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Outline

• Motivation: NWP, ensemble and AT&D 

modeling

• Background on model uncertaint ies for 

AT&D: complex-terrain / land-surface / PBL 

effects

• Case-study demonstrat ion using ensemble 

methodologies - Linear Variance Calibrat ion 

(LVC)

• Daily MET-SCIPUFF Ensemble Testbed

• Summary of challenges for ensemble 

predict ion and AT&D
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Air Force Technical Applications 
Center (AFTAC)

“ The Air Force uses AT&D for nuclear 

treaty monitoring - like everyone else, w e 

use ensembles to try and capture the full 

range of possibilit ies in the forecasts and 

w e' re interested in ut ilizing meteorological 

(MET)  uncertaint ies so w e can bound 

errors and produce confidence intervals.”  –

Brian Strahl, AFTAC
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DTRA Connection article…

PSU-DTRA 1.3-km NWP model winds 
(Feb.  22/14 UTC) and 

HPAC/SCIPUFF predictions 
(Feb. 22/13-17 UTC)

Defense Threat Reduction Agency 

(DTRA)

Hazard Prediction and Consequence Assessment ...
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18-h NWP Model Forecast of Surface Layer Winds w ith 
Mesonet Observations (red) Valid at 18 UTC, 21 February 
2006

1.3-km domain 4-km domain
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12-km domain 36-km domain

18-h NWP Model Forecast of Surface Layer Winds w ith 
Mesonet Observations (red) Valid at 18 UTC, 21 February 
2006
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Rockies Front Range Application

The use of a 1.3-km 

domain allowed for an 

accurate forecast of a 

surface wind 

confluence line at 03 

UTC (2000 LST) along 

the front range of the 

Rockies.

The confluence line, 

influenced by westerly 

downslope flow to the 

west and easterly large  

scale flow to the east, 

concentrated plumes 

along this line.
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Sensitivity of 4-km NWP Model PBL Depth (right) to HRLDAS Soil 

Moisture Difference Between Wettest and Driest Soil Days (left) over 

Southern Great Plains During IHOP

Spatial Structure of PBL Sensit ivity to
Realist ic Soil Moisture Variat ion

Δ Soil Moisture 

Content (cm3/cm3)

Δ PBL Height (m) 

at 21 UTC 07 

June 2002
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Beijing Olympics Application

Chinese monsoon and complex terrain / coastal-zone sea-breeze effects at 

06 UTC (1400 LST), midpoint of 12-h SCIPUFF surface dosage forecast

Black=WMO obs  Red=supplementary obs
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12-h Surface Dosage Forecasts

Variability Due to PBL Physics ...
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Domain-Average PBL depths

Release Time
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6-h Concentration Forecasts:
Yellow Sea West-East Cross Section 
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Central PA Stable Boundary Layer (SBL) 
AT&D Study (0.444-km domain terrain)

10 km scale

Spring Creek 

Watershed –

drains to north  

Spruce Creek 

Watershed –

drains to south

Instrumented 

Field Site:

Extensive

PSU-owned

agric. land at

Rock Springs, PA
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Sensitivity of Wind Speed to 
Horizontal and Vertical Resolution

Case study:  7 October 2007 height:  9-m AGL

LrgDxDz

Baseline
Observed

LrgDx (1.333 km)

LrgDz (30 m)

(2-h running-mean filter has been applied)

SBL Wind Speed 

at Rock Springs, PA

Exper.

Name

Horiz. Grid

(km)

Layers Below 

68 m

LrgDXDZ 1.333  2

LrgDX 1.333 11

LrgDZ 0.444 2

Baseline 0.444 11
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Sensitivity of Parcel Trajectories and 
SCIPUFF Dosage to Output Frequency

Baseline:

0.444-km

12-min sampling

12-min cont.

release at 

5 m AGL

Baseline:

0.444-km

1-h sampling

9 trajectories 

released within 

a 444-m x 444-m 

area at 5 m AGL
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Sensitivity of Parcel Trajectories to 
Model Resolution & PBL Physics

Trajectory Sensitivity:

•Reduced mixing in MYJ-mod 

allows more sub-meso motions 

and inter-parcel variability.

