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UFS with LASSO and SCM
● UFS

○ 11 June  20 16  – C76 8  (~13  km ) with 6 4  ve rt ical le ve ls
○ UFS Me dium  Range  We athe r Applicat ion 

● LASSO
○ Large  Eddy Sim ulat ions  ove r the  ARM Southe rn Gre at  P la ins  s ite  ne ar Lam ont , OK
○ 11 June  20 16  s e le cte d be cause  of high tota l cloud skill s core
○ 226  ve rt ical le ve ls
○ LES s im ulat ions  with a  supe r s ite , use d as  “t ruth” in our inve s t igat ion

● CCP P  SCM
○ Input  for LASSO use d to drive  SCM e xpe rim e nts  (MSDA atm osphe re , VARANAL surface )
○ 6 4  ve rt ical le ve ls

● Bias  ide nt ifie d with SCM can m ainly be  a t t ribute d to  GFSv16 be ta  suite  of 
phys ical param e te rizat ions
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https://archive.arm.gov/lassobrowser
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scale-aware (sa) LASSO (WRF LES) UFS w/ GFSv16beta SCM w/ GFSv16beta 
(CTRL) 

SCM w/ GFSv16beta 
(TEST1)

SCM w/ GFSv16beta 
(TEST2)

Radiation RRTMG (sw+lw) RRTMG (sw+lw) RRTMG (sw+lw) RRTMG (sw+lw) RRTMG (sw+lw)

Microphysics Thompson GFDL Cloud MP GFDL Cloud MP GFDL Cloud MP GFDL Cloud MP

PBL or Turbulence 1.5-order turbulent 
TKE approach

TKE-based Moist 
EDMF + free 
atmospheric 
turbulence scheme 
(sa)

TKE-based Moist 
EDMF + free 
atmospheric 
turbulence scheme 
(sa) 

TKE-based Moist 
EDMF + free 
atmospheric 
turbulence scheme 
(sa)

MYNN in CCPPv4

Shallow convection N/A SAS Mass-Flux SAS Mass-Flux SAS Mass-Flux SAS Mass-Flux

Deep convection N/A SAS Mass-Flux SAS Mass-Flux SAS Mass-Flux SAS Mass-Flux

Land surface model Surface fluxes 
prescribed with 
VARANAL

Noah LSM Surface heat fluxes 
prescribed with UFS

Surface heat fluxes 
prescribed with 
VARANAL

Surface heat fluxes 
prescribed with 
VARANAL

Large-scale forcing MSDA N/A MSDA MSDA MSDA

Presenter
Presentation Notes
Focus here is on GFSv16beta suite of physics.
At this time an LSM cannot be used in CCPP SCM, so surface fluxes need to be prescribed
MYNN → Testing a different PBL scheme within GFSv16beta



7

Part I. Evaluating UFS against LASSO
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Vertical profiles of 
PBL thermodynamics
• UFS PBL is notably 

cooler and drier 
throughout the 
simulation

Presenter
Presentation Notes
- Add text
UFS is notably cooler and drier than LASSO throughout the day. Afternoon profiles are similar for each (unstable surface layer, largely neutral mixed layer), but UFS stabilizes earlier and transitions more slowly. 
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Biases in UFS (vs LASSO)

• Noted cold and dry bias
• Light LASSO winds, particularly near the end of the simulation
• Strong UFS westerlies aloft

Presenter
Presentation Notes
Add bullet points  cold bias, dry bias
Cold air advected by stronger winds (positive is stronger westerly wind, more advection)
It shows that bias in LS forcing may play a major role in leading to the UFS cold and dry bias

We restrict our discussions to the SCM simulation driven by the multiscale data assimilation (MSDA) algorithm (formulated based on the 3DVAR algorithm) as LS forcing, since GFS analysis contains large uncertainties (DA issue?). GFS analysis may fail to explain the contributions of subgrid variability to LS forcing. Consider driving UFS with MSDA analysis? But MSDA is derived based on regional model, i.e., WRF (2 km res)...

