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The model is run in half-hour increments, continuously assimilating observations
and staying just ahead of the clock to “predict” current conditions...
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DTRA team models wind, weather in support
of Winter Olympics

by drene Smith

Tracking snow and cold winds flowing
from the Alps, the Defense Threat
Reducrion Agency’s weather models and
meteorology team supported the 2006
Winter Olympic Games in Turin, Italy:

Headed by Air
Force Maj. Jimmic
Trigg, the DTRA
meteorology team
operations were
expanded ro provide
conscquence
assessment during,
the 2006 Winter
Olymipics at the request
of the U.5. European Command.

Operating the Hazard Prediction and
Assessment Capability (HPAC) software
tool, the meteorology ream ook
advantage of special weather observation
datasers available in the domain of the
Winter Olympic venues and undertook
a project to improve weather modeling
ar high resolution,

The varied terrain provided a special
challenge 1o the modelers on the
metearology team. Half of the Olympic
venues were ]'}L‘lﬂd in ‘I]f mountaing w
the west of Torine, while the rest were
located on the relarively flat plain in and
around Pinerolo and the city of Torino
1o the east,

“Back ar DTRA, we're making it casicr
for the Consequence Management
Team (CMAT) 1o do their job,” Trigg,
said. “If bad weather is predicted o
happen during the curling competition,
we can pull the wearher file and do the
caleulations on it. The CMAT doesn't
have to analyze 11 different weather
models 1o ger the best weather for the
event. We do the analysis back here,

post it on a webpage
and then send them
the data.”

A DTRA CMAT,
comprised of Air
Force Maj. James
Greene. Mavy Chief
Warrant Officer
Peter Terrill and
defense contractor Chris Schinnerer,
was forward deployed w Stutngan,
Germany, w provide weather modeling
to support hazard and consequence
assessment operations

The HPAC and other tools use high-
resolution weather data along with
other environmental and source term
information to produce estimates of the
spread of accidentally or intentionally

released hazardous marerial, such as
chemical, biological, radiclogical,
nuclear, and high explosive (CBRNE)
apents.

The meteorology team performed three
functions in support of the Olympics,
They provided meteorological data for
individuals using HPAC; they made a
determination of the best performing
medium-range model forecast

for any given 12-10-48 hour
timeframe; and they provided real-
time help-desk support w nsers
regarding acquisition and use of
weather for HPAC consequence
assessment applications.

“Whar we're doing is pulling
high resolution data from the
meteorological data server and
overlaying it on the location of
a sptciﬁc sport venuc, such as

snowboarding,” Trigg said, “Gathering
1.6 kilometer resolution data from

the U ir Foree Weather Agency
(AFWIAY, we then add high resolution
weather data over the area and plot the
flow and direction of the wind as it
comes out of the monntains.”

Prior to the Olympics, DTRA partners
ar Pennsylvania State University
(PSLN and the U.S. National Center

for Atmospheric Rescarch (NCAR)
established data collection and
assimilation, and forccast modeling
projects that used special weather
station obscrvations provided by Iraly's
ARPA Piemonte, the environmental
agency for the region.

At Penn State, a version of the
Mesoscale Model-5 (MMS5) was
prepared to use the special observation
dara to forecast weather in a four-nest
configuration. At NCAR, versions of
MMS3 and the Weather Rescarch and
Forecast (WRF) models were integrated
into a real-time four-dimensional
data assimilation program which used
the special Olympic weather data 1o
initialize these models.

Torino 2006

Naey Clief Wiernane Officer Peter Terrill {right} and defense comtmictor Chris Sebiwnerer,

members of @ DTRA Consequence Management Assessment Team forward deployea to Stutegart,
Germueny, provide ueather modeling to suppart hazard dnd consequence assesiment operations ar
the Winter Olympics.

Dr. David Staufer, Penn Stare
metearology department, remarked, “Tt
is very satisfying to apply our advanced
technologjes in numerical weather
predication and dara assimilation. So
far our high-resolution metcorological
maodeling and data assimilation system
has performed very well in capruring the
localized mountain Hows in and around
the Olympic venues.”

Two other D'TRA partners provided
independent weather forecast models
against which the PSU and NCAR
madel data was compared against.
The AFWA provided its MM5
forccast model data and the U5,
National Oceanic and Atmospheric
Administration’s National Centers for

Environmental Prediction provided dara
from a special version of their WRF
model.

