NOAA'’s FV3 based Unified Modeling
System Development Strategies
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NOAA's Modeling capabilities (Hurricane related)

 Global
GFS, GEFS
*Global Wave (deterministic and ensembles)
*‘RTOFS Global
*Regional
‘HWRF, HMON
*Hurricane Wave & Storm surge models
*Many high-resolution short-range regional prediction systems for
CONUS and OCONUS
*Data Assimilation
*Global Ensemble based 4D-EnVAR
*Hurricane Data Assimilation System
‘Regional Data Assimilation Systems for NAM, HRRR, RTMA/URMA etc.
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HWRF/HMON Development/Iimplementation Plans

10-member HWRF/ NEMS Global Nests
GFDL AMON HMON Ensembles (NGGPS)

Basin-Scale HWRF/HMON/FV3 Global/Tropical Domains

Hurricane Models take over Hurricane \Wave Forecasts
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Implementation Plans for Global Forecast System (GFS V15) and Global Ensemble Forecast System (GEFS V12)
Timeline FY17 FY18 FY19 FY20

Component Ql Q2 Qs Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 Ql a2
Implement FV3 dycore in

Evaluate, prepare and NEMS & coupled to GFS
document Fv3 dycore for GFS Physics Cycled FW3GFS :

experiments :
Post-Processin 3 b
- Pre- and post-processing, verification & : :
Downstream : :
downstream E
applications .
FV3 GDAS Preliminary GSI/EnKF DA for FV3; Cycled DA testing with advanced high- . 3
Assimilation of new satellite datasets resolution configuration, tuning and 3 :
(GOES-18, JPSS, COSMIC-2 etc.) optimization 3

retrospective + real-time
parallels, evaluation and
transition to operations

FV3 GEFS Reanalysis Develop and test low resolution FV3GFS R T ,':
) roduce *20-year reanalysis datasets -
with FV3GDAS, configure it for reanalysis using FYBGFS/GDAS (ESRL) ;
(ESRL) :
Ensemble Configure FY3GFS ensemble resolution, members, physics, Finalize FV3GEFS V12 configuration® & 'E.
configuration & coupling to ocean and sea-ice, and extend forecasts to weeks |produce “20-yvear reforecasts (extended to é
Reforecasts 384 (EMC) 35 days) ".'.
Evaluate FV3GEFS |-

V12 performance

out to weeks 384

(NCEP): HFIP Annual Meeting, Miami, FL; 8-9 Nov. 2017 4




Strategic Vision & Roadmap

Production Suite ca. August 2016 s We Will move to a prOduct

limate Forecast Regional > aves N‘e;’:h"re Ecosystem
Syatem (CF9) Huricane | PLESSE | _wars | | S0 based system that )
sustemcrs) memne | PR e | Lo ased system that covers a
o L, S e HWERE ESTOFS: Regional Bays
1 et || Soame | | e present elements of the
NWPS: M)
Global Forecast —_— WWIIL clgé%ggk - " "
;:’:;‘:TSL‘ZFle NAM/NAM-nests “Craepests rne) pI‘OdUCthnS SU’te In a more
Noah Land model NMMEB - . o=
systematic and efficient way
Global Ensemble Forecast
- System (GEFS) Short-Range Ensemble
21 GFS Members Foreest 2 membenss. — Sl Air Quality
WRF-ARW & NMM -
2 13 r:embersNeach i c“‘l‘“q F'I'OdUCt —

North American Ensemble

Foincat: Stban g Res Wingows Rapid Refresh NGGPS (+ UDA) Coupled Ensemble
GEFS, Canadian Global Model Ll ~ WRF ARW Unified Global Coupled Model + Reanalysis + Reforecast

L e——— g
North American Regional MNEMS Aerosol Global Space High-Res RR (HRRR) NGGPS (+U DA}
Land Surface Data Climate Data Component (NGAC) T g — — 5
Assimilation System € Assimil. Syst. - Weather WRF ARW | UGCM reglonal apps
Noah Land Surface Model Eta-32/NARR T ENLIL E
15 UDA
Courtesy Bill Lapenta = E Fj
=

