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=8 GFS v17 New Coupled DA

Atmosphere
Land

GSI

FV3-JEDI

Atmosphere: GSl-based
hybrid 4DEnVar deterministic
analysis and GSl-based
4D-LETKF ensemble analysis

Aerosols

FV3-JEDI - Weakly coupled (strongly
between sea ice and ocean)
DA will be introduced for all
Earth system components
except for waves.

SOCA (JEDI)

Department of Commerce // National Oceanic and Atmospheric Administration // 2



ROMEX Experiments with GFSv17

Global parallel experiments using GFSv17

80 ensemble members, half resolution C384 (25 km) + C192
Thompson microphysics scheme employed in model forecast
Noah-MP Land Surface Model

Model is not coupled

Atmosphere-only DA

Atmosphere DA has been updated to Thompson microphysics
scheme, but was not available at the time of the experiments

Scale-Dependent Localization is not incorporated
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ROMEX Experiments

B Verification: September 7 - October 20, 2022

L3 COSMIC-2, MetOp, Kompsat-5, TandemX, TerraSarX, PAZ, and Sentinel-6 (~7,000
profiles/day)

¢ supplement: baseline data + Spire, GeoOptics, and PlanetiQ (~26,000 profiles/day)

00 UTC 20220904

Average number of profiles per cycle: Total RO 6,542
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i=d Data Quality

Counts Percent of obs passing QC
55 55
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45 i Kompsat-5 _| 45— _
/ Spire | Cosmic-2 | . 1 ac

w0 GeoOpiics 40 Componts |  GSI: Stricter statistic QC for
s, T Ess- Spire . COSMIC-2 and commercial
Sa0 Sontinels 530~ GeoOptics = RO data utilizing smaller
— w )|
Lk 1 =k - | O-B/O threshold values
3 S anetiQ ‘, .
E ol i Eqol Sentinel-6 . results in a lower
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15 n r 7
QC below 10 km and above

o i 2 ~ | 35 km

> | 5S¢ N

O ° | | | | | « MetOp: Rejected below 8
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« Commercial data: Rejected

20220907 - 20221020 above 45-km impact height

Department of Commerce // National Oceanic and Atmospheric Administration // 5



o Data Qual

Impact Height (km)
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Kompsat-5: Larger RMS and bias >35 km and <10 km
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20220907 - 20221020

Consistent with the past experiments using GFSv16

Larger bias and RMS in Tropics <10 km for all missions

Mean Value (%)

Mean Value (%)

Sentinel-6: larger RMS and bias <10 km
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Data Quality — OmB/B baseline vs. supplement

Impact Height (km)
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= Bias: Smaller below 5 km and 10 — 40 km

» RMS and STDDEV: Smaller below 20 km
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Bias
Temperature (K), Global

Root Mean Square Error
valid 07Sep2022-190ct2022, 00Z cycles, Forecast Day 0 (Forecast Hour 00)

Temperature (K), Global

Data Impact —

: j Fit to Radiosonde
Data

- l - = Cold bias in temperature and
42 M, slightly larger RMSE at mid to
B — | g T ] low troposphere

Bias Root Mean Square Error
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Geopotential Height (gpm), Global Geopotential Height (gpm), Global Ig y S l I la e r a Ove
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=N Scorecard against ECMWF Analysis

