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Background
ÅMost model physics development takes place for systems run on timescales of 

global weather ( < 2 weeks), or even shorter: not as much at S2S+ timescales
ÅWhy? Mostly practical: shorter timescales = more/faster runs

ÅPhysics development for S2S out to climate scales evolves much more slowly, and 
separately from NWP (weather) timescale

ÅParadigm shift (at least at operational centers): consolidate modeling systems 
(dynamical cores, and subgrid-scale physics) to run across many timescales ς
άƳƛƴǳǘŜǎ-to-milleniaέ

ÅLeverage paradigm shift to look at model physics at subseasonaltimescales
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Paradigm shift at NOAA: UFS and CCPP
ÅNOAA is consolidating its modeling systems into UFS

ÅCurrent operations:
ÅRuns out to 16 days done by atmosphere+waveGFS/GEFS

ÅRuns out to 45 days (and beyond) done by fully-coupled CFSv2

ÅGFS/GEFS have very different physics schemes than CFSv2

Å.ȅ C¸нлнпΣ ŀƭƭ ƻŦ bh!!Ωǎ ƻǇŜǊŀǘƛƻƴŀƭ Ǝƭƻōŀƭ 9ŀǊǘƘ ǎȅǎǘŜƳ ǇǊŜŘƛŎǘƛƻƴ ŦƻǊ ƭŜŀŘ ǘƛƳŜǎ 
from 0-35+ dayswill be consolidated into a single UFS-based model (GEFSv13)
Å/ƘŀƭƭŜƴƎŜΥ 9ƴǎǳǊŜ ƳƻŘŜƭ Ƙŀǎ άǊŜŀǎƻƴŀōƭŜέ ǎƪƛƭƭ ŦǊƻƳ Řŀƛƭȅ ǘƻ subseasonaltime scales
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Paradigm shift at NOAA: UFS and CCPP
ÅCCPP: Common Community Physics Package

ÅStrips (atmospheric) physics out of dynamical core;
allows for easy replacement of physics schemesand
entire physics suites

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

ÅThis project: Leverage CCPP to swap in alternative parameterizations for 
convection, cloud microphysics, and planetary boundary layer for subseasonal
UFS runs
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Project setup (in 2019, when proposal was written)
Å¦ǎŜ άƻƴŜ-at-a-ǘƛƳŜέ ǘŜǎǘǎ ǘƘŀǘ ǎǿŀǇ ǇŀǊŀƳŜǘŜǊƛȊŀǘƛƻƴǎ ƻŦ ŎƻƴǾŜŎǘƛƻƴΣ 

microphysics, and PBL to examine impact of these schemes on coupled UFS 
subseasonalruns

Å[ŜǾŜǊŀƎŜ ƻƴƎƻƛƴƎ ŎƻǳǇƭŜŘ ¦C{ ŘŜǾŜƭƻǇƳŜƴǘ ŀǘ 9a/ όǘƘŜȅ Ǌǳƴ 9ȄǇŜǊƛƳŜƴǘ άмέύΥ

ÅGF, MYNN, and Thompson schemes are developed by NOAA/GSL, NCAR, and 
other partners primarily for use in high-resolution short-range NWP

ÅComparing Experiment 1 to 2, 3, or 4 gives insight into impacts of 
convection/PBL/microphysics, accelerating S2S physics development
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Experiment # Experiment Name Convection Boundary Layer Microphysics

1 UFS_P5 SASAS EDMF GFDL

2 GF GF EDMF GFDL

3 MYNN SASAS MYNN GFDL

4 Thompson SASAS EDMF Thompson



Project setup (by 2022, as project ended)
Å{ǘƛƭƭ ǳǎƛƴƎ 9a/Ωǎ ŎƻǳǇƭŜŘ ¦C{ ǇǊƻǘƻǘȅǇŜǎ  όǘƘŜȅ Ǌǳƴ άXaέ ǿƘŜǊŜ · Ґ рΣ тΣ уύ ǘƻ Řƻ 

one-at-a-time physics testing:

ÅEMC switched their control microphysics from GFDL to Thompson for P8 based 
on medium-range results

ÅCompare (5a,b,c,d), (7a,b), (8a,b) to see impacts of physics changes (both 
isolated ςwithin one prototype, and cumulative ςacross prototypes)