Hour or
WoFGS
(WoF)

Starting from the quilt of
models and products created
by the implementing solutions
rather than addressing

NWPS
Coastal
|_Air Qual. |

-
requ,remen ts . UDA: Unified Data assimilation WGS: Weather Guidance System
SGS: Seasonal Guidance System RRGS: Rapid Refresh Guidance System
S55GS: SubseasonalGuidance System WoFGS; WoF Guidance System
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Modern System Architecture

Workflow ¥
Environment | Job Specs conFIG <

Post-ProC

Forecast

Prediction and Verit
FPackages Verif
Dhase
Initial AppBuilder -
Conditions 1
Maodel
Background Obs
NEMS
Mediators
Modeling Ocean, :
and DA Chperalor e FAain,
Applications - 2 Wave, Space

Comps

Ermor
s iribwliong

Libraries 10 — GRIB, BUFR, ... NERASID NUOPC Layer Other Libs
and Utilities >
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ESMF Based NEMS FV3GFS - Object Oriented Design

NEMS Mediator
NEMS is based on ESMF and — 25 T A O
follows NUOPC convention : :

|
]

Land| |Sea lce l ] Aerosols! ||g¢cean
z ‘ Atmosphere Chem
A numerical model in NEMS is |Hydrology|/Wave * [Space Wx|| Space
represented by software and Prﬂpust Mediator |. 7
implemented as an ESMF grid -
component.
Each ESMF grid component —
. j Suite Pre/Post
has its own internal state M————__
with internal methods , ! g
Surface Elaned ) Dse: p;land Micro- ||| Aerosols/ e
Layer SMDTOEY o physics Chem Radiation
Layer Cumulus
—————
CCPP
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Current NCEP 4D-Hybrid DA System

Update ensemble
) perturbations r’
‘
=t r"
j- r" 1
EnKF
= 0 >
Tg!
— memberN memberN
forecast analysis
Ensemble contribution
to background h
error covariance

T15341.64
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Achieving thunderstorm-resolving resolution “TODAY” ina

unified meso-global prediction system i,

1) Grid stretching (smooth variation of grid spacing)

2) 2-way nesting (Harris and Lin 2014)
FV3 is uniquely suitable for 2-way nesting, due to the application of two-time-level Finite-
Volume transport scheme

3) Optimal combination of the “stretching” and “nesting”

60N

55N

Example:

50N

45N

~ 3 km
without the
nest (black)
L ~ 1 km with a
= LK 2-way nest

- BSSE, (red)

40N

35N

30N
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Tropical Cyclone Forecasts in FV3

At
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lescqping nest 2:1 nested grid . Nest,in s.teted rid
&eve‘i%p%enst of next generaﬂgn nesting techniques to address the

tropical cyclone forecast problem within the global model
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Plans for Hurricane Nests in FV3 based models

SIP Draft Document has 3 special projects designated for developing regional
and global hurricane nesting capabilities:

Stand-Alone Regional FV3 and Static High-Resolution Nests for Global FV3

Moving Nest for FV3 Hurricane Applications (AOML Approach)

FV3 based hurricane model developments: Moving nests and coupling to
other earth system components (EMC approach)
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NOAA Virtual Lab (VLab) to host FV3GFS Code Release &
Git to host the repositories

> Access FV3GFS Projecton & VIRtuacLas . N/

VLa b FV3GFS | Home

NON-NOAA USERS

Users outside of NOAA will need to obtain a
VLab External Partner Account. To get an external

S %
;;KE C )Pjg partner account please fill out the EV3GFES External

| FV3IGFS Version 0 Release | | How to access the FV3GFS Version 0 Release
https://vlab.ncep.noaa.gov/web/fv3gfs

» Code repositories set up on TV L > .
VLab GIT & EMC SUbverSion - . NOAA USERS AND EXTERNAL PARTNERS

Announcing the Version 0 Release of the FV3GFS! EV3GFS VLab community.

ry“ﬁ? FOR ﬂ‘ww'-rq:
-
%,

Partner Request Form.

