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ABSTRACT

The Oceanographer of the Navy is responsible for the
environnmental data portion of the “4-D cube”. This is a
new concept that creates a Virtual Natural Environment that
must be capable of rapid environnental updates. Thi s
research i nvesti gates usi ng in situ at nospheric
measurenents to inprove the performance of the Navy
nesoscal e nodel , Coupl ed Qcean- At nospher e Mesoscal e
Prediction System These enhanced, operational nodel
forecasts are used to supply atnospheric forcing to a
di spersion nodel, the Hazard Prediction and Assessnent
Capability, and the outconme is evaluated to deternmi ne the
i npact of the additional data.
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. 1 NTRODUCTI ON

A BACKGROUND

The Cceanographer of the Navy's Operational Concept,
whi ch defines the role of the Meteorol ogy and Oceanography
(METOC) comrunity, revises many of the METOC operationa
roles within the United States Navy. One of the new roles
defined in the docunent is “the ability to determ ne the
i mpact of Wapons of Mass Destruction (WD) and Wapons of
Mass Effect (WVE)” (Cceanographer of the Navy, 2002). This
role is to be fulfilled by using a nunber of new METOC
t ool s. In order to use these tools, new data formats and
conputer applications are being created to allow for the

i mpl ement ati on of Rapid Environnental Assessnent (REA)

REA is the application of continuous observations and
data assimlation to short-range forecasting. The norna
environnmental assimlation interval of 6 to 12 hours is not
rapi d enough for nost mlitary applications. Extended tine
intervals negate nmuch of the data collected since it is
superceded by l|ater data points. This lack of rapid data
collection and assimlation prevents many applications from
receiving the information to nore correctly represent the

constantly changi ng at nospheric and oceanic conditions.

One of the initial requirements to acconplish REA is
the creation of the “4D Cube”. The 4D cube is defined as
“a virtual entity of geospatially referenced data,

informati on and know edge used to support interoperable

nodes/ systens” (Cceanographer of the Navy, 2002). The
knowl edge base that wll house the 4D cube called the
Virtual Natural Environment (VNE). Integration of real-

1



time atnospheric information into the VNE is the key to the
REA process, and should allow for nore accurate forecasting
of the inpact of WD/ WVE.

In order to create the VNE, the Navy' s Coupled Ccean-
At nosphere Mesoscal e Prediction System — On Scene ( COAMPS™
0S) is used. This allows for the finest-resolution nodel
information to be integrated wth accredited decision
maki ng tools |ike the Joint Effects Mdel (JEM 2003). The
output from JEM can then be used by the METOC officer to
provide the on-scene expertise regarding METOC factors

i nfl uenci ng agent di spersion.

B. THESI S APPROACH

This thesis focuses on the inplenentation of REA used
in the process of determning the inpact of WD WE.
Specific global locations are identified weekly by Joint
mlitary conmands as possible targets for strikes wth
WD/ WVE. Targets for the thesis were reviewed based upon
current weat her patterns, avai | abl e classified

observational data, and available initial npdel conditions.

Current weather patterns are chosen so that there are

changing conditions in the area selected. Criteria for
sel ection include, but are not Ilimted to: frontal
passages, boundary-| ayer instability, and | ocal
circulations such as |and/sea breeze. Areas of stable,

slowmy changing atnospheric conditions would probably be

less likely to show benefit fromthe REA process.

Cl assified observational data are required to show the
true inpact of the REA process. Since the nodels receive
real -tinme uncl assified observational information, true REA

2



i npact cannot be measured wthout the inclusion of
addi tional observations. Areas w th higher nunbers of
observations or upper-air observations are given preference
since this will increase the nodel’'s available data set
with which to performthe REA

Initial boundary conditions are very inportant to the
REA process. | mpr oper boundary conditions can cause the
REA process to significantly degrade the forecast. Thi s
can be due to poor choice of grid choice resolution or
large differences in the terrain resolutions. These
conditions can nake a large difference in the final outcone
of the REA process.

In order to look at the inpact of the REA process,
COAMPS™M(OS is run in a real real-tine configuration. This
allows for constant updating of the forecast information
for the designated areas. At selected tines a WD WWE
event is sinmulated. A dispersion nodel data set is prepared
at the tinme of the event as the baseline data set. A
concurrent thesis effort in Conputer Science has devel oped
a real -tine data support capability for JEM (Ross, 2003).
Al l available <classified and additional uncl assi fied
observational data are collected and assimlated into the
COAMPS™ (OS data stream The nodel is run again with the
new data, and a second dispersion nobdel data set is
prepared from the conpleted run. The data sets are each
used to initialize the dispersion nodel, and outputs are
conpar ed.



C. EXPECTED RESULTS

The increased resolution of the nodel conbined wth
t he REA information should give a nore accurate
representation of the atnospheric conditions to be supplied
to the dispersion nodel. If there are changing weather
patterns, the nodel should produce a better dispersion
plume with the enhanced data from the REA process. In nore
stable or slowy changing conditions, the REA process wll

probably not produce a noticeable change to the dispersion

pl une. No matter which situation is encountered, the
output from the REA process should still produce the best
input for use in the dispersion nodel. Thi s conpari son of
REA and non-REA HPAC dispersion forecasts wll also

investigate the sensitivity of HPAC to nodel fields.

The conplete REA process is an integral part of the
NO96 Operational Concept (Figure 1), and wll allow for
better deci si on maki ng ability in t he operating
envi ronment . It wll also create a nore accurate
prediction system with which to provide source inputs for
both weapons and sensors. Finally, it wll provide the
i ncreased resolution needed to support the counter WD/ WVE
efforts.



Goal:

« Empower our operating forces to dominate the battlespace through superior understanding and
exploitation of the natural environment of the the ocean and atmosphere.