6

Experiment # Experiment Name Convection Boundary Layer Microphysics

5a UFS_P5 SASAS EDMF GFDL

5b GF_5 GF EDMF GFDL

5c MYNN_5 SASAS MYNN GFDL

5d THOM_5 SASAS EDMF Thompson

7a UFS_P7 SASAS EDMF GFDL

7b GF_7 GF EDMF GFDL

8a UFS_P8 SASAS EDMF Thompson

8b GFDL_8 SASAS EDMF GFDL



Experimental design: more details
ÅRun 5 additional sets of experiments (see previous slide). Follow protocol for 
9a/Ωǎ ŎƻǳǇƭŜŘ ¦C{ ǇǊƻǘƻǘȅǇŜǎ ŦƻǊ ŜŀŎƘ ŜȄǇŜǊƛƳŜƴǘΥ
ÅInitialize 1st and 15th of every month from 1 April 2011 through 15 March 2018 (168 cases)

ÅC384 (~25 km) resolution: daily 1°x1° output on isobaric & surface levels

Å35-day runs

ÅCMEPS mediator used to couple the following models: FV3 atmosphere, MOM6 ocean, 
CICE6 sea ice, WW3 wave

ÅSome notes:
ÅIn our P5 tests, 3 crashed cases (1/168 in MYNN, 2/168 in Thompson) due to ice model 

issues. We can get statistically meaningful results without these cases

ÅP5: 64 vertical layers, dt=450s. P7 and P8: 127 vertical layers, dt=300s
ÅtтΣ tу ƴŜŜŘ ƳǳŎƘ ƳƻǊŜ /t¦ ǘƘŀƴ tрΥ [ƻƴƎŜǊ ǿŀƛǘ ǘƛƳŜ ŦƻǊ ǊŜǎǳƭǘǎΤ ŎŀƴΩǘ ǘŜǎǘ ŀǎ Ƴŀƴȅ ǎŎƘŜƳŜǎ

ÅGrowing pains of UFS: MYNN unable to run in P7; Thompson had unrealistic precipin P7. 
Continued efforts throughout NOAA should prevent such issues going forward

ÅUnique opportunity to isolate microphysics impact for P7 (GFDL) ĄP8 (Thompson)7



What do we want to investigate?
ÅBiases
ÅT2m and precipitation are meaningful for end-users of S2S products

ÅGlobal circulation biases are important too, due to teleconnections on S2S timescales

ÅMaps (spatial patterns)

ÅVertical profiles (horizontally aggregated): Easy illustration of temporal evolution of bias

ÅDeterministic skill scores: ACs for Z500 & RMM index (MJO); HSS for precip

ÅMulti-physics ensembles: Research question only (untenable in ops), but expect 
forecast skill could be improved

ÅbƻǘŜΥ aƻǊŜ ŀŘǾŀƴŎŜŘ όάǇǊƻŎŜǎǎ-ōŀǎŜŘέύ ŘƛŀƎƴƻǎǘƛŎǎ ƭŜŦǘ ǘƻ ƻǘƘŜǊǎ όŘŀǘŀ ƛǎ ƻƴ 
tape, happy to share!). Important to document/mitigate biases 
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Results: Prototype 5
ÅPrototype 5 run in 2020 (a lifetime ago in UFS development)

Å4 experiments:
Åά¦C{ψtрέΥ 9a/ ŎƻƴǘǊƻƭ

ÅάDCψрέΥ ¦ǎŜ DC ŎƻƴǾŜŎǘƛƻƴ ƛƴǎǘŜŀŘ ƻŦ {!{!{

Åάa¸bbψрέΥ ¦ǎŜ a¸bb t.[ ƛƴǎǘŜŀŘ ƻŦ ŘŜŦŀǳƭǘ DC{ t.[

Åά¢IhaψрέΥ ¦ǎŜ ¢ƘƻƳǇǎƻƴ at ƛƴǎǘŜŀŘ ƻŦ ŘŜŦŀǳƭǘ DC5[ at

ÅP5 was the only round in which all 3 additional experiments were run

ÅReminder for later: Careful not to generalize beyond P5 results from any scheme!
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UFS_P5 bias

MYNN_5 bias

MYNN_5
minus
UFS_P5

Week 1

Week 1

Week 1

P5 results: T2m bias
ÅCompare UFS_P5 (top) 

with MYNN_5 (middle) 
land biases (CFSR as 
truth)

ÅDifference plotted on 
bottom row

ÅSystematic cooling in 
MYNN_5 compared with 
UFS_P5

ÅWeeks 3-4: Patterns 
extremely similar to 
week 1!