<

Baseline vs. NoRO

N. America N. Hemisphere S. Hemisphere Tropics N. America N. Hemisphere S. Hemisphere Tropics
Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day| Day|Day|Day|Day|Day|Day |Day Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day |Day|Day|Day|Day|Day|Day|Day|Day
1 3 5 6 8 10| 1 3 5 6 8 10| 1 3 5 6 8 |10| 1 3 5 6 8 | 10 1 3 5 6 gsl10] 1 5 5 6 sl10] 1 3 5 6 8 10] 1 3 5 6 8 10
10hPa v VIM|M M|M|V A M|M|A[A[Y]VY|IM|M 250hPa | * M| M M|M[A] < ]+]s[M[M il T
20hPa A| A M|IM|A|A]| - M|IM|A|[|A|A|A|M|M|V]|Y M|M ez 500hPa MM M[M]| A a s [ MIMB
S0hPa | A [A | A M|{M|A|[A|A[A|M|M[A|A|V [V |M|[M|[V|V|A[A|M[M et [ 00hPa iE M|M|[A[-][- M [ M [
100hPa A| A M(M|Y|Y[VYV|VIMIM|Y|Y|Y|VYVIM|M M|M 1000hPa M| M M|M|A| + A M|M|
Heights 200hPa | A | A MIM|Y|Y|VY|VYIM|M|" |V M|{M|V | A M|M s 5 - 250hPa MM M{M|A]JA]JA]AIMIM]
= Anomaly Correlation| Vector S A
500hPa [V [V M|M[VY]VY|V]|VYIM|M|[V]|V][Y M|M[A|[A]:- M[M Coefficient Wind 500hPa M| M MIM[A]-]4A MM
700bPa | V|V M{M[Y[VY[- T -[Mm[™m[a]a M[M[a[Aa]aA M [ M 850hPa MM MM &1 1A MM
35 i ;
§50hPa_| A MMV M|[M[A|A M[M[Y V][~ MM . zbgiia 3 I;; x 3 : : — 3 I}:i
7 v v v P 7 cmp S a I\ A - I\ /]
1000hPa M|M| A M|M M| M M| M 250tPa ] v YAV B Ml & &[5 ne| s
10hPa M| M M|M|A] + M| M M| M MSLD MSL MM MM 2l -2 M| M
20nPa | V M|{M|[V[V]V MM - MIM|VIVIV|VIMIM - 10hPa_| V [ MM MM Ala M|M|A]- M| M
50lPa | V| A M|M|A|A| "~ M| M Y M|IM|A|A|A|]A|M|M 20hPa A| A M| M| A| A M| |M|A|A]| =+ M [ ™M M| M
A| A ) A|A|V |~ I({M| - h v M 1 1
) Wind 100hPa M| M M| M M| M M|M 50hPa A| A M|M|A]|A M|M|A| A M|IM|VY MM
Bias Shesd 200hPa M| M VIM|M|A|A| - M| M M| M 100hPa | A | M|M| A M{M|A]| - M|M]| MM
3 500hPa M|M| A M|M M|IM|A|A|A M| M Heights 200hPa M|M|V M|M| A = + | M|M MM
700hPa 73 M|IM| A MIM| A MIMIY]Y MM 500hPa | ¥V M|M|V M[{M| A Al s | M|M|A]|A MM
850hPa MM - MMV MM MM 700hPa M|M|V MIM|A]| ]|« M|M| A M| M
1000hPa M| M M| M M| M M| M 8 SOIIPa M|IM|V MIM|A|A| A M| M MM
10hPa v MM - ~[M|M|A[A|A[- [M[M]|A]]- MM s — e e e e e
200Pa | V| V[V [V ] viv[v][Y ) AMBAME ) 2 * A = =
5g;$1 zi ii = i: zi 2 é i; : : : : i; zi 20hPa V|IVI|IVY|IVYIMM|VY|VY|V|IVIM|M|A|A]| M|IM|A|A|A|]A|IM|M
o3 il B _ 2 2 2 50hPa |V |V M|M|V[V]~ M|M|A|A M| M| 4A|A MM
100lPa |A|A|A|+ | M|M|A|A|A|A|M|M| M|IM|A|A|A|A|M|M . 100hPa v MMV M| M| A| A A MIMI| Al A M | M
Temp 200hPa M| M v MIM[VY|V|VY]|V|IM|M| A M|M RMSE Vef":{“ 200hPa M| M M|M|A|A|A|A|M|M][| A M | M
500hPa | A | A M M[a[ala]-[M[M[a]a]- M|[M]| A M [ M s 500hPa M| M M|M|A|+|-|-|M[M[AlA MM
700hPa |V | V| ~ M|IM|Y|Y|Y|YIM|M|VY]|V]|Y M|M|A| A M|M 700hPa M|M M{M|« |+« |A]s[M|[M]| A MM
850hPa [V | V MIM|Y|Y|Y| Y M|M|Y|VY|VY]|~"|M|M|A|A M|M 850hPa M| M M[M|«]s|A M|M| A MM
1000hPa | V | ~ MIM|V]|V]VY MIM[V]V M[{M|V M| M 1000hPa MM MIM =il [k MM MM
10hPa | M|M M|M|A|A|A MIM|A|A|A|A|M|M
2 2 V|IV|VY]V | vV|iVv]-~ b h - 2 - 1
A||v17_romex base_gosap is better than v17_romex_noro at the 99.9% significance level ¥|[v17_romex _base_gosap is worse than v17_romex_noro at the 99.9% significance level| ~=g}$2 YV :} ﬁ YV II:/; 3 : : = & II:; : : II:/: 3
- ||v17_romex_base_qosap is better than v17_romex_noro at the 99% significance level * |[v17_romex_base_gosap is worse than v17_romex_noro at the 99% significance level | 1“0011Pa = 5 i\/[ M A A M :\/I A1 Al &= 1\/[ M| A |4 lAl|lAlM :\1
| |[v17_romex base_gosap is better than v17_romex_noro at the 95% significance level v17 _romex base_gosap is worse than v17_romex noro at the 95% significance level Temp 200hPa M| M M{M|[A|]A|]A]A|M|M]| A M| M
[ ][No statistically significant difference between v17_fomex_base_qosap and v1 7_romex_norq]| [Not statistically relevant 500hPa M|M]| « M|IM|A|A|A|AMIM|A|A MM
7 3 b v 2 a |D I
Dates: 20220907-20221019 0nPa MM MM MM MM
850hPa v M|M|V M|IM|V | - A | M|M| A M| M
1000hPa | ¥V M|M|V |V M|M|V M|IM|V ]|~ M|M

