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PHYSICS SUITES ASSESSED FOR POSSIBLE

GFSv16 IMPLEMENTATION
Suite 1 ) ) )
Suite 2 Suite 3 Suite 4
(GFS v15)
Deep convection sa-SAS sa-SAS sa-CS sa/aa-GF
. MYNN-EDMF
Shallow convection sa-MF sa-MF sa-MF
and sa GF
Microphysics GFDL GFDL aa-MG3 aa-Thompson
PBL/Turbulence K-EDMF sa-TKE-EDMF K-EDMF MYNN-EDMF
Land Surface Model Noah Noah Noah RUC

*sa = Scale-aware
From MEG Presentation *aa = aerosol aware



Basis for our recommendation

® Four physics parameterization suites were tested over a large number of cases (every 5
days for 1 year and 16 case studies). A report on the GMTB test setup can be found
here.

e The independent panel recommendation is based on a substantial set of verification
and evaluation metrics reported from the Environmental Modeling Center (EMC) Model
Evaluation Group (MEG), the Global Model Test Bed (GMTB) group in the
Developmental Testbed Center (DTC), and EMC’s Verification Statistics DataBase
(VSDB):

o MEG presentation: https://drive.google.com/file/d/1Fe-lk6egixQ5ynZ xF-
TfgjQPIp8h119/view?ts=5c93cc43

o GMTB report:
https://docs.google.com/document/d/1Vyo1zL5N6GowugDCEWOVFIrK83JcOzWK
CCSwGvGe 74/edit?ts=5c89156ettheading=h.8d0000c534fb

o VSDB website:
https://www.emc.ncep.noaa.gov/gmb/wx24fy/NGGPS/phys cmp/



https://docs.google.com/document/d/1FdF-ZjX0rN3NK5lMgYK6FLmQQo713Q05FiNORJT0_O4/editheading=h.bqn1473xmzzz
https://drive.google.com/file/d/1Fe-lk6egjxQ5ynZ_xF-TfqjQPlp8h119/view?ts=5c93cc43
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https://www.emc.ncep.noaa.gov/gmb/wx24fy/NGGPS/phys_cmp/

Executive Summary

Overall none of the 3 developmental suites were clearly superior to
the control GFSv15 physics Suite 1.

The performance of suite 2 was closest to suite 1 even improving
some aspects of the forecasts.

We encourage work to continue on other suites and new physics
packages for future testing.

We also encourage a similar testing and independent evaluation
process on an annual basis in the future.



Recommendations on Physics Suites

Suite 2, which features a more advanced closure in the PBL scheme, was the closest in performance
to Suite 1 and exhibited improvements in some important aspects including somewhat better
capturing surface-based inversions and some better precipitation statistics over CONUS.

Although overall Suite 2 did not perform as well as Suite 1, there are enough positive aspects in the
Suite 2 performance to consider further experimentation and tuning in the near term (time
permitting) to see if Suite 2 can be implemented in GFSv16. The panel believes the more advanced
PBL may ultimately provide improved forecasts of the PBL.

Suites 3 and 4 both showed promising results in a number of aspects. We strongly encourage and
recommend that the developers of both Suites 3 and 4 continue development and testing. We also
recommend the developers to consider consolidating the best aspects of all suites, so attention can
be focused on a single advanced development suite in the future.



Recommendations for the Future

We are supportive of a continued annual process in which an independent panel provides analysis
and recommendations on the evaluation of parameterization suites considered for future
operations.

We encourage the testing and evaluation of other combinations of physics from the existing four
suites, in addition to emerging physical parameterizations.

Adequate time for tuning and evaluation is needed prior to test phase. The panel is aware of some
issues related to the setups of suites 3 and 4 that impacted their results in this round and that
these suites would have been improved given adequate pre-testing.

Our recommendation is that a pre-test period of a few weeks should be built into the schedule
using some of this year’s initial data (but independent of the data in the next test).

It is recognized that this year was special because the physics framework was being changed at
the same time as new physics were added, but the new framework should make implementations
easier in the future.

