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SUummary

This report describes MM5 modeling work to date a Texas A& M University, sponsored
by the Texas Natural Resource Conservation Commission, with the god of an accurate,
fully vaidated meteorologica smulation delivered by February 28, 2002. Specificdly,
this report describes the meteorologica conditions during the August 25- September 1,
2000, HoustonGalveston ozone episode, describes the modeling philosophy being
followed to develop high-quaity meteorologica fields, describes the MM5 modeling
system itsdlf, and describes the results of various experiments conducted over the past
few months.

Results so far indicate that, with suitable modification to land surface and/or radictive
forcing, the MM5 isfully capable of smulating the temperatures and vertica extent of
the daytime boundary layer. Low-level nighttime temperatures are too warm, which may
lead to overly robust turbulent mixing at night. The present nesting scheme produces
very good qudity large-scale winds and redlistic sea breeze evolution.

Future work will focus on determining the accuracy of the model-smulated nighttime
wind cycle, and, if necessary, investigating ways of improving the nighttime winds.
Differencesin behavior of various PBL schemes will be further investigated and

evauated. Wind profiler and Doppler lidar datawill be assmilated on a coarse scale, and
datistical measures of mode accuracy will be used to provide objective measures of
model performance.

Of al modd runs that have been conducted so far, the best performance has been
exhibited by the dec6grid4 run, with the MRF planetary boundary layer scheme and an
extrasigmalayer near the ground.
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FIGURE 1: Surface map, 1800 UTC (1300 CDT) August 25, 2000. Winds are red, with
ashort barb equa to 5 knots and along barb equal to ten knots. Five-minute ozone
vaues are in black (PPB), temperatures are in blue (F), and dewpoints are in green (F).

FIGURE 2: Surface map, 1800 UTC August 26, 2000. Plotting convention asin Fig. 1.
FIGURE 3: Surface map, 1800 UTC August 27, 2000. Plotting convention asin Fig. 1.
FIGURE 4: Surface map, 1800 UTC August 28, 2000. Plotting convention asin Fig. 1.
FIGURE 5: Surface map, 1800 UTC August 29, 2000. Plotting convention asin Fig. 1.
FIGURE 6: Surface map, 2100 UTC August 30, 2000. Plotting convention asin Fg. 1.
FIGURE 7: Surface map, 2100 UTC August 31, 2000. Plotting convention asin Fig. 1.
FIGURE 8: Surface map, 2300 UTC September 1, 2000. Motting convention asin Fig. 1.

FIGURE 9: Time hodograph showing composite diurnd wind cycle, Houston Southwest
Airport profiler. TheV component of wind is oriented north/south; each grid box
represents 1 m/s. Winds are averaged for each hour on August 25, 27, 28, and 29, 2000.
The dtitude of each time hodograph isindicated by the legend. Thewind a a given level
and hour can be represented as a vector that begins at the origin and ends at the
appropriate point on the curve. The strongest southerly winds occur between 9 PM and
Midnight CST. The trace of the mean winds rotates clockwise on the hodograph so that
early morning winds are from the southwest and late morning winds are light. Data
provided by NOAA/ETL.

FIGURE 10: Time hodograph from the Houston Southwest Airport profiler, composited
for each hour on August 30, 31, and Sept. 1. The strongest winds are from the west and
occur around sunrise at low levelsin the amosphere. During the morning the low-leve
winds rapidly weaken, and the weakest winds are found in early to midafternoon. The
strong diurnd wind cycle decreasesin amplitude to nearly zero a aheight of 1 km. Data
provided by NOAA/ETL.

FIGURE 11: MM5 nested grid configuration, August ozone episode. The 108 km grid
occupies the entire area of the figure. Nested within that grid are a36 km grid, a12 km
grid, a4 km grid, and an experimenta 1 km grid.

FIGURE 12: Land use categories for the MM5, shown on a subset of the 4 km grid. See
text for description.



FIGURE 13: Ten-meter winds (scaed to represent one-hour transport) and short wave
radiation reaching the surface (W/m**2, low vauesimply clouds), 18 UTC August 25,
2000, from the sept24griddredux smulation.

FIGURE 14: Winds and shortwave radiation, 18 UTC August 25, 2000, asin Fig. 13,
except from the aug31 smulation.

