rs of Numerical Weather
Prediction

James G. (Jim) Yoe
NOAA/National Weather Service
F National Centers for Environmental Prediction

National Academy of Sciences
Committee on Earth Sciences and Applications from Space
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March 29, 2017




: !utline

. Components for NWP Skill
» St OAA's NWP Modeling Suite
e Evolution of NWP Model Suite

* Role of Satellite Observations

e Discussion
% e Summary Remarks




»

= =

: Components for NWP Skill
AA's NWP Modeling Suite
« Evolution of NWP Model Suite

e Role of Satellite Observations
:. e Discussion

F e Summary Remarks




;. .
Today: Everything you read, see or hear
about weather, climate and ocean forecasts

begins with numerical prediction models

UCC ul forecast

* Global Observing System _

e Computers
(supercomputers, work
stations)

e e Data Assimilation &
ﬁE Modeling/Science

Trained workforce

Satellite contribution dominated by LEO (Polar)
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Successful Warning

Satellite contribution dominated by GEO

Services/products

Web Briefing

Recorded
Briefing

: Live Virtual
Briefing

- rpes
- ﬂﬂ'ﬁ = IC Center
, On-site

. gy aT
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R, } IC Incident

1 s On-site
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"limate Forecast

GFS, MOM4,
NOAH, Sealce

Global Forecast
System (GFS)

Global Spectral

Global Ensemble Forecast
System (GEFS)

21 GFS Members

North American Ensemble

Forecast System

GEFS, Canadian Global Model

eColumbia R. (SELFE)
eChesapeake (ROMS)
eTampa (ROMS)
eDelaware (ROMS)

HYSPLIT

Short-Range
Ensemble Forecast

WRF(ARW, NMM)
NMMB

Air Quality
CMAQ
Rapid Refresh
WRF ARW

High Res Windows
WRF(ARW, NMM) & NMMB

North American Land

System

L NOAH Land Surface Model
[ |

4 Surface Data Assimilation ||

NEMS Aerosol Global Space . AN -RR-
Weather _High Resolution i

Component (NGAC) WRF ARW [
GFS & GOCART ENLIL - s e e s

Waves SURGE
WaveWatch Il SLOSH

_Ecosystem

Ocean % Ewe

T SLOSH

> ESTOES Regional Bays

G t Lak (POM)

ADCIRC N Gulfrz? M:x::so (FVCOM)
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Model Evolution Drivers
IF/N’eed for Improved Accuracy

— High-impact weather and related IDSS

— Field requirements vetted in our strategic planning (i.e.,
Weather Ready Nation, OWA, vetted Phasing Diagram, etc.)

— Political (e.g., HDRA 2013; 2016 Weather Bill)
e UCACN Modeling Advisory Committee

— Simplify NCEP production suite

— Unified modeling under single dycore + meso-unification (3-km ensemble)
— Pursue required HPC upgrades

— Strategic plan for modeling with community fully engaged
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———— e _ ———

 Evaluate, prepare and
| document FV3 dycore for GFS

H.m hi ' 5

Cuuple F'IﬂtnﬁF&phﬁm{HUﬂPCphﬁadmnr]
: forecast-on -

Cycled experiments, I:ent_!ama efficiency and
optimization

Real-time parallel FV3GFS forecasts to

the field

3
3
b
d
3
3

Further advancements of FV3GFS with inputs from NGGPS
and community contributions & Global-Meso unification

* Q3FY18 FV3GFS will be very similar to operational GFS being implemented in May 2017

'@ Q3FY19 FV3GFS target resolution is “10km grid with 127 layers, extends up to 80 km.