UFS_P5 bias

MYNN_5 bias

MYNN_5
minus
UFS_P5

Weeks 3-4

Weeks 3-4

Weeks 3-4



P5 results: SST bias
ÅUsing OSTIA as truth

ÅWeeks 3-4, UFS_P5 vs. MYNN_5

ÅMYNN_5 cooler than UFS_P5 almost 
everywhere (exception: ITCZ); recall MYNN_5 
has cooler T2m over all land
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UFS_P5 bias

MYNN_5 bias MYNN_5 minus UFS_P5



P5 results: T2m bias over land, and SST
ÅComparing UFS_P5 (control) vs. MYNN_5: MYNN_5 consistently colder
ÅTrue across almost all land masses

ÅTrue across seasons (not shown)

ÅTrue over all lead times (only week 1 vs. weeks 3-4 shown)

ÅBias patterns from week 1 to weeks 3-4 are quite similar, just growing in 
magnitude with increasing lead time

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

ÅA thought:.ƛŀǎŜǎ ŦǊƻƳ άŦƛǊǎǘ-ƻǊŘŜǊ ǇǊƻŎŜǎǎŜǎέ όŜΦƎΦΣ t.[ ƛƴŦƭǳŜƴŎƛƴƎ ¢нƳύ ŀǘ {н{ 
timescales may be reduced by tuning based on shorter runs ςbiases may be 
άōŀƪŜŘ ƛƴέ ŀŦǘŜǊ ŦƛǊǎǘ Ϥм ǿŜŜƪΦ aƻǊŜ ƻƴ ǘƘƛǎ ƭŀǘŜǊΧ
Å.ǳǘ ǘƘƛǎ ǇƻǘŜƴǘƛŀƭ ǎƘƻǊǘŎǳǘ ƭƛƪŜƭȅ ǿƻƴΩǘ ǿƻǊƪ ŦƻǊ άǎŜŎƻƴŘ-ƻǊŘŜǊ ǇǊƻŎŜǎǎŜǎέ όŜΦƎΦΣ ŎƻƴǾŜŎǘƛƻƴ 

influencing T2m)
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P5 results: QPF bias
ÅCompare UFS_P5 (top) 

with GF_5 (middle); 
TRMM as truth

ÅDifference plotted on 
bottom row

ÅGF_5 has smaller global 
mean bias than UFS_P5

ÅSystematic drying in 
GF_5 relative to UFS_P5

ÅWeek 1 plots look very 
similar to weeks 3-4 
plots

UFS_P5 biasWeek 1

GF_5 biasWeek 1

GF_5 minus UFS_P5Week 1

UFS_P5 biasWeeks 3-4

GF_5 biasWeeks 3-4

GF_5 minus UFS_P5Weeks 3-4



14

P5 results: QPF bias
ÅCompare UFS_P5 (top) 

with THOM_5 (middle 
left) and MYNN_5 
(middle right); TRMM as 
truth

ÅDifference plotted on 
bottom row

ÅTHOM_5 differs most 
from UFS_P5 in 
extratropics

ÅMYNN_5 differs most 
from UFS_P5 in tropics 
(moisture fluxes from 
ocean?)

UFS_P5 biasWeeks 3-4

THOM_5 biasWeeks 3-4

THOM_5 minus UFS_P5Weeks 3-4

UFS_P5 biasWeeks 3-4

MYNN_5 biasWeeks 3-4

MYNN_5 minus UFS_P5Weeks 3-4



P5 results: Precipitation biases
ÅBiases become quite established within the first week (only shown for GF_5 & 

UFS_P5)

ÅGF_5 most different from UFS_P5 in tropics (convective precip)

ÅTHOM_5 most different from UFS_P5 in extratropics(stratiform precip)

ÅMYNN_5 most different from UFS_P5 in tropics (moisture fluxes from ocean?)

ÅPrecipitation biases useful for end-users, but model tuning for QPF notoriously 
difficult ςƳŀȅ ōŜ ǳǎŜŦǳƭ ǘƻ ƭƻƻƪ ŀǘ ŎƛǊŎǳƭŀǘƛƻƴ ōƛŀǎŜǎ ŦƛǊǎǘΧ
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P5 results: Circulation biases
ÅWeeks 3-4 predictability for T2m (and especially QPF) is very low

ÅMid-latitude subseasonalpredictions rely heavily on teleconnections with tropics

ÅMass/momentum biases might give some insight into global teleconnections

ÅNext, look at Z500 and U200
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P5: Z500, U200
ÅBias evolution slower; 

only show weeks 3-4

ÅSeasonal breakdown 
even noisier

ÅBoth GF_5 and UFS_P5 
have high Z500 bias, 
especially in SH

ÅDiff field shows GF_5 has 
higher heights in tropics 
and lower heights in NH 
extratropics: more 
baroclinicity