2

W

Key Assumption:

« Network-Centric / Effects-Based Operations (NCO/EBO), and
their attributes -- speed of command, situation awareness, self-
synchronization, massing of effects from dispersed forces - will be
the basis for future Naval war fighting.

(

Obj es:
%-mm ng through increased knowledge and

awareness of the operating environment.
« Improve the performance of weapons and sensors.
\\lwve overall war fighting efficiency and effectiveness.

v

e T—

Key Enabler for NCO/ EBO: The“4D Cube”.
« A virtua entity of geospatially referenced data, information and
knowledge used to support interoperable nodes/systems.

Q X

Principal task::
» To organically measure and evaluate atmospheric, oceanic, and
terrestrial environmental characteristicsin real-time.

\/ \V

v

Key Required Capabilities:

« Develop and maintain the Virtual Natural Environment (VNE), and associated knowledge base..
« Ensure acommon geo-temporal reference frame (WGS84 and UTC).

Principal Customer:
* C2and Decision Making Nod
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1. MESGCSCALE AND DI SPERSI ON MODELI NG

A. MESOSCALE MODELI NG

This thesis will use three nmjor categories of nodels,
hydrostatic gl obal nodel s, non- hydrostatic nmesoscal e
nodel s, and microscal e di spersion nodels. Wthin DOD the
nost pr eval ent nmesoscal e nodel s are t he Coupl ed
Ocean/ At nosphere Mesoscal e Prediction System (Hodur, 1997)
and the Fifth-Generation National GCenter for Atnospheric
Research / Penn State Mesoscal e Mdel (Anthes, 1978). The
COAMPS™M(OS forecast area is bounded by a Ilarger nodel
field, typically Navy Qperational d obal At nospheri c
Predi cti on System (NOGAPS), and boundary conditions need to
be scrutinized before accepting the area. In order to
attenpt to inprove on the current inner nest of COAMPS™ CS,
this thesis will add non traditional observational data.
This will illustrate the REA process that is described by
t he new operational Concept of QOperations

The REA process should be inportant for effective use
of mesoscale nodels in the dispersion nodeling process.
Al'l nodels have tine delays created by the actual running
time of the nodel. At nospheric conditions are constantly
changi ng, and those changes are frequently nore inportant
in areas where DOD forces are operating. Units are usually
deployed in areas of denied data availability or coasta
areas where atnospheric conditions change rapidly. Wthout
| ocal observational information the nobdels may not have
enough information to properly resolve Ilocal nesoscale
circul ations. COAMPS™ 5 perforns an analysis every 6 or

12 hours on all nests using previously forecast fields at



the first guess field. This procedure incorporates new
data for each assimlation time and then restarts the
assimlation in an attenpt to mnimze error growmh over
time (Johnson- W negar, 2003).

COAMPS™ OS has a nunber of advantages over just using
observations or an analysis that could positively affect
the di spersion nodels. One focuses on the determ nation of
the planetary boundary |ayer (PBL). COAMPS™OQOS uses a fine
vertical resolution and the 2.5 PBL nodel (Mellor and
Yamada, 1974) to specify the PBL. This allows the nodel to
better detect phenonmena nissed by other nodels such as
sharp wvariations in topography, | and-and-sea breeze
circulations, and l|ocal contrasts in physical properties
(Johnson- W negar, 2003).

In order to neet the tinme constraints to satisfy REA
requirements, the current COAMPS™(OS used at NPS can run
doubl e- nested spheri cal nodels in a .27° and .09°
resolution. This allows both nests, 31x31 grid points, to
be nodeled in approximately 80 m nutes. The output from
the run, 0 - 24hr forecast, can then be used to initialize

t he dispersion nodel .

B. DI SPERSI ON MODELI NG

At nospheric transport and diffusion nodeling has been
conducted for decades, but evaluation nethods have varied
over the years starting with linear |east-squares anal yses
and progressing to the use of bootstrap techni ques (OFCM
2002). The Ofice of the Federal Coordi nator for
Met eor ol ogi cal Servi ces and Supporting Resear ch

specifically cites many areas for research and concern for

8



t he nunber of dispersion nodels being used operationally by
governnent agencies. The current estimates show that while
there are only a few approaches for dispersion nodeling
there are over 140 nodeling systens. O those nodeling
systens, 29 are used operationally by different governnent
agenci es (OFCM 2002).

There are currently three primary nodeling systens
used in the Departnment of Defense (DOD): t he Hazard
Prediction and Assessnent Capability (HPAC), the Energency
Managenent I nformation System (D2PUFF), and the U S. Navy’'s
Chemi cal / Bi ol ogi cal Agent Vapor, Liquid, and Solid Tracking
nodel ( VLSTRACK). To sinplify this confusing situation,
Space and Warfare Command (SPAWAR) has been tasked to
create JEM This nodel is created by conbining the best
parts of the three primary nodels into a single nodeling
system When conpleted, it wll replace all other

oper at i onal di spersion nodeling systens wused by DOD

servi ces. The final JEM inplenentation will handle the
fol |l owi ng scenari os: counterforce, passi ve def ense,
accident, incident, high altitude rel eases, urban Nuclear,

Bi ol ogi cal, and Chemical (NBC) environnents, bui | di ng

interiors, and human performance degradation (Integrated
Chem cal and Biol ogical Defense Research, Devel opnent and
Acqui sition Plan, 2003).

Much of the suggested OFCM research will need to be

performed to nmke JEM and other future nodels nore

reliable. These areas include: source characterization,
urban dispersion, PBL, coast al i nfluences, deposition
rates, re-suspension, and conplex terrain. This thesis

looks at an area wth conplex terrain and coastal

9



i nfl uences, and incorporates them into the REA cycle for

inclusion in the dispersion nodeling process. This is
i mport ant since neteorol ogical i nput into dispersion
modeling is still an area in need of extensive research.

