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Background and Purpose

o Vertically-extended models of the atmosphere have the
potential to improve the longer-range tropospheric weather
forecasts — the so-called downward control requires removing
the artificial lid on weather models

* Propagation of waves into the upper atmosphere are important
for space weather applications — migrating and non-migrating
tides driven In the troposphere (water vapor, latent heat
release) and In the stratosphere (ozone) propagate to the
lonized lower thermosphere “dynamo’ region, and directly
Into the upper thermosphere



Methodology and Approach -1

Extend the NOAA operational Data Assimilation (DA) capability into
the mesosphere and thermosphere

Use the middle atmosphere satellite data (MLS & SABER) to produce
realistic retrospective forecast and analysis.

Develop and test application of the Gridpoint Statistical Interpolation
(GSI) DA system in the Vertically Extended (VE) global atmosphere
models of NOAA with top lids of 80 km (NEMS/GSM-91L; FV3GFS-
128L) and ~600 km (NEMS/WAM-150L and FV3WAM).

Upgrade model physics of VE models to perform analysis of data
(temperature, ozone, oxygen) with strong diurnal cycles

Upgrade specification background forecast errors in GSI to introduce
“errors of the hour” to properly blend the data and forecast performing
assimilation of diurnal cycles



Methodology and Approach -2

Use the operational GFS workflow V14.0 and upgrade the GSI-observer
modules to read MLS temperature and ozone data along with SABER
temperature and atomic oxygen to compute appropriate innovations
(Observation minus Forecast).

Introduce and test “intermediate™ solutions into the radiance data assimilation
scheme of upper satellite sensors to avoid negative impact of their analysis in
the mesosphere and lower thermosphere.

Use the WAM ensemble forecast to develop and test novel background error
covariances for temperature, horizontal winds, ozone and atomic oxygen; start
testing of the 3DEnVAr GSI scheme with 1AU for adequate assimilation of
((:Iiurn?l cycles and tidal signals in the Mesosphere and Lower Thermosphere
MLT

Verify analysis of SABER and MLS data in WAM using independent radar
and satellite winds and lidar temperature observations in the MLT

Transfer analysis of MLS and SABER ozone and temperature observations
into FV3GFS-128L recently developed extension of FV3GFS above 55 km



Outline
Vertically extended NOAA/NEMS models:

LAYERS of NEMS(NOAA) models and SMLT Data
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Preparing and tuning VE NOAA model forecasts
to analyze MLS and SABER data
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Zonal Mean Temp-re, Wind and O, (01-09-2016) after 20-day forecasts
by FV3GFS-65L (left), FV3GFS-128L (mid) . MERRA & MLS-O3 (right)
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GEOSS-T Analysis: 200180202

Temp. FST FV3GF5-128L: 20180202
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SABER and MLS Temperature Vertical Profiles:
Data Coverage ( SABER: ~1800 profiles per day; MLS: ~1800 profiles), Vertical
Resolution (SABER 2.5 km; MLS > 3.5-15 km) and Data-Data discrepancy

(a) OUT: MLS and SABER ORBITS with WAM-FST for T-re

DTN Wl e =i

R A - T O

VILS-SABER bias

R IRt

VILS Kernels (solid) & Vert.

v ekl o, g
i L T R o S - Resolution(km,dash
T i f A Vw}gﬁ% 0'0001[ VA Used to Correct: U : . )m 1
. T i [ T SABER warm bias 100-2 hPa ———r e —
% J‘ oAk a‘ f MLS cold bias 2-0.002 hPa 0001 M ! 'l /
? it 3 Nk & 3 001 & --'fguSesAsERnm-;eu.oum-u.noz ">¢ ~15km |
i l"‘-l ' "'J\l ! L ) hPa .
AN | NNy )| N L
%T o “‘v : > -.f: ;iﬁ_ E \\ ; . 2
- 001= D E ~‘ ¢
T [ f . (.100
2016-01-30, WAM-FST, Temp-re, [K] at 90km
a—— Eckermann et al. 2016
150 160 170 180 190 00 210 220 130 240 250 01 |
A904e2 ¢ ’ MLSV(4-ABERV2. 1.000
| \ WMLSV03-SABERV2 @
5452629 MLSVC2-SABERV2. 10,000
-& Iusll
10_598238 NLSVOG—SABERN.G?_ 100,000
100?95865 p MLS‘JU%SABER‘H.UE
S AT l WS NS PN
ﬂmm FHRNN T T [N T N NN N TN TN NN
AT () Kerel nteratd kenel

