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Background

AMost model physics development takes place for systems run on timescales
global weather ( < 2 weeks), or even shorter: not as much at S2S+ timescal

AWhy? Mostly practical: shorter timescales = more/faster runs

APhysics development for S2S out to climate scales evolves much more slow
separately from NWP (weather) timescale

AParadigm shift (at least at operational centers): consolidate modeling systen
(dynamlcal cores, ansubgridscale physics) to run across many timescales
a Y A y-orimBenia

ALeverage paradigm shift to look at model physicsudtseasondimescales



Paradigm shift at NOAA: UFS and CCPP

ANOAA is consolidating its modeling systems WS

ACurrent operations:
ARuns out to 16 days done bBymosphere+waveGFS/GEFS
ARuns out to 45 days (and beyond) donefidly-coupled
AGFS/GEFS have very different physics schemes than CFSv2

A& C_ HnHNnZ |ff 2F bh! ! Qa 2LISNI GAZ2Y
from 0-35+ dayswill be consolidated into aingle UF$hased model(GEFSv13)
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Paradigm shift at NOAA: UFS and CCPP

Common Community Physics Package (CCPP) Ecosystem

ACCPP: Common Community Physics Package

Open Community, play
~ in local sandboxes
(never commit) niversities

Open Community,
o2, commit when
¢ collaborating

AStrips (atmospheric) physics out of dynamical corey*
allows for easy replacement of physshemesnd :
entire physicsuites

Core partners (review
committee) determine
elevation to supported

EMC controls Others TBD
contents of
operational

physics suites

ACommon framework used by operations (NOAA/EMC)
and research partners

Credit; DTC website

AThis project: Leverage CCPP to swap in alternative parameterizations for

convection, cloud microphysics, and planetary boundary layesifbseasonal
UFS runs



Project setupif 2019 when proposal was written)

Al &S -aaybYSE GSada GKFEOG agl LI LI NI YS
microphysics, and PBL to examine impact of these schemes on coupled UF
subseasonaluns

Al SOSN)F IS 2y3I2Ay3 0O2dzL SR ! C{ RSOSH

Experiment # Experiment Nameg Convection | Boundary Layenl Microphysics
1 UFS P5 SASAS EDMF GFDL
2 GF GF EDMF GFDL
3 MYNN SASAS MYNN GFDL
4 Thompson SASAS EDMF Thompson

AGF, MYNN, and Thompson schemes are developed by NOAA/GSL, NCAR,
other partners primarily for use in higiesolution shortrange NWP

AComparing Experiment 1 to 2, 3, or 4 gives insight into impacts of
convection/PBL/microphysicaccelerating S2S physics development



Project setupkly 2022 as project ended)

O2 dzl¥ES B K| SOE

AL GUAT ¢
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9a/ Qa

one-at-a-time physics testing:

Experiment #| Experiment Namg Convection | Boundary Layerl Microphysics
oa UFS P5 SASAS EDMF GFDL
5b GF 5 GF EDMF GFDL
5¢c MYNN_5 SASAS MYNN GFDL
5d THOM 5 SASAS EDMF Thompson
7a UFS P SASAS EDMF GFDL
7b GF7 GF EDMF GFDL
8a UFS P8 SASAS EDMF Thompson
8b GFDL_8 SASAS EDMF GFDL

LINI

AEMC switched their control microphysics from GFDL to Thompson for P8 ba
on mediumrange results

ACompare (5a,b,c,d), (7a,b), (8a,b) to see impacts of physics changes (both

Isolated¢ within one prototype, and cumulative across prototypes)



Experimental design: more details

ARun 5 additional sets of experiments (see previous slide). Follow protocol fo
9a/ Qa O2dzLX SR 'y C{ LINP 20@1LJSa F2NJ S
Alnitialize Btand 13" of every month from 1 April 2011 through 15 March 2018 case)s
AC384 (~25 km) resolution: dail§x1° output on isobaric & surface levels
A35-day runs

ACMEPS mediator used to couple the following models: FV3 atmosphere, MOMG6 oces
CICEG6 sea ice, WW3 wave

ASome notes:
AlIn our P5 tests, 3 crashed cases (1/168 in MYNN, 2/168 in Thompson) due to ice moi
Issues. We can get statistically meaningful results without these cases
AP5: 64 vertical layers, dt=450s. P7 and P8: 127 vertical layers, dt=300s
At 1T ty YSSR YdzOK Y2NB /t! OGKFYy tpY [2Yy3ISN ¢
AGrowing pains of UFS: MYNN unable to run in P7; Thompson had unreadistiin P7.
Continued efforts throughout NOAA should prevent such issues going forward

AUnique opportunity to isolate microphysics impact for P7 (GBDPB (Thompson)



What do we want to investigate?