Both the input paraneters for dispersion nodeling and the
uncertainties associated with the paraneters need to be
defined and understood by the end users of JEM

10



[l GENERAL DI SCUSSI ON AND PROCEDURES

A ADDI TI ONAL MODELI NG CONCERNS

Renmote mlitary operations often occur in data-sparse
areas, and the data being collected is not always included
in the nodels run at renote locations. This is a function
of both tinme and comruni cations capabilities. Pl aci ng the
nodel i ng capability with the larger renote units wll allow
for inclusion of renote data as well as allowing for
m ssion conpletion when comunications are not avail able.
In this thesis, that capability is created with a single
Li nux based Personal Conputer (PC) running both COAMPS™ 5
and TEDSer vi ces.

Anot her capability under utilized in the mlitary is
t he access to non- st andar d observati ons. These
observations can be from any nunber of mlitary sensors or
per sonnel . Many of these observations are classified, and
never meke it into the data streanms used in nodeling. For
this thesis, the addition of profiler data is being
i ncl uded. This data supplenents |ower-|evel atnospheric
measur enent s. Many experts question the need for balloon
measurenents  of the atnosphere above the surface.
Profilers can supplenent this data set wth neasurenents
typically reaching up to approximately 700 mllibars.
Since the profilers operate continuously, there is also a
better chance that they will capture phenonena that could
be m ssed by the balloon soundi ngs. The inclusion of the
profiler data, and ship surface observations when avail abl e
will give the atnospheric nodel nore data to resolve the

coastal phenonena. This is listed by all the experts as

11



one of the key concerns for furthering dispersion nodeling
(OFCM 2002). Wiile this thesis attenpts to address this
concern, there are a large nunber of other mlitary
observations that could assist in this area as well. The
ability to rapidly assess the current environnment, and
nodify a forecast to  Dbetter represent the current

environnment is critical for dispersion nodeling.

B. LOCATI ON AND DATA SELECTI ON

This thesis inmplements the REA over the San Di ego, CA
ar ea. This area was chosen after several ot her
possibilities. At hens, Greece was considered because of
the planning for the Oynpic Ganes in 2004, but due to
other obligations, there are not many naval units in the
area to provide the extra data needed to test the REA
concept. The second choice was \Washington, D. C.,
i npl enent i ng REA  using t he DCNet currently under
devel opnment. This is a nesoscal e observati on network being
created by t he Nat i onal Cceani c and At nospheri c
Admi ni stration. This area could not be used effectively
since COAMPS™(OS ignores surface w nd neasurenments over
| and. The final choice of San Diego, CA was chosen since
there are typically naval units in the area, and there is a
network of atnospheric profilers in the area. Nei t her of
these data sources is currently included in COAMPS™ O5
nodel i ng. The ship surface observations wll assimlate
surface w nd, t enperat ure, and pressure since the
observations are over the ocean where surface-w nd
observations are included. The profilers along the coast
wi | | add | ower-Ievel upper -air data to the data

assim |l ation.
12



Surface data from ships 1is collected wusing a
conmbi nation of data sources including Fleet Nunerical
Met eor ol ogy and GCceanography Center (FNMOC), METCAST, and
the METOC center in San D ego. Since there is no single
source location to retrieve all secret-level observations,
mul ti pl e channels have to be used. These observations are
particul arly i mport ant since t hey r epr esent t he
observations that would be <collected directly by the
mlitary units in the area of a suspected WD/ WVE attack
Preferably, there would also wupper-air soundings from
bal | oon | aunches aboard United States Navy (USN) ships, but
t he database ingest routine was not functioning correctly

and these data were not included.

The profiler data could be nade available in renote
areas. The data used in this thesis are available in 15 or
60 m nute data sets. In order to allow for inclusion in
COAMPS™OS without rewiting the assimlation routines, the
profiler data rmnust be represented at the standard
at nospheric levels used for wupper-air soundings. Although
this does not give the best possible resolution provided by
the profilers, it does give nore frequently avail able data

than is provided fromthe tw ce daily upper-air soundi ngs.

C. DATA | NGEST

The previous two hours of data is collected from the
uncl assified profiler web site every hour. This data is
then processed into standard |evels by a program provided
by the Navy Research Laboratory — Monterey (NRL-Mnterey).
The processed files are then transferred to the classified

network for inclusion in the Single Tactical Environnent

13



Data Server (Single TEDS). This data flow was nandated by
the fact that TEDServices cannot pull observational data or
use observations for atnospheric nodeling. The data flow

of the thesis configuration is shown in Figure 2.

COAMPS-0OS
(Atmospheric model)
Gridded Gridded
Data Push Data Push & Pull User REA Input
(Observations)
TEDServices TEDS NOGAPS
(Database) (Database) (Atmospheric Model)
_ _ WMO
Gridded Gridded (Observations)
Data Pull Data Pull
HPAC/JEM

(Dispersion model)

Figure 2. Thesi s Data Fl ow

At nospheric observations are collected from the
classified network from any avail able source. This can
include emails from the regional center in San Diego, or
access to the master TEDS at FNMOC using METCAST. Each of

these observations is then added to the npdel database

usi ng a Web-based interface.

D. ATMOSPHERI C MODEL DATA FLOW
In order to perform the successful REA, the Single
TEDS dat abase at FNMOC is used as the prinmary data source
for COAMPS™ CS. TEDS holds not only the atnospheric
14



observations, but also the NOGAPS and COAMPS™ (OS boundary
condi ti ons. These data are wused to initialize the
at nospheric nodel on a continuous 6-hour assimlation
schedul e. Qutput from COAMPS™M(OS is then stored back to
TEDS as well as TEDServices. All of these data are
conputed in spherical coordinates since TEDServices cannot
convert from Lanbert-Conformal to spherical coordinates.
The grids output are then nade available to the dispersion

nodel i ng systens from both TEDS and TEDSer vi ces.

