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« Motivation: NWP, ensemble and AT&D
modeling

« Background on model uncertainties for
AT&D: complex-terrain / land-surface / PBL
effects

« Case-study demonstration using ensemble
methodologies - Linear Variance Calibration
(LVC)

« Daily MET-SCIPUFF Ensemble Testbed
« Summary of challenges for ensemble
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“The Air Force uses AT&D for nuclear
treaty monitoring - like everyone else, we
use ensembles to try and capture the full
range of possibilities in the forecasts and
we're interested in utilizing meteorological
(MET) uncertainties so we can bound
errors and produce confidence intervals.” —
Brian Strahl, AFTAC
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Defense Threat Reduction Agency =

(DTRA)
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PSU-DTRA 1.3-km NWP model winds

_ _ (Feb. 22/14 UTC) and
DTRA Connection article... HPAC/SCIPUFF predictions

(Feb. 22/13-17 UTC)
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18-h NWP Model Forecast of Surface Layer Winds with PENN—%.IQTE
Mesonet Observations (red) Valid at 18 UTC, 21 February =
2006
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Model info: V3.6.3 KF-2

UNCLASSIFIED

P T

<N/ A J! <
| (%]
pa

PR I.l 4
1// e I | “u
50
BARB VECTORS: FULL BARB = 10 m &'
CONTOURS: UNITE=m LOW= 10000 HGH= 2000.0 INTERVAL

GEPHL simple we 12 km, 30 levels,

12-km domain

—
e

=

-
—

W

/A 2500
/L 2250
r 2000
1730
1500
y | 1250

1000

= 500
.‘l_\
) H 250
1000
9 {
S B
10200.0
30 sec

0

Model infor V3.6.3 KF-2

18-h NWP Model Forecast of Surface Layer Winds with
A\ Mesonet Observations (red) Valid at 18 UTC, 21 February

[ _Zive

36-km d

F

BARB VECTORS: FULL BARB = 10 m s’
2000.0

simple wce 36 km, 30 levelz, 108 sec

CONTOURS: UNITE=m LOW 10000 HIGH

GEPRL

omain

I

INTERY AL 1000.0

PENNSTAT

2000

1750

1500

1250

1000

750

200

250

—

UNCLASSIFIED



UNCLASSIFIED PENNSTATE

[ _Zive

2 Rockies Front Range Application T
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» Spatial Structure of PBL Sensitivity to™ =

X Realistic Soil Moisture Variation v
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Sensitivity of 4-km NWP Model PBL Depth (right) to HRLDAS Soill

Moisture Difference Between Wettest and Driest Soil Days (left) over
Southern Great Plains During IHOP
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12-h Surface Dosage Forecasts @
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Domain-Average PBL depths o
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4-km MM5 (GS PBL, 1mindt)
Vertical Slice
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6-h Concentration Forecasts:

Yellow Sea West-East Cross Section
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Central PA Stable Boundary Layer (SBL) =N

AT&D Study (0.444-km domain terrain) g
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<+«——— 10 km scale

Spring Creek
Watershed —
drains to north

Instrumented
Field Site:

Extensive
PSU-owned
agric. land at
Rock Springs, PA

Spruce Creek
Watershed —
drains to south
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Sensitivity of Wind Speed to @
Horizontal and Vertical Resolution
B I B B B O O e
Case study: 7 October 2007 height: 9-m AGL

SBL Wind Speed
at Rock Springs, PA

T
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Grid 4, 44 levels, 9 m
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Grid 2, 353 levelss 17 m

Exper. Horiz. Grid Layers Below
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Sensitivity of Parcel Trajectories and Bs

SCIPUFF Dosage to Output Frequency ) 4
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Sensitivity of Parcel Trajectories to 73
Model Resolution & PBL Physics

Jlll 3 T T T E E R
Time: 0800 - 1112 UTC Case: 7 Oct. 2007
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Trajectory Sensitivity:
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8 £ & § & 38 %

*Reduced mixing in MYJ-mod
allows more sub-meso motions
and inter-parcel variability.