FIGURE 15: Temperatures (F; 2 m above ground) and surface winds (10 m above
ground), 21 UTC August 31, 2000, from the sept24griddredux smulation. Wind plotting
convention asin Figs. 1-8.

FIGURE 16: Temperatures and winds, 21 UTC August 31, 2000, asin Fig. 15, but from
the aug31 smulation.

FIGURE 17: Incoming shortwave radiation and winds, 18 UTC August 25, 2000, asin
Figs. 13 and 14 except from the oct25grid4 smulation.

FIGURE 18: Surface temperatures and winds, 21 UTC August 31, 2000, asin Figs. 15-16
but from the oct25grid4 smulation.

FIGURE 19: Locations of National Westher Service regular observing stationsin
Houston and surrounding aress. Green stations are treated collectively as Houston area
dations (not pictured: 11R, located west of DWH and south of CLL); blue Sations are
coadtal plain gations, and brown gtations are inland stations.

FIGURE 20: Comparison of hourly maximum and minimum temperatures averaged from
eight gation locations in the Houston areawith two model forecasts. Successive
groupings of data, from left to right, are maximum temperatures, August 23, 2000,
minimum temperatures, August 24, maximum temperatures, August 24, etc.

FIGURE 21: Stuve diagram, 23 UTC August 30, 2000, Wharton Power Plant rawinsonde
launch site. Green: rawinsonde observations of dewpoint and temperature (Celsius).

Light blue: dec14grid4 smulation (default soil moisture). Brown: dec7grid4 smuletion
(basic soil moigture). Y dlow: dec16grid4 smulation (dry soil moisture). Red:

oct25grid4 smulation (basic soil moisture, MRF PBL). Background lines are, clockwise
from horizonta, pressure (mb, black), potential temperature (red), equivaent potentia
temperature (green), saturation mixing ratio (blue), and temperature (C, black).
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1. Introduction

Texas A&M Universty, through the Texas Engineering Experiment Station, has
been tasked with developing meteorological modd fields that can be used to drive
photochemicd modd smulations of ozone development in the Houston Galveston area.
The period of smulation includes August 25, 2000 through September 1, 2000, which
includes a portion of the Texas 2000 Air Quality Study (TexAQS 2000) fied program.
Specificdly, for the purposes of thisreport, Texas A&M will:

(8 Format and qudity assure surface meteorologica data and TexAQS 2000
profiler, GPS sonde, and Airsonde data for MM5 modeling, in coordination with other
TexAQS researchers,

(b) Incorporate new fegtures to improve MM5 modeling, including dteration of
land surface characteridtics;

(c) Develop three-dimensond andysis fields with TexAQS 2000 data, induding
assmilation of gppropriate specia observations with the MM5 forecasted wind fidlds;

(d) Perform performance evaluation of the MM5 modd runs.

Task (8) inthe above list iscomplete. Tasks (b) and (c) areiterative in nature,
with repeated tests and fine-tuning as the work proceeds. Task (d) is continuous and
ongoing. Also, additiona meteorologicd anayss has been performed with the aim of
understanding the nature of model errors and and the processes responsible for them, so
that to the greatest extent possible the MM5 can be modified to cure the source of the
errors rather than merely mask them.

Thefind delivery date for the modeing runs and documentation is Feb. 28, 2002.
This report documents the progress up to this date, describes the experiments that have
been performed, and documents the settings and characteristics of the modd runs.

The organization of this report isasfollows. Section 2 describesthe
meteorologica characteristics of the ozone episode, using regular and specid
observations collected during TexAQS-2000. Section 3 describes the modeling protocol
that is being followed, including modd andysis and validation techniques. Section 4
describes the basic model setup for the experimenta runs. Section 5 describes the results
of numerical smulations that have been performed to date. The conclusionsarelisted in
Section 6, along with a description of future work.



2. Meteorological Conditions During the August 2000 Ozone Episode

2a Ovearview of Houston/Galveston summertime meteoroloqy

Houston islocated close to the Gulf of Mexico, just south of 30 N. To the west
and southwest, the Mexican High Plain produces a barrier to low-leve flow, causng
winds to be predominantly from the south or north rather than the east or west. Weather
is characteristic of midlatitudes during the cold season and of the tropics during the warm
season. The climatologica conditions support avariety of ecosystems in the Houston
areq, including coastal marshes, prairie, oak savamnah, and pine forests.