E. DI SPERSI ON MODEL DATA FLOW
Upon conpletion of the atnospheric nodel, the data is
submitted to both TEDS and TEDServices for storage and

di ssemi nati on. O the data created from the atnospheric
nodel, only a small sub-set is wused by the dispersion
nodel . The required two and three dinensional fields

needed from the atnospheric nodel are listed in Table 1
(Defense Threat Reduction Agency, 2003). Using the
Javal/ Wb- based page, the data file can be retrieved from
the Single TEDS stored at FNMOC. This data retrieval for
an area of 0.5° x 0.5° including a 24-hour forecast divided
in hourly segnents requires between 15 and 40 m nutes.
This does include network |atency associated with the data
being stored at FNMOC. Using the results from the Conputer
Science thesis (Ross, 2003), the equivalent data file can
be retrieved from TEDServices in approximately one to two
m nut es. This retrieval has a mnimal |atency issue since
the data is on the sanme network. Each of the independent
data files can then be used to provide boundary conditions

for the dispersion nodel.
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3D 2D

U_WIND W_WIND V_WIND PHI TERRAIN_HEIGHT
POTENTIAL_TEMPERATURE

WATER_VAPOR_MIXING_RATIO

Table 1. Dispersion Parameters

F. WMD AND REA SIMULATION

Overall operational simulation 1is accomplished by
having a COAMPS™-0S area running continuously over the
operating area. This area 1is automatically run every 12
hours for a 24-hour forecast period. Each model run uses
the previous COAMPS™-0S, NOGAPS and available observations
to initialize the new model run. At selected times, a
place is selected to be the site of a WUD/WME. At the time
of the simulated WMD/WME, dispersion data sets are pulled
from both TEDS and TEDServices. All available observations
from both wunclassified and classified sources are then
added to TEDS, and the observational data is reacquired for
assimilation i1n the initialization. The atmospheric model
IS rerun using the new observational data, and the
resulting data 1i1s again pulled from both TEDS and
TEDServices for analysis.
G. VERIFICATION DATA

To best i1dentify how well the dispersion model depicts
the simulated WMD/WME event, the site is located near one
of the profiler locations. The profiler graphics are
collected every 24 hours so that a comparison can be made
between the graphic produced by the WMD/WME model and the

continuous graphics produced by the wind profilers.
16



V. RESULTS

A | NTRODUCTI ON

The process of allowing the nodel to run in an
automated 12-hour cycle and then running an REA forecast
did pose a nunber of problens. Since the initial
conditions for the automated runs cannot be affected by the
extra data, they had to be saved until after the initial
nodel run. The process of then adding and extracting that
many observations at a single tinme was not always possi bl e.
There were three instances when the data could not be added
and extracted before the next automated nodel run was
started. Then for the REA run, the additional profiler and
classified surface data were added to the saved TEDS data
and new analysis and COAMPS™(OS forecasts were prepared
At the conclusion of each nodel run, both the automated and
the REA, the data had to be inserted back to the respective
dat abases.

The location chosen to run the experinent was
Coronado, California region. Al though there were other
areas considered, Coronado offered the best options for
including real-tine operational data. Since COAMPS™ (5
does not wuse surface w nd observations over land, the
option of wusing the Wshington D. C. nesonet of surface
observing stations was not an option. As shown in Figure
3, the southern California area has a nunber of atnospheric
profilers to provide |owlevel upper-air observations as
wel | as occasional ships providing off-shore observations
that can be used. Coronado also was specifically was

chosen because there is both a profiler and upper-air

17



sounding site nearby, it is a mlitary base, and a likely
WVD/ WVE t ar get .

Figure 3. Profiler and Soundi ng Locations

The paraneters for running COAMPS™M(OS and HPAC were
static throughout the thesis. The paraneters for COAMPS™
OS are presented in Appendix A The paraneters for HPAC
are presented in Appendi x B.

18



B. SYNOPTI C OVERVI EW

The period from Nov 11, 2003 to Nov 21, 2003 was
selected to test the COAMPS™M(OS and JEM HPAC systens and
evaluate the REA runs. At the start of the period in the
upper levels, there was a short wave trough over central
California extending south west into the eastern Pacific.
Over the next 24 hours, a cut-off low fornms just off
southern California as shown in Figure 4. The |ow deepens
slightly before lifting out by 00Z on Nov 13, 2003. Thi s
| eaves a predomnant west to east flow over southern
California until a new short wave nobves into the area
around 00Z on Nov 15, 2003. By 00Z on Nov 16, 2003 the
short wave extends from west of Baja, Mexico over the San
Di ego, CA area. Hi gh pressure noves in and doni nates the
area by 00Z on Nov 17, 2003. The ridge extends from the
Pacific Northwest through central California |eaving the
San Diego area downstream of the ridge axis. The ridge
noves onshore by 00Z on Nov 18, 2003, and is centered over
San Diego by 12Z on Nov 19. Near the end of the period
split flow devel ops over the area showing a short wave in
the Pacific Northwest and a new |ow form ng near 30°N and
145°W Li ght westerly flow continues over the Southern
California area during this period.
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C. MESOSCALE CHANGES

The primary purpose of the thesis is to study how REA
can affect the nesoscale nodeling and subsequently the
di spersion nodeling. The operational wnd data are
primarily from NOGAPS, satellite and upper-air soundings.
This thesis also studies the inpact of adding the
at nospheric profilers in California. These profilers can
provide the sane type of upper-air data as a balloon
soundi ng, but continuously. There were anywhere from 4 to
10 profiler soundings added in the inner nest and 8 to 19
profilers soundings added in the outer nest during the data
test period. An exanple of these stations is shown in
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Figures 5 and 6. There was al so occasi onal data added from
United States Navy (USN) ships off the coast of California.

