Updates to the MYNN-EDMF PBL Scheme to Impro
ve Operational Forecasting Applications
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Outline

1) Brief Overview of the MYNN-EDMF

2) Major changes, Fixes, and Improvements (v4.2 to v4.5+)
a) Code restructuring (universalizing for WRF-ARW and CCPP)

b) Conservation

c) Mass-flux plume behavior

d) “Level 2.6" plus new cloud PDF

e) TKE budget fix

f) Miscellaneous improvements mention by Jordan Schnell (yesterday)
* in-line chem mixing
 photolysis-BL clouds

3) Summary

Note: This ppt contains some additional slides for reference



Brief Overview of the MYNN-EDMF

Eddy Diffusivity-Mass Flux (EDMF) scheme:

W = K2+ Mg, - §)

©  Eddy Diffusivity: an e-[l type scheme, turbulent kinetic energy (TKE)-based with option to run at level
2.5, 2.6, or 3.0 closure

O Note that the level 3 scheme has an additional (nonlocal) counter-gradient term, which should not be
used with the mass-flux component due to double-counting of nonlocal processes.

S Mass Flux: Spectral plume model is used to explicitly represent all
plumes that are likely to exist in a given atmospheric state,
following Neggers (2015, JAMES):

o
o
o

o

o

Maximum number of plumes in a grid column: 10

Diameters (€): 100, 200, 300, 400, 500, 600, 700, 800, 200, 1000 m.
Maximum plumes size in limited by x, PBELH, cloud base, and surface
heat fluxes
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Lateral entrainment varies for each plume o (wé€)?

Plumes can condense only if they surpass the lifting condensation I

level (LCL) _
Plumes can only be active when: Model grid column

®  cuperdiabaticin the lowest 50m
®  positive surface heat flux



2009-2019: Primarily Developed within WRF-ARW
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Background:
® Short-range (< 2 days)
Hour ly-updating systems
Ax=13-and 3-km
50 vertical layers
Was almost exclusively
developed for use over land,
primarily over CONUS, with
focus on severe weather,
aviation, and renewable energy
10 applications

(RAPv4) - 48h forecasts

Initial & Lateral
ndary Condition

30°M - 307

L

L

L

20°M L
3-km High-Resolution

Rapid Refresh (HRRR) -

36h forecasts 0

10°M =

Initial & Lateral
Boundary

1073

Conditions

140°W 1307w 120 110°WW 1007w W BOwW

750- or 1000-m nests — to
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support of field campaigns
(WFIP2, WFIP3, ICICLE)




2019-present: Expanded Development Scope

Past, Present and Future: Additional Scope:
Developing short-range regional models  Develop regional + global applications for 5-
B WESERE RS M N 10 day prediction in multiple dycores

AXH A5

Mostly 1-10 day forecasts
Ax =12 and coarser

127 vertical layers
Emphasis on improving
conservation, radiation
balance, Tropics, marine
PBL, etc
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e Need to develop the MYNN-EDMF be useful for all applications at all scales

e Heightened importance on conservation properties and planetary radiation
balance for longer-range forecasting



Code Restructuring - Universalizing (WRF & CCPP)

® New “module_bl_mynn_wrapper.F” (interface) layer between the PBL driver and
the MYNN-EDMF scheme (dycore-specific).
O This translates all dycore-specific variables to that expected by MYNN-EDMF
O Handles namelist options that may not yet exist in certain dycores

e New “module_bl_mynn_common.F” module called to collect consistent
physical constants used by all other schemes (dycore-specific).

® Reordering of subroutines, moving the main subroutine “mynn_bl_driver” to
the top of module_bl_mynn.F.
O Now written to use (i,k) arrays [previously (i,k,j)].

e Note: lingering issues that keep the code from being fully universalized:
O Array declarations (specified vs assume-shape)
O handling of optional arrays
O file naming conventions (i.e., *.F vs *.F90, and module_*)



Improvements to
Heat & Moisture
Conservation

Original Code:
® Had density dependence for ED
terms but not MF terms
Zeroed out negative mixing
ratios
® Used originalgc & qgifor 6,to 6
tendency conversion
Updated Code:
® Usesupdated qc & qiforg,to 6
tendency conversion
® Uses new Moisture Check routine
to borrow moist species if small
negative mixing ratios are found
after solver.
® Includes the density-dependence
for the mass-flux terms.
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TKE Budget Fix