Feng et al. (2014): “The MSDA algorithm assimilates ARM measurements along with observations processed by NCEP, particularly radiances from an array of polar‐orbiting satellites.”
Li et al. (2014): “sa-forcing”; “One advantage of MS‐DA is that it solves the data assimilation problem sequentially from large to small scales to reduce the filtering on small scales, thus enabling enhanced constraints on small scales through the assimilation of high‐resolution observations.”; �“In order to use SCMs to evaluate such parameterizations with the rapidly increasing resolution of climate models, a corresponding scale aware forcing must be developed. ” ...“The MS‐DA forcing data are derived from a multiple‐scale data assimilation system that employs an innovative decomposition of data assimilation at multiple scales and can explicitly resolve clouds and other dynamical and physical processes down to a 2 km resolution”
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Diurnal cycles of 
surface/PBL
• T@2m offset
• Heat fluxes much 

larger for UFS
• PBL is sensitive 

to flux prediction

Presenter
Presentation Notes
Add text for context
The biases observed in the diurnal cycle of PBLH can be attributed to 1) large-scale forcing; 2) local effects from surface forcing; 3) local effects from the model physics. Here shows the biases resulting from all of these factors.
Warm t2m bias is linked to higher bias in fluxes
PBL height is sensitive to flux prediction
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Part II. SCM Tests vs. LASSO
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● Observation -constrained 
sfc fluxes help alleviate the 
warm bias within the PBL, 
while overpredicts dry bias 
near the PBL tops 

● MYNN large ly re duce s  the  
warm  bias , howe ve r, 
e nhance s  the  dry bias  ne ar 
the  P BL top (above  10 0 0  m  
during day t im e )

(a) θ bias [K]; SCM CTRL (b) θ bias [K]; SCM TEST1 (c) θ bias [K]; SCM TEST2

(d) qv [g/kg]; SCM CTRL (e) qv [g/kg]; SCM TEST1 (f) qv [g/kg]; SCM TEST2
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(d) v Wind [m/s];
SCM CTRL

(e) v Wind [m/s];
SCM TEST1

(f) v Wind [m/s];
SCM TEST2

● Overmixing is a distinct 
issue in the later hours for 
S-N winds (v-component) 
for all surface forcings

● Overmixing of S -N and W-
E wind components is a 
presence near the top of 
and above the PBL, 
particularly around 
midday

(a) u Wind [m/s];
SCM CTRL

(b) u Wind [m/s];
SCM TEST1

(c) u Wind [m/s];
SCM TEST2
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(a) PBLH [m]; SCM CTRL (b) PBLH [m]; SCM TEST1 (c) PBLH [m]; SCM TEST2

• CTRL and TEST1 both feature deeper afternoon PBLs
• TEST2 (w/MYNN PBL scheme) simulates a fairly similar PBL to LASSO
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(a) Cloud Fra LASSO (b) Cloud Fra SCM CTRL (c) Cloud Fra SCM TEST1 (d) Cloud Fra SCM TEST2

MYNN has a somewhat better handle on clouds, although all 
SCM experiments struggle with clouds

Presenter
Presentation Notes
Precipitation to evaporative cooling. Cloud fraction leads to dryer near top PBL for MYNN TEST2
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Summary
Biases in UFS: cold and dry PBL, and greater wind speed within lower PBL in the 
afternoon and evening

SCM helps explain:

1. Salient cold and dry biases in the GFSv16beta mostly due to the large -scale 
advection, which may shed light into the longstanding cold bias issue over the 
CONUS

2. In spite of the bias due to LS advection, GFSv16beta physics suite actually 
generates a warmer PBL , which results from both the land surface and PBL 
schemes

3. GFSv16beta also has a lack of PBL clouds, which implies PBL and radiation 
schemes are not communicating well. SAS convection could also play a role. 
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