Validation of Physical Processesin MM5 for
Photochemical Model Input: The Houston 2000 Ozone
Episode

John W. Nidsen-Gammon
Department of Atmospheric Sciences
Texas A&M University
n-g@tamu.edu; 979-862-2248

1. INTRODUCTION

In work funded by the Texas Natura
Resource Conservation Commission, we
have been asked to produce MM5
amulaions of the August 25 September
1 2000 ozone episode in the Houston
Gdveson aea. Most meteorologica
modd runs for photochemistry purposes
are vdidated with data from a handful of
surface dtes and perhaps a rawinsonde
launch gte. This episode occurred
during the TexAQS-2000 fidld program,
and specid meteorological observations
include three radiosonde launch dtes, Sx
wind profilers, a Doppler Lidar, four
indrumented aircraft, and specid surface
flux measurements The wedth of
obsarvaions endbled an  unusudly
comprenensve andyss of the physcd
processes leading to high ozone in the
Houston aea, and aso pemitted a
physcdly-based mode vaidation effort.

2. AIR POLLUTION METEOROLOGY
IN THE HOUSTON AREA

Dwing the TexAQS-2000 fied
program, wind patterns in Houston were
dominated by the diurnd wind cycle
associated with the sea breeze.  As we
have reported esawhere, this diurnd
cycle is peculialy enhanced by the near-
resonance between the diurna frequency
and the inertid frequency a the latitude

of Houston. In addition to the
“treditiond” sea breeze front, which
fooms during lae morning dong the
coadline and progresses inland during
the afternoon while being modulated by
the ambient wind, there is a larger-scae
diurnd-inetid  oscillation which  extends
throughout the boundary layer.  This
larger-scde response takes the form of a
clockwise  rotation of the wind
superimposed on the ambient flow, with
maximum  onshore component  after
NS, This reguar oscillation is
suppressed at night at the surface, but is
readily observed with profilers and
offshore buoys, even severd hundred km
from the coadline.

Duing the latter hdf of the ozone
episode, a shore-padld low-levd jet
developed repeatedly a night and
reeched its maximum drength around
aunrise.  This jet appears to have been
caused by frictiond decoupling in the
presence of adverse low-levd shear and
was podgtivdy  renforced by the
clockwise rotation of the wind
associated with the diurna forcing.  The
low-level jet reached observed speeds of
15 m/s a a height of 300-400 m above
the ground.

High levds of ozone occurred in
Houson when the amplitude of the
diund wind oscillation (~35 m/s) was
damos exactly matched by the large-
scde wind speed around the Bermuda



high.  Under such circumstances, the
wind stagnates a those hours when the
diurna rotation cancds the large-scale
wind; for large-scde southeast winds,
this dagnation occurs during late
morning. High concentrations of ozone
precursors  build up in the planetary
boundary layer (PBL), and high levds of
ozone are observed a few hours later.
Additiond factors in Houston ozone
include PBL depth and the possble
dagnaion of shdlow layers of pollutants
over Gaveston Bay.

3. MODEL VALIDATION STRATEGY

The lage number of  secid
obsarvations permits the use of four-
dmensond daa assmilation (FDDA)
to improve the smulation. However, the
observations ae inaufficent to resolve
circulgtions dong a complex coadline
such a tha of Gaveston Bay.
Therefore, modd validation has focused
on the improving the ability of MM5 to
gmulae the loca-scae winds driven by
topography, hopefully minimizing
dliaang of gndl-scde modd errors onto
a lage scde during FDDA.  The
drategy involves three processes. diurnd
heeting, wind evolution, and FDDA.
These processes are in  addition to
conventiond  validation drategies, such
as datigica scores and examingtion of
model output fields for reasonableness.

a) Diurna Hesting

Diund hedting vdidation was an
essentid first step because the smulated
locd-scde circulations are driven by the
heating contrast across the coadtline or
across land use boundaries. The dtrength
of the circulation depends on the diurnd
amplitude of the temperature difference
how much the temperature difference
changes from day to night. The mogt

direct measure of this physca process is
the eror in dmulaing the difference
beween  maximum and  minimum
temperatures within the PBL.

Observations are not quite adequate to
examine this agpect of the smulation.
Surface observations provide
information on the diurnd temperature
cycdle near the ground, but nighttime
surface temperatures were found to be
vey sendgtive to land use vaiations,
which srongly controlled the srength of
the nocturnd inverson. Station-to-
dation variability was much larger in the
obsarvations than in the modd
gmulations, and modd biases in the
minimum temperatures ranged from -1
C to +3 C. Maximum temperatures were
more uniform, and biases were generdly
less than +/- 1 C. This leve of accuracy
was obtained with the use of the MRF
PBL scheme and reduction in  soil
moidure avalability in the Houston area
to account for drought conditions. For
the find gmulations for photochemica
modeling, the MM5 code was modified
dightly to dlow for the soil moisure
avaldbility to be modified during
restarts.

