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1. INTRODUCTION

The Weather Research and Forecasting (WRF)
model currently offers three options for parameteri-
zation of turbulence in the boundary-layer (BL here-
after): 1) Eta implementation of the 1.5-order closure
by Janji¢ (1994) (MYJ), 2) the Medium-Range Fore-
cast (MRF) scheme based on Troen and Mahrt (1986),
and Hong and Pan (1996) and 3) the Yonsei Univer-
sity (YSU) scheme (Hong and Dudhia 2003), which is
a modification of the MRF scheme to include explicit
entrainment fluxes of heat, moisture and momentum,
counter-gradient transport of momentum, and differ-
ent specification of the BL height. The above schemes
can be coupled with any of the land-surface models
(LSMs, hereafter): NOAH (Ek et al. 2003), RUCLSM
(Smirnova et al. 2000), and the slab model (SLAB
hereafter). Surface fluxes to RUCLSM and SLAB are
supplied by MYJs own scheme or a scheme based on
Blackadar's approximation to similarity (SFCCLAY),
depending on BL scheme used, while NOAH fluxes are
calculated inside the LSM. It should also be noted that
soil parameters assigned for soil categories vary in dif-
ferent LSMs.

Simulations with a 1D version of WRF are performed
to highlight differences between boundary layers pre-
dicted using combinations of the BL schemes and LSMs
and possibly to provide a broad view on biases in the
BL observed in 3D WRF runs. The analysis is valid for
the summertime, and over land and flat terrain.

2. EXPERIMENT SETUP

For details on the 1D WRF model the reader is re-
ferred to Pagowski (2004).

To account for a variety of atmospheric and soil con-
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ditions, simulations are performed using a set of initial
conditions and external forcings which are derived from
WREF forecasts issued daily for the BAMEX field cam-
paign. The WRF forecasts at 1200 UTC (12-hour fore-
casts, 0600 LST at BAMEX) and 0000 UTC (24-hour
forecasts, 1800 LST at BAMEX) are used to derive
initial conditions for the 12-hour 1D runs to simulate
diurnal and nocturnal BLs, respectively. For the cur-
rent experiment, a set consisting of a hundred profiles
of wind, temperature, mixing ratio, soil moisture and
soil temperature is obtained by randomly weighting two
profiles so that

p=apr+ (1 -a)ps, (1)

where ¢ is the initial profile for a 1D simulation, ¢
and o are profiles from 3D WRF forecasts at a certain
BAMEX location, and « is a random weight.

Time-varying external forcings consisting of
geostrophic wind and shortwave and longwave radia-
tion are obtained similarly. Currently, no account is
taken for precipitation or advection.

At the BAMEX location surface roughness is equal
to 15 cm, vegetation fraction is about 60% and soil
category is sandy clay. These are, we believe, typical
conditions over the Central US.

Here, because of space limitations, only simulations
for the diurnal BL will be considered. For the same
reason, our analysis will be largely limited to poten-
tial temperature and moisture rather than wind. A
more complete presentation, possibly including a com-
parison with observations, will be available during the
workshop.

3. RESULTS AND ANALYSIS

Mean vertical profiles of potential temperature at
0600, 0900, 1200, 1500, and 1800 LST, which were ob-
tained by averaging over the ensemble simulated with
one hundred initial conditions, are shown in Fig. 1.



Potential temperature profiles indicate that results
from YSU and MRF are in general quite similar. With
NOAH and RUCLSM differences between profiles of
potential temperature for both schemes are practically
indistinguishable. It can also be noted that YSU and
MRF coupled with SLAB predict warmer and deeper BL
in the late afternoon than when coupled with NOAH
or RUCLSM. For both BL schemes rate of warming of
the BL is faster with NOAH than with RUCLSM but
in the late afternoon potential temperature profiles are
very similar.

