Design and evaluation of the coupled MM5/TOPLATS modeling system for a Texas air quality exceedance episode

C. D. Peters-Lidard?®, J. N. McHenry? C. J. Coats?

" NASA’s Goddard Space Flight Center
Hydrological Sciences Branch, Code 974
Greenbelt, MD

1. INTRODUCTION

Phase Il of the Advanced Texas Air Quality Model
(ATAQM) has been implemented for the Texas Natural
Resources Conservation Commission (TNRCC) to
support simulations of the August 25-31, 1998 ozone-
exceedance episode in the 8-county Houston-Galveston
Non-Attainment Area. ATAQM is a new, state-of-
science modeling system that should significantly
improve upon recognized deficiencies in current
meteorological modeling systems used to drive air
quality models in support of State Implementation
Planning. ATAQM Phase Il consists of the Fifth-
Generation PSU/NCAR Mesoscale Model Version 3
(MM5v3); the TOPMODEL-based Land Atmosphere
Transfer Scheme (TOPLATS; Famiglietti and Wood,
1994; Peters-Lidard et al, 1997) land surface hydrology
model; and a Sea-Surface Atmosphere Transfer
Scheme (SSATS). The TOPLATS model is driven with
both in situ and remotely sensed estimates of key
meteorological variables, including solar radiation and
precipitation, and the SSATS model is driven with
observed Sea Surface Temperature (SST) data from a
combination of in situ (NOAA PORTS) and remotely
sensed (CoastWatch AVHRR products) sources.This
modeling system is fully documented at
tt ://WWW.emc.mcnc.orq/gro'ects/TNRCC—|
rojects/tnrcc_public.html] Below, we discuss the model
configuration and results for the episode.

2. APPROACH
2.1. TOPLATS Configuration

The TOPLATS Study Domain (TSD) for this project
was set by mosaicking 8-Digit Hydrologic Unit Code
watersheds provided by the National Hydrography
Dataset (NHD) (USGS, 2001). This domain was chosen
to include all watersheds that contain areas of Harris
County (Houston), Texas as well as all counties that
border Harris. Using this one-county buffer region as a
guideline, the domain to model for TOPLATS was set as
a large portion of the Eastern Coastal Plains of Texas
with an area of approximately 96,000 square kilometers.
The region covers an expanse from Matagorda Bay in
the most southern point (28.07 N) to near Waco, Texas
in the north (31.81 N), and from Lake Charles, Louisiana
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in the east (93.01 W) to the suburbs of Austin, Texas at
the westernmost location (97.37 W)(Figure 1).

The region chosen for this project is much larger
than those typically used in previous TOPLATS studies,
and is only possible due to the parallel techniques and
high performance I/O that have been implemented as
part of this research (Coats et al., 1999; Peters-Lidard et
al., 1999). The TOPMODEL concept assumes that
base flow is the same throughout the watershed of
interest, and when the watershed is much larger than
500 square kilometers in area, this assumption may be
invalid. Therefore for a large region such as the HGA
study requires, the domain is subdivided into smaller
watersheds suitable for TOPLATS. In total the region
has been divided into 173 watersheds (Figure 2), each
of which has watershed-specific parameters required for
TOPLATS.

Parameters for TOPLATS were estimated using
readily available Digital Elevation Model (DEM),
landcover and soils databases. TOPLATS was then
"spun-up" for the period January 1-August 24, prior to
coupling, using observed forcing data, including
NEXRAD WSR88D precipitation, observed solar
radiation, and observed surface-station meteorology
including wind-speed, temperature, relative humidity,
etc. More details about the TOPLATS databases and
spin-up are available online at:

http://www.emc.mcnc.org/projects/TNRCC- |
projects/ATAOM/atagmll_reportl.pdf]|
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Figure 1. Houston-Galveston study region.
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Figure 2. Houston-Galveston
delineated watershed boundaries.

study  region

2.1. MM5 Configuration

MM5 was configured using a 36-12-4km nested
model with 43 half-sigma layers in the vertical. The MM5
domains are shown in Figure 21.

Figure 3. 36, 12 and 4 kilometer MM5 modeling
domains.

The physics options chosen for this initial
implementation were as follows:

PBL: Blackadar-VMM (MCNC)
CONVECTION: KF (36/12 only)
MOISTURE: Reisner Mixed-Phase (4 only)
RADIATION: Cloud (lwrad/swrad)

A large number of meteorological modeling data
types were considered for use in the project, and many
of them were utilized for developing MM5 initial,
boundary, and FDDA fields; for driving TOPLATS; or for
case analysis. A particular dataset issue relevant to
MM5 was the lack of availability of ETA analysis fields
for the first part of the episode, August 25-28, 1998.
Therefore, the episode was run as two segments.

The first segment was run from August 25, 00Z
through August 28, 127, (1998) and was based on
GDAS initial fields. Since the initial fields were available
only at 12-hourly intervals, we ran the 36-km/12-km
grids (2-way nesting) twice. The first pass used analysis

nudging at 12-hourly intervals. These results were then
fed into INTERPB to produce 3-hourly REGRID style
fields. These fields were fed back through RAWINS and
INTERPF, and the results were used to nudge MM5
with 3-hourly analysis fields. The second segment was
less complicated. We used ETA analysis fields (these
fields were missing for the first part of the episode, thus
leading to the procedures described above) for the
second segment, which went from August 28, 12Z
through 00Z August 31, 1998. These 3-hourly fields
were fed into REGRID, then RAWINS, INTERPF, and
finally MM5. For all these runs the 36/12-km grids were
run in 2-way nested mode, while the 4-km grid was
either a one-way or two-way nest.