Upper Air (racb) Upper Air (racb)

nalysis Valid
Sat Nov 15 00:00:00 GMT 2003
Nest: 2 (31x31)
Delta-x: 0.08deg
Delta-y: 0.08deg

otal Observations = 1
Rejected Observations =0

nalysis Valid
Sat Nov 15 00:00:00 GMT 2003
Nest: 1 (31x31)
Delta-x: 037 deg
Delta-y: 0.7 deg

otal Observations = 3
Rejected Observations =0

Fi gure 5. Upper-air Soundings — Both Nests

Pibals (piba) Pibals (piba)
nalysis Valid nalysis Valid
Sat Nov 15 00:00:00 GMT 2003 Siat Nov 15 00:00:00 GMT 2003
1 1
otal VObser\latmns =19 otal VObser\latmns =10
Rejected Observations =19 Rejected Observations =10

Figure 6. Profiler Soundings — Both Nests

The addition of the profilers did create noticeable
changes in the all REA COAMPS™COS output. O the 17 nodel
runs, 5 were considered to have had a significant inpact
fromthe REA process. Each of these data sets was anal yzed
to see if the REA process added value. Al five instances
showed inprovenent from the nodel runs wthout the

addi ti onal REA data. One of the nore drastic changes after
21



adding the additional data is shown in Figure 7. Thi s
instance was used as the time for a sinulated WD/ WVE to
determ ne how nodified paraneters from the nesoscal e nodel
woul d affect the outconme of the dispersion nodel. As a
conpari son, another case is presented when the REA fields
did not seem much different fromthe original fields. This
data is shown in Figure 8. This instance was al so used as
the time for a sinulated WWO/ WME as well. O the 17 total
nmodel runs listed in Appendix C, 5 appeared to have a | arge
enough departure of the forecast to warrant further
scrutiny. Each of these is listed below by date and tine

of the nodel run.

ORIG REA
S—0SM SAND1 0.09deq T=19 h 1 0.09deq 7=19 h_
13111500 Verify: Sat 192 15 NOYW 2003 Sat 197 15 NOYW 2003
3N \ Areaof Iﬁ"t-,\erest
i_,_,."“"\
33.5M - = \‘\\

33M- oy

W

32.5H -
! |
32K - 1\._1
;
1 1 1 1 * 1 1 1 1 1 * 1
1185 1180 117.5W 117 116,54 a5 1181 117.5W T 116,84
10m Winds (kts) M 5) M

Fi gure 7. COAMPS™ S Before and After REA - 2003111500
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UNCLASSIFIED UNCLASSIFIED
Fi gure 8. COAMPS™ OS Before and After REA — 2003111400
1. Novenber 11 2003, 12Z Mdel Run
There is a |low confluence over the Coronado area at
the start of the WWD time and a continuing onshore |ow
| evel flow throughout the incident. The | evel s above 925

mb show a directional
during the

to the novenent of the |ow-Ievel

When conparing the winds from the pre and post

change from onshore

This wind shift

to offshore
i nci dent. is directly related

vortex shown in Figure 4.

REA nodel

runs against the profiler wind data at 850 nb, 925 nb, and

10 m

The REA nodel
t he actual

run was clearly nore representative of
at nosphere. The fact that the REA nodel run
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picked up on the easterly flow earlier than the original
nodel run is clearly shown in Figure 9. More details are
gi ven in Appendi x F.
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; — | —_—_— mn mr:!.':::
TEDServices before REA TEDServices after REA
Figure 9. Di spersi on Model Qutcone — 2003111112 Model

Run / 2003111117 WD

2. Novenber 12 2003, 12Z Model Run

There is low-level confluence over the CA / Mexico
border at the start of the WD time with northerly flow
over Coronado. This progresses to a confluence |ine over
Coronado as the run continues wth an onshore flow and
confluence line inland by the end of the WWND. When
conparing the pre and post REA conditions, the REA nodel
run was clearly nore representative of the actual
at nrosphere. In this instance, the REA nodel run picked up
on the onshore flow earlier than the original nodel run.
This is seen in Figure 10. More details are given in
Appendi x F.
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Fi gure 10. Di spersi on Model Qutcone — 2003111212 Model

Run / 2003111217 WD

3. Novenber 13 2003, 00Z Model Run

Onshore flow and a confluence ridge to the south nove
of fshore throughout the run and create offshore flow  The
REA run keeps a southerly wnd |onger and keeps the
confluence area over |and |onger. When conparing the pre
and post REA conditions, the REA nodel run was clearly nore
representative of the actual atnosphere. In this instance,
the REA nodel run picked up on the onshore flow earlier
than the original nodel run. This is seen in Figure 11.
More details are given in Appendi x F.
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Figure 11. Di spersi on Model Qutcone — 2003111300 Model

Run / 2003111311 WWD
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4. Novenber 15 2003, 00Z Model Run

Northerly flow creates an offshore flow at WWD tine
t hat becones an offshore flow throughout the WD tine. The
REA run shows an earlier offshore flow fromthe north which
pushes nost of the contam nant offshore earlier. When
conparing the pre and post REA conditions, the REA nodel
run was slightly nore representative of the actual
at nosphere. This REA case actually picked up on an
of fshore flow that was not present in the original nodel
run. This shows a large inpact in Figure 12. Mre details
are given in Appendi x F.

Sarm Cacsines i P
15 W B 2300002

TEDServices before REA TEDServices after REA

Figure 12. Di spersi on Model Qutcone — 2003111500 Model
Run / 2003111519 WWD

5. Novenber 18 2003, 00Z Model Run

Onshore flow creates a confluence I|ine east of
Coronado at |low levels with upper-level off shore flow
The REA run shows a nore northerly wind noving the plune
nore to the south over the dispersion run. \When conparing
the pre and post REA conditions, the REA nodel run was

slightly nore representative of the actual atnosphere.
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This REA run shows a northerly flow that was not present in
the original run. This is shown in Figure 13. Mor e

details are given in Appendix F.
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6. Novenber 14, 2003, 00Z Model Run
As shown in Figures 9 - 13, there is sone expected

variability in how much effect the REA process has on the
outcome of the mesoscale nodel. Figure 9 shows one of the

i nstances when there was little effect on the dispersion

out cone.
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27



THI'S PAGE | NTENTI ONALLY LEFT BLANK

28



V. CONCLUSI ONS AND FURTHER RESEARCH

A CONCLUSI ONS

The use of profiler and ship observations did have an
i npact on the nesoscale nodeling effort using COAMPS™ OS
This inplenmentation of REA is possible for deployed units,
and would give the opportunity to incorporate nmany nore
data sources than current operational procedures allow
Al t hough there were a nunber of issues attenpting to get
all of the software to perform correctly on the sane
conmputer system the integration of the systens is possible
to allow for a single machine to be deployed for nesoscal e

and di spersion nodel i ng data.