Data assimilation cycling was not included in the current test suite and it may be useful in the
future to include more testing with the data assimilation as part of the evaluations.



Summary of Systematic Performance of the Physics Suites
Suite 1 (SAS, MF, GFDL MP, K-EDMF, NOAH)
Positive:

* Overall best anomaly correlation and RMSE of synoptic variables of all suites.
* Overall best day 5 over CONUS precipitation ETS and BIAS scores of all suites.
 Together with suite 2, best track and intensity forecast for Tropical Cyclones.

Room for improvement:

* Increasing cold bias with increasing lead time at 850 hPa and down to the surface. (Addressed
with GFDL MP/radiation update?).

Increased low bias with lead time for 500 hPa heights.

Precipitation BIAS (too dry) in the Tropics.

Does not capture warm season low stratus outside the US west coast.

Struggles with surface temperature inversions

CERES OLR shows too little high cloud in tropics (as also for suite 2)



Summary of Systematic Performance of the Physics Suites

Suite 2 (SAS, MF, GFDL MP, TKE EDMF, NOAH)
Positive:

 Modest improvement of anomaly correlation for 500 hPa temperature, wind and heights.
* Modest improvements for PBL inversions.

 Improved Tropical Cyclone winds over land (Hurricane Irma).

 Best FSS scores for CONUS precip

Room for improvement:

e Similar to Suite 1, an increased low bias with lead time for 500 hPa heights.

 Degraded RMSE, bias and anomaly correlation for temperature below 850 hPa.

* Cold bias with increasing lead time at 850 hPa and down to the surface, larger than Suite 1.

e Cold bias with increasing lead time near the Tropopause, larger than Suite 1.

 Degradation of precipitation in the Tropics (too dry).

* Small degradation of ETS and BIAS score, and 6h Frequency bias precipitation scores compared
with suite 1 over CONUS.

e Colder 2m T BIAS over CONUS than Suite 1 (vs NAM analysis).

 CERES OLR shows too little high cloud in tropics (as suite 1)



Summary of Systematic Performance of the Physics Suites

Suite 3 (CS, MF, MG3 MP, K EDMF, NOAH)

Positive:

Improved surface inversions compared with suite 1

Improved 2m T bias over Eastern CONUS (large geographical variations in 2m T and RH).
CERES OLR shows less tropical bias than suites 1 and 2

Least wind bias against soundings globally (others have negative bias at high levels)

Room for improvement:

Degradation of the anomaly correlation of all variables at all verified levels.

500 hPa high height bias increasing with forecast lead time.

Warm temperature bias increasing with forecast lead time in most of the troposphere.
Very large warm and dry bias in the Tropics (compared with soundings).

Driest precipitation bias and lowest FSS of all suites in the Tropics.

Lowest ETS precipitation scores over CONUS compared with all suites.

Highest bias at heavy rain categories (esp. 6h at 00Z) over CONUS

Degradation of Tropical Cyclone tracks and intensity compared with suite 1.

CERES TOA SW too little cloudiness over oceans (more bias than other suites)

Some unusual soundings noted by MEG



Summary of Systematic Performance of the Physics Suites

Suite 4 (GF, MYNN EDMF/GF, Thompson MP, MYNN EDMF, RUC LSM)

Positive:

Improved precipitation forecasts in the Tropics.

Encouraging improvements for PBL inversions. In many cases better than suites 1 and 2 as shown by MEG.
Improved relationship between surface precipitation and total precipitable water in the tropics.

Locally much improved 2m T and RH over CONUS, but large geographical variations (sometimes locally much degraded
2m RH).

Improved 850 hPa temperature BIAS and 500 hPa geopotential height BIAS compared with all other suites.

Only suite consistently able to capture warm season low stratus along west coast (also seen with CERES SW JJA
verification off S. America and S African west coasts and generally less biased cloud cover over oceans) - 2m T at
southwest coast much better than other suites possibly because of more clouds

CERES OLR shows less tropical bias than suites 1 and 2

From SURFRAD sites SW tends to be cloudier than other suites (often better)

Room for improvement:

Degradation of the anomaly correlation of all variables at all verified levels.

