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Motivation

NCEP GFS of which the vertical turbulent mixing scheme is based
on first-order turbulence closure model suffers from a large cold
near-surface temperature bias during sunset especially for clear, calm
wind conditions.

A higher-order turbulence closure model may better handle vertical
turbulent mixing in the residual layer after sunset due to its memory
of turbulence, and thus, may help reduce the near-surface
temperature bias.

Major problem of the higher-order closure model is under-
development of daytime PBL growth due to lack of non-local
mixing.

The non-local mixing can now be included in the higher-order
closure model by a mass-flux scheme which has been recently
Implemented into the GFS PBL scheme.

For the higher-order turbulence closure model, we employ a
turbulent kinetic energy (TKE) closure model.



Development of a TKE-based EDMF PBL scheme

Current GFS hybrid EDMF PBL scheme

, 0
W' =—(Kye + KSC)—¢+ Kees Weakly unstable PBL

sfc

W' =—(Kq + KSC) ¢ +M, (4, —4) |«  Strongly unstable PBL

1 7 2 (Z—Z )2 7_ 7 1/2
stc =Pr- K\st(l__j Kr?C — O85KVSC—b 1-—"b
h hb — 4 hb — 4

TKE-based EDMF PBL scheme
' 8 e
W =K, af”" (8~ ) e My (8 — B,

K, =cl, Ve, é:O.S(u’2+v’2+w’2) Mean TKE

|, 1s a turbulent mixing length
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Note that shear and buoyancy production terms of TKE are
strongly influenced by the mass flux (MF) term.
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Development of a TKE-based EDMF PBL scheme

Turbulent mixing length scale (1,): combination of formulation for surface
layer (l,) and a characteristic length scale (1)
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Development of a TKE-based EDMF PBL scheme

1) MF scheme for updraft due to daytime surface heating
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2) M, and ¢, for stratocumulus-top-driven downdraft are also
derived in a similar way to updraft above (not shown)



GFS Single Column Model (SCM) experiments

Initial @ profile: 8 = 288 K + (3 K km)z

« Constant buoyancy flux at surface: 8 x103m?s=3

 \ertical resolution: Az=50m

» These settings are same as LES, the integrations have been
conducted for 8 hours, and the SCM results are compared with
the LES at 8 forecast hours.

» For the SCM, the integration was continued for additional 12
hours with a negative constant heat flux of -0.2 Kms-! after 8h
PBL development.

» The experiments were also conducted with the coarse

operational GFS vertical resolution which is about Az=170m at

z=1km and Az=260m at z=2km with 64 vertical levels.



SCM result of local TKE closure and TKE-based
EDMF schemes compared with LES
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SCM results with current operational GFS vertical

grid size (L64)
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EDMF-TKE & EDMF-CTL SCM results for 6 profiles with
Increasing forecast hours for a given constant surface cooling
after sunset
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After Nakanishi et al. (2014)



Height (m)

Comparison of 4 profile & model first layer temperature

theta profiles at 12 forecast hours after sunset
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Cold 2-m temperature bias in GFS over Appalachian
mountains during sunset (002)
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Courtesy: Geoff Manikin (NCEP/EMC)



Comparison of 2-m temperature (K) for 3D real

case run
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Summary and conclusion

A TKE-based EDMF PBL scheme has been developed and successfully
simulates daytime well-mixed PBL, nighttime deepening stable boundary
layer (SBL) and residual layer above the SBL, with a good agreement with
the LES results.
The new scheme predicts a PBL feature very similar to that from the current
operational GFS hybrid EDMF PBL scheme (which is based on first-order K-
profile method) although a significant difference is found in some areas in a
3D real case run, and thus, 1t doesn’t help to reduce the cold 2-m temperature
bias during sunset (which would be more related to the surface layer physics).
Unlike the present GFS EDMF scheme, however, the tunable parameters in
the new scheme is not much sensitive to vertical grid resolution.
For future studies, we plan to test the new scheme for

1) marine stratocumulus-topped boundary layer case (e.g., DYCOMS

experiment)
2) stable boundary layer case (e.g., GABLES experiment)
3) real time forecasts for longer term in the current operational GFS