Westher conditions in southeast Texas during summertime are typicaly hot and
muggy, with occasond thundershowers. The predominant wind direction is from the
southeadt, associated with the western edge of the Bermuda High. This anticyclone
typically weskens during the latter part of the summer, leading to lighter and more
variablewinds. High temperatures are typically 30-36 C during the second half of
August and the first haf of September; low temperatures range from 20-25 C.

Precipitation is variable, and can be associated with afternoon thunderstorms
aong the sea breeze front or more widespread thunderstorm activity associated with
tropica disturbances or tropica cyclones. Average monthly precipitation during August
and September is 75 mm to 150 mm.

2b: Meteorologica conditions during the 2000 warm season

The summer of 2000 was exceptiond for southeast Texas. In early September of
2000, many locations set records for the highest temperature ever recorded. These events
were brought on by widespread drought during the preceding few months.

Table 1 shows the monthly weether records during the period May 2000 through
September 2000. Following awet spring, drought conditions set in by June. All stations
received well below normd precipitation during June, July, and August. Significant
precipitation in September was not received until Sept. 13.

The dry conditions are consstent with the increased spread between the
maximum and minimum temperatures. This effect can be caused by both adecreasein
cloud cover and a decrease in absolute humidity, both of which were observed during the
period. Although minimum temperatures were near or dightly below normad, maximum
temperatures were well above norma. The warmer daytime temperatures in turn caused
increased potentia evaporation from the ground and from vegetation, further contributing
to dry soil conditions across southeast Texas.

2c. Meteorologica conditions during the August 2000 ozone episode

This subsaction summarizes the weather conditions and their gpparent impact on
ozone formation during August 23, 2000 (8/23) through September 1, 2000 (9/1).
Throughout the remainder of the paper, dates will be abbreviated as above. The
discussion begins on 8/23 because, as discussed in Section 3, the model smulations of
the 0zone episode begin on that date.



TABLE 1: Departures from normal (degrees Celsius) and percentage of normal
precipitation, May-September 2000 (source: National Weather Service)

May June July Aug Sept

Houston Intercontinental

MAX 1.3 0.2 2.8 2.7 2.1

MIN 2.7 0.9 0.2 0.1 -0.7

PRECIP 236 66 18 60 89
Galveston

MAX 2.1 1.6 1.8 2.1 1.8

MIN 1.4 0.8 -0.2 0.1 -0.8

PRECIP 128 25 24 28 106
Beaumont/Port Arthur

MAX 0.5 0.2 1.4 2.0 1.9

MIN 2.4 0.6 -0.3 -0.2 -0.4

PRECIP 155 46 44 17 49
College Station

MAX 1.7 -0.1 3.3 3.6 3.8

MIN 1.6 0.6 -0.8 -0.8 -1.2

PRECIP 116 69 0 9 31

Table 2 shows the hourly average ozone characteristics from 8/23 through 9/1.
The ozone on both 8/23 and 8/24 were limited by thunderstorms that devel oped during
the late morning. On 8/23, the thunderstorms formed aong the sea breeze and bay breeze
front. On 8/24, abroad area of thunderstorms devel oped east of Houston and moved
westward across the metropolitan area.

TABLE 2: Ozone exceedances during August 2000 episode
(source: Texas Natural Resource Conservation Commission)

Highest hourly average Number of stations
ozone (PPBV) exceeding 124 PPBV

8/23 101 0
8/24 111 0
8/25 194 12
8/26 140 1
8/27 87 0
8/28 122 0
8/29 146 3
8/30 199 7
8/31 168 10

9/1 163 2

The high ozone episode began on 8/25 with stagnant conditions during the late
morning which apparently alowed an area of high ozone to develop in the Ship Channd
area and move westward during the day. Figure 1 shows the surface winds, temperatures,
dewpoints, and ozonelevelsat 18 UTC (1 PM CDT, 12 Noon CST), & about the time
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when the mass of air rich in ozone and its precursors had begun to move. Temperatures
are generdly in the upper 80s (Fahrenhelt), and winds are generaly from the east and
rather light. The day was devoid of ggnificant thunderstorm activity. More Sites
experienced exceedances on this day than on any other day during the episode.