500 hPa high height anomaly correlation scores decreasing with forecast lead time.

Larger cold bias (compared with suite 1) near the surface and the tropopause.

Degradation of Tropical Cyclone tracks and intensity.

Statistically significantly worse precipitation dry bias than other suites for amounts between 10-25 mm/24h over
CONUS.

Extreme precipitation amounts not captured well. Lowest FSS over CONUS.

Tends to overmix the daytime PBL, not maintaining capping inversions.

Tends to be drier for 2m Td in central US and more moist on coasts than other suites
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Scorecards

00Z and 127
Initializations Scored Separately
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Jsignificance level w |[SVITE2 is worse than SUITE] at the 99.9%; RUNS
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EMC "‘l.'.erific ation Scorecard A f}g"iﬁiitir‘i:ilhm SUITE] at the 59.9% T E S c oo Ben ST IEl e oo,
Symbol Legend —[SUTTES is better than SUITE] at the 55%% significance level
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EAMMC Verification Scorecard

Svmbol Legend
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EMC Verification Scorecard

Symhbol Legend

SUITEL 1= better than SUITE] at the 59.9%

zignificance level 1 ZZ

SUITE2 is better than SUITE] at the 99%
significance level RU NS

SUITE2 iz better than SUITE]D at the 93%

zignificance level
[No statistieally significant differance betoreen S U IT E 2

SUITE2 and SUITEL

SUITE2 1z worze than SUITE] at the 93%;
zignificance level

SUITE2 12 worze than SUITE] at the 993
zignificance level

SUITE2 12 worze than SUITE] at the 99 9%
zignificance level

Mot statiztically relevant
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EMC Verification Scorecard

Svmbol Legend

SUITES is better than SUITEL

significance level

at the 99.9%

SUITES is better than SUITE]

significance level

at the 99%

SUITES is better than SUITE]

significance level

at the 93%

[No statistically significant difference between
SUITES and S3UITE]
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EMC Verification Scorecard

Symbol Legend

SUITE 1= better than SUITE] at the 95.9%

a significance level 122
SUITE4 15 better than SUITE] at the 92%
) significance level R U N S