The inclusion of profiler and ship observations did
make a difference in the nesoscal e and dispersion nodeling
forecasts. This difference was nobst noticeable when there
was a short wave trough or cut-off low in the area of the
forecast. For this thesis, the tinmes when these phenonena
were in the area, the forecasts were never negatively
I npact ed. They were, in three of the five cases,
significantly positively inpacted.

As a forward depl oyed REA capability, TEDServices and
COAMPS™ OS should be set up to allow i ndependent operation
Wi t hout have to access TEDS. This is very inportant in the
tineliness of the forecast during tinmes when comuni cations
are limted to the deployed unit.
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B. FURTHER RESEARCH

Conti nued work should be done to incorporate all
avail abl e data into COAMPS™(OS. Since our forces typically
operate in data-deprived areas, any data that is available
from | ocal sources would be well utilized by the
at nrospheric and dispersion nodels. These data sources
i nclude: nobile upper-air soundings, non-standard surface

observations, unmanned air vehicles, aircraft reports, and

profilers. In order to assimlate this data as quickly as
possi ble, COAMPS™M OS should have the option to do data
assimlation at one-hour intervals. This could allow a

depl oyed asset the ability to run the nodel w th six-hour
intervals, and always have the best available boundary
conditions and observati ons.

O her future research initiatives should exam ne how
well the JEM and HPAC forecasts mnmatch the atnospheric
condi ti ons. This should include a |ook a how dependent
each of the dispersion nodels is on the forecast wnd
speeds. MEDOC format requires four decimal places, but is
there noticeable depreciation in the forecast if the w nds
are truncated with fewer decinmal places? This and future
research support the devel opnent of a robust REA capability
to support DOD everywhere on the gl obe.
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APPENDI X A — COAMPS™ OS SETTI NGS

COAMPS™ OS MODEL SETTI NGS

Map Projection: Spheri cal

Mesh 1 Center Lat (°): 32.909 N

Mesh 1 Center Lon (°): 117.568 W

Data Assim |l ation Interval: 6 hours

Si gma Qut put : 1 hour

Nowcast : O f

Mesh 1 2
Size 31x31 31x31
Spacing 0.27° 0.09°
Offset 0x0 11x11
Tau Times 0-24 0-24
Analyzed Yes Yes
Output All parameters & All parameters &
heights heights

31




TH'S PAGE | NTENTI ONALLY LEFT BLANK

32



APPENDI X B — HPAC MODEL SETTI NGS

SI TE OF WVD:
Mini tion Type:

Agent :
Mass:

Rel ease Mass:

Hei ght Above G ound:
Uncertainty:
Vertical Uncertainty:

Hori zont a

Spr ead:
Initial Si

Di ssem nation Efficiency:

Agent Puri

Vapor Fraction:
Li quid Fraction:

MVD:
Sigma D
Nunber :

WEATHER CHARACTERI STI CS

ze:

ty:

Boundary Layer
Large Scal e Variability Method: Oper at i onal

Sur f ace Mbi st ur e:

Sur face Type:

Cl oud Cover:
Preci pitation:
Terrain

Land Cover

SI GVA LEVELS USED
1100 9425
750 8675
500 7800
330 6800
215 5800
140 4800
90 3900
55 3100
30 2300
10 1600

32.7101 N 117.202 W
500 kg Bonb
GB (Sarin)
100 kg

80 kg

2 m

0

0

400m

12 m

100%

100%

40%

40%

500um

2

32

Oper at i onal

Nor mal
Cultivated
C ear

None

OFF

OFF
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APPENDI X C —

Both the tinme of the npde

are

the inner

The REA val ue
di spersion plunmes and their

scal e

ranges

over | appi ng) .

in the first

and outer

col um.

The

nests are

i sted

DATA RUNS

run and the tine of the WWD

nunbers of

is a subjective measurenent
departure from each ot her
to 10 (not

colum | ooks at the reason why the

from 1 (conpletely overlapping)
The fi nal
WWD time was chosen

| ooki ng at

observations in

in the table bel ow

t he
The

OBSERVATI ONS 10 M
DTG
Upper Air Sat W nd Sur f ace Profiler STREAMLI NE
WO REASON
ar | IN| o] IN|aum]| IN]| T IN
11/ 11/ 03-00Z
3 1 | 51| 8 | 70 | 32 9 4 OV OFF SHORE
11/ 11/ 03- 08Z FLOWV
11/ 11/ 03- 122
4 1 | 48 | 12 | 63 | 30 8 4 CONFLUENCE
11/ 11/ 03-172
11/ 12/ 03-00Z
3 1 | 79 | 17 | 68 | 31 | 19 | o DI FLUENCE TO
11/ 12/ 03-17Z N W
11/ 12/ 03- 122
4 1 76 | 5 | 67 | 31 8 4 CONFLUENCE TO
11/12/03-172 S,
11/ 13/ 03- 00Z
3 1 98 | 12 | 79 | 32 | 18 | 9 CONFLUENCE
11/13/03-11Z
11/ 13/ 03- 127
4 1 | 40 | 40 | 69 | 31 | 16 | 8 DI FLUENCE
11/ 13/ 03- 202
11/ 14/ 03- 00Z
3 1 | 53| 3 | 70| 3| 10| 2 ON GFF SHORE
11/ 14/ 03-03Z FLOWV
11/ 15/ 03- 00Z
3 1 | 63| 5 | 72 | 34 | 19 | 10 OV OFF SHORE
11/ 15/ 03- 19Z FLOW
11/ 16/ 03- 127
2 2 77 | 12 | 71 | 31 8 4 DI FLUENCE
11/ 16/ 03- 162
11/ 17/ 03- 00Z
3 1 | 74| 5 | 72| 32| a 2 CONFLUENCE TO
11/ 17/ 03-03Z W
11/17/03- 127
4 1 61 | 6 | 68 | 30 | 21 | 8 ONSHORE FLOW
11/ 17/ 03- 212
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11/ 18/ 03- 00z