NOAA users and external partners with NWS Virtual Lab access can view the release information, as well as other

. . .
> COI I " I I u n It WI kl a e developmental details, in the FV3GFS Community NOAA users and external partners with VLab access: 1) click
] "Sign In" on top right of this page, 2) once signed in click on "All

. ) Available Communities” in the "My Communities” portlet on the
NGGPS and FV3 Dynamic Core: left side, 3) scroll down the list to find the "FV3GFS" community
O ru I I IS a n eve O pe rS NOAA GFDL's Finite Volume Cubed Sphere (FV3) dynamical core was selected for the new NGGPS atmospheric model. and 4) click "Join" next to the community. Then navigate to the
FW3 dynamical core implementation includes incorporating FV3 into NEMS, and developing advanced physics and data community home page through your "My Communities™ list at
assimilation technigues to match or exceed the skill of operational Global Forecast System (GFS). In addition, NWS is the top or by this link:

Pa eS On VLa b working with federal partners, universities, and the community to create a fully accessible community model.
https:/{vlab.ncep.noaa.gov/group/fv3gfs/

NGGPS FV3-based Unified Modeling System will be a community guided system. Additional information can be found on
the Community Participation page FV3GFS Redmine & Git repository:

> ( :ase Stu d IeS: Click here to view a 2016 FV3 Workshop presentation by the GEDL FV3 team (access requested through form in FV3GFS VLab community)

https:/fvlab.ncep.noaa.gov/redmine/projects/comfv3

Documentation of FV3 Dynamic Core is available through various documents listed below:

=
" " V3 dynamical o EMC SVN repository:
Sept- 29, 20 1 6 H urrl cane Matthew FV3 | A brief overview of the FV3 dynamical core General description that is part ,EMC S\:hN ri goflt? hed to EMC SVN .
. of FV'3 Documentation. {users with pre-established access to EM server)
J a n 1 8 2 O 1 6 E ast C oast B I Izza rd FV3 | A dlass of the van Leer-type Transport Schemes and Its Application to the Moisture Transportin a | Scientific Journal Article that is part https://svnemc.ncep noaa.govitrac/nems/
" ’ General Circulation Mods! of FW3 Documentation.
A 1 2 2 1 L HP- F I d H FV3 | A Control-Volume Model of the Compressible Euler Equations with a Scientific Journal Article that is part | Documents and Media Display
u g . y o u I S I a n a oo I n g Veriical Lagrangian Coordinate of FV3 Documentation
FV3 | A finite-volume integration method for computing pressure gradient force in general vertical Scientific Journal Article that is part H
. T IETS ey Release Version 0 Documents
I 2 .
> M O d e I e S O I u tl O n S FV3 | An explicit flux-form semi-Lagrangian shallow-water model on the sphere Scientific Journal Article that is part - .
- of FV3 Documentation. =
FV3 | A Two-Way Nested Global-Regional Dynamical Core on the Cubed-Sphere Grid Scientific Journal Article that is part

C96 (~100km), C382 (~25km) or e of FV3 Documentaon |
C768 (~13km) * Limited support from EMC to run FV3GFS forecast only experiments on

WCOSS, Theia and Jet
» Unified Community Research and Operations Workflow (CROW) under
development

CAT s,
« 5y

0K
2,
433
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CROW: Community Research and Operational

Ve /’ D D D D D D D Vs Y
‘\ | | | ‘\ | | \H\ | | \“\ | | \“\ | | \H\ | | \H\ | | \“\ | | \H\ | | ‘\ | | \‘
\ | | || | | ||| | | ||| | | || | | ||| | | ||| | | || | | ||| | | \ | | |
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Many workflows to learn, maintain, and support

— High Training and support cost

— Most researchers write and maintain woktl

Different systems for NCO, R&D, community
— Slower transition to and from operations
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Unified Workflow for Research and Operations

CROW

Common Research and Operational Workflow

Scope by ~12 months
e

: N N ™
- Integrated build & workflow system. GFS HMON etc.
— Umbrella build system —— %l —
— Unified workflow system 9 % L = ; y.
« For all use cases: e N
CROW
— Production, Parallels, Research | | |
— Easy transition of code to and from operations | | | |
§« Y,

