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Define NCEP



NCEP Supports the NOAA Seamless Suite
of Climate Weather and Ocean Products

Organization: Central component of NOAA National Weather Service

Mission: NCEP delivers science-based environmental predictotise
nation and the global community. We collaboratédwiartners and
customers to produce reliable, timely, and accunaddyaes, guidance,
forecasts and warnings for the protection of life praperty and the
enhancement of the national economy.
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Vision: The Nation’s trusted source, first alert and prefepartner for 4
environmental prediction services







What Does NCEP Do?

“From the Sun to the Sea”

Solar Monitoring, Warnings and Forecasts

Climate Forecasts: Weekly to Seasonal to Intersahn

El Nino — La Nina Forecast

Weather Forecasts to Day 7

Hurricanes, Severe Weather, Snowstorms, Fire Véeath
Aviation Forecasts and Warnings

Offshore and High Seas Forecasts and Warnings

Model Development, Implementation and ApplicatiémsGlobal and
Regional Weather, Climate, Oceans and now Spacé¢héfea

International Partnerships in Ensemble Forecasts
Data Assimilation including the Joint Center fotehte Data Assimilation

Super Computer, Workstation and Network Operations




NOAA Model Production Suite

Climate Oceans
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Impending Domination of
Ensemble Based Model Systems

Forecast Nino 3.4 SST Anomalies from CFS . . .
e Climate: Climate Multi-Model
Ensemble

— NCEP Climate Forecast System +
GFDL Climate Model

 Medium Range Weather: North American
Ensemble Forecast System (NAEFS)

— GFS + MSC + Navy FNMOC NOGAPS

Experimental Enhanced Resolution Thunderstorm ©kto

Probability of Temperature over 30C over 24 houique
(7 day forecast valid Sept 3-4, 2009)

« Mesoscale: Short Range Ensemble
Forecasts

— WRF/ARW + WRF/NMM + RSM



Ongoing Advancements

Metrics

Models
Service Centers
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NCEP Operational Forecast SKkill

36 and 72 Hour Forecasts @ 500 MB over North America
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Day at which forecast loses useful skill (500 mb A
N. Hemisphere calendar year means
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NHC Atlantic 72 hr Track Forecast Errors

700 ¢

— Major Upgrades in Global and

o 600 - . .

O Hurricane Numerical models

= 7 Advances Related

c 500

— To USWRP

© "

O 400 _— - + N

5 1 /. \ n 1997-2001

g b L/ | rendiine

~ I

. 200 |

5™ [

= 100 | _ . T

LLI : 1970-1986 trendline |l 1987-1996 trendline 2003-2008
O ! I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t\:re\n(\j |Ine
O N < O 0 O N ¥ © 00 O N ¥ ©O 0 O N ©«© © o0
~ I~ I I I 00O 00O 00O 00 0O OO O OO O O O O o o o
o O O OO OO OO OO OO OO OO O O O O O O O O O o
I o e ] e e 4 4 N AN AN AN N

Year



NT TRACK INT
(kt)

Values in green exceed
all-time records.




Threat Score
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Threat Score

24-Hour 1-Inch Day 1 QPF Verification
Annual Threat Scores
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Forecasting Extreme Events
Super Tuesday Tornado Outbreak

February 5-6, 2008

63 tornadoes, 57 fatalities

Deadliest event since '85

Outlook issued 6 days prior

POD 100% for tornadoes occurring in SPC watches
Average warning lead time 17 min

16



February 5-6, 2008 Tornado Outbreak

Issued January 31, 20(

D8

Day 4-8
Outlook

Issued February 2, 20(
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Day 3 Outlook Issued
February 3, 2009

Day 2 Outlook Issuec
February 4, 2009

Categorical

Categorical

February 5, 2009

Day 1 Outlook Issued

Convective

February 5-6
2008
Tornado
Outbreak
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February 5-6, 2008 Tornado Outbreak

Day 1 Outlook

Convective

High Winds

Hall

All Products Issued February 5, 2@08

Tornado
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Ongoing Challenges

 “Drop Out” Activities

21



February
2009

“Dropout” Cases

Northern
Hemisphere

Southern
Hemisphere
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March
2009

“Dropout” Cases
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Northern
Hemisphere

Southern
Hemisphere
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The Dropout Team

NCEP: Brad Ballish, DaNa Carlis, Jordan Alpert,
V. Krishna Kumar, Joe Carr

JCSDA: Rolf Langland, NRL, Charles Skupniewicz
and James Vermeulen, FNMOC

My Hypothesis:
* Not a “predictabllity” issue
 Not a “model” issue

* Very complicated; each case seems to have a
unique combination of reasons 24




Some “Findings”
Still Very Preliminary

Data focus on satellite and aircraft

Bias can be hazardous to the model’s health

— Potential warm bias in aircraft data

— Low bias in satellite winds

— Potential impact magnified by over sampling (aiitcaad satellite)

Potential analysis issue with respect to how thseovation

biases are handled, especially in the tropics aa®H

— Size of analysis window (2.5 hr vs 6 hr vs 12 hr) ddag¢ an
important issue

Cases exist where:

— Sensitive regions identified in initial state

— ECMWEF analysis used for these areas

— Forecasts rerun

— Dropout eliminated in the reforecast; GFS scoraequECMWF
for entire hemisphere

Data Sets that don’t contribute to dropouts: Bsoindes

and COSMIC 25



Promise of COSMIC Data
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Satellite Data used in Operational NWP at NCEP
Working through the Joint Center for Satellite DA&similation