ABiases
AT2m and precipitation are meaningful for enders of S2S products
AGlobal circulation biases are important too, due to teleconnections on S2S timescales
AMaps (spatial patterns)
AVertical profiles (horizontally aggregated): Easy illustration of temporal evolution of bie

ADeterministic skill scores: ACs for Z500 & RMM index (MJO); HB&cipr

AMulti-physics ensembles: Research questaiy (untenable in ops), but expect
forecast skill could be improved

Ab20SY az2NB | ROFVMEGRR 060 RWNAYZ2&EA A Oa
tape, happy to share!). Important to document/mitigate biases




Results: Prototype 5

APrototype 5 run in 2020 (a lifetime ago in UFS development)

A4 experiments:
Ad! C{ytpéyY 9a/ O2Yy (NPt
AGDCyYpéyY !'aS DC O2y@SOGA2Yy AYyaluSIR 27F {
Ada bbypéyY 'aS a,_ bb t.[ AYyauaSIR 2F RSTI
Adcl haypéy !'asS ¢K2YLAZ2Y at AYyaluSIR 27F F

AP5 was the only round in which all 3 additional experiments were run

AReminder for later: Careful not to generalize beyond P5 results from any sct
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Bias ufs_p5; mean=-0.419
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P5 results: SST bias

AUsing OSTIA as truth
AWeeks3-4, UFS P5 vs. MYNN 5

AMYNN_5 cooler than UFS_P5 almost
everywhere (exception: ITCZ); recall MYN
has cooler T2m over all land

Bias mynn_minus_ufs_p5; mean=-0.266
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P5 results: T2m biawver land and SST

AComparing UFS_P5 (control) vs. MYNN_5: MYNN_5 consistently colder
ATrue across almost all land masses
ATrue across seasons (not shown)
ATrue over all lead times (only week 1 vs. weeksshown)

ABias patterns from week 1 to weekst3are quite similar, just growing in
magnitude with increasing lead time

ASST biases grow more slowly than T2m, but MYNN_5 colder than UFS_P5
everywhere (exception: ITCZ)

AAthought:. Al 3Sa P2MRBS NI INRIOBaaSaégd o0Sd3a(
timescales may be reduced by tuning based on shorter ¢unases may be

GoF 1SR Ayé | FUSNI FANRGO 9m 6SS1 o

a Z
A. dzi  0KA& LRIOISYOGAFf &aK2N2RBSNX mmBééééSa
iInfluencing T2m)



P PR IR RS PE results: QPF bia
| | - ACompare UFS_P5 (top)
NN Sl . With GF 5 (middle):

| ; | [ - TRMM as truth

7 Week1 UFS_P5bias - 71 Weeks 3 UFS_P5 bias jADifference olotted on
S I e e N RO R = = —+  bottom row

- Eune | o . - AGF_5 has smaller globa
.- a2 : vt o ‘I mean bias than UFS Pt
mi Week 1 GFF 5 blas | imi Week534 GF 5 blas : ASyStematiC drylng in

. Bias‘gfl_n;ir;us‘ ufs_;WJS‘ n‘weal Io‘247 - m‘m/d;y - Bias gf minus ufs_:oEa‘ n‘weal Io‘256 - m‘m/dlay GF—5 relatlve tO UFS—P
| - AWeek 1 plots look very

| oo - similar to weeks 3!

- son L JENAE SRS -~ plots

o Week 1 GF_ 5m|nus UFS P5 o Week334 GF__ 5m|nus UFS P5
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: Weeks 34 THOM 5 minus UFS P5

T m = P5 results: QPF bia
- ACompare UFS_P5 (top)
- - with THOM_5 (middle
| { e { left) and MYNN_5
| Weeks 3 UFS_ P5 blas ™7 Weeks 3 UFS_ P5 blas i (m|dd|e nght)’ TRMM as
Bias thom; mean-0.898 mmday | Besmynmmean08i2 mm/day truth
N ' ADifference plotted on
. ~ bottom row
it ,- g g | ' ATHOM_5 differs most
Weeks 34 THOM_5 bias 1. Weeks 4 ‘MIY‘NN 5 blas | from UFS P5 in
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~ (moisture fluxes from
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P5 results: Precipitation biases

ABiases become quite established within the first week (only shown for GF_5
UFS_P5)

AGF_5 most different from UFS_P5 in tropics (convegtigeip)

ATHOM_5 most different from UFS_P%kiratropics(stratiform precip)

AMYNN_5 most different from UFS_P5 in tropics (moisture fluxes from ocean

APrecipitation biases useful for engers, but model tuning for QPF notoriously
difficultcYF & 06S dzaS¥F¥dzZA G2 221 FdG OANIDC




