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4. Options A Asset Allocation

ISi A Courses of Action A Timing
necls“ln A Sensor Employment A Quantified Risk
A How the predicted environment
Feﬂﬂ "Ilallﬂe affects the Fleet and Joint Forces

A The predicted environment

A. Observations, measurements,
satellites, gliders, buoys, etc.

INITIAL AND BOUNDARY CONDITIONS
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Initial Focus

Fleet Weather Center San Diego, CA Fleet Weather Center Norfolk, VA

Provide weather forecasting and warning services, and hazard avoidance
recommendations to afloat forces...Issue warnings for areas of hazardous weather
conditions (high wind and seas) for major ocean and sea basins...
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NAVY LIVE

Problem!!

we needed to use a COInbiIEJ.QOQ oggr’ce—zsgginzg methods...to meet

our global mission by filling billets at sea and manning the Fleet

with the right mix of Sailors,.

Bloomberg 23

Feb 13, 1012
Pentagon May Oust Troops

Involuntarily to Meet Reductions in

Budget Plan

Oct 24, 2013

Careerists = Experience = Proficiency

Gap

Time

YOS

Hale: Military Force-Outs
...tumult for personnel because a steeper drawdown likely will
require some involuntary separations of military careerists




Source: US Navy

Apprenticeand Journeyman Forecasters at Fleet
Weather Center San Diego discuss an area of high
seas in the North Pacific

Maybe 10 years combined experience!!
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NAVGEM Automated High Wind & Seas

NAVGEM Surface Pressure
NAVGEM Driven WW3
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Desired Process

The COMET Program

Inject Ensembles into the forecast process

Quantify uncertainty to build confidence in
deterministic outcomes
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Operational Use of Ensembles - Basic

Numerical Weather Prediction Model Structures and Predictive Capabilities

Unit 1

V(;Iume of Gas

Gravity

Change in Changes due Changes Non-hydrostatic
VERTICAL = toADVECTION + duetolocal = VERTICAL = PRECIPITATION
MOTION BUOYANCY PRESSURE DRAG
with respect GRADIENT
to time (in grid box)

The COMET Program

Hydrostatic/Non-Hydrostatic

vid Bailey. Used with Permission

Concentrated for jet stream
structure, intensity, dynamics,

Gross Section 375.0 400.0 fo 450.0 500.0

and potential vorticity
T e e e —— SR -
anomalies

Fewer layers in mid-levels due
to barotropic nature

Layers Theta layers

§ 400
g
- — : Concentrated at the boundary
00— e // \ layer where mixing and
!: }i“///\ /frontalzones oceur
|: Layers Terrain following Sigma layers

800 1600 2400 3200 4000 4800 5600 6400
Distance (k o)
Example of Hybrid-b Isentropic-sigma Coordinate NOAA

Vertical Coordinate Systems
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Spectral model resolution:
Related to number of waves
used to represent the data

The COMET Program

Grid point model resolution:
Related to grid spacing and
number of grid points

Horizontal
Resolutions

Actual
Coastline Actual

Coastline

__ Model Coastal | -and
Interface Model Coastal

~ Interface

Ocean

Ocean

- AX - -—
AX 20-km

40-km

Model B: 20-km Resolution
Il Coastal Region within the Model
The COMET Program

Terrain Representation

Model A: 40-km Resolution
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Numerical Weather Prediction Data Assimilation - Unit 2

Data Assimilation Process

Red = Ob. to follow
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Schiatter / NOAA

Data Assimilation Process

State of the Atmos phere

Fit of analysis
to "true" state

t t +
analysis  analysis analysis
time 1 time 2 time 3

+
analysis
time 4

time 5

u t u t t
analysis  analysis  analysis analysis analysis  analysis
time 6 time 7 time 8 time 9

c
d

o
Small correction to short-term forecast

given its resolution and
vation density and observation er

phy
tor

sics
allow

time 10

The COMET Program

Observations Used to Make Small
Changes to Model First Guess

Uncertainty

i Deterministic Forecast

Uncertainty in the Initial Conditions

Uncertainty grows
grows over time!
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Source: USAF
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Model Unique Data Assimilation Systems - Unit 3

~

3D-VAR Spatial Considerations

4D-VAR

value

£, time t,
Red: Observations. Blue: 3D-VAR.
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Space Xohs3
i 5 ; 4DVAR
.-.--' '-.__‘.I
Dhﬂl?,"-?ﬂﬁl','szﬁ ihad T
..J'_.'- "l".!lﬂtllll.._.l'--
-J‘ ..‘
x: “___,.2-‘_-
LERTEEELE] Ll ._" -
Powen™] pravious
Xy Lﬂh!ﬂ forecast
| | |
3 ] -1 0 +1 +2 +3  time
assimilation window (in hours)
Source: NRL

