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ABSTRACT

Key results of a comprehensive survey of U.S. National Weather Service operational forecast managers
concerning the assessment and communication of forecast uncertainty are presented and discussed. The
survey results revealed that forecasters are using uncertainty guidance to assess uncertainty, but that limited
data access and ensemble underdispersion and biases are barriers (o more effective use. Some respondents
expressed skepticism as to the added value of formal ensemble euidance relative to simpler approaches of
estimating uncertainty, and related the desire for feature-specific ensemble verification to address this
skepticism. Respondents reported receiving requests for uncertainty information primarily from sophisti-
cated users such as emergency managers, and most often during high-impact events. The largest request for
additional training material called for simulator-based case studies that demonstrate how uncertainty in-
formation should be interpreted and communicated.

Respondents were in consensus that forecasters should be significantly involved in the communication of
uncertainty forecasts; however, there was disagreement regarding if and how forecasters should adjust
objective ensemble guidance. It is contended that whether forecasters directly modify objective ensemble
guidance will ultimately depend on how the weather enterprise views ensemble output (as the final forecast
or as a guidance supporting conceptual understanding), the enterprise’s commitment to provide the nec-

December 2008 WAF

For high impact events,
forecasters want to see
evidence that EPSs
provide information that is
as useful as deterministic
forecasts and poor man's
ensembles.

Forecasters indicated a
desire for feature-specific
verification approaches
(e.g., Ebert and McBride
2000, Davis et al. 2006) to
be applied to ensemble
forecasts.
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Significant weather events can often be viewed as 2D "objects
* tropical cyclones, heavy rain events, deep low pressure centres
* objects can be defined by an intensity threshold

What might the ensemble forecast look like? observation

* spatial probability contour maps ensemble

* ensemble mean forecast

 distributions of object properties (attributes)
* location, size, intensity, etc.

Strategies for verifying ensemble predictions of objects
1. Verify objects in probability maps
2. Verify "ensemble mean"
* spatially averaged forecast objects (with histogram recalibration?)
* generated from average object properties
3. Verify distributions of object properties
* individual cases

* many samples — use probabilistig:measures
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Gallus (2009) study

Compares forecasts of 6h rain from two 8-member ensembles ("Phys"
and "ICLBC") using MODE and CRA object verification methods

Object verification shows:
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Gallus (2009) study

"Phys" ensemble verified using CRA method

object mean rain rate error (mm)
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Observed mean rain rate
is enveloped within the
ensemble at most lead
times
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Practical questions to address

* What does the number of members predicting an event (feature)
say about its likelihood?

* Is the spread of attributes (location, mean, max, area, volume) in the
ensemble of events related to the uncertainty of the forecast event?

* Was the location of the center of the observed system found within
an envelope (convex hull) of ensemble members' centers?

* How far was the observed feature center from the median location of
the ensemble members?

* Was the observed heavy rain area within the range of the ensemble
of areas? Volume? Maximum value?

The Centre for Australian Weather and Climate Research ‘mlu’
Australian Government A partnership between CSIRO and the Bureau of Meteorology
CcSsIRO

Bureau of Meteorology



35 14-D 1@150 155 1E|
A5 L]

Observed
00 UTC 5 Sept 2008

ECMWF EPS
4.5 day forecast
(first 12 of 51 members)




Contiguous Rain Area (CRA) verification

Ebert and McBride (J. Hydrology, 2000)

Find Contiguous Rain Areas (CRA) in  -mmmmmmmmmmmmmmoees ;
the fields to be verified i :

— Take union of forecast and
observations

— Use minimum number of points and/ .
or total volume of parameter to filter ‘-
out insignificant CRAs

Observ;ed Foriecast

* Define a rectangular search box around CRA to look for
best match between forecast and observations

* Displacement determined by shifting forecast within the
box until MSE is minimized or correlation coefficient is

maximized 9
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CRA verification for an ensemble member
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verif. grid=0.500" CRA threshold=5.0 mm/d