P5 results: Circulation biases
AWeeks 34 predictability for T2m (and especially QPF) is very low

AMid-latitude subseasonapredictions rely heavily on teleconnections with tropi
AMass/momentum biases might give some insight into global teleconnections

ANext, look at Z500 and U200



Bias ufs_p5; mean=5.495

Bias ufs_p5; mean=0.333
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P5: 2500, U200

ABias evolution slower:
only show weeks-3

- ASeasonal breakdown

even noisier

. ABoth GF_5 and UFS_P*

have high Z500 bias,
especially in SH

- ADiff field shows GF_5 he

higher heights in tropics
and lower heights in NH
extratropics more
baroclinicity

- AU200 extremely noisy
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Temporal evolution of biases

Aal LJA& | NB dzaSFTdzZ F2NJ ARSYUGAFeAy3a 3I€
show temporal evolution

ANext set of plots: Average biases over a large spatial area (globe, hemisphe
tropical band) and show temporal evolution as a function of height

AThese height @axis) vs. time gaxis) plots will give a general sense of how
quickly mearstate biases become established



P5 results: Global temperature bias (vs. CFSI

Daily-Averaged TMP (GL) MERR: 2011040100-2018031500

UFS_PS GF 5 ATroposphere has a nearly monotonic
- w temperature increase with increasing
6 — — . lead time; stratosphere has opposite

-/ G :  Patem

Height (km)
|
|
|
||‘
Height (km)

A Consistent with earlier: Could potentially
look at biases In first ~2 weeks to get a

250 — =
300 <
b 8
400 —
x“——q_
500 B

V£ A sense of biases in weeks43
| e P — AMay allow forshorter runs to guide some
5 10 T\Ale\oleé 30 35 5 10 lllec;oM_ga 30 35 SubseasonaphySICS development

ASwitch from warm troposphere to cold
< stratosphere: reduced static stability
near tropopause

200 —

Height (km)
Height (km)

= LT £ AMYNN_5 (recall: 2020 version) has
w1 . < largest biases below 850mb, but
s smallest biases in rest of troposphere
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P5 results: Reg|onal temperature bias (vs. CF:

Daily-Averaged TMP (GL) MERR: 2011040100-2018031500 Daily-Averaged TMP (NH) MERR: 2011040100-2018031500
UFS P5 GF_5

T T ANH & SH (21880°) more similar to each
| other (and to global) than tropic£20°)

N W | ABiggest differences between NH and SH
s wwwes C o ThoWS C below 700mb: makes sense as NH has
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Height (km)
i

v B

| |

l ﬂ ‘

[

I

|

{ |

|

|

|

; | I
Height (km)

Height (km)
Height (km)

a

5 88 2% gz 2
2 838 8 8

g
g
y.

: \é much more land than SH
o :[> o ) . :> . - :\‘\ /\\\ .
1§ Lo , F— Wi f\_\l,ﬁ‘,ﬁ _ _ _
Dot e s ATTOpPICS dO reveal some interesting
4 -3-25-2-15 -1 05 0 05 115 2 25 r I r V m I n r I n
Daily-Averaged TMP (SH) MERR: 2011040100-2018031500 Daily- Averaged TMP (TR) MERR: 2071040100-2018031500

UFS_P5

Che features: | | |
A500mb is locally cooler in all experiments
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P5 results: Global Q bias (CFSR)

Daily-Averaged Q (GL) MERR: 2011040100-2018031500

s P G5 ATroposphere has nearly monotonic
R i == moisture increase w/ increasing lead
] time
\C- E wl 3 AE_xception: MYNN_5 has nearly constant

N : N g 1as
VAN B VSN * Aln general, coulteverage shorter (22

— . week) runs to get insight inteubseasonal

— = biases
o oowmwws o mwoms  AMYNN_5 (2020 version) most differen

p E— | from UFS_P5 below ~700mb
o ~ ATHOM_ 5 most similar to UFS_P5
Cj < = throughout
T AGF 5 has more moisture throughout
w o ?
[ (recall GF_5 has less precipitation tha

UFS P5)
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Summary: P5 biases

AFor many fields, regardless of which UFS experiment, bias magnitude incre:
with increasing lead time

APotential to discersubseasonalength biases through shorter - week) runs
AFits well with URBased GEFSv13 paradign8®day runs all from same model

Ab20 32Ay3 (G2 3ISH Ayid2 doKAOK A& 0S8
have changed substantially since 2020 (when P5 was run)
Almpact of changing baseline UFS prototype will be examined later

ABiases only tell part of the story: want to look now at skill scores
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P5 results: Z500 anomaly correlations