> 1 hPa: Vertical Mapping to MLS-data space with Averaging Kernels



RETROSPECTIVE ANALYSIS
of MLS/Aura and SABER/TIMED data (2005 present)
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NOAA GDAS/GFS (55km -TL) Operational Hybrid 4DEnVar
and WAM-3DEnVar R20 effort (500km -TL, bottom)
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WAM: Ensemble-based Errors of the “Hour” at ~100 km
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100 km: Diurnal Cycles in WAM and WAM-WDAS, 20160206

(a) WAMNM/FST 201602006 06h (b)) WANMU/FST 20160206 18h

e = 3 - g,
e T i

D | - e T e

(a) WANM/FST: Difference 06UT minus 18UT

Temperature, [ K] at 95km

1440 150 16400 170 180 194 2 Z10 224 230

ALS+SABER 06h () W

Temperature Difference, [K] at 95km

70 =60 <50 -40 30 -20 -10 O 10 20 30 40 50 60 TO

bias of MLS-T
E & VR-MLS

(b) WDAS-IAU MLS+SABER: Difference 06UT minus 18UT

A SABER (03,T)
T oF DAONLY

WDAS-MLT(T-only) ]

WDAS-DF(no MLT)

—  WAM-FST

"L/\r\,_.\_

0 10 20 30 it
T-RMS. (K

RMS of DA & FST relative to non-anal. MLS-T 13




Temperature Analysis: WAM-DAS vs GEOS-5 and IFS/ECMWF
(Jan-Feb 2016 at 12 UT, Stratospheric Pulsations => Density-Temp in MLT )
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2-Year Accomplishments and Work
during 3-rd Year of the Project Extension

Two VE spectral configurations of NEMS - GSM-91L & WAM-150L
were tuned and properly initialized to perform the 6-hr A-F cycling
with the MLS and SABER data in operational GFS workflows (\VV14.0)

The vertical extension of GSI — GSlex/3DVar scheme for MLS and
SABER T-re and O, data include the following 3 aspects:

(a) tapering of Jacobians of the upper channels in the MLT, where the
radiance bias corrections need to be adapted for the “accurate” use;
(b) preparation of the 6-hr MLS and SABER data files for GSI-observer;
(c) upgrades of the background variances (zonal mean fields) for GSlex.
(d) diagnostics of data-data and model-data persistent errors for
appropriate bias correction scheme and data quality control,;

The successful trial performance of GSlex in GSM-91L and WAM-
150L for Arctic winters (Jan-Feb) of 2016 and 2018;

Project extension, Sep 2017-Aug 2018: Transfer 2-Yr results into
FV3GFS-128L and FV3WAM with GSlex/3DVar and 3DEnVar



Collaborations between EMC, SWPC, GFDL, JCSDA and CU

Collaborative work includes the following themes:

O further diagnostics and improvements of wave dynamics (GWs and tides),
physics and photochemistry of WAM (CU-CIRES and SWPC);

1 development and update of DA schemes in GSI (EMC, CU and JCSDA) with
modifications of the GFS workflows for WAM (CU-CIRES and EMC );

O Knowledge of the FV3 dycore (CU-CIRES and GFDL), related to numerical
dissipation and wave simulations (GWs) for FV3GFS-128L
Collaboration between NOAA Testbeds/Centers, EMC & CU:

Kate Friedman, Adam Kubaryk, Daryl Kleist (EMC), Svetlana Karol and Tim
Fuller-Rowell (CU-CIRES) worked with PI, Valery Yudin to perform the DA
experiments and WAM ensemble predictions in the GFS operational workflows,

Collaboration between JCSDA, GMAO and CU-CIRES

Thomas Auligne (JCSDA) and PI coordinated consultation between GMAO of
NASA/GSFC and CU-CIRES on the data analysis of the MLS O, and T data

Pl would like to acknowledge the productive consultations with Shian-Jiann Lin
and Lucas Harris, on the FV3GFS-128L development during his GFDL visit in
Sep 2017.
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Arctic Polar Temperature & Winds: Analyses vs Forecasts

Jan-Feb 2016 (Analyses: GDAS-64L, GEOS-5, ECMWF, and GDAS-91L
with MLS & SABER data; FST->GSM-91L with NGWs; GSM-64L)
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MLT Wind Verifications by independent wind data: Radars & TIDI
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2016-02-10: Ozone DA in WAM (OMI+MLS+SABER) vs WDAS-SBUV
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Towards the Near-Real Time Data Analysis with
MLS, SABER, GUVI and GOLD Temperatures and Composition
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Simple Verifications at VG of GDAS & GEOS-5
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