scales down to
convective storm scale

w Address uncertainty,
particularly those leading to .
rapidly diverging solutions

¢ Initial conditionsmodel

physicsresolution model
numerics



Ensemble Use

w Estimate rate of skill loss
with time

¢ Spread of solutions
generally increases with
time
w Compute probabillities of
occurrence of a particular
event or condition

¢ 25 mm of precipitation,
winds > 34 kt

w ldentify regions where the
analysis and forecast are
sensitive to additional data
In the analysis

¢ Ensemble Kalman Filter,
targeted observations




Ensemble Mean vs. Deterministic

wDeterministic runs (e.g., GFS) usually have
more skill than anyndividual ensemble
memberdue to superior resolution

wEnsemble mean usually has at least as much
skill as arequalresolution control run

wEnsemble mean can be more skillful than a
higherresolution deterministic ryn
especially beyone 3 days