“We learned several important lessons
during this project,” Trigg said. “More
research is necded for quaniifying model
uneertainties in the inputs and outpues
of ransport and dispersion models. The
meteorology team and its partners used
this experience 1 improve several arcas
of its weather support operations. We
plan to expand upon this experience
during upcoming ficld ests, and

to further improve and expand the
capability to provide aceurare high-
resolution weather forecast information
w hJZ-!!'d .In‘l EO“*(IUC“.L'C assessment
operations.” B

Trene Smeith is a DTRA publec affairs specialis.
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on 1.3 km Domain Valid at

18 UTC, 21 February 2006

18-h Forecast of Surface Layer Winds with Mesonet
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Mean Absolute Error Seasonal Means for WDIR

25.0
20.0
7 15.0—
[<}]
e
[e))
[
=)
o
[a)
= 10.0-
5.0
0.0
SFC 30-1000m ALAS
B Winter 20.3 16.0 6.3
O Spring 18.6 14.7 7.6
@ Summer 24.5 17.1 11.1
| Fall 20.9 16.4 7.5




Mean Absolute Error - Annual Means

25.0
20.0
1
o
= 15.0
w
]
=2
<]
(7]
K]
<
=
3 10.0-
=
5.0
VWD (m/s) TEMP (°C) MIXR (g/kg) WSPD (m/s) WDIR (degrees)
m SFC 2.1 1.9 15 1.6 20.9
@ 30-1000m 18 1.1 0.8 1.2 16.0
O ALAS 1.6 0.5 0.3 1.0 8.2
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‘ Flux-Form Equations in Mass Coordinate

Hydrostatic pressure coordinate:

Dry hydrostatic pressure  Pan

Pah — P
n= & o Hy = Pans — Pane
Hy

Conserved state variables:

\7=,leV=(U,V,W), é:ﬂdﬁ’ ®::Ud‘9’ Qm:ﬂdqm



Flux-Form Equations in Mass Coordinate

Moist Equations:

oU 0 op 0 oV op op o
+(V Vu) T H p"'(%) P ¢: R, +(V- VV) T H (ad) P ¢ v
ot OX on oX ot oy on oy

oW . a op 60
L (vVw) —g[= F,, —+(V-VO) =F,
p ( ), g[a on Hel=Fy p ( ),

99 . aQ
V@) —gW]=0, - =F

Pl » [(V ?), 1= p ), =Fo,

Oy 7

—+(V-V) =0

ot ( )y

where 5 5 5

. P a a a

(v Va), EOUa+8Va+6Qa’ v-va) =UZ . v%.0

X oy On Toox oy oy



Flux-Form Equations in Mass Coordinate

Diagnostic Equations:

O
%Z_adﬂd
— Rdgm C%
where o

a=ay(1+q,+0,+0, +G +..)"

6. =60(1+q, %) ~6(1+1.61q,)

d



‘ Height/Mass-Coordinate Model, Time Integration

3rd Order Runge-Kutta time integration
advance & = g

¢ =@ + —R'[r:ff )
%

L=

¢5**_¢fy + —R{r: }
§=¢' +AtR(4™)

(FAT }4

Amplification factor ¢, =ik¢, ¢""'=A¢", |4 =1- =




‘ WRF Mass-Coordinate Model Integration Procedure

Begin time step

— Runge-Kutta loop (steps 1, 2, and 3) >
(i) advection, p-grad, buoyancy using (¢, 0", 0™ )
Nudging [FDDA —»(11) physics 1f step 1, save for steps 2 and 3
(1) mixing, other non-RK dynamics, save. ..
(1v) asgemble dynamics tendencies
Acoustic step loop =
(1) advance UV, then u. O, then w, ¢
(11) tume-average UV, Q)
End acoustic loop «
Advance zcalars usig tume-averaged UV,
«+— End Runge-Kutta loop .« ¥
Adjustment physics (currently microphysics)

End tune step



Height/Mass-coordinate model, grid staggering

C-gr1d staggerig

1!{.'
ry
AV
|
U P.0.4,.q U
Ll & —ttr
AV
|
horizontal

Note: Nudging FDDA on staggered grid while physics on non-staggered grid

X

7
A
AW
|
U p.9.49,.4q U

et ® .

TW -
vertical



Nudging FDDA

oo
—=0Ge(a, —«
8’{ ( ob )

[Odt= at) = (e - ) e +

O((t) — (0[0 _aob) ¢ e_Gt T Uy

éz e — folding time O (1h)



Nudging FDDA in WRF
Fora=0= 10

6_®:_|_luae |96_’u
ot ot ot
S =4 1eG, S +(6,,~0)

+0eG, oW o (1, — 1)

whereW =w,_ ew ew,






Demonstration ofWRE o
Aaly/sis Nl]dg ng-. —
SWASSIImilate di2=houiEyAViIVISHirenit-end S
anaJy;m on 108-km, 36-km, 12-km grids
NB@dee u, v, theta (G =3 X 10 “4s1)
]\IJfC‘ qV(G—1X1O 55

_ 55 .;e results with and without FDDA at 48
‘ i for CAPTEXS3 (18-20 September 1983)

'_E:..-—

:_' Compare results subjectively to the
analyses and statistically to observations