'& Advanced physics: Scale-aware convection, SHOC PBL, Double-moment microphysics, Unified convective and orographic gravity wave drag etc
'% DA system will be @35 km 127 levels using 4d-Hybrid EnVAR




ﬁvancem Modeling at NCEP

Model NEMS GSM
Resolution T, 1534L64
| ~13 km
r-' Physics Scale-aware SAS,
TKE-Moist EDMF
PBL
DA 4D-Hybrid
-

Community Model Development

Unified Global Coupled System for all temporal scales
High-Resolution Global Ensembles to follow deterministic

model upgrades

Eventual Global-Meso unification — global model with high-
resolution nests coupled to earth system components

Current and Future Plans

NEMS GSM NEMS FV3 (NGGPS)
T,1534L64 10 km L128
~13 km

Scale-aware SAS, TKE-
Moist EDMF PBL

4D-Hybrid + GOES-16
+ JPSS + COSMIC2

4D-Hybrid + IAU

Advanced Physics
supported by CCPP

NEMS FV3

Aerosol aware
physics

Coupled DA

MAIN_ NEMS

NEMS COMP

ICE

| GsMm ATM OoCN .

- i tiated
NAMME Physics Ficpagbionirl
s ) gl ~~ =

Instantinted as o

EARTH_COMP

.

wWaAav
Instantinted ns o

ey

\“‘“?’"w
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fopt GDAS (4D Hybrid En-VAR]

DA for FV3GFS

s i

ation Plan

ln:rmres’uluﬂmtomhsvdsandhn‘mﬁms
resolution to 35 km

Develop and implement DA on native cubed sphere grid

Further advancements of FV3GDAS Global-Meso-
Marine unification (Unified DA Development)

1 Jan 2017
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- Observational Requirements Process

w/ * Flow from Mission Service Requirements

 Observation requirements are maintained and
validated at the NOAA level
— NOAA Observing Systems Council

e Tools are utilized to determine mission impacts as
well as impacts on numerical weather prediction

e NOAA Satellite Architecture Effort is Underway

— Supporting by Space Platform Requirements Working
Group

15




Quantitative Observing System
Assessment Program
(QOSAP)

GMAO 7km resolu
. 3 ..' .:‘?...:. 3

u

tion globaknatare r



Champion
(Craig McLean)

NOSC
(Oversight)

Executive Lead
(Steve Fine)

QOSAP Deputy Program
Program Lead Lead
(Bob Atlas) (Lidia Cucurull)

ulti - LO Governance

TPIO
(NOSIA Integration)

Sid Boukabara
NESDIS

5/18/2015

James Yoe Kevin Kelleher

Stephen Gill
NOS NWS OAR

Bonnie
Ponwith
NMFS

Kristie Twining
OMAO
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- Toward Effective
w/“’”' Impact Assessment

Development and use of methodologies for quantitative
assessment of the actual value of observing systems.

Observing System Experiments (OSE), Observing System
Simulation Experiments (OSSE), and Forecast Sensitivity to
Observations Impacts (FSOI) provide quantitative and objective
assessment, analysis and evaluation of observation system
impacts and trade-offs as well as improve the overall impact of
individual observing systems. (adapted from McLean & Atlas)




- OSE and OSSE
adapted from McLean and Atlas)

* Observing system experiment (OSEs): An OSE focuses on identifying the
Impact of a current observing system on data assimilation and numerical weather
prediction while testing ways to improve the quality and usefulness of data
products.

* Observing system simulation experiment (OSSEs): An OSSE is a type of
observing system experiment that assesses the potential impact of
proposed/future observing systems on numerical weather, ocean, and climate
prediction of assimilating observations from proposed/future observing systems.

— Trade-offs in instrument or orbital configurations and methods of assimilating a new type of
observing system can be determined by an OSSE and ultimately result in both time and cost savings.

— Data impact experiments can identify an optimal configuration for a future observing network and
help recognize weaknesses in the processing or assimilation of the observations.

The same data assimilation systems, models, and diagnostic tools used for
performing OSEs are also used for OSSEs.
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3PGPS

Remove
quasi-
redundant
satellite data.