® Operational Instruments Research Instruments

 HIRS sounder radiances « TRMM precipitation rates

« AMSU-A sounder radiances ¢ ERS-2 ocean surface wind

« AMSU-B sounder radiances  Vectors

« GOES sounder radiances * Windsat

« GOES, Meteosat, GMS wind¢ Quikscat ocean surface wind
 GOES precipitation rate vectors

. T « Altimeter sea level
SSM/I precipitation rates observations (ocean data

« SSM/I ocean surface wind assimilation)
speeds e AIRS
« AVHRR SST

o fract e MODIS Winds
 AVHRR vegetation fraction | COSMIC

 AVHRR surface type

« SBUV/2 ozone profile and Mix of Instruments
total ozone _ _
. |1ASI (Feb '09)* e Multi-satellite snow cover

_ e Multi-satellite sea ice
~34 instruments 21



COSMIC: impact (I)

 AC scores (the higher the better) as
a function of the forecast day for
the 500 mb gph in Southern
Hemisphere
* 40-day experiments:
— expx (NO COSMIC)
— cnt (operations - with
COSMIC)
— exp (updated RO

assimilation code - with
COSMIC)

« Many more observations 1. COSMIC provides 8 hours of gain in
e Reduction of high and low model forecast skill at day 4!!!!

level tropical winds error

28



COSMIC: impact (Il)

SH 5-day AC scores:

GFS=0.65 (NCEP’s model)

GDAS=0.69
ECMWF=0.83

First guess+nodata=0.70
First guess+conven=0.68
First guess+conven+amsua=0.70
First guess+conven+airs=0.75
First guess+conven+amsub=0.77
First guess+conven+mhs=0.78
e Dropouts are defined by 5-day anomalyFirst guess+conven+gpsro=0.79
correlation (AC) scores < 0.70 First guess+conven+mhs+amsub=0.78
First guess+conven+gpsro+mhs+amsub=0.87

» Skill score dropouts plague NCEP’s
global model performance in Northern
and Southern Hemispheres

* For example, the 00Z Feb. 03 2008
case, using GPSRO + AMSUB + MHS = coswmic alleviates ‘dropout’ in the
data alleviated a dropout in the Southern Hemisphere for this case
southern hemisphere. 29




Future Opportunities

Front End
— _Exg)anding satellite data observing of entire egytem (atmosphere, land, ocean,
ice
— Access to satellite data within minutes rathenthaurs; with improved quality
assessment
— Enhanced data assimilation
« 4D VAR » Unify global and regional data assimilation
 EnKF Techniques « Account for all satellite and radar data
Model
— Enhe}nged resolution and physics for modeling afeearth system; fully
couple

— “climate-weather linkage” — same model used for both
— Extend domain upwards to include space weather
— Incorporate solar/solar wind models

— Multi-model ensemble approaches across entirargjmedrom mesoscale to
climate

Back End

— All model output available through NOAA Nationapérational Model Archive

and Distribution System (NOMADS) where user decidesain, models,
parameters to access

— Model output available through internet as the e®dre running 30
— Model output (probabilistic mode) directly link&aldecision support systems



Summary

* NCEPIs

— Strategically aligned with NOAA's “seamless suite’ppbducts
from the “Sun to the Sea”; continuing to advanasdprion skill
scores

— Successfully predicting extreme weather eventsKweadvance, in
some cases) and ENSO (months in advance)

— Model system challenges: “Dropout Team” focusing ontfend /
data QC, data assimilation

— Working with NOAA on expanded responsibilities (egeans, air
and water quality, ecology,...); success is based endistiplinary
approach

— Actively pursuing collaboration in research, traonsito operations
and operational production and delivery of servicased on a
“community” approach (national and internationaltpars, e.g.,
THORPEX, scientist exchange, international ensemblgs,...

31



Appendix
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The NCEP coupled Climate Forecast System

(implemented August 24, 2004)

1. Atmospheric component
Global Forecast System 2003 (GFS03)

T62 in horizontal; 64 layers in vertical

Recent upgrades in model physics
Solar radiation (Hou, 1996)
cumulus convection (Hong and Pan, 1998)
gravity wave drag (Kim and Arakawa, 1995)
cloud water/ice (Zhao and Carr,1997)
2. Oceanic component
GFDL MOMS3 (Pacanowski and Griffies, 1998)

1/3x1 in tropics; 1x1 in extratropics; 40 layers
Quasi-global domain (78 to 64N)
Free surface

3. Coupled model

Once-a-day coupling

Sea ice extent taken as observed climatology
4. Calibrated on past 38 years
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GPRA Performance Measures

Clhimate Prediction
Advances-at NCERP(CES./
CIByContmbuiedto
improved Forecast Skill

Increases in skill of CPC
official outlooks: 20% or
more (O’Lenic et al 07)

FX09.Goal; 20

48-mo Running Mean: 27
FX10.,Goal; | 21

Upward Adjustments
planned, but depend on
implementation time line
1oy CESV2, ele,




January — October 2009 March — November 2009 May 2009 — January 2010

July 2009 — March 2010 August 2009 — April 2010

February 5, 2009 — Initiated ENSO Alert Systenwith La Nina Advisory: La Nifla conditions in the

equatorial Pacific Ocean are observed and expected continue.
June 4, 2009 — EI Nino Watch: Conditions are fav@ble for the development of El Nifio conditions

July 9, 2009 — EI Nino Advisory: El Niflo conditionswill continue to develop and are expected to last
through the Northern Hemisphere Winter 2009-2010.