SUITE4 1s better than SUITED at the 93%
significance level

[No statistically significant difference betoreen S U I I E 4

SUITE4 and SUITEL

SUITE4 15 worse than SUITE] at the 93%:
significance level

SUITE4 15 worse than SUITE] at the 997
significance level

v SUITE4 15 worse than SUITE] at the 99 9%

significance level

Mot statistically relevant
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Symbol Legend SUITE? is better than SUITE] at the 99% significance level .
Start Date: 20160101 significance level . E-L'TTE.: is '.'l.'«.‘.‘:r?e than SUITE 1 at the 999, 122
Fnd Date: 20180110 SUITE? is better than SUITE1 at the 5% =t§£~3:¢¢ level __ E—
Jsignificance level w |[SVITE2 is worse than SUITE] at the 99.9%; RUNS
Mo statistically significant difference batwveen significance level
SU |TE 2 SUITE2 and SUITE! [ ot statistically relevant
N. American N. Hemisphere S. Hemisphere Tropics
Dav|Day|Dav|Dav|Day| Day | Day |Day | Day | Day|Day| Day |Day|Day|Day | Day|Day | Day | Day|Day|Day | Day | Dayv| Day
11 31516]8 10 1 3 3 3] 8 10 1 3 3 3] 8 10 1 3 3 3] g 10
1WhPa | - lvlvlvlv|lvlalv|v|v|v| v lalv]|v|v]V™ alvlw vi|v
hPa| ¥ | ¥ | ¥ |V | V¥ A J . ¥ v A J ¥ A J v ¥ ¥ v ¥ A ¥ ¥ v A J ¥
S0hPa|l W | V| VY| Y| Y A J A J A J L J A J A J A J ¥ v ¥ ¥ v ¥ A A A J A J v ¥
100hPa YyY|vyyiy\|v A J A J L J A J ¥ A J v ¥ ¥ v ¥ A A A J A J v ¥
Heights [200hPa]| A | &4 | A « | A x vy|iv|lal- A A EAERE
S00hPa| A | A | A | A | A A A | A A|A|Y A | A | A A| A A | A A| A A A
700hPa A | A|A| A A Al A| A - A A | A | A - Al A|A| A A
B50hPa| V| A | A | =« | A A Y| A|A| A y|v|¥ - A | A | A A A
1000hPal ¥ < | AT . Y|iv|v|v|Vv]|Y
10hPa | T | A | A v A4 Y|iA|lY¥Y ]|V |Y v A | A | A| A A v -
20hPa A | A v - - vy|r A|A|A|A| AT - - v
50hPa v A J -  J - " A yjvl|lv|Vv]|T v
. 100hPa| W | ¥ v vi|v viv|[v|[v]|a vi|v | A
RMSE Wind [200nPa| Y[ A |A[A] - | & |V ]| - |4 A . A v -Jalala]a
S00hPa| A | A | A | A | A A A | A A]| A A | A| A A]| A . A | A A| A| A A
TOOhPa| A | A | A | A | A A A | A A| A A | A | A A| A A A | A A| A A A
B50hPa| A | A | A | A | A A | A A| A A | A | A A| A A A | A A| A A A
1000hPal A | A | A | A A | A A]| A A | A| A A]| A = A - A =
10hPa A | A \J A J LA J v " 'y A J . A A | A A
20hPa Al A - v A A | A A | A A A A
S0hPa | ¥ - Y| v A J A J L J A J A J A J . ¥ ¥ . A J A A J A J v ¥
100hPa| Y | ¥ | A A|l A V|V | - L J v yjlv|v|YVY
Temp |2000Pal ¥ | W | - . viv|v|lv|v]v|v]lv]|]Vv]V¥]- A viv]v]| v
S00hPal A | A | A | A A A | A A| A A | A A A - Y| vyY|v ¥
700hPa A | A A A|lA|YT Yy|vy|¥vy|¥vY|¥ A -
gs0hPal vl Y| Y|[¥Y|lV¥Y]| - |¥Y]¥Y|¥Y|vY ||V |[¥v|]VvY|vY|vY|[VvY]| VY |]¥vY|]v]|]vY|][VY]|]V¥Y]|] ™"
looowedl vl v [ v [ v [ v v (¥ A EAERAERERAEREREAERAERERE vl v ][ ¥




EMC Verification Scorecard - S;;Eh;ir f;f;l-'hm SUATEL s the 5.5 SUITES is worse than SUITE] at the 93%%
Symbol Legend SUTTES 1z better than SUITE] af the 99%% significance level
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TTE S 1= hetter T TTE] ar A significance leve
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[ [No stztistically significant difference betneen significance level
S U ITE 3 SUTITES and SUITE! Mot statistically relevant
N. American N. Hemisphere S. Hemisphere Tropics
Dav|Dav|Day|Dav|Dav| Day | Day | Day|Day | Day | Day | Day |Day |Day | Day |Day | Day | Day | Day | Day | Day|Day | Dav | Day
1 {31516l 8 1101 3l slel 811011 3l sl el 811011 il sle 8 10
10hPa A|A A | A = A | A A A A A | A| A - A | A | A A A
20hPa | A | A | A | A | A 'Y A | A A A]|A A - A | A A A - A J A | A | A A
50hPa v A A A A A A J A J A J A J A J ¥ L J A J A J A J v v A J
MhPal W | F | V|V | T v A A A A L A J L J L J L J A J ¥ L J L J L J v v v L J
Heights [2000Pal ¥ [ Y[ Vv [ v v [ v v [v][v]|v|[v]vY[v[v[vY[v][v] Vv [[¥v]T™
300hPal| - Y| vV|v A A A A L L J v v A J A J v L J L J L J L J L J ¥
JO0hPa| ¥ | W | V| ¥ A A A A v L J L J L J A J A J L J A J A J
S30hPa| ¥ | ¥V | V|V A A A A L L J v v A J A J v L J L J L J L J L J
1000hPa ¥ A\ LR A A A ¥ A J ¥ A J A J ¥ ¥ v A J v v v A J v
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VSDB output (20160106-20171226 12 UTC inits)
for SUITE2 and SUITEL
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SUITE2 is worse than SUITE] at the 95% significance level