T574L64

GFS GDAS
Hybrid EnKF-GSI Data Assimilation

perturbations given the latest

set of observations and a
first-guess ensemble
Uses background error

Generating new ensemble
member 1
forecast |

member 1

<
w covariances computed analysis
=l . from the ensemble EnKF bl y
by S perturbations are
o | member 2 EnKF member red" member 2
k| forecast update ﬂmrg';glm'n“ﬂ" analysis
: : analysis H
member 80
forecast -
flow-dependent Used for GFS
1stguess Replaces the EnkF forecasts for next
eITOr covariances ensemble mean cycle
- analysis
IOVAR 75% EnkF High .
highres |15 resnﬁ:llnn o D listic
forecast ', 9255577 250, 3pvAR S P|  forecast
Previous Cycle = Cument Update Cycle
NOAA/NCEP/EMC
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Wind and Swell Wave Generation and Dispersion - Unit 4

@The COMET Program

Wind Wave Generation

Simplified Wave Speed Equation individual v, Sgnificant

Wave Period
C =\\/g:l|; =2.26/L y)Z T

C=3.02T

>

]

Bt el bl = = ey e

T =wave period

+ Bretschneider Swell Period and Swell
Height Change Nomograms and Swell : :
Distance vs Time Nomogram

Swell Dispersion
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WW3 Global and Regional Model Specifications - Unit 5

Frequency = 0.51 Hz N
Period =2.0 s

e

N
ESSES
S g

Period =286 s
Frequency = 0.035 Hz S

EThe COMET Program

WW3 Model Characteristics

NWW3 Polar Plot of Wave Energy Spectrum
at ILMO1

24 hrfost Valid 0000 UTC 26 Apr 2002

NOAA | NWS / NCEP / MMAB

WAVEWATCH Ill - Eastern North Pacific
wave height (shaded, m), wind speed (barbs, kt), and peak direction (vector, not seal

10N
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NOAA | NWS / NCEP Marine Modeling and Analysis Branch

Wave Height

Significant

8|8 |8|8|8)|8

Name: 2, Lat: 40,9, Lon: -58.7, Model: WW3_W_ATL, Tau: 72 hours

Source: FLENUMMETOCCEN

Wave Masking

1

Bathymetry
Coastline

Source: COMET

10m winds, SST,
Tair, Ice conc.

Wave model —

Full spectral wave
field forecasts

Wave propagation:

+ Great circle

+ Dispersion
* Global

Modeling Process and Assumptions

]

Model physics:
* Growth and decay
« Purely local

|

Reduced output:
(i.e. Post-processing)
= Maps of mean wave
parameters such as the
significant wave height
= Local spectral fields
of wave height etc.
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Ensemble and Probabilistic Modeling Applications — Unit 6
__A0W

NAVGE VT 10/12Z NCEP GFS VT: 10/12Z UKMEIT VT: 10/12Z

TAU 72 TAU 72 TAU 72
Case Study

UKMET 10/12Z Analysis

Sl Ty

,W’xfz

Source: FLENUMMETOCCEN
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Ensemble and Probabilistic Modeling Applications — Unit 6

~ Historical Perspective [neerministc
1869

V5.
US Army Signal Corps issues 1950 i .
John Von Neumann & Stochastic
e Cha rmey st

First Weather Forecast Bulletin
o ~_ (includes provabilitiesy | JuleChamn

NW P model (barotropic.

2001 —
TO0 km) he ENLAC

NCEPoperational
short range ensemhble

1955 forecasring

Joint Mumerical
Prediction Unit 1993
(INPLU) begins NMC mesoscale
operational 3 WEF model. the ETA
400 km) {48 km by 1905)

1912
J. Henri Poincare
explains limis o
predictability in
Scdence and Method

1963
Edward Lorenz
unleashes Chaos

1917
Vilhelm Bjerknes
develops atmospheric
“primitive eguations™

CHROS THEORY

19646

NMC runs first P.E.
model, cnabled by

Nonlinear error growth
and model deficiencies drive apart 48h
the forecast and true trajectories forecast

12h (i.e., Chaos Theory)

verification 24h
A forecast

1922 — LUSAF's AWN
Lewis Richardson 1967 1992
publishes book on Maj Frank Scrugzs NCEPand ECMWE

NWP methods oullines weather risk begin medium-range
management for LSAF  ensemble forecast

36h
forecast

12h
forecast
24h

The true state of the atmosphere verification
exists as a single point in phase
space that we never know exactly.