CONFLUENCE TO

108 | 10 | 70 | 32 20 8
11/ 18/ 03-17Z E.
11/ 18/ 03- 127

14 | 14 | 10 2 27 | 10 CONFLUENCE TO
11/ 18/ 03-17Z E.
11/ 19/ 03- 00Z

23 | 23 | 81 | 33 | 17 | & CONFLUENCE TO
11/ 19/ 03- 18Z E.
11/ 19/ 03- 127

50 4 20 | 30 19 8 CONFLUENCE TO
11/ 19/ 03- 18Z E.
11/ 20/ 03- 00Z

133 | 27 | 83 | 33 | 15 | 6 CONFLUENCE TO
11/ 20/ 03- 05Z E.
11/ 20/ 03- 12Z

75 | 11 | 68 | 31 25 | 10 CONFLUENCE

11/ 20/ 03-172
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APPENDI X D — PROBLEMS ENCOUNTERED

Probl em | ssue Fi xed?
COAMPS™(OS / TEDS X & Y The grids were not being Y
Dest agger destaggered in the X or Y

di rection. This creates

| ar ge errors in t he

di spersi on node

COAMPS™(OS / TEDS / HPAC | The HPAC retrieval Y

I nterface routine was pulling the
W ong nest from the
dat abase, and
interpolating the data
down the the inner nest
resolution. This creates
| ar ge errors in t he
di spersi on nodel .

TEDServi ces / Z Destagger | The grids were not being Y
destaggered in the Z
direction correctly. The
Om sigma |level was not
bei ng dropped. Thi s
creates errors in the
di spersi on nodel .

TEDServi ces - COAMPS™ (S | TEDServi ces and COAMPS™ Y

| nt egration OS both use Apache and
Tontat software, and had
to be integrated

Mobi | e Upper-air Mobi |l e Upper-air profiles N

Qobservation | ngest cannot be successfully
I ngest for use by
COAMPS™ OS

WWO Gid IDs Needed in Gids need specification N

TEDSer vi ces showng the WO grid
nunber .

TEDServi ces Gid You need to be able to N

Extraction specify cl assification,
proj ection, and grid
spaci ng

Tabl e 2.

Pr obl ens Encount er ed
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APPENDI X E — DATA TRANSFER

TEDS and TEDServices deal with nmultiple data runs in
di fferent nethods. TEDS keeps the original data, and the
new dat a. The HPAC retrieval from TEDS typically returned
the same data as the automated nodel run. Qccasional l'y
there were different values, but there is no consistency in
t hat process. TEDServi ces replaces the older data with a
newer data set if they cover the sanme geographic area and
time. For this thesis, the data used in HPAC was the TEDS
automated nodel run, TEDServices automated nodel run, and
t he TEDServi ces REA nodel run

Using both databases in the WD WVE nodeling runs
al lows the display of how data storage and transm ssion can
affect the final outcome of the dispersion nodel. Each
data source was given the sane geographic criteria for data
retrieval, but did not return the sane geographic area.
The differences, as interpreted by HPAC, shown in Table 4
are created because TEDS starts at the requested point and
returns interpolated values based on the requested grid

spaci ng whil e TEDServices returns the closest points on the

grid.

Data Store Nor t h Sout h East West
Request 33. 00°N 32.50°N 117. 00° W 117. 50°W
TEDS 32.95°N 32.50°N 117. 05°W 117. 50°W
TEDSer vi ces 33. 09°N 32.46°N 116. 67°W 117. 74° W

Tabl e 3. Geogr aphi ¢ Data Coordi nat es
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This causes the TEDServices file to be significantly
| arger when retrieved fromthe data server. The data from
TEDS is approximately 1.4 MB while TEDServices is 2.5 MB.
Al though the TEDServices data file is nuch larger, it is
stored on the sane system as the nodel. This allows for
much faster downl oad tines. Using the idea that an REA
reaction to a WWO/ WWE event should take |ess than an hour
the data transfer tinme from the renote database can nake
the process unfeasible. After using the first average of
45 mnutes for the actual REA nodel to run, there is only
15 minutes to run the dispersion nodel. This is possible
with the locally run TEDServices with retrieval tines at an
average of less than 1.5 m nutes, but m ght not be possible
over the wde area network with TEDS and average retrieva

ti mes over 20 m nutes.

Another inportant issue with COAMPS™(OS data deals
with the fact that COAMPS™OS has i ndependent grids in the
X, y and z directions. In order to present the data from
COAMPS™ (OS at a single geographic grids point, the database
must receive or create the corrected values to correspond
to this single |location. During initial devel opnent of
this thesis there were errors found in both data
transm ssion to TEDS and storage in TEDServices. The data
being stored in TEDS was not recreated in the x or vy
directions correctly. The TEDS retrieval routine was also
pulling the incorrect nest. In this case it was pulling
fromthe outer nest and interpolating the data down to the
resolution of the snaller nest. The data being stored in
TEDServices was not being recreated in the z direction

correctly. Each of these errors can dramatically affect
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the outcone of the dispersion nodeling process as shown in
Fi gure 15. Both TEDS and TEDServices now store all data
correctly.