» [SUITEZ is worse than SUITE] at the 99% significance level

¥ [SUITE2 is worse than SUITE] at the 99.9% significance level

Not statistically relevant

Figure SC1. Scorecard documenting performance of Suite 2 as compared to Suite 1 over the subregions
across the eastern portions of the CONUS for RMSE and mean error (also referred to as bias) of 2-m
temperature, 2-m RH, and 10-m winds by forecast lead time 12 UTC initializations during the entire test
period (20160101-20171231). Green (red) marks indicate Suite 2 (Suite 1) 1s better than Suite 1 (Suite 2).
Statistical significance is represented by the type of marks: shading, small arrows, and large arrows
indicate 95%, 99%, and 99.9% significance, respectively.
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Figure SC2. Scorecard documenting performance of Suite 3 as compared to Suite 1 over the NH, SH, and
Tropics for RMSE and bias of temperature, RH, and winds at various pressure levels by forecast lead time
for 00 UTC initializations during the entire test period (20160101-20171231). Green (red) marks indicate
Suite 3 (Suite 1) is better than Suite 1 (Suite 3). Statistical significance is represented by the type of
marks: shading, open arrows, and filled arrows indicate 95%, 99%, and 99.9% significance, respectively.
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STATISTICS
(from MEG slides)



500-hPa Geopotential Height Anomaly Correlation (AC) Scores

AC: HAT PSO0 G2/7NHX Q00Z, 201640101 —-£20180110
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KEY POINTS:

Suites 1 and 2 have statistically
significantly better AC scores than
Suites 3 and 4 well into medium range

Suites 1 and 2 have nearly identical
AC scores

Suite 4 is slightly better than Suite 3



500-hPa Geopotential Height Bias

HGT: Bias
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KEY POINTS:

- Suites 1 and 2 have a nearly identical
low bias that increases with forecast
lead time

- Suite 3 has a high bias that increases
with forecast lead time

- Suite 4 has the smallest average 500-hPa

height bias at almost all forecast hours



850-hPa Temperature Bias
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KEY POINTS:

Suites 1 and 2 have a cold bias that
Increases with lead time

Suite 2 has a larger cold bias than
Suite 1, potentially due to PBL scheme

Suites 3 has a warm bias that increases
with lead time, while Suite 4 has the
smallest temperature bias

The suites without GFDL microphysics
do not show a cold bias increasing w time



T: Hia=

20180101-20180110 Mean, G2/NHX 00Z Vertical Profile of Temp. Bias
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Grid-to-Obs: 2-m Temperatures

CONUS East Northern Great Plains
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- All suites except Suite 3 have a near-surface - Suite 4 has the largest near-surface warm bias

cold bias that increases with forecast lead time on the Plains, but all suites are warmer than east



Grid-to-Obs: 2-m Relative Humidity

Northeast Coast
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Suite 4 has RH values that are far too high

Southwest Coast
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Temperature Profiles compared to RAOBs

Pressure (hPa)
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Suite 2 is has a larger cold bias at 200 hPa and
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Cold bias in Suites 1 and 2 increases with
forecast lead time

Warm bias in Suite 3 increases with lead time



Track Error {nm)

Track Performance — Composite Track Errors
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Statistics provided by GMTB

Lead Time (h)

Suite 1
Suite 2

108 120

Suite 3
Suite 4

For many of the 8 TCs examined by
the MEG, track forecasts were fairly
comparable

Track errors for Suites 1 and 2 were
nearly identical

Incorrect outlier track solutions were
largely limited to forecasts from
Suites 3 and 4

Composite stats for all TCs in all
basins show that beyond Day 3,
Suites 3 and 4 did have larger track
errors than Suites 1 and 2



Intensity Performance — Composite Vmax Errors
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As expected, all suites had a weak
intensity bias compared to Best Track
data