(Only impacted the diagnostic output--not the actual TKE budget)

Important fixes from Franciano Puhales:

* \ertical Transport term

* \ertical indexing (only in diagnostic output)

» Now accurate to within the level of noise.
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RES = QWT + QSHEAR + QBUOY + QDISS
DTKE = TKE, - TKE_,

and

DIFF = RES - DTKE (well within the noise)
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Figure made by Sewei He
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New Mass Flux Cloud-Top Radiative-Driven Turbulence

* Stll mnder development. Currently hard-coded to be |
inactive. I suggest to not use it until v4.5.1+ |
radiatianal cooling /

© This is meant to replace the analytically specified 8;;.’
profile of buoyancy produced TKE linked to cloud- % % % % g !

top radiative cooling.

O This mass-flux approach should be more generally ____r".g
applicable to non-PBL clouds. - _ ‘r i
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* Currently, this new component is set up to have 5 plumes ‘( V
of various size size (or strength) as in the picture. I, ’ ' |'
* Working is some stochastic variations so the forcing is not 7 ’
held constant throughout many BL timesteps when AT_, | '
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Overshooting Plume Problem - Fixed

10 LASSO (ARM-SGP) 2018
cnntinental shallow-cum ulus cases

* Colleagues have pointed out that the - e
plumes in the mass-flux component can P e ,ﬂ _,4!
extend too high into the atmosphere L "

LES

* The entrainment rate was revised to - o A - -
eliminate overpenetration. - = war

i -
* Now almost all LASSO cases match LES - - - . A

well--or at least are in the ballpark jpiaa s
* Reasonable match of onset, termination, - L. 5"*: A
cloud base, and cloud depth “ownir LS e

* Wayne Angevine will show more LASSO
results later in this session
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Cases contributed by Wayne Angevine (NOAA-CSL).
Simulations performed and plotted by Man Zhang (MOAA-GSL).



Notes on the (new) different closure levels

* There is a new (real) bl_mynn_closure namelist variable to regulate the closure
level:

s R (TKE)
e — R e T s e R {TI{E and EIE} - default
(TKE, q2,0°q’, and 672)

* Here, q'? is the total water variance, not to be confused with g = (2* TKE)*

* The reason to implement level 2.6 (prognoses TKE and q'?) is for leveraging q’? for the
cloud PDFs (described later).

* The level 2.6 configuration still leverages the level 2.5 stability functions and does not
contain any countergradient terms--it's compatible with the mass-flux component.

* q 2is not advected (in WRF or CCPP), which limits any additional computational cost.

* Note that this new namelist option resulted in many additional modifications in the
v4.5 upgrade where bl_pbl_physics = 6 (only use bl _pbl physics = 5 for MYNN-EDMF)
was used to control the closure level.



Updated Stratiform Cloud Fraction:

First-Order Form

The subgrid variability of the saturation deficit, s, is expressed
in terms of the total water, q,,, and liquid water temperature:
— — 1,2

o,=c,l (.:'.-,2 (Zx) - 2abcyt 2% 4 p2¢;2 [:%]3) /
Where ¢ is a tuning constant, [ is the mixing length, and a
and b are thermodynamic functions arising from the
linearization of the function for the water vapor saturation
mixing ratio.

Cloud fraction:

Fear (1) -

T 30 (T)
= _ aT ) — o isabv i)
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Normalized saturation deficit: @1 = @8(Gw — @ (T 0,

cf = MAX{0,MIN[1,0.5 + 0.36ATAN(1.55Q,)]}

Second-Order Form (q'?)
The subgrid variahility of the saturation deficit, s, is expressed
solely as the square root of the total water variance, g’

Jle

¥

ds = lqrz

a; is bounded by 0.059;.; < 05 < 0.66G.0:.
The normalized saturation deficit is specified as:
Q1 = (Gw — 9sa:(T}))/ 05
Then, the same cloud fraction function is used as in the first-
order form.
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