3. RESULTS

Extensive evaluation against  screen-level
observations and GOES cloud imagery indicates that
the 3-D coupled TOPLATS/MM5 (aka “coupled” or “c2”)
modeling system performance is superior to that
obtained from the original MM5 modeling system using
the SLAB (5-layer Dudhia, aka “vanilla” or “van”) land
surface model. For example, the diurnal 2-m
temperature cycle and error statistics for the episode
are shown in Figure 21.
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Figure 4. Average 2-m temperature observed at in-
situ meteorological stations and modeled with
MM5/SLAB (“Vanilla” or “van”) and
MMS5/TOPLATS (“Coupled” or “c2”).

Although the diurnal 2-m temperature cycle is
clearly improved relative to the original modeling
system, the 2-m humidity and 2-m wind results are
strongly sensitive to lower limits imposed on wind speed
and friction velocity within the HIRPBL scheme, and
have a diurnal cycle. To further explore this sensitivity,
a number of experiments were set up to examine the
impacts of coupling, grid boundary conditions, and the
lower limits to wind speed and friction velocity. These
experiments will be discussed in more detail at the
workshop.

For example, Figure 5 illustrates the episode
average daytime bias in humidity for nine cases, which
can be contrasted with the nighttime humidity bias (not
shown). In Figure 5, the best performance is for the no-



lower limit coupled case, with a general trend of
improvement in the coupled model relative to the
original or “vanilla” model. However, this trend is
exactly the opposite at nighttime, with increasing bias in
the coupled model, and degradation of results when the
wind speed lower limits are removed. Therefore, it is
likely that the coupling of TOPLATS is offsetting
compensating errors in the original model.
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Figure 5. Daytime average bias in mixing ratio (q)
for the nine cases described in the text.

Analysis of nighttime bias in the V-wind helps
explain the differences in performance in the mixing
ratio. The highest magnitude V-component bias occurs
for the same cases for which the highest magnitude
nighttime mixing ratio bias occurs, which suggests that
the bias may be related to the inability to represent the
sea-breeze/land-breeze at nighttime.
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Figure 6. TOPLATS/MMD5 (left) and SLAB/MM5
(right) modeled 2-m air temperature (TA2) and
winds (vectors), along with GOES imagery verifying
the formation of convective clouds along the sea
breeze convergence zone.

Other than the comparisons with station data
screen-level variables, comparisons with GOES visible
and IR data indicate superior performance in the
coupled modeling system. For example, as shown in
Figure 6 for August 25, 1998 at 1940UTC, the
TOPLATS/MM5 results clearly resolve the daytime

convective cloud development along the sea breeze
convergence zone, as seen in the GOES imagery. The
model results demonstrate the impact of the cloud
development on the 2-meter air temperature, and
underscore the importance of the GOES radiation data
used to force TOPLATS in these simulations.

In addition to the results in Figure 6, further results
with TOPLATS underscore the importance of GOES
radiation products in the coupled modeling system; in
particular, our analysis reveals significant differences in
solar radiation from sparse surface observations (Figure
7), from MM5/SLAB simulations (Figure 8), and from
GOES Surface Radiation Budget (SRB) products
(Figure 9).
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Flgure 7. Interpolated solar radiation station data.

1000.000 97

800.000

600.000

400.000

200.000

e August 29,1998 19:00:00
HENE Min= 450,977 at (55,64), Max= 968.755 at (1,10)

Figure 8. MM5-simulated solar radiation.

For example, analysis of August 29, 1998 at 19:00
UTC indicates upwards of 200 Wm? low biases in the
station data in some locations. Overall, it is seen that
the scarcity of stations with RSD measurements in the
HGA domain leads to a nearly uniform interpolated field
at locations far away from the stations. The MM5-
calculated values for the same period show significant
areas of lower radiation values associated with spurious
clouds produced by the simulation. Of particular



concern are linear areas associated with clouds at the
northern and eastern boundaries of the domain.
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Figure 9. GOES SRB Product.

Although the native spatial resolution of the SRB
data (approx. 0.5 deg) is coarser than MM5 (4 km), the
SRB data is able to resolve much more spatial detall
than the available station data. Second, the values in
and around Galveston Bay are generally 200-300 wm?
higher in the SRB data compared to the MM5 output
due to the presence of spurious clouds in the MM5
simulation without TOPLATS. Finally, the low values
observed at a station to the northwest of Houston are
not verified by the SRB data, suggesting a problem with
the station data.

4. CONCLUSIONS

Extensive evaluation against screen-level observations
and GOES cloud imagery indicates that the ATAQM
system performance is superior to that obtained from
the original MM5 modeling system, using the SLAB land
surface model. ATAQM, simulations without the GOES
Surface Radation Budget (SRB) products indicate that
the downward shortwave observations have the largest
impact on the modeling system. Further, although the
diurnal 2-m temperature cycle is clearly improved
relative to the original modeling system, the 2-m
humidity and 2-m wind results are strongly sensitive to
specification of lower limits to wind speed and friction
velocity in the model. Further, cloud development along
the sea breeze convergence zone and the diurnal cycle
of pbl development in the vicinity of the Houston heat
island are better represented in the coupled modeling
system.
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