Intensity errors for Suites 1 and 2
were nearly identical

Intensity forecasts from Suites 3 and
4 were significantly weaker beyond
Day 1, while Suites 1 and 2 reduced
the intensity errors with time



Highlighted Comparative Evluation:
PBL Inversion



FORMAT of SOUNDINGS SLIDES

171017 /0000 72501 OKX CAPV: C CINV: 0 LCLP 914
171017 /0000 725010 CAPV: 0 CINV: O LCLF 889

500

550 =

600

DASHED = MODEL
SOLID = OBS

800-F
850

900
950

LEFT WIND
COLUMN = OBS

0 -5 0 S 10 15
SUITE1 DASHED ©OBS SOLID/LEFT WINDS

) 72501  OKX LAP\/ O CINV:

/000
'\)0\ 725010 PV: 0 CINV: 0 LCL

RIGHT WIND
COLUMN = MODEL

BUU

- 0 S 10 15
SUITE2 DASHED OBS SOLID/LEFT WINDS

%
%

!
2,\ ’

\

PV 114 48 G

<

o
O

%
Q\

ATEERELR K &

e
SRR

<
\

171017 /0000
17101

/0000 72501
7 /0000 725010

QKX

O CINV: 0 LCLP: 914

CAPV:
CAPV: 0 CINV: 0 LCLP: 880

) 72501  OKX

)l)\ 725010

-9 0 10 15
SUITE3 DASHED OBS SOLID/LEFT WINDS

CAPV: O CINV: 0 LCLP: 914
CAPV: 0 CINV: 0 LCLP: 920

}///////i)////

e,

o

A4

// 74 //

///

750
P

Feb

28

Ve

VANY.N

2

Pad

7

Z

X

7]

vl

X
v

/////‘K\X//
// A4 '

L
~20

5

O

| | | | 1
-5 0 S 10 15
SUITE4 DASHED ©OBS SOLID/LEFT WINDS

_wessalfT T4
A

V‘i

K
%

<
\

T

ALTEeCK

R
R

({Q\

\

FEEICC % %

~
—RERERED



MOST COMMON INVERSION FINDING: Suite 4 handles inversions the best, Suite 1 struggles the most,
Suite 2 offers some level of improvement over 1, and Suite 3 sometimes offers modest improvement over 1
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MOST COMMON INVERSION FINDING:

Suite 4 handles inversions the best, Suite 1 struggles the most,

Suite 2 offers some level of improvement over 1, and Suite 3 sometimes offers modest improvement over 1
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MOST COMMON INVERSION FINDING:
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Suite 4 handles inversions the best, Suite 1 struggles the most,
Suite 2 offers some level of improvement over 1, and Suite 3 sometimes offers modest improvement over 1
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There are examples, however, of Suite 4 predicting low-level inversions that are too strong

Sk

RS o

m SONX SE LA ) A
il PN OIAWAYAWTAMYED. BULAR TN N
| ATRYAND AW AW ZE) 2415 % N &
> XSATXNANA VK NIV X S SR
850 , A f"‘ Z’J\\? :\N\\\y’
Wl S C A AV . S VA G YR T ) il

? Va 3
B AV AR 47D/ AVANR" AW AV, W' WEBZAT
AR A ————— T T \

1050 -

1 1
-25 -20 -18 -10 -5 o S 10 15 20 25 30
SUITEY DASHED 0BS SOUD/LEFT WINDS
171019/1200 72248 SHY CAPV: 0 CINV: O LCLP: 998 171019/1200 72248 SHY CAPY: 0 CINV: O LCLP: 998
171019/1200 722480 CAPy: 0 CiNv: O LCLP: 94 171019/1200 722480 CAPV: 0 CINv: O LCLP: 10086

s
s RN XN <\ve

800

\
o) LN
900} H :
%0~ « - - - VA ' - - 4 / . X
1000 A NN G NN N N \ 4 X
% \ \ /" \ A7\ -l FHREP \ WS 14
1050 1/ f/ 1/ l/ l/ |/ 1 1 T T \ 1050 1 | 1 1 1 i/ T 1 T T
-25 -20 -15 -10 20 25 30 -2% -20 -15 - 20 25 30