Analvsed  Foracast

# gridpointa =5 mm/d 358 233
Eyerage rainrate [mmSd) 17.68 1548
Maximum rain {mm/d} BE.07 58,58
Rain valume (km™ 19.12 16,53

Dizplazament (EM} = [—0.50%3.007%

Original Shifted
RMS errar (mm/d) 17.84 10.29
Comelation coefficient 0.243 0.750

Errer Cecompositicn:

Dizplocement error 65, 7%
Yalume arror 1.8%
Pattermn arror 31.4%
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Distribution of feature locations

.. n=80
. spread=154 km
skill=153 ken

ECMWEF EPS 4.5 day forecast
valid 00 UTC 5 Sept 08

location = mass weighted center of
event

spread = average distance to
ensemble median location

skill = distance between ensemble
median and observed location
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Frequency
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Maximum 24h rain (mm)

* Focus on events with observed or forecast maxima of =2 20 mm d-!

0.5° verification grid

Stratify results by season and region

ECMWF EPS @ T,399L91 resolution (~0.5°)

Forecasts of 24h rain accumulation to 972 days

Verified against BOM operational daily rain gauge analysis (0.25°)

Verify individual ensemble members' CRAs defined by 5 mm d-' threshold
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Ensemble mean values

CRAs with max rain 220 mm d'* Warm season, southern Australia
AREA, SW+SE Australia, warm season AVG, SW+SE Australia, warm season
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Spread = average distance
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Skill = distance between
ensemble median and

observed location

Spread, skill (km)

CRAs with max rain =220 mm d-*
Warm season, southern Australia
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Mean spread and skKill

Spread = SD of ensemble
attributes

Skill = RMSE of ensemble
mean attribute

16

CRAs with max rain = 20 mm d-*

Spread, skill (km? x 1000)

Spread, skill (mm)
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Spread, skill (mm)

Spread, skill (km?)

Warm season, southern Australia
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Feature spread-skill correlations

CRAs with max rain = 20 mm d-*

Warm season, southern Australia

Spread-skill correlation
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-> Uncertainty in heavy rain system properties can be predicted
reasonably well except for location
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How often is the observed value within the

ensemble distribution?

CRAs with max rain = 20 mm d-*

Warm season, southern Australia

LOC, SW+SE Australia, warm season
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How often is the observed value within the

ensemble distribution?

CRAs with max rain = 20 mm d-*

Warm season, southern Australia

AREA, SW+SE Australio, warm season AVG, SW+SE Australia, warm season
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Probabilistic verification

* How accurate is the distribution of feature attributes for the
ensemble members?

* What thresholds to use? (have already selected for heavy rain events)

Attribute Median value
area of feature 2x10° km?
mean rainfall 10 mm d-
maximum rainfall 40 mm d-*
rain volume 2.5 km3

Forecast probability = fraction of er]semble members 2= threshold

W i
lét.g,zl‘z}i

5
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Does the number of ensemble members
predicting an event have meaning?
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Does the number of ensemble members

predicting an event have meaning?

Brier skill score ~,,AREA, SW+SE Australlo, worm seoson o e U SE fusele, YOI eRen
with respect to
sample

climatology of
observed events
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Does the number of ensemble members

predicting an event have meaning?

ROC varies the
number of :
ensemble members Ly
exceeding the W
threshold required
for a "yes event"
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Early results

* Feature-based verification looks very promising for evaluation of
heavy rain events and other weather features

* The forecast feature attributes (location, rain area, mean & max rain,
rain volume) showed some mean biases

* The ensemble spread is less than the RMSE of the ensemble mean for
all feature attributes

* Spread-skill correlation is high (except for location)
—> spread can be used to predict uncertainty

* The more members predicting an event, the greater the chance of its
observed properties being enveloped by the ensemble

* Probability forecasts for events were under-confident
* Brier skill score consistently positive

* ROC shows high discrimination ability,=> calibration should help!
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Thank you!
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How do results depend on the magnitude of

the event?

Thresholds for verifying MAX, NWHNE Austrolio, worm seoson
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