Soundings proved to be a second
criticd source of information.  There
were no enough soundings and dates in
the episode to rdiably edimate the
amplitude of the diund temperature
cycle as a function of dtitude, but the
soundings were useful for checking the
daytime PBL depth (a measue of the
amount of hedting the amosphere has
undergone) and for  spot-checking
nighttime temperature erors. We
confirmed that the nighttime temperature
erors were due to an underestimate of
the strength of the nocturna temperature
inverson in the lonest 100-200 m of the
amosphere.  Because these errors were
ghdlow, they would not dggnificantly



afect the diund wind cyde
Orography in the Houston area is too flat
to dlow dranage winds or dgnificant
classical land breezesto develop.

b) Diurnal Wind Response

Once the MM5 had been st up to
successfully dmulate the diurna heeting
cycle, the next step was a check of the
winds produced by the MM5 in response
to the diurnd heating cycde In the
physcd vdidation of temperatures
described above, we chose not to use
overal measures  of  temperature
peformance such as bias and RMS
eror.  Smilaly, overdl messures of
wind performance are inappropriate for
addressng the more focused issue of the
modd peformance in dmulaing the
diurnd variaion of the winds.

To peform this vdidation, a 24-hour
running mean was goplied to the wind
profiler data, following qudity control
for bird contaminaion and other
anomdies by Allen White and David
White of NOAA/ETL. A dmilar 24-
hour running mean was agpplied to the
modd  output. Performance datistics
were computed separately on the errors
of the 24-hour running mean and on the
errors of the departures from the 24-hour
running mean. Time series and time-
height sections were plotted and
examined.  Although this levd of rigor
was not necessary, it would adso have
been possble to extract the amplitude
and phase of the diurnd cycle from the
obsarvations and modd smulaion and
compute amplitude and phase errors.

We found that the MM5 did wdl in
recregting the amplitude of the diurnd
cyce during the fird hdf of the ozone
episode.  The verticd dructure of the
diurnd wind response in the MM5 was
deficient, in that it faled to show the
obsarved  sudtained  nighttime  wind

speeds and the upward phase
propagetion of the diurna sgnd. The
cause of these errorsis not known.

During the second haf of the ozone
episode, when a low-levd jet was
present, the MM5 performed poorly.
The poor performance is not surprising,
ance the low-level jet is produced by a
complex interaction between the diurnd
vaiations of heaing and turbulence.
Typicdly, the model would
underestimate the drength of the low-
level jet and would cause it to rotate
clockwise too far. The performance of
the Gayno-Seaman  stheme  was
somewhat better than that of the MRF
scheme. Based on the premise that the
error in the MRF scheme was caused by
too-large verticd diffuson of
momentum in the free amosphere, the
MRF scheme was dtered to correspond
more closely to the origindly-coded
scheme, with a reduction by about one
order of magnitude in the verticd mixing
coefficient. The Smulaion of the low-
level jet improved, but the overdl wind
performance was dightly degraded so
this modd modification was abandoned.

Another rdevant aspect of the diurnd
wind response was the timing and
vertica dructure of the sea breeze front.
For this aspect of modd performance,
the accuracy of the gSmulations was
edimated subjectively by comparison
with the profiler and radiosonde data
As with the low-leve jet, neither scheme
peformed especidly wel. The MRF
scheme was too wesk with the
temperature difference between the sea
breeze ar and the continental ar. The
Gayno-Seaman scheme, on the other
hand, was too strong, producing much to
drong an inverson aop the advancing
marine ar where the MRF scheme had
faled to produce any inverson &t dl.



¢) Four-Dimensond Data Assmilation

Requirements for accuracy of MMS5
gmulations ae egpecidly rigorous for
photochemical goplications. A
sysematic wind error of 1 m/s over Sx
hours produces a trgectory displacement
eror of 21.6 km and can mean the
difference between a successful and
unsuccessful smulation.

As noted earlier, observations were
inaUfficent to  resolve  loca-scale
circulations, but they were perfectly
adequate for representing the large-scale
wind fiedd.  Furthermore, the diurnd
wind response was found to have
deficiencies that the FDDA scheme
should aso atempt to correct.
Meanwhile, the andler-scde and high-
frequency wind vaiaions in  the
obsarvations should not be assmilaed
into the modd.

To accomplish these gods the
nudging of the profiler data was
performed with a horizonta radius of
influence of 150-200 km and a time
window of 2-4 hours. Statigticd tests
such as those described in section 3b
showed that this nudging reduced the
eror in the 24-hour mean winds to much
less than 1 m/s, while reducing the totd
RMS wind error to around 1.5 m/s from
its previous levedl of 2530 m/s. This
work is dill underway; the Doppler
Lidar wind profiles ae yet to be
incorporated, and data withholding
experiments must be conducted to
edimae the true improvement in mode
accuracy.

4. SUMMARY

Although not described here, standard
datisticdl measures of performance have
been applied to the find modd run,
incuding FDDA. These messures ae
useful  indicators of overdl  modd

performance, but would not have been
useful in assessing the modd’s &ility to
gmulate criticd physcad processes. The
physca vdidaion was necessxy to
identify mode deficiencies, develop and
test improvements that could
compensate for those deficiencies, and
minimize possble negative impacts on
the smulation caused by immediate use
of four-dimensiord data assmilation.

More complete discussons of the
modd vdidation and modd performance
ae found in a st of three reports
avalable from TNRCC and from
<http://mww.met.tamu.edw/results>.