Positive impact in ACC and RMSE over SH and Tropics

Degradation in RMS of height in troposphere and wind and temperature at upper atmosphere
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=N Scorecard against ECMWF Analysis

N. America N. Hemisphere S. Hemisphere Tropics N. America N. Hemisphere S. Hemisphere Tropics
Day|Day|Day|Day |Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day|Day |Day|Day|Day|Day Day|Day|Day|Day|Day| Day|Day|Day|Day| Day| Day|Day |Day| Day| Day|Day|Day|Day| Day|Day | Day|Day| Day|Day
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a I\ M I\
) 10011Pa V| V|Y MIM|Y|[Y|Y|IY MM|Y|(Y|Y|IYI MM|Y|Y|Y|VYIM|M ! ‘ - - 350LPa M| M MM A M| M
Heights | 200hPa [V | V| ~ MIM[Y|Y|Y|YIM[M|Y|VY|Y|VYVIM|M|Y|A|A|[A[M|M Anomaly Co.rrelanon "—f"" S00hPa M| M MM | A M| M il
500hPa |V | V M[M|Y|[VY]|V MIM[VY[VY[VY[VYIM|[M|[VY[AJA[A MM Coefficient Wind = pa N[ M MM A MM
700hPa |V |V M|IM|V]|Y M|{M|V]| A MIM|VY|[VY]|VY]|[A[M|[M 250hPa | » MIM][ A MM A MM |
850hPa | V M|{M|V M|M|A|A MIM|[Y|VY|[V]VIM|M Temp 500hPa M| M M[{M| A M|M[
1000hPa M| M MI{M|A| A M| M YIV|IYIM|M 850hPa | ¥V M|M]| ~ M|M| A M|M[ |
10hPa V|- MIM|VY]|Y MM M|M M|M MSLP MSL M| M M[{M| A M| M
20hPa | A MIM|A|A M| M M| M M| M 10hPa |A|lAafala|Mm|[Mm[a[a]a][Mm[Mm]- MM <]l M|M
S0hPa | A MIM|AlA MM - MIMIY]|VY T MM 200Pa Al Aa]lAala[M|M][A]A]-]-[M][M]|A I E M| M
100hPa M| M MM M| M MM S0hPa | A | A M [ M B M[M M[M[V¥ M| M
. Wind = - - = - = 100hPa | ¥ M[M[VY ][~ M[M[Y¥Y]~ MiM[v][v]w M| M
Bias Speed zggga : e ~ l/i ;\ i : s ﬁ 3 : = :’41 11:1 : ~ 11:; :; Heights [ 200hPa | V¥ MMV MiM|Y M[M[Y MM
= a - - = - 500hPa | ¥ M[M[V¥ M[M][~ MM B M| M
700hPa | A | » M|I|M|A|A M|M|VY |V M|IM|V|Y M|M 700hPa MMV MM\ A M| M M| M
850hPa | A M|M|A| A M|IM|VY|YVY M|M| A M|M 350hPa M| M M|M| A M M M| M
1000hPa | A MI{M[A]| MI{M|VY ]|~ M| M M| M 1000hPa M| M M[{M]| A s MM M|[M
10hPa | v M|M[Y|[VY]Y M|M|+]A M| M M| M 10hPa | A M| Mm[a]a]- M|M|A]- MM M| M
200Pa [V ]|V [~ M|{M[Y[VY]|VY][VY|M[M[|[VY]|Y¥ M|M|VY|[VY]YVY M| M 20hPa [ A | A s [MmMIM[a]alAa]lAa]M[M][A] A MiM[aJa]s[A[M][M
50hPa M| M Y| MM YI|Y|VY] " [ MIM|Y[V M | M S0hPa | A | A M{M[a[a]Aa]-[M[M[A M[{M[A]A < MM
100hPa M[M][ - M[M|A|A]A M[M . M[M o Vector 100?1’8 A :/1 Ml A & MIM|A f\% M| A | M :I
Temp | 2000Pa | V]V M[M|[Y[Y]~ M| M M{M[Y[Y[Y[VY|[M[™M Wind ;gglg“ \i ii x 3 : ‘\i ii A x \j
2 a Y I\ I\ A
5 a ] B
;OohPa A| A MIM|(A|A|A|A|M(M|A|A|Y|YIM|M| A M| M 700hPa M| M MM A M| M MM
700hPa | V| V[~ MIM|VY[v[v][v[Mm[M[VY[Y[ - [ |M[M|[VY]|[A]A M| M T AT AR VARYi YARY:
850hPa |V [V [~ M{M[Y[Y[vY] - [Mm[MmM[Y][V]~ Mim[alal- MM T000LPa M M MM - MM MM
1000hPa | V[ ~ | MIM[Y|Y|[VY]|~|M|[M]| M|M|VY|YVY M|M 10hPa | A M|M| A M|M| A M|M|[A] - MM
20Pa [ A ] A M M[Aa]aA s [ Mm]Mm| A MiM[A]A M| M
50hPa | A | A M| M[alTaTa M|M[AlA M[M[AaTaA M [ M
Al[v17_romex_supp? is better than v17_romex_base_gosap at the 99.9% significance level V|[v17_romex_supp? is worse than v17_fomex_base_qosap at the 99.9% significance leve] 100hPa | A MIMLA LS MIMI|A L~ MIM|A MM
= = — Temp 200hPa M|M| « M|M| A M| M Y|IV|~-|IM|M
« ||v17_romex_supp? is better than v17_romex_base_gosap at the 99% significance level v ||v17_romex_supp?2 is worse than v17 romex_base_gosap at the 99% significance level 500LPa M| M M| M| 4 M M| A PR EVE Y
v17_romex_supp? is better than v17_romex_base_qosap at the 95% significance level L v17_romex_supp?2 is worse than v17_romex_base_gosap at the 95% significance level 700hPa | V| - MlMm|VY M| M M| M MM
[T][Fo statstically significant Gifference betvween v17_tomex_supp2 and v17_omex_base_qosap] [ [Not staistically relevant S50hPa | V1V MIMIY LS MM MiMIAl4 MM
0 statistically significant difference between v17_romex_supp2 and v17_romex_base_gosap||"|[Not statistically relevant Tooonpa 1V VISV R AR VAT AR A — BYH BT
Dates: 20220907-20221019