The following day (8/26, Fig. 2), midday winds were light from the southeast
rather than the eest. The highest ozone on the map is northeast of the Ship Channdl, and
gtations west of the Ship Channd are nearly 100 PPB lower than on the previous day.
Aircraft observationsindicate that moderately high ozone was reached northeast of
Houston on this day but was largely unobserved by fixed surface sensors. No
preci pitation was observed in southeastern Texas.

On 8/27 (Fig. 3) and 8/28 (Fig. 4), noontime winds were well organized and from
the southeast on both days. During the preceding mornings, winds had become light but
not cam, and ozone vaues remained below legd limits. The highest ozone values were
generdly observed late in the day at Conroe, well north of Houston. There was no
precipitation in eastern Texas on ether day.

A stedth ozone day occurred on 8/29 (Fig. 5), in the sense that aircraft
observations of a high ozone event over the northern part of Galveston Bay were matched
by surface observations of a mere moderate ozone event. At 18 UTC, winds were
generdly light and disorganized throughout the area. By 21 UTC (not shown), they
would be systematicaly from the southeast, much like on the previous few days. Agan,
the day was free of precipitation. Temperatures by 18 UTC on 8/29 were in the low to
mid 90s everywhere except dong the immediate coastline, following adight warming
trend over the previous few days.

Conditions on 8/30 and the following two days are shown at 21 UTC, or
midafternoon, because winds tended to be lightest during the afternoon on those days and
the highest ozone was typically observed during late afternoon. On 8/30 (Fig. 6), winds
arelight and disorganized over land, while coastal stations report the onshore flow of a
bay breeze or gulf breeze. Very high ozoneisfound a LaPorte and Texas City, with the
highest totals found behind the sea breeze front. Winds during the previous hours were
from the west and northwest, presumably advection Houston emissions over Galveston
Bay to be carried back over land during the afternoon bay breeze. Thisview of the day is
consgtent with airborne ozone lidar measurements by the Environmenta Technology
Laboratory of the Nationa Oceanographic and Atmospheric Adminigtration
(NOAA/ETL). Theday was again free of precipitation. The highest hourly average
ozone of the episode occurred on this day.

The following day, 8/31 (Fig. 7), dso had rdaively cdm winds during the
afternoon. On this day, the high ozone was not confined to the coast, but instead affected
ten observing stations in central and eastern Houston. Temperatures had by this day
climbed to unusudly high levels, exceeding 100 Fahrenheit except dong the immediate
coagt. During the late afternoon, thunderstorms devel oped over Louisiana and extreme
eastern Texas. The thunderstorms dissipated after sundown, and a convective outflow
boundary approached Houston from the northeast but did not reach the metropolitan area.

Thefind day of the ozone episode was 9/1. At 21 UTC (not shown), the winds
were predominantly from the southwest everywhere and the highest ozone was
downwind of the city. An organized area of thunderstorms had developed north and east
of Houston and was moving southwestward rapidly. By 23 UTC (Fig. 8), the outflow
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from the thunderstorms had reached the center of Houston, dropping temperatures to the
80s and 90s and bringing strong winds from the north and northeast. Ahead of the cold
thunderstorm air, temperatures remained in the 100s.

On days following the episode, winds remained largely from the west; the lack of
aninterva of cam winds gpparently contributed to the lack of extremely high ozone.
However, ozone exceedances were observed on all days through 9/6.

2d: Meteorologica regimes during the August 2000 ozone episode

2d.1) Overview

We have performed prdiminary anayses of much of the profiler, surface, and
buoy data from TexAQS 2000. Initial results, reported at the August 2001 TexAQS
workshop in Augtin, TX, showed that on days without widespread convective activity the
winds followed aregular diurna (one-day) cycle. This cycle was observed far offshore
and aloft aswedll as aong the coadt, and featured the strongest onshore (toward land)
winds during the evening and the strongest offshore (toward water) winds during the
morning. Theoreticd studies, by Richard Rotunno and others, attribute this behavior to
the interaction with the sea breeze and the Earth’ srotation at a latitude where the so-
cdled inertial period is dightly greater than one day. The development of aloca
bay/gulf breeze dong the coast can be viewed as a nonlinear modification to the much
broader-scde diurnd wind cycle.