•Lower horizontal resolution 

produces larger speed bias.

•Lower vertical resolution 

suppresses gravity-driven

slope flows.

Exp. Baseline

Time:  0800 – 1112 UTC       Case:  7 Oct. 2007

Exp. LrgDZ

Exp. MYJ-mod

Exp. LrgDX
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Exp. Baseline

Exp. LrgDZ

Exp. MYJ-mod

Exp. LrgDX

SCIPUFF Sensitivity:

•Reduced mixing in MYJ-mod 

allows more sub-meso motions 

and greater dispersion.

•Lower horizontal resolution 

produces larger speed bias, 

less-resolved drainage flow and 

less lateral (cross-plume) 

dispersion.

•Lower vertical resolution 

suppresses gravity-driven

slope flows and produces a 

plume more parallel to the 

mountain.

Surface Dosage at 3 h Following Release 
and Valid at 11 UTC
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MET Uncertainty and Ensembles

• MET errors have important implicat ions to AT&D 
predict ions

• Ensemble of AT&D models attract ive but not pract ical for 
operations

• Eff icient w ay to compute MET uncertainty from an NWP 
ensemble for input into a single AT&D model solut ion 

(HPAC/SCIPUFF w ind variance matrices, UUE, VVE, 
UVE)

• NWP-ensemble variance (spread) is at best an 
approximate measure of actual uncertainty/error 
variance...
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Question

• Can a single AT&D predict ion using NWP-

ensemble derived MET f ields and w ind 

variances (uncalibrated or calibrated) 

approximate and improve upon an AT&D 

predict ion based on an explicit  AT&D 

ensemble?
NWP1

NWP2

NWPn

NWP1

NWP2

NWPn

AVE AVEAT&D
Decision 

Maker

Decision 

Maker

AT&D1

AT&D2

AT&Dn
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Linear Variance Calibration (LVC) 
Methodology 
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LVC Methodology 

y=mx+b
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SREF Case Study -
Experimental Design

• 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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Case Study - Objectives

• Compare single-SCIPUFF experiments (40-

km) against Baseline SCIPUFF using output 

from dynamic analysis created using high-

resolut ion (4-km) MM5 w ith FDDA

• Compare the above results to the mean 

concentrat ions 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

Baseline

EX_ENS

CTL
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Mean Surface Concentration 18 h – 03 UTC 25 Aug 2004
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Proof-of-Concept: Case Study

UVE at 12 h 21 UTC 24 Aug 

2004

m
2/s

2
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Case Study Summary

• The inclusion of w ind variance information from 

an NWP ensemble improves the result ing 24-h 

single-SCIPUFF forecast and yields results 

similar to that of an explicit  ensemble of 

SCIPUFF predict ions at reduced computational 

cost.

• Calibrat ion of the variance information provides 

a further improvement in the result ing single-

SCIPUFF predict ion.
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Daily MET-SCIPUFF Ensemble Testbed 
Overview

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

• Run 21 SCIPUFF dispersion calculations

• Combine dosage statist ics (explicit  ensemble)

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

• Process SREF outputs for mean ensemble MET and MET 
uncertainty (w ind variances)

• Run single 24-h 32-km SCIPUFF w ith ensemble MET uncertainty 
wind variances (SREF hazard prediction)

• Compare single-SCIPUFF SREF hazard prediction w ith 32-km 
explicit  SCIPUFF ensemble using probabilist ic verif ication 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 
Ensemble Prediction and AT&D

• Optimal ensemble design to support AT&D modeling
• Surface/PBL w inds 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)

• Eff icient and accurate w ay 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

• Verif icat ion of ensemble AT&D methods
• Very few  actual f ield trials

• Daily testbeds w ith simulated “ ground truth”
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