ÅU200 extremely noisy

UFS_P5 biasZ500

GF_5 biasZ500

GF_5 minus UFS_P5Z500

UFS_P5 biasU200

GF_5 biasU200

GF_5 minus UFS_P5U200



Temporal evolution of biases
ÅaŀǇǎ ŀǊŜ ǳǎŜŦǳƭ ŦƻǊ ƛŘŜƴǘƛŦȅƛƴƎ ƎŜƻƎǊŀǇƘƛŎ ǊŜƎƛƻƴǎ ƻŦ ƛƴǘŜǊŜǎǘΣ ōǳǘ ŎŀƴΩǘ Ŝŀǎƛƭȅ 

show temporal evolution

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

ÅThese height (y-axis) vs. time (x-axis) plots will give a general sense of how 
quickly mean-state biases become established
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P5 results: Global temperature bias (vs. CFSR)
ÅTroposphere has a nearly monotonic 

temperature increase with increasing 
lead time; stratosphere has opposite 
pattern
ÅConsistent with earlier: Could potentially 

look at biases in first ~1-2 weeks to get a 
sense of biases in weeks 3-4
ÅMay allow for shorter runs to guide some 

subseasonalphysics development

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

ÅMYNN_5 (recall: 2020 version) has 
largest biases below 850mb, but 
smallest biases in rest of troposphere
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UFS_P5 GF_5

MYNN_5 THOM_5



P5 results: Regional temperature bias (vs. CFSR)
ÅNH & SH (20°-80°) more similar to each 

other (and to global) than tropics (±20°)
ÅBiggest differences between NH and SH are 

below 700mb: makes sense as NH has 
much more land than SH

ÅTropics do reveal some interesting 
features:
Å500mb is locally cooler in all experiments

ÅGF_5 is remarkably similar to UFS_P5

20
Note colorbarchanges scale

Note colorbarchanges scale

UFS_P5 GF_5

MYNN_5 THOM_5

UFS_P5 GF_5

MYNN_5 THOM_5

UFS_P5 GF_5

MYNN_5 THOM_5

UFS_P5 GF_5

MYNN_5 THOM_5



P5 results: Global Q bias (CFSR)
ÅTroposphere has nearly monotonic 

moisture increase w/ increasing lead 
time
ÅException: MYNN_5 has nearly constant Q 

bias
ÅIn general, could leverage shorter (1-2 

week) runs to get insight into subseasonal
biases

ÅMYNN_5 (2020 version) most different 
from UFS_P5 below ~700mb

ÅTHOM_5 most similar to UFS_P5 
throughout

ÅGF_5 has more moisture throughout 
(recall GF_5 has less precipitation than 
UFS_P5)
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UFS_P5 GF_5

MYNN_5 THOM_5



Summary: P5 biases
ÅFor many fields, regardless of which UFS experiment, bias magnitude increases 

with increasing lead time

ÅPotential to discern subseasonal-length biases through shorter (1-2 week) runs
ÅFits well with UFS-based GEFSv13 paradigm: 0-35 day runs all from same model

Åbƻǘ ƎƻƛƴƎ ǘƻ ƎŜǘ ƛƴǘƻ άǿƘƛŎƘ ƛǎ ōŜǘǘŜǊέΥ ŀƭƭ ƳƻŘŜƭ ŎƻƳǇƻƴŜƴǘǎ όƛƴŎƭǳŘƛƴƎ ǇƘȅǎƛŎǎύ 
have changed substantially since 2020 (when P5 was run)
ÅImpact of changing baseline UFS prototype will be examined later

ÅBiases only tell part of the story: want to look now at skill scores
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P5 results: Z500 anomaly correlations
ÅNot a common subseasonalmetric, but important for 

medium-range weather (UFS-based GEFSv13 will cover 
days 0-35+)

ÅDifferences not statistically significant:
ÅException: THOM_5 worse than UFS_P5 in NH for 120-192h
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P5 results: MJO skill

ÅDifferences not statistically significant

ÅMYNN_5 appears less skillful due to:
ÅWorse RMM2 skill (also somewhat RMM1)
ÅWorse U850 skill: 850mb is closer to PBL, so not surprising this experiment differs there
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UFS_P5
GF_5
MYNN_5
THOM_5

UFS_P5
GF_5
MYNN_5
THOM_5

UFS_P5
GF_5
MYNN_5
THOM_5

UFS_P5
GF_5
MYNN_5
THOM_5

UFS_P5
GF_5
MYNN_5
THOM_5

UFS_P5
GF_5
MYNN_5
THOM_5



P5 results: QPF skill (HSS) over CONUS
ÅAggregated over whole year

ÅNo one scheme is consistently
better/worse than any other

ÅBy weeks 3+4, all experiments have
areas of HSS < 0 (worse than random)
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THOM_5
MYNN_5
GF_5
UFS_P5