Subsequent andlysis by us during October and November 2001 indicates that the
behavior of the wind during these undisturbed days is extremely sendtive to whether the
large-scde wind is onshore or offshore. The August 2000 ozone episode included both
types of days. large-scale onshore flow was present Aug. 25-29, while winds pardld to
the coast or offshore were present Aug. 30-Sept. 1. Composites of winds on these days
were Smilar to composites drawn from the entire TexAQS 2000 period, so the nature of
these regimes will be discussed by reference to composites from the o0zone episode.

2d.2) Regime |

Fig. 9 isacomposte of winds at Houston Southwest Airport wind profiler Site for
Aug. 25-29. We shdl cal this period Regime|l. Thisand the compostein Fig. 10 were
congtructed from data which had not been filtered for bird contamination; such filtering
indicates that winds below 800 m are uncontaminated. The contamination is limited to
nighttime hours. The composites shown are smilar to composites of data from other
profiler Stes.

The composite shows that the time hodograph traces out a nearly perfect circle at
most levels. Thereisadight timelag of 1-2 hours from the ground to 2000 m, but the
amplitude of the wind variation is nearly congtant with height. As aresult, the composite
shows very little vertica wind shear.

A comparison with linear theory suggests aspects of thiswind pattern that may be
sengtive to certain aspects of a meteorologica model. The amplitude, or size, of the
circleis determined by the amount of daytime heating and nighttime cooling, so proper
gmulation of the diurna temperature cycle over land will be an important aspect of the
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smulaion. The location of the circle on the hodograph depends on the strength and
direction of thelarge-scalewinds. The dight time lag with height in the obsarvationsis
inconsistent with theory, which predicts that the latest phase in the cycle should happen at
the ground. We hypothesize that this discrepancy is due to the difference in the timing of
heeting as afunction of dtitude: in linear theory the heating occurs Smultaneoudy
throughout the planetary boundary layer (PBL), whilein the redl amosphere the heating
occurs later and later with height as the PBL deepens during the day. Correct modeling
of the growth of the PBL will be important to smulating the vertica structure of the
diurnd wind cyde.

2d.3) Regime |

In contrast, Fig. 10 shows the composite winds at the Houston Southwest Airport
profiler site for Aug. 30-Sept. 1. We cdl this period Regimelll. Instead of aregular
circle, the hodograph trace is an dongated dlipse; instead of smilar wind variations with
height, the diurnal cycle decays to near zero by aheight of 1 km; and instead of awind
variation of afew m/s, the wind changes by more than 10 m/s on average between sunset
and sunrise. A fourth difference, that most of the winds are westerly rather than
southerly, is atributable to the large- scale wind being from the west rather than the south.

We hypothesize that the other differences between Regime | and Regimell area
consequence of the different large-scale wind direction (or, more precisgly, the
geostrophic wind direction). In particular, the coast-pardld winds alowed temperature
to reach very high vaues during Regime 1. The resulting land- sea temperature gradient
caused adrop in pressure at low levels over land and a Situation known as adverse shear,
in which the balanced wind is strongest at low levels and decreases or reverses direction
aoft. Such an adverse shear is seen by comparing low-level and 1-kmwindsin Fg. 10:
the average wind & low levelsisfrom the WSW at about 6 m/s, while the average wind
a 1 kmisnearly zero.

Adverse shear isaclassc indicator of nocturnd low-levd jets, for the following
reason: during daytime, the wel-mixed PBL causes winds to be homogenized throughout
the lowest 2 km or s0 of the atmosphere. Since the large- scale wind speed decreases with
height, the average wind in the lowest 2 km is much wesker than what the surface wind
would otherwise be. Thus, during the day, friction acts to dow the wind even more than
it would in the absence of wind shear. At night, when a surface temperature inverson
developsin response to radiationa cooling, the winds aoft decouple from the surface.
No longer feding the retarding effect of friction, they accelerate, and in fact overshoot
much like a pendulum bob released from one Side swings across to the other side. The
acceleration is strongest near the ground because the effect of friction was strongest there
and the pressure gradient is strongest there as well.