MYJ systematically predicts a shallower and cooler
BL than YSU and MRF. For MYJ evolution of BL strat-
ification is different from YSU or MRF in that the rate
of warming is fastest when it is coupled with NOAH,
followed by SLAB and RUCLSM. Also, MYJ coupled
with RUCLSM predicts BL which is cooler and shal-
lower than when it is coupled with NOAH or SLAB.

We believe that some of the differences in BLs simu-
lated by the different BL schemes can be explained, in
addition to very different parameterizations of turbu-
lence in the mixed layer, by the analysis of mixing ratio
profiles and latent heat fluxes shown in Figs. 2 and 3,
respectively.

It can be seen in Fig. 2 that BLs simulated with
SLAB are driest of all LSMs possibly because of the lack
of moisture transport in soil and/or canopy. It would
be interesting to reassess SLAB after adding a simple
bucket model to handle surface moisture. However,
most striking in this figure is the difference in behavior
between MYJ and YSU or MRF. While for MYJ lower
BL moistens during the day, for YSU and MRF lower
BL is becoming drier. This behavior is most apparent
when MYJ is coupled with RUCLSM.

Analysis of Fig. 3 reveals that, indeed, latent heat
fluxes simulated with MYJ are larger than with YSU
(and also MRF, not shown). Since differences in mean
friction velocities and stratification (not shown) are
small between the schemes and skin temperatures (not
shown) for MYJ are lower, larger latent heat fluxes
can only be a result of higher skin moisture for this
BL scheme. Also, in this figure the largest latent
heat fluxes occur when MYJ is coupled with RUCLSM.
Characteristically, the largest spread in simulations with
different initial conditions and forcings occurs for RU-
CLSM, followed by SLAB (not shown) and NOAH.

Finally, in Fig. 4 a 10-m wind speed for individual
ensemble members and ensemble mean using the three
BL schemes coupled with NOAH LSM is shown. (Sim-
ilar results for other LSMs.) As both spread and mean
remain very similar for all the schemes significant dif-
ferences can be noted in response of the schemes to
the synoptic forcings.
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4. CONCLUSIONS

The analysis of BL simulations with the 1D WRF
model leads us to the following conclusions. It appears
that differences in the prediction of the diurnal evo-
lution of the BL and soil between YSU and MRF are
rather small. BLs simulated with MYJ are shallower by
several hundred meters, depending on the LSM, when
compared to the other BL schemes. Interestingly. for
this scheme BL moistens during the day while opposite
is true for YSU or MRF.

Coupling of BL schemes with SLAB leads to the dri-
est BLs possibly because of the lack of parameteriza-
tions of surface moisture transport. On average, BL
simulations with YSU(MRF) coupled with NOAH and
RUCLSM are similar. However, coupling MYJ with
RUCLSM results in shallower, cooler and more moist
BLs than when it is coupled with other LSMs.

To confirm the above findings it would be beneficial
to perform simulations over broader range of landuse
categories and soil and vegetation types. To assess
benefits of the available BL schemes and LSMs, com-
prehensive verification with observations is needed.
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Figure 1: Mean vertical profiles of potential temperature at 06, 09, 12, 15, and 18 LST for different boundary
layer schemes (first label letter): a—YSU, b—MRF, ¢ — MYJ and land-surface schemes (second label letter):

a — NOAH, b - RUCLSM, ¢ — SLAB.
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Figure 2: Mean vertical profiles of mixing ratio at 06, 09, 12, 15, and 18 LST for different boundary layer
schemes (first label letter): a — YSU, b — MRF, ¢ — MYJ and land-surface schemes (second label letter): a
- NOAH, b - RUCLSM, ¢ — SLAB.
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Figure 3: Daytime individual ensemble members (black) and ensemble mean (read) latent heat fluxes for
different boundary layer schemes (first label letter): a — YSU, ¢ — MYJ and land-surface schemes (second
label letter): a — NOAH, b - RUCLSM.
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Figure 4: Daytime individual ensemble members (black) and ensemble mean (red) 10-m wind speed for
different boundary layer schemes (first label letter): a — YSU, b - MRF ¢ — MYJ with a - NOAH LSM
(second label letter).
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