System can be subsetted:

— Researchers needs do not include DB Net, nor GFS faxes.
— Production needs do not include scientific data visualization

 |nitial target: FV3 Global Models (GFS, GDAS, GEFS)
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Strategic Implementation Plan for Unified Modeling

Strategic Vision for Evolution of NGGPS to a National Unified Modeling System

o Unified Modeling based on FV3 — Short term implementation plans through FY20

o Evidence based decision making process; Community engagement from the beginning

o Working groups met at NCWCP during April and August to draft SIP Draft V1, first draft developed

o EMC has developed internal 3-year Development and Implementation Plan largely drawing from SIP

oPlan Leading to more detailed Strategic Plan and Road Map being developed by NWS STl in
collaboration with partners & community

olmproved hurricane forecasts are front and foremost of the objectives of Unified Modeling
implementation at NCEP. HFIP and NGGPS play a major role in carrying these plans forward.

oGovernance oData assimilation
oSystem architecture oEnsembles
olnfrastructure oPost Processing

oDynamics and Nesting (including oVerification & Validation
hurricanes) oConvective allowing models
oModel physics
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https://docs.google.com/a/noaa.gov/document/d/16nI7stkDWIyuqCEHkNCYIB58Ms2Ld91_HalskGhd5jk/edit?usp=sharing
https://docs.google.com/a/noaa.gov/document/d/12nQi7wTMDmHBnHZGgNgxoi3AkqAWvGpYwMFXccnQZhM/edit?usp=sharing

Community Collaborations from NOAA Operations Point of view

Ecosystem
Sandbox = cqllaboratlve
environment
ExC Dt * Code repo & Reviews
(Bitbucket)
%y AV I e |ssue tracking (JIRA)
(;ommur:‘i;y ) 2 S _ : TeSt|ng (Bamboo)
upporte :
B 5y « Documentation (confuence)
ATtermates 7 c— ° Support (JIRA Helpdesk)
- b N » ° Governance
- : > |dentify code utility
R Define interfaces
--_——d{e.g.EMF::e; Specify roles + authorities
\_W Allocate resources
.

-
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Weather and Climate Operational
Supercomputing System (WCOSS)

Phase 1: TIDE, GYRE, eddy Phase 2: TIDE, GYRE, eddy

Phase 3: Mars, Venus, pluto

Task Order 4: LUNA, SURGE, hank
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Dell Supercomputer Names

The winner is...

Test: PLUTO QR

b
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WCOSS Statistics

WCOSS Comput | Peak | Processo | Storag | Cores/nod | Memory/node
Componen | e nodes | TFs |rType e e
t
IBM - P1 640 / 149 Sandy | 1.2PB 16 64G
504 Bridge
IBM - P2 1080 563 lvy 2.0 PB 24 64G
Bridge
Cray 2048 2,03 | Haswell | 3.5PB 24 64G
7
DELL 1212 1,40 | Broadwe 54 28 128G
0 | PB*

* Disk will be divided into 3 filesystems on Day 1
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The List.

Rank Site System Cores Tflop/s
1 Wuxi, China Sunway TaihuLight 10649600 125,435.9
4 DOE/Oak Ridge Titan — Cray XK7 560640 27,112.5
11 UKMet Cray — XC40 241920 8,128.5
25/26 ECMWF Cray — XC40 126468 4,249.3
74 NOAA Luna — Cray XC40 48960 2,036.7
75 NOAA Surge — Cray XC40 48960 2,036.7
-- NOAA Tide — IBM NeXtScale 25920 563
-- NOAA Gyre — IBM NeXtScale 25920 563
83 * NOAA Mars — Dell 33936 1,400 *
84 * NOAA Venus — Dell 33936 1,400 *

If WCOSS was combined per site....

25/26 * | NOAA WCOSS (per site) 116880 ~ 4 Pflop/s

If all of WCOSS was combined....

11* NOAA WCOSS (total) 233760 ~ 8 Pflop/s
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