At the surface, while this accderation is going on aoft, the air is trapped by the
inverson to remain near the ground, and winds remain very light. During the morning,
asthe PBL deepens, the strong winds of the low-level jet mix down to the surface, and
surface winds increase for afew hours until the PBL gets degp enough to include the
lighter winds doft. Asthe mixing takes place, the low-leve jet weskensrapidly. This
mechaniam is dynamicaly smilar to the mechanism which drives the Great Plains
summertime low-leve jet.
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We further hypothesize that the magnitude of the low-leve jet islocaly enhanced
by the additiond effect of the diurnd heating cyde. Essentidly, the frictiondly induced
wind cycleisadmost exactly in phase with the sea breeze wind cycle, so that the two
effects amplify each other.

2d.4) Sgnificance of the diurnal wind cycle

The diurnd wind cycleis crucid for understanding the evolution of the surface
winds during a high ozone day. For daysin Regimel, alarge-scale wind of closeto 3
mV/s, such asisfound in the composite, would lead to afew hoursin which the wind
becomes calm and gradualy reverses direction. Such an event took place on 8/25. Other
days, when the large-scale wind is dightly stronger, should see no stagnation events and
as aresult less ozone. When the large-scale wind is from the south, the stagnation should
take place between 9 AM and noon LST. Very light large- scae winds might cause one
day’ s emissons to execute a complete loop and return to the city on the following day.

In contrast, Regime |1 days, with appropriate large-scale winds, reach stagnation
during the afternoon. At night, the large vertica shears would redistribute ozone
horizontdly, with ar a different levels moving to different places. At an dtitude where
the winds are light, the ozone might stay in place to help elevate ozone levels the
following day, but the impact should not be as grest asif an entire column of ar from the
previous day was present at one location.
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3. Procedurefor Developing the MM 5 Simulations

3a The MM5 Modedl

In this document, MM5 refers to the NCAR/Penn State (Nationd Center for
Atmospheric Research/The Pennsylvania State University) Mesoscale Modd, Version 5,
Release 3.4. The MM5 is a gate-of-the-art mesoscale model designed for phenomena
originaly desgned for model smulations of one or two days with grid spacings of 30 to
80 km. The modd has evolved to include a sophisticated set of parameterizations which
dlow the modd to be run redigtically on scales larger than boundary layer turbulence (a
few km) dl the way to globa climate smulations. Documentation for the modd exidsin
technica memoranda and articles, but the most current documentation is available online
a http:/Amww.mmm.ucar.edu/mmS/mm5-home.html in the form of tutorid notes,
descriptions of model updates, and other documents.

The MM5 is one of savera modd s presently being used for high-resolution (<10
km grid spacing) mesoscale smulations, and along with the CSU-RAMS modd, is one of
the most widely used mesoscae modesin the world. The modd is appropriate for
smulating winds and temperatures across a metropolitan area over a several-day period,
asitisbeing used here. The MM5 is accepted for use for regulatory purposes by the
Environmenta Protection Agency, and, perhaps not insgnificantly, it isthe only
numerica modd with which the author of this report has extensive firsthand experience.
The MM5 has been used a Texas A&M University to study phenomena such as urban
heat idands, dantwise convection, extreme rainfal events, and drylines. During the
TexAQS 2000 fied program, Texas A&M operated the MM5 in forecasting mode,
producing predictions for southeast Texas a 4 km grid spacing up to 36 hours in advance.

The MMB5, as presently configured, is a non-hydrostatic, Sgma coordinate
(terrain-following) atmospheric modd with optiond land surface modd interfaces. The
MM5 modding system includes the MM5 modd itsdf aswel as various ancillary
programs for, among other tasks, establishing the modd grid configuration, initial and
boundary conditions, and land surface characterigtics. All such programs used in the
project are the most recent available as of the summer of 2001.

The MM5 is modified dightly from its release verson to fix abug in the output
software (see Section 5a). This bug, according to NCAR, did not affect the model
integration itsdf, only the timing of output.

