





Global Modeling Test Bed for enhanced R20 support
= Common Community Physics Package Hierarchical Testing of Physics
« Refactor and modularize GFS physics

« Support Pls work in diagnostics and testing
« Support code management
= Interoperable Physics Driver
« same physics used by different models
« Support NGGPS level 2 testing
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Physics Improvements: Air-Sea Interface

Revisiting C4 formulation based on recent observational and
theoretical studies

Edson et al, 2013 Soloviev et al, 2014
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Drag coefficients for exchange of momentum and heat
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New Bulk C,/C, Parameterization
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Ch in Stable Conditions

Comparison of Exchange Coefficients Rib = [éj{(‘% ;ﬁvo )Zr}
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Sea state dependent C, in Atmospheric Model

« QObtained by integrating the wave spectrum times the growth rate
over all wavenumber/directions

' Moon et al., 2004 =Reichl et al., 2014 3 Donelan et al., 2012

Determine growth rate from: stress wind

Growth-rate of waves weak or strong

that oppose the wind: strong

Calculate the Wind profile: Energy simple
conserving logarithmic

« HWREF is the first wave coupled system in operations at NCEP
* GFS will be coupled to WaveWatch-lll (one-way) by 2018 (two-way
feedback experiments in progress)

(ncep) 21 ¥ & (&)

7)4’,.';;15 ‘5'!:;- o‘j



Non-Orographic Gravity Wave Physics

zonal mean U fQ0 GFS OZ June —July 2016
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The middle atmosphere is dominated by a
westerly jet in the winter hemisphere, an
easterly jet in the summer hemisphere, and
a meridional circulation comprised of
upwelling in the tropics and downwelling
over the winter pole, referred to as the
Brewer—Dobson circulation (Brewer 1949)
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Non-orographic gravity waves (nGWD) in the GFS

» Wave drag arising from the deposition of momentum from the
breaking of small-scale non-orographic gravity waves and large-
scale planetary waves.

> In the GFS the effect of the nGWD is approximated by Rayleigh
friction on the zonal flow.

» Underestimation of the poleward circulation between the
summer and winter hemispheres and downwelling over the
winter pole show that forcing of the mean flow is unrealistically
weak if nGWD is neglected.

» Weak downwelling is associated with excessively cold winter
polar stratospheric temperatures.

ANCEP 29 A @ )




GFS Orographic and Convective Gravity Wave Drag

» Orographic gravity wave drag in its simplest form is
for inviscid, linearized, non-rotating flow with the
Boussinesq and hydrostatic approximations.

» Additional physical processes include the effect of
orography anisotropy, vertical wind shear, trapped lee
waves, rotation and nonlinearity, frictional and
boundary layer effects.

» GFS also has a convective GWD based on the work
of Chun and Baik 1998, JAS, and Johannson (2008).
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The Vertically Extended Global Atmosphere Models
of NOAA Environmental Modeling System (NEMS)

The first vert. extended GFS
(from the current 64L to 91L)
promises to improve the
stratospheric forecasts and the
trop-stratosphere coupling.

For vertically extended models,
we are unifying the GFS-91L (lid
~80km) and the 150L Whole
Atmosphere Model (WAM-150L,
~500 km).

Unification and upgrades of
GFS and WAM physics will
streamline the interaction of
analysis and forecast for
terrestrial and space weather
and climate predictions under
NEMS/NGGPS framework
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Non-stationary GWs (NGWs) represent the
major uncertainties for extended models
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Extending GFS-64L to GFS-91L & First Steps towards “GW-Unified”

Reanalysis and Weather VMiodels: GFS, GEOSS, IFS
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Integrating Unified Gravity Wave Physics into the Next

Generation Global Prediction

® Summary of the 1-year results
Gth)/sics in NEMS-WAM jmproved zonal

mean ﬂows, planetary waves and tides.

Gth)/sics in GFS-91L brought a realism in

the stratospheric dynamics during winters and

height, km

Winter—to—spring transitions comparing to the

height, km

Ra)/]ei(qh Friction simulations.

(a) Temp-re (75-85N), GDAS-NCEP, Anal

Transition to NOAA operations,

climate tests, and future plans

a) Analysis-Forecast Cycling with GFS-90L ( ~80
km top) with “parallel” operational scripts; tests
during SSW events (2009, 2013, & 2016).

b) NEMS- WAM multi-year climate runs for self-
generated equatorial oscillations (QBO and SAO).
c) New related projects: Assimilation of middle
atmosphere O;, H,0 and T profiles (MLS &
SABER) to properly initialize NGGPS forecasts.
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Jan-Feb 2016: GFS-91L 25- day polar temperature
forecasts (d), SABER (e) & MLS (f) data (left), and
NWP analyses (right column) : GDAS-NCEP (a),
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GEOS5-GMAO (b) and IFS-ECMWEF(c).
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Summary

» Aggressive implementation strategy for NGGPS
(GFDL FV3) based GFS for weather applications

» Emphasis on improved representation of physical
processes at all spatial and temporal scales

» Unified global-to-local scale modeling and

coupled earth system modeling to transform
NWP at NCEP
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Thanks for your attention
Questions?