Fi gure 15. Dat abase Changes
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APPENDI X F — REA EXAMPLES

To confirm the assistance or

detriment of REA dat a,

output graphics from COAMPS™MOS were conpared wth the
Point Loma profiler data within the inner nest. Exanpl es
of each of the instances are shown here.
A.  NOVEMBER 11 2003, 12Z MODEL RUN
UNCLASSIFIED UNCLASSIFIED
'S—0S™ SAND1 0.09deg 7=5 S—0S™ SAND1 0.09deg 7=5
IZ3111112 Werify: Tue 17Z 11 NOW 2003 I3111112 Verify: Tue 1772 11 NOW 2003
ORI G NAL RUN REA RUN
NS Y S T =  — TN T Ty Ty a—
) - m\} NG = =
33M - i %sam- X \ SN N s
375N - #%% 5K - - | \ \ ),Tﬂ
33
N _
37H § §§ ?}\?\ gizu— ’ \ \ I l &
— - e - “"?‘_‘l'____‘ e e _I
\ )? 88 R _ . J?

1185\J1' 118\JJ' 1175\!.1'
Shaded BSOmb Air Temperature (deg ©)
850mb Winds (ktg) HE
S50mb Geopoténtial Height {gpm) O

UNCLASSIFIED
Figure 16. Model

22120181817 1€

Val i dati on :
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B50mb, Air Temperature (deg G)
Winds (kts)
Gaopoténtial Height (gpm)

UNCLASSIFIED
11 Nov 2003, 17Z



B. NOVEMBER 12 2003, 12Z MODEL RUN

UNCLASSIFIED UNCLASSIFIED
S—05™ SANDT 0.0%deg T=7 h P5—05™ SANDT 0.0%deg 7=7 h
13111212 Verify: Wed 19Z 12 NOV 2003 3021711212 Verify: Wed 197 12 NOV 2003

34H - . - P F4H-

33.5M - e .......... ......... ............. . -

32.5N-

e S WL g S O T

e
=
i

32M -

STTRTRY

assadaly laa R | —|—
i

= /

ST RRR AL L

@TT

assadeasy e AT ¥
avoqeseas XY

RE 117.5W 1171 116,20

118,50 1180 1175[:\:' 117w H.f}w

o |

gggcr!r?bd \E%fé?b(ﬁse)\ctﬁ Humidity {percent) = Z%mbkléélscllst\ikif-e Humidity (percent)

925mb Geopoténtial Height (gprm) ;%psot%nﬁm Height (gprm)
UNCLASSIFIED 1201913171 UNCLASSIFIED

Figure 17. Model Validation : 12 Nov 2003, 19Z

C. NOVEMBER 13 2003, 00Z MODEL RUN

UNCLASSlFlED UNCLASSlFlED
P5—05™ SANDT 0.0%deqg 7=14 P5—05™ SANDT 0.0%deqg 7=14
303111300 Verify: Thu 147 13 NOV 2003 303111300 Verify: Thu 147 13 NOV 2003

ORI G NAL _RUN REA RUN

fa/s

=1
m
=

B T

G@QG@@QQ%LE: FL‘I'*: W

Geeeeeee‘lﬁxr‘w’-l"f e

maesltfll 1 e
aEEagiiial

1185 1184 11750 T17W
d B50mb Air Temperaturs (deg C) El
> Winds (ktz)

3 Geopoténtial Height (gpm) O

118.5u 1184 T17.5u 119 T18.5W

Shaded BSOmb, Air Temperaturs (deg <) Bl
850mb Winds (ktz)
250mb Geapoténtial Height (gpm) O

UNCLASSIFIED 19141312 11 UNCLASSIFIED
Figure 18. Model Validation : 13 Nov 2003, 14Z
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D. NOVEMBER 15 2003, 00Z MODEL RUN

UNCLASSIFIED UNCLASSIFIED
P5—03™ SANDT 0.09deg 7=23 h PS—03™ SANDT 0.0%deg 7=23 h
103111500 Varify: Sat 232 15 NOV 2003 303111500 Verify: Sat 232 15 NOY 2003
ORI G NAL RUN

----------- :E\L—'— E L
M e :
EETE T ¢ ¢
- [ul i: o o Lul o .
@ momoom : |
& @ D o@D om @ | \
118.5W 1180 1175 1170 116.8W @ @o o m m om 118.5W 1180 117,50
Shaded 925mb Relative Humidity (percent) 0 9725mb Relative Humidity (percent)
925mb Winds (ktz) Winds (kts;
G925mb Geopotential Height (qpm) HH Seapotential Height (gprm) HE
12322212019 1!
UNCLASSIFIED Timnn lonvannn UNCLASSIFIED

Fi gure 19. Model Validation : 15 Nov 2003, 23Z

E. NOVEMBER 18 2003, 00Z MODEL RUN

UNCLASSIFIED UNCLASSIFIED

PS—05™ SANDT 0.09deg 7=17 h PS—05™ SANDT 0.09deg 7=17 h
J03111800 Verify: Tue 172 18 NOV 2003 J03111800 Verify: Tue 172 18 NOV 2003
ORI G NAL RUN REA RUN

£

\\_

J

ssasd g4/l i

GBEGG@—;“;H/_III_L

[ U LT
I
=

EEEE5E
JEaas

118.5W 1184 117.5W T17W 118.5W 1184 117.5W T17W
Shaded BSOmb Air Temperaturs (deg <) El 1ded BSOmb Air Temperature (deg <) Bl
850mb Winds (kits Imk Winds (kts
550mb Geopotential Height {gpm) O Imb Geopotential Height (gpm) O
1201918171
1

UNCLASSIFIED . UNCLASSIFIED
Fi gure 20. Model Validation : 18 Nov 2003, 17Z
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