0 -3 ) S 10 'S
SUITES DASHED  OBS SOUD/LEFT WINDS



There are also examples in which Suite 4 overall handles an inversion the best but is
significantly too warm at the top of the inversion
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MOST COMMON AFTERNOON FINDING:

170911/0000 72458 TOP PV 100 CINV: —189 LCLP: 83
170911 /0000 724560 0 CINV: O LCLP: B36

Suite 4 often overmixes the PBL, leading to the

lower levels being too hot and too dry

17091
1*09!1

/G000 72456 TCP

c C
‘0000 C

IV;

-189 LCLP:
-459 LCLP: 8

83
‘.

500

500

’//

//\/“__q\

550 ‘ | 550/
- / X / / J/m /' i AV TA

M/

/?'.
“—-\N—’H

7

=

—

730~ s e S 730~ =2 siney i RS
800 L i i - /" /{HJ%' ) it} :,///’ 800 v VA I/ . 4‘7“/.) 1 \:/
o SIS ANA Y R X VAT AT N ool VAN SAVAWAVANS A N
ol VAN VAW WY A XA LA ¥/ ol VA N SV, % WAV | i1 M 8
it P ERAVAND AW 4 %fg'u“}/,‘f”‘?% % ‘ﬁ 950 D SRAVAED AW ZA7A ; el s
rovsll IV AN A WS "4 //7/ ] IR TR AW AV 7B ' A %
Z VAW.74 / / / LA AT 1 3 - A SN\ I P\ CAA T AT TR IR 1 -
1050 1 1 T T 1050 Y T | T Y Y T Y T ) ’
-10 -$ 0 5 35 40 45 -10 -$ e 10 1S 2 25 30 40 45
¢UIIE| DASHED OBS JOUD/I.E‘I WINDS SUITES DASHED  0BS SOUID/LEFT WINDS
170911/0000 72456 TOP CAPV: 100 CINV: 183 LCLP: 831 17091 0 300 72450 TOP CAPV: 100 CINV: ~188 LCLP: 831
170911 /0000 724560 CAFY: 0 CiNV: 0 LCLP 851 170911 /0000 724560 CaPv: 0 CINV: O LCLP: 659
500 . . ;
ﬁ ! i / . O A DT & {
A\ 5561~ ' v R anyaaursuny sy . v
f(\'\ 00—~ / kN < _1‘\_ ‘ / A VPR AT [— 4\
d < 650 // / / \ WA, 7 : TN
\(;:‘ 700 4 / ' / / ‘ L / / LA \('/
a7 L o / / / / 77
/:;/ 750 d—— / e /Sf/
# 800 ‘ '
W& o AVAV/ SVATAVAY 7 VAVA‘S’WM N7
o4 500 b A A NN\ AN x AII’ N A WA )
4 i N APLTED A | It 4
{ 000 XL NA N N /f / X AL T LN A TN LA
: AP O U T R ARR RSl g
' 1050 1 T I TS T Y T T
-10 -$ 0 10 25 30 35 40 45
SUITES DASHED 085 SOUD/LEFT WINDS

S 10 15 20 25 30
SUITEZ DASHED  0BS SOUD/LEFT WINDS



170831/0000 74560 ILX
170831 /0000 745600
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MOST COMMON AFTERNOON FINDING:
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Suite 4 often overmixes the PBL, leading to the

lower levels being too hot and too dry
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160426/0000 72249 FWD  CAPV: 2167 CINV: 3 LCLP: 874
160425/1800 722490 CAPV: 1580 CINV: —123 LCLP: 871 60428/0000 722430 CAPV: 3252 CiNV: =37 LLLP: 388

CAPPING INVERSIONS: Suite 4 often mixes out
; Rl o T capping inversions which are critical features in
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- By early evening, the inversion is too weak
in all suites, but it’s completely gone in Suite 4
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SUITE 2 LOW-LEVEL 00z COLD BIAS: Indications of early

decoupling??
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SUITE 3 OCCASIONALLY SHOWS SOME ODD FEATURES IN PROFILES
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Precipitation