Remove
GPSRO data
with no future
mission or

588382333

*MODIS IR winds are a proxy for SNPP VIIRS
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Tier 1: Cur ive Forecast Score
Reference: CNTRL Analysis

Normalized Cumulative Forecast Scores

0.69 -
- E
0.67 -

CNTRL 3POLAR 3PGPS 2POLAR
T1534 (13 km) GDAS/GFS Experiments

c
~
[y

o
~

Cumulative Final Score

1). The loss of a quasi-redundant polar satellite constellation results in a
significant degradation of overall forecast quality.

2). The further loss of the Primary PM polar orbit data further degrades forecast
quality

degradation 21




Normalized Cumulative AC Scores

0.85
0.845 0.843
0.84
S 0.835
8 0.831
< o 0.825
2 0825 :
§ 0.82
§ e 0.815
0.81
0.805
0.8
CNTRL 3POLAR 3PGPS 2POLAR

T1534 (13 km) GDAS/GFS Experiments

Normalized Cumulative RMSE Scores

0.61
0.603
0.6
(]
o 0.59
2
g 05 0.579
< 0.573
>
= 0.57
‘_g 0.565
g 0.56
o
0.55
0.54
CNTRL 3POLAR 3PGPS 2POLAR

T1534 (13 km) GDAS/GFS Experiments

* 3POLAR — Removal of quasi-redundant polar data
results in reduction of C,.

* 3PGPS — Removal of quasi-redundant polar data
plus additional loss of polar GPSRO further
degrades C,¢

* 2POLAR - Removal of quasi-redundant polar data
plus additional loss of PM polar data results in more

* 3POLAR — Removal of quasi-redundant polar data
results in significant reduction of Cgyse

* 3PGPS — Removal of quasi-redundant polar data
plus additional loss of polar GPSRO has small
impact on Cgyse

* 2POLAR - Removal of quasi-redundant polar data
plus additional loss of PM polar data results in more

signiticant degradation of C,cthan loss ot GPSRO

significant degradation of Cgyse than 10ss of GPSRO
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QO simuiateNBiMicroMas Observations

servations were simulated from NR using CRTM

2 |S the same as the S-NPP orbit (just one orbit)
imulated observations for each channel of MicroMas
day of the NR (Boukabara et al, 2016)

MicroMas Frequency
Channels (GHz)

1 91.65
114.85
115.47
116.10
116.72
117.34
117.97
118.59

183.31+1
10 183.3113
11 183.31+7
12 205.3

O 0 N O Ul A WN




vdatio ' yservations

»Simul vViicroMas observations were validated against the real
0 same frequency.

d MicroMas at 183+3 GHz with real AMSUB at 1833
clear sky)

- ==y ’ and AMSUB_N17 Channel 183+3 Real AMSUB 183%3 ,
E [ GHz j — ™
this method was used. af ]
Channel 10 is shown as 4 -
¢ ol ~Nn
an example | \
bl
Boukabara et al, 2016 — “ i?mma:id Mf:omaf ! wom
If NESDIS/SSTAR and CICS [ 183+3GHz rrepre—
. al
F-' 25

b ]
c L \
s 4
0 L L L L L i

& il 240 b 1] =0 mn 250
Real-Simulated 183+3

GHz




IcroMas Observations

MicroMass

RMSE AC Overall

- 0.716 0.682 0.699

0.352 0.419 0.385

olar+MicroMas 0.461 0.496 0.479

Control+ MicroMas
\n
progres®
RMSE Overall Score AC Overall Soong

Controd Zpolar

Boukabara et al, 2016 —

Zpolar+micromass

0.3

0B

04r

02r

0

Owerall Score

Control

NESDIS/SSTAR and @]CS )
06}
o
n:%

i}

Control

2podar Zpolar+ micromass

Zpolar

Zpolar+ micromass

1) Cntrl: all operationally
assimilated satellites and
conventional observations ,

2) 2Polar assimilates only the
early- and mid-AM satellites
and the PM coverage are
removed)

3) MicroMAS run, which adds the
MicroMAS observations on the
2Polar run.