=  Supplement vs. baseline
= Qverall positive impact in ACC and RMSE for short range over SH and RMSE in Tropics except for height

Positive impact on wind and temperature RMSE at upper atmosphere over NH
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Verification against ECMWF Analysis

Anomaly Correlation Coefficient Anomaly Correlation Coefficient

Anomaly Correlation Coefficient 500 hPa Geopotential Height (gpm), Southern Hemisphere 205-80S 500 hPa Geopotential Height (gpm), Tropics 20S-20N
500 hPa Geopotential Height (gpm), Northern Hemisphere 20N-80N valid 07Sep2022-190ct2022 00Z, forecast hour means valid 07Sep2022-190ct2022 00Z, forecast hour means
valid 07Sep2022-190ct2022 00Z, forecast hour means 1.0 1.0
1.0 4 " :
0.9 0.9 0.9
€
<
& s H
o Q =
= =
0.8 0.8 0.8
=e-romex_noro -+ romex_base -+romex_supp —e-romex_noro -+ romex_base -+ romex_supp -e-romex_noro -4 romex _base -:-romex_supp
0.7 0.7 0.7
N il Anomaly Correlation Coefficient Anomaly Correlation Coefficient
500 P Ty A 2 ON_BON 500 hPa Temperature (K), Southern Hemisphere 20S-80S 500 hPa Temperature (K), Tropics 205-20N
valid 07Sep2022-190ct2022 00Z, forecast hour means L0 valid 07Sep2022-190ct2022 00Z, forecast hour means 10 valid 07Sep2022-190ct2022 00Z, forecast hour means
1.0 2 =
0.9
0.9 0.9
0.8
< c £
T os8 3 0.8 H
= = =
0.7
0.7 0.7
0.6
---romex_noro -+ romex_base -+ romex_supp -e-romex_noro -+ romex_base -+ romex_supp --—romex_noro -+ romex_base -+romex_supp
0.6 0.6 0.5

= Height ACC at 500 hPa: Improvement over SH
= Temperature ACC at 500 hPa: Improvement over NH, SH and Tropics

= Significant improvement in SH
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Verification against ECMWF Analysis

romex_supp-romex_base romex_supp-romex_base romex_supp-romex_base

RMSE Z NH RMSE Z SH
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200
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= Red: Degradation
=  Blue: Improvement
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Summary

ROMEX data verification on GFSv17 for 1.5 months with atmosphere-only DA

More positive signs than 3-week results: Improvement in |O-B|/B bias < 40 km and
RMS < 20 km in the supplement experiment

Larger impact when more ROMEX data was assimilated

Against radiosonde data: ROMEX data resulted in a cold bias in the mid to low
troposphere and a lower height bias below 10 hPa

Against ECMWF analysis: Positive impact on ACC and RMSE especially over SH
and Tropics; Positive impact in NH as well with ROMEX supplement data

Further tests required for GFSv17
NOTE: Yunyao, Tianmu, and GNOS data are not utilized in current experiments
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