NH 500 mb Height ( wave 1-20 AC )

+—t cTL
O—a GF
[ & MYMNMN

F—Ft] THOM

——

1818
Forecast days

SH 500 mb Height ( wave 1-20 AC )

ANot a commorsubseasonainetric, but important for
mediumrange weather (UFBased GEFSv13 will cov
days 035+)

1 ADifferencesnot statistically significant:

AException: THOM_5 worse than UFS_P5 in NH fol22b



P5 results: MJO skill

MJO skill: RMM1+RMM2 MJO skill: RMM1 MJO skill: RMM2
20110401-20180315 20110401-20180315
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Lead day Lead day Lead day

A Differences not statistically significant

AMYNN_5 appears less skillful due to:
A Worse RMM2 skill (also somewhat RMM1)

A Worse U850 skill: 850mb is closer to PBL, so not surprising this experiment differs there “



P5 results: QPF skill (HSS) over CONUS

Heidke Skill Score (AllSeasons) - Week 3-4: 2011040100 - 2018031500

AAggregated over whole year

ANo one scheme is consistently
better/worse than any other

ABy weeks 3+4, all experiments have
areas of HSS < 0 (worse than random)

100 '

Week 1 Week 2 Week 3 Week 4 Week 3-4



P5 results: QPF skill over CONdd8ing MME

APrevious studies have shown benefits of maoibdel ensembles (MMES)
iIncluding multiphysics ensembles (MPESs) $oibseasongbrediction

AHere, only a research curiosityot operationally feasible

Alnterestingly, MME (MPE) only does betteslightlyc in combined weeks 3+4

100

80 +—————— -

e MR VYNN 5[

40 -
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P5 results: summary

AFor several different fields, mean state biases become established in the-2irs
weeks, then grow monotonically into trseibseasonal

AGood news for UFBased GEFSv13: all global operational forecasts for dags Will be
done by one single model (can infarbseasondbiases from shorteterm biases)

AUFSO I SR at9 y20 2LISNY GA2ylFfttftée TSI a
configuration in the one metric considered (QPF HSS over CONUS)

ANo one experlment Is uniformly better (or worse) than any other: dependenc
2y OF NAFOf SKLIKSY2YSyYy2y 2F AYUISNBAaIL

AAre some of the more specific findings within P5 framework applicable to other UFS
coupledsubseasongbrototypes?



Impact of changing baseline: R5P7

AUFS development from partners throughout R20 funnel: good, but rapid pac

AExample: Want to test 2 radiation schemes: Scheme R1 against Scheme R:

ADuring testing, others may be changing radiation schemes (R1 and/or R2), land surfa
schemes, atmospheric dynamics, airfoceancoupktg | £t € | NB A Y U SN

AHow applicable is your R1 vs. R2 test when various changes have been made?

AP5 was based on UFS code from 2020: P5 runs and evaluation took almost
ALYLIZaaArAoftS (2 YIS NBO2YYSYRFUOAZ2YA TNEP
AWhat to do?Pivot!

AbSg AUGNXGS3Iey wSLISIHU LKeéearaOa GSada
AGrowing pains: Issues with MYNN PBL and Thompson MP in P7, so only GF vs. SAS



An incomplete list of changes between P5 and P
ATimestep: 4504, 300s (increased CPU cost)

AVertical layers: 64, 127 (also increased CPU cost)
AAtmospheric initial conditions: CF8RGEFSv12
ALand mask: NofractionalA fractional

ALand model: NoalA, NoahMP

ANSST ofy, NSST on (NSST simulates SST diurnal cycle)



Weeks 34 T2m bhias, SASAS vs GF In P5 and

P5, verified againsTFSR | .. - ki;{ P7, verified againS6EFSv12
All 168 cases o PR “N All 168 cases

Bias gf fs_p5; mean=-0.079 deg K ean=0.037 deg K
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ANote: Verifying analysis changed to be consistent with updated ICs

Almpact of going from SASAS to GF (bottom right panels):
A Consistencies (both P5 and P7): Cooling over Siberia; warming over China
Alnconsistencies: Everywhere else, including global mean (GF cooler in P5, warmer in
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Weeks A QPF bias, SASAS vs. GF in P5 and

P5, verified against TRMM P7, verified against TRMM
All 168 cases All 168 cases
UFS_P5 bias UFS_P7 bias
GF_5 bias GF_5 minus UFS_P5 GF_7 bias GF_7 minus UFS_P7
Almpact of going from SASAS to GF (bottom right panels):

A Consistencies: Global drying trend; locally wetter near Maritime Continent
Alnconsistencies: GF drying relative to SASAS is weakened in P7