»Overall analysis score (OAS): The
normalized global overall RMSE, AC,
and analysis scores.

»They are calculated by geopotential
height, temperature, vector wind, and
relative humidity over different
pressure levels, for the period of Aug
8th- Aug 28™, 2006.

»The Overall Analysis Scores (OAS)
of these three experiments were
calculated, verified with the Nature
Run. Greater OAS values refer to
better agreement with the NR.




Radiosonde
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Buoy

Land Surface
Aircraft
PIBAL
GPSRO

Geo Wind
MODIS Wind
AVHRR Wind
AIRS
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Seviri
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24-h Observation Impact Summary
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Fractional Impact
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MeteoFr |
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JMA ens
EMC

0.0

0.4 0.6 0.8 1.0
Fractional Impact (%)

1.2

1.4
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E Observatm‘ Priorities (NWP)

Sounding
er T, q; satellite sources include MW, IR, GNSSRO sounding

e 3-D Wind Profiles

e Ocean Surface Wind Vectors

e Sea-surface height and temperature

e Lightning

e Ozone profile/column

e Surface properties (ice, snow, soil moisture)
e Precipitation phase/rate, etc.

e Atmospheric composition

e |ncoming/outgoing radiation

28
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Poin’g or Discussion

il

ultiple Components to NWP Skill
~— Observations

— Super-computing

— Modeling and Data Assimilation Science/Technology

— Trained Workforce

|
I
k — Have to advance all components harmoniously.

30
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Model Drlvﬁfor Observations

Accuracy, stability, etc.
overage
_ Global has driven satellite-based solutions (and will)
e Resolution
— Horizontal (observation size/FOV and observation spacing)
— Vertical
— Temporal
e Phenomenology

— Processes — for example, convection

31




aracterization and Documentation
— Established, known cal/val, algorithm and results

32




ue‘rs Are Agnostic

, g- sensitive instrument approaches
e S
— USGA
| — Research versus Operational
— International
= — Private/Commercial

- e Consider NOAA’s Commercial Weather Data Pilot Project

33




vher m Doesn’t End with
. Forecasts and Warnings

“First, it should be understood that forecasts possess no
. Intrinsic value. They acquire value through their ability to
| Iinfluence the decisions made by users of the forecasts.”

“What is a Good Forecast? An Essay on the

Nature of Goodness in Weather Forecasting”
— by Allan H. Murphy,; Weather and Forecasting (June 1993)
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‘ﬁcreasmm Vulnerability to

Environmental Hazards

MumileT

"l

W
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G84 1086 1088 1000 1002 1004 1006 1008 2000 2002 2004 2004 2008 2010 2012 2014

Factors contributing to increased risk

1 1 1 1 l v Increasing population

4 out of 5 Americans live in counties that have ‘/, Increasing vulnerability
been declared weather-related disaster areas v" More infrastructure at risk
in the past six years™

v Signs of climate change
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TNWM Outcome:

ather- and Water-Ready Nation

“Ready, Responsive, Resilient”

Becoming a Weather-Ready Nation is about

1]

" building community resiliency in the face of increasing vulnerability to
| extreme weather, water and climate events

Better forecasts and warnings Actionable environmental intelligence

Consistent products and services Connecting forecasts to decisions

Involves the entire US Weather, Water and Climate Enterprise WORKING TOGETHER

We have 3400 WRN Ambassadors -
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Summary Remarks

‘re building a Weather Ready Nation to mitigate
our growing vulnerability to high-impact weather.

e Satellite data remains critically important to the
forecast and warning mission of the NWS and to
the global weather enterprise.

e Distinctions between LEO & GEO, Operational,
Research, International, & Commercial sources are
blurring, and leading to new challenges and

opportunities for transitioning from research to
operations.
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