® Test no-nudging in the PBL option
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Aydaly/ses from MI\/IS
_—

S SRPRCORVERt  (Whitten by WARE/ZNCAIS

el ~time pressure-level data from MMS Frontend (REGRID,
J rr E_R) into HINTERP fields

fIEf JrJI CEs | M5 frontend data into WRFSI-formatted output

| e J S common initial conditions and lateral boundary conditions for
somparsion off MM5 and WRF simulations from fields based on
»; ame surface and pressure-level analyses. (Note that there are still

= lifferences in the state variables and horizontal / vertical grid
uetures petween the two models)

e CORVErts m
HAVW NS EE

- _P_asses through to WRF common domain definitions and underlying static
fields (lat, lon, terrain, land use, etc.)

Requires special version of VINTERP to create input for REAL
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T
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=5 _f_EHes__WIII pe used for surface analysis nudging in WRF

— i
_— - T
——— —

"= Files will also support soil moisture nudging option in Pleim-
Xiu LSM
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PlECipitauon and Sea lLevel Pressuke
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MEAN 4BS EERQR OF TEMP (C)
PROFILE FOR DOMAIN= 108 km
DATE/TIME RANGE= 18 SEP 1983, 1200220 SEP 1983, 12002 AND SUBDOMAIN= |
MODEL HGUR RANGE= 0.0 - 48.0 h

MEAN ABS EEROR OF TEMP (C)
R DOMA

PROFILE FO! = 36 lm
DATE/TIME RANGE= 18 SEP 1983, 1200220 SEP 1983, 12002 AND SUBDOMAIN= L
MODEL HGUR RANGE= 0.0 - 48.0 h
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MEAN AB3 ERRQE OF TEMP (C
PROFILE FOR DOMAIN= 12 km
DATE/TIME RANGE= 18 SEP 1983, 1200220 SEP 1983, 12007 AND SUBDOMAIN= 1
MODEL HOUR RANGE= 00 - 480 h
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108-km, 36-km, 12-km domains
averaged over 48-h period
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MEAN ABS ERROR OF WIND SPEED {M/5) MEAN_ABS ERROR OF WIND SPEED {M/S)
P R DOMAIN= 10B lm PROFILE FOR DOMAIN= 36 lm

ROFILE FG
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MEAN AB3 EREOR OF WIND DIRECTION (DEG) MEAN ABS EREOR OF _WIND DIRECTION (DEG)
PROFILE FOR DOMAIN= 108 km PROFILE FOR DOMAIN= 36 km
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SMVREFEDDA resulits'show: very good
er:ﬁ enptwithrtarget analysis-nudging
J(JJ .

J\Jevv ‘conVverter code” used to create WRF
i condltlons from MMS Initial
sOREItIeNS IS also attractive for translating
'm t-end MMS pressure-level gridded
galy/ses (from Rawins or Little r) to WRF
== nfrastructure for analysis nudging

""'*j- s \WRF fields are meteorologically
: rea}sonable and show no signs of serious
noise problems

e Optional use of PBL height for vertical
welghting produces expected results
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SiclStics sheWwieaseRaknle; reduced erre

; NIt nudging for all experiments
pDranalysis nudging EDDA works for

-"‘"

| —

mgdr
_ \4\%'*' - 3D analysis nudging FDDA can also be
{:Iuded fromm model-predicted PBL
Currently testing restart capability

- ® Currently works in OMP. MPI testing to be
done.
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Analysis Nudging FDDA in WRF — ARW: E

Current capabilities: l
3D analysis nudging of gridded fields (u, v, 06, g,): s
Analyses on WRF model surfaces (n)

* External gridded analyses processed through Real

* Real input files created in “converter code” from Rawins
surface and pressure-level gridded analyses (MM5
frontend).

® Real also processes other gridded fields (S1, SDVAR)

"
1

® (Standard version of Real had to be modified to output
more than first time period...)

Uses as default linear temporal interpolations and uniform
spatial weighting functions



Goal: Basic 3D.é

optional vel
based on Pl
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Future capabilities with additional funding support: E

of observation data densities, dynamic-initialization ramping

More general temporal and spatial weighting functions, including use
functions, etc. l

Surface analysis nudging using higher temporal resolution surface-
gridded fields, applied at surface and throughout PBL (Stauffer et al.
1991).

® Requires using “converter” on Rawins sfcfdda files since
3DVAR cannot currently produce surface-only analyses at
Intermediate times...

* Enables Pleim-Xu LSM soil moisture nudging capability

List of nhudging variables to be expanded (e.g., U, vertical motion,
cloud water, etc.)

Hybrid S3DVAR/EnKF/nudging methods (with Li Li Lei, Ph.D. student)

WRF obs nudging being coded by NCAR RAL — possible collaboration
with Penn State in the future...
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