g
g

L ower horizontal resolution

produces larger speed bias. e EXP.LIGDZ
SE
::R /7////'::;//;//

sLower vertical resolution
suppresses gravity-driven
slope flows.
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Surface Dosage at 3 h Following ReleaS@

fppand Valid at 11 UTC
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« MET errors have important implications to AT&D
predictions

« Ensemble of AT&D models attractive but not practical for
operations

« Efficient way to compute MET uncertainty from an NWP
ensemble for input into a single AT&D model solution
{JHVPISC/SCIPUFF wind variance matrices, UUE, VVE,

* NWP-ensemble variance (spread) is at best an
approximate measure of actual uncertainty/error
variance...
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Can a single AT&D prediction using NWP-
ensemble derived MET fields and wind
variances (uncalibrated or calibrated)
approximate and improve upon an AT&D
orediction based on an explicit AT&D
nsemble?

NWP,

NWP,

NWP,

NWP,

Decision Decision

Maker Maker

NWP,

NWP,
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Linear Variance Calibration (LVC) 5
2Methodology
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LVC Methodology @
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SREF Case Study - PN e
sExperimental Design v

» Single-SCIPUFF experiments

« Control (CTL) experiment using mean SREF NWP MET
and default hazard mode uncertainty model (no UUE,
VVE, UVE)

« Uncalibrated (UNCAL) experiment using SREF ensemble
UUE, VVE and UVE.

« Calibrated (CAL 10m) experiment using calibrated SREF
UUE and VVE based on 10-m U and V calibration at
midpoint of AT&D forecast period.

 Ensemble-SCIPUFF experiment

« Explicit 10-member SCIPUFF ensemble (EX_ENS)
experiment driven by 10-member SREF NWP ensemble

« All of above as presented in Kolczynski et al. 2009 (JAMC)

—
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« Compare single-SCIPUFF experiments (40-
km) against Baseline SCIPUFF using output
from dynamic analysis created using high-
resolution (4-km) MM5 with FDDA

« Compare the above results to the mean
concentrations and patterns from the
explicit 10-member SCIPUFF ensemble that
uses the output from each SREF member

(EX_ENS)

—
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Proof-of-Concept: Case Study o

Mean Surface Concentration 18 h — 03 UTC 25 Aug 2004
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Proof-of-Concept: Case Study o
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~ R Case Study Summary o
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* The inclusion of wind variance information from
an NWP ensemble improves the resulting 24-h
single-SCIPUFF forecast and yields results
similar to that of an explicit ensemble of
SCIPUFF predictions at reduced computational
Cost.

« Calibration of the variance information provides
a further improvement in the resulting single-
SCIPUFF prediction.

—
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Daily MET-SCIPUFF Ensemble Testbed =

2 Overview v
. TN B B B = B E Ay

« Use 21 NCEP 32-km SREF members (ARW, NMM, ETA, RSM)

 Run 21 SCIPUFF dispersion calculations
« Combine dosage statistics (explicit ensemble)

 Run SCIPUFF using 4-km MM5 FDDA to generate “ground truth”
dispersion

« Process SREF outputs for mean ensemble MET and MET
uncertainty (wind variances)

* Run single 24-h 32-km SCIPUFF with ensemble MET uncertainty
wind variances (SREF hazard prediction)

« Compare single-SCIPUFF SREF hazard prediction with 32-km
explicit SCIPUFF ensemble using probabilistic verification and
“ground truth” dispersion calculations

« Continue testing of LVC, ensemble best member and single
SCIPUFF vs. explicit SCIPUFF ensemble

—
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Summary of Challenges for PN e
"Ensemble Prediction and AT&D v

s
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. Optlmal ensemble design to support AT&D modeling
Surface/PBL winds and stability
« Land-surface and cloud properties

« Sufficient ensemble spread for short-term vs. long-term
forecasts

« Sufficient model spatial/temporal resolutions (number of
ensemble members vs. model resolution)

« Efficient and accurate way to quantify MET/AT&D
uncertainty

« Single AT&D model using MET ensemble information
(uncalibrated or calibrated?) vs. explicit AT&D model ensemble

* In-line vs. off-line AT&D modeling
« Verification of ensemble AT&D methods

« Very few actual field trials
« Daily testbeds with simulated “ground truth”

—
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