Day-5 CONUS Precipitation ETS and Bias (0000 UTC)

ETS Bias
CONUS Precip Skill Scores, f108-r132, 01janZ20168—-10jan2018 00Z Cycle SUITE 1 SU ITE 3

Equitable Threat Score

2
- sultat Suttal SUITE2  SUITE 4
0.31 - aulted sulted
— aultes4 o 151 suited
0.2 g !
2 KEY POINTS:
™ . - Suites 1 and 2 have the highest ETSs,
31&"?? 17p84 10736 ES7¥8 D108 1058 di4 a7 h !-El_l}’?"? 17884 10725 S6%S JB10% 1483 214 oy h While Suite 3 ha.S the Iowest ETS
Difference w.r.t. suitel . ) Difference w.r.t.: suitel X
0.2
= 1 - All four suites have a wet bias at low
thresholds & dry bias at mid-thresholds
J | \ . . o
T T m e e e - ouite 4 has a statistically significantly
erenens ot o e oo bats e 955 sigiionss e o 10098 ot amn Tt worse dry bias than other suites for

amounts between 10-25 mm/24h



Day-5 CONUS Precipitation ETS and Bias (1200 UTC)

CONUS Preclp 3kill Scores, [96—-[120, 01]jan2018—-10jan2018 122 Cycle
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KEY POINTS:

ETSs increase across all four suites

Suites 1 and 2 have the highest ETSs,
while Suite 3 has the lowest ETS

All four suites have a wet bias at low
thresholds that decreases at middle
thresholds (Suites 1-3 = no dry bias)



CONUS Precipitation Bias (0000 UTC)
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KEY POINTS:

- At lower precipitation thresholds, a wet
bias exists at all lead times in all suites

- All four suites have an increasing dry
bias with time at middle thresholds

- Suite 4 has the largest dry bias that
Increases with time at middle and high
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Frequency Bias
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Figure 3. FSS of 6-h accumulated precipitation (mm) for Suite 1 (black), Suite 2 (red), Suite 3 (green),
and Suite 4 (blue) aggregated over the CONUS domain for the entire test period (20160101-20171231)
for all 12 UTC initializations using a neighborhood size of 49 (7 x 7 grid squares). The 72-h, 120-h, and
240-h forecasts are represented by the solid, dashed, and dotted lines, respectively. The vertical bars
surrounding the aggregate value represent the 95% Cls.
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Summary from POSITIVES for SUITE 1 NEGATIVES for SUITE 1

the Model overall the best synoptic scores really struggles with inversions
Evaluation Group
(MEG). overall good tropical cyclone tracks and intensity underdoes instability

low-level cold bias increases with time

POSITIVES for SUITE 2 NEGATIVES for SUITE 2

synoptic scores overall match Suite 1 underdoes instability (maybe more than Suite 1)
matches Suite 1 for tropical tracks/intensity larger low-level cold bias than suite 1

improved handling of inversions even drier than Suite 1 with tropical precip
some improvement on inversions synoptic scores not as good as Suite 1

more representative instability magnitudes increasing warm bias with time

tropical cyclone tracks and intensity are worse

POSITIVES for SUITE 4 NEGATIVES for SUITE 4

shows the most promise for dealing with inversions worse synoptic scores

shows promise for improving instability tends to overmix PBL, leading to hot and dry on
plains

more tropical precipitation too light on extreme precipitation events and lowest

precip bias scores

has the smallest low-level temperature bias struggles with tropical cyclone intensity and track



Some Caveats and Thoughts

All of the runs were with 64 levels; with plans for 96 or 128 levels in GFSv16. How will
this change the results?

Data assimilation cycling was not included and it is not clear how this will impact the
results.

The cause of the cold bias increasing w time in suites with GFDL MP, along with the
Increased cold bias since the radiation fix, is still is not well understood and the physics
testing does not address this issue

Some Material Drawn from the MEG Presentation