ÅPrevious studies have shown benefits of multi-model ensembles (MMEs) 
including multi-physics ensembles (MPEs) for subseasonalprediction

ÅHere, only a research curiosity: not operationally feasible

ÅInterestingly, MME (MPE) only does better ςslightly ςin combined weeks 3+4

P5 results: QPF skill over CONUS, adding MME
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MME
THOM_5
MYNN_5
GF_5
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ÅFor several different fields, mean state biases become established in the first 1-2 
weeks, then grow monotonically into the subseasonal
ÅGood news for UFS-based GEFSv13: all global operational forecasts for days 0-35+ will be 

done by one single model (can infer subseasonalbiases from shorter-term biases)

ÅUFS-ōŀǎŜŘ at9 ƴƻǘ ƻǇŜǊŀǘƛƻƴŀƭƭȅ ŦŜŀǎƛōƭŜΣ ŘƛŘƴΩǘ Řƻ ōŜǘǘŜǊ ǘƘŀƴ ŀƴȅ ƛƴŘƛǾƛŘǳŀƭ 
configuration in the one metric considered (QPF HSS over CONUS)

ÅNo one experiment is uniformly better (or worse) than any other: dependencies 
ƻƴ ǾŀǊƛŀōƭŜκǇƘŜƴƻƳŜƴƻƴ ƻŦ ƛƴǘŜǊŜǎǘΣ ƭŜŀŘ ǘƛƳŜΣ ƎŜƻƎǊŀǇƘƛŎ ƭƻŎŀǘƛƻƴΧ
ÅAre some of the more specific findings within P5 framework applicable to other UFS 

coupled subseasonalprototypes?

P5 results: summary
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Impact of changing baseline: P5 Ą P7
ÅUFS development from partners throughout R2O funnel: good, but rapid pace!

ÅExample: Want to test 2 radiation schemes: Scheme R1 against Scheme R2
ÅDuring testing, others may be changing radiation schemes (R1 and/or R2), land surface 

schemes, atmospheric dynamics, air/ocean coupling, etcΧ ŀƭƭ ŀǊŜ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘΗ

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

ÅP5 was based on UFS code from 2020; P5 runs and evaluation took almost 1 year
ÅLƳǇƻǎǎƛōƭŜ ǘƻ ƳŀƪŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦǊƻƳ άŀƴŎƛŜƴǘέ ŎƻŘŜ

ÅWhat to do? Pivot!

ÅbŜǿ ǎǘǊŀǘŜƎȅΥ wŜǇŜŀǘ ǇƘȅǎƛŎǎ ǘŜǎǘǎ ŦǊƻƳ tр ƛƴ tт ǳǎƛƴƎ άǘƻǇ ƻŦ ǘǊǳƴƪέ
ÅGrowing pains: Issues with MYNN PBL and Thompson MP in P7, so only GF vs. SASAS tested
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An incomplete list of changes between P5 and P7
ÅTimestep: 450s Ą 300s (increased CPU cost)

ÅVertical layers: 64 Ą 127 (also increased CPU cost)

ÅAtmospheric initial conditions: CFSR ĄGEFSv12

ÅLand mask: Non-fractional Ą fractional

ÅLand model: Noah ĄNoah-MP

ÅNSST off ĄNSST on (NSST simulates SST diurnal cycle)
29



Weeks 3-4 T2m bias, SASAS vs. GF in P5 and P7

ÅNote: Verifying analysis changed to be consistent with updated ICs

ÅImpact of going from SASAS to GF (bottom right panels):
ÅConsistencies (both P5 and P7): Cooling over Siberia; warming over China

ÅInconsistencies: Everywhere else, including global mean (GF cooler in P5, warmer in P7)
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P5, verified against CFSR
All 168 cases

P7, verified against GEFSv12
All 168 casesUFS_P5

bias

GF_5
bias

GF_5
minus
UFS_P5

UFS_P7
bias

GF_7
bias

GF_7
minus
UFS_P7



Weeks 3-4 QPF bias, SASAS vs. GF in P5 and P7

ÅImpact of going from SASAS to GF (bottom right panels):
ÅConsistencies: Global drying trend; locally wetter near Maritime Continent

ÅInconsistencies: GF drying relative to SASAS is weakened in P7
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P5, verified against TRMM
All 168 cases

P7, verified against TRMM
All 168 cases

UFS_P5 bias

GF_5 bias GF_5 minus UFS_P5

UFS_P7 bias

GF_7 bias GF_7 minus UFS_P7