A point in phase space completely describes an instantaneous state
of the atmosphere (pres, temp, etc. at all points at one time.)

36h
verification

48h
verification
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Ensemble and Probabilistic Modeling Applications — Unit 6
Basic Statistical Terms

&

Bob’s Bus Scenario
Derived from: Eckel, T. & Augustyn, S. (n.d.). Statistics for Ensemble
Forecasting. HQ Air Force Weather Agency. Mean

8 Bus was 5-15 mins
Number of § ; late 60% of the time 90% probability
events in each E 51 Bus was early just Bob will not miss
interval range™———s. .|| 0% of thetime | ge the bus if he
s 7
1 P shows promptly
ol A at8 AM
. Minutes Early|-] or Late(s) \
|
Data graphed into hlstogran/ \umber of minutes the l 95.4% ]
-3.4, 12.7, 5.5, 4.6, 8.4, 10.7, 9.3, 0.7, 3.8, 7.9 bus was early/late in 5-
minute increments '
99.7%
G g .
Equal probability ¢ oy Probability of 3
buswillbe 4to £ ——mins late (6.7%)

10 mins early asﬁ equals
11to15mins & m \ probability of 11-
late (6.7%) £ 5 1] 13 mins late

Minutes Early(-) or Late{+)}
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Ensemble and Probabilistic Modeling Applications — Unit 6
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Ensemble and Probabilistic Modeling Applications — Unit 6
NAVGEM Deterrr_1inistic 1 Qm Winds _

7 T
f" : g, .;_'_.,-':.-:'-'

NUOPC Ensemble Mean Wind

potential errar (+/—)

——— i (kt)
1 2 3 4 5 [} 7 [ 9 10

ensarmbla mean {5 kt interval)

Range: 2 to 18 knots

What of Gale Mean « NAVGEM clearly indicates gale force winds

Force Winds?? » 36 of 60 members indicate >20 knots

« 24 of 60 do not

» Consensus forecast indicates 10 knot mean
_ « Standard deviation of 8 knots

I L S » Range of 2 to 18 knots @ 10, -6 to 26 @ 20
68 2% « 35 knots exceeds 3 standard deviations!!

mmmmmmn Naval Oceanography 1 | /




Operational Use of Ensembles - Basic

NWP and Ensembles Forecast System Flow Chart — Unit 7

NWP and Ensemble Model Systems Flowchart
B | Forecast |——| Verification ‘
scaling
chass |
l.ocalAm
Models
Understanding Met.
I Observations H Guidtnu H Principles
Modei Output V I n d d
Direct Model St atistical Numerical a u e
Output Guidance Guidance
o 5 A Options A Asset Allocation
| ﬂeBISIIlIl £ A Courses of Action A ﬁming .
— —— ENEE A Sensor Employment A Quantified Risk
EFS | ]
i
‘ Assimilation ” Dynamics ” Physics | fe—
i
Forecast Models — A How the predicted environment
Pem"mam:e affects the Fleet and Joint Forces
QualltyComml Computer
[ & Analysis Resources
©The COMET Program

Flowchart
s EFS
 Postprocessing
* Model Outputs D e ™
* Forecast Process INITIAL AND BOUNDARY CONDITIONS
° Pattern Recognition Source: COMNAVMETOCCOM

* Verification
msssssmm  Naval Oceanography

A The predicted environment 1

A Observations, measurements,
satellites, gliders, buoys, etc.
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Ensemble and Probabilistic Models Forecasting Laboratory — Unit 8
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AWIS Automated High

. 68.2%

d & Seas

Students provided “canned”
deterministic & ensemble products
to value add to automated warning

Quantify uncertainty

NUOPC Ensemble Mean Wind
(PE=28)

potential errar (+/=)

1 2 3 4 5 8 7 8 L] o
ensamble mean {5 kt interval)

Range: 2 to 18 knots

(k)

Determine Plausibility
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To Date

» Two classes (1 San Diego FWC, 1 Norfolk FWC)
« 21 total students including:

» 6 GS-12 Meteorologists

» 2 GS-12 Retired AG’s

» 8 7412 Journeyman Forecasters
» 5 0000 Apprentice Forecasters

» Data suggests the prime target audience is 0000 Apprentice Forecaster with
>2 years on the watch floor, to experienced 7412 Journeyman Forecaster
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Questions??

Questions????

mmmmmmm Naval Oceanograp hy s ~ 1