For the purposes of modd vaidation and graphica inspection of modd output,
additiona postprocessing programs were developed by Texas A&M University for
converting MM5 output into Gempak format. Gempak is afredy-available
meteorologica display software package developed by the National Aeronautica and
Space Adminigtration and the National Westher Service.

3b: The Modding Environment and Output Locations

All modd runs are conducted on typhoon, a sixteenprocessor SGI Origin
operated by TNRCC. Postprocessing is performed on typhoon and locally at Texas

A&M Universty. All work isperformed on / met / nganmon, with subdirectories
organized asfollows
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dat a: Observations from the TexAQS-2000 field program.
anal yses
ncar : Eta Data Assmilaion System gridded analyses
t er r ai n: Output and control files from the TERRAIN MM5
preprocessor
pr egr i d: Output and control files from the PREGRID MM5
preprocessor
regri dder : Output and control files from the REGRIDDER MM5
preprocessor
i nt er pf : Output and control files from the INTERPF MM5
preprocessor
mb3. 4: The MM5 and preprocessor programs and runtime directories
out put : Output files from the MM5 program, software to manipulate and
convert them, and converted files. Within output, mode runsarein
subdirectories which are named according to date of completion and grid
number.
genpak: Gempak software and executables
ver i f : Veificaion software and verification output files

In this document, modd runswill be referred to by their subdirectory name within
/met/ngammon/output.

A complete modd run begins with specification of the grid dimensonsin the
TERRAIN program. Following this step, gridded andyses are converted (PREGRID)
and horizontaly and verticdly interpolated (REGRIDDER) to the mode grid in pressure
coordinates. Then, an optiond objective anadyss may be performed using the
REGRIDDER output as afirst guess (RAWINS or little r). Next, the andysesand
TERRAIN output are converted to initid conditions, boundary conditions, and optiona
nudging grids (in sgma coordinates).

The programs RAWINS and little_r are not being used for the ozone episode
modding. Theorigina purpose of these programswas to dlow the initialy coarse
andydisfiddsto be enhanced by a univariate anaysis with available data. Instead, we
are usng andyssfidds which are dreedy high-resolution. Mode runs are commencing
two days before the onset of the episode, so any smdl-scde featuresin theinitid
conditions will have vanished by 8/25. Specid TexAQS datato be incorporated directly
into the modd amulation will be assmilated through nudging. In summary, aseparate
objective analysis sep is at best superfluous and is likely to be detrimenta, since the
analysis procedures in the MM5 preprocessors are much |ess sophisticated than the
andyds schemes used to derive the initid andyses.

3c: Procedure for Devdoping Modd Improvements

3c.1) Basic philosophy
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During TexAQS-2000, awide range of regular and specia meteorologica
observations were taken. This data set will make it possible to obtain more accurate
smulaions of the wind and temperature fields in the Houston area than ever before.

Meteorologica observations can be used in two ways. Firdt, observations may be
used to vaidate the modd and determine the accuracy of the modeled fidds. This
process may be iterative, in the sense that the modd characteristics may be dtered so as
to improve the agreement between the observations and the modeled fields. Second,
observations may be assmilated into the mode to directly improve the accuracy of the
modeded fidds.

There are multiple ways of atempting to obtain modeled wind and temperature
fields that match the observations as closgly as possible. Three such techniques are
described now. In comparison to observations, the resulting fields, obtained by different
methods, may be indistinguishably accurate, but the modeled fields are likely to be
considerably different where observations do not exist.

The preferred techniqueisto refine the model so thet it accurately smulates all
the important processes occurring in nature. These processes may be smulated directly
or through parameterizations. In generd, there are many paramerizations available, and
each parameterization has a variety of settings which can be adjusted to better dlow the
parameterizetion to mimic the particular physica environment of the Smulation. If
observations provide direct evidence that a particular parameterization is deficient in one
or more agpects, an adjustment of the parameterization to fix the deficiency will dso fix
al modd errors that are caused by that deficiency. Thistechnique, while preferred, is
difficult and generaly requires extensive specidized observations.

The second best technique isto refine the modd so that it accurately reproduces
the results of important processes occurring in nature. This processis digtinct from the
preferred technique because the appropriate aspects of the model may not necessarily be
adjusted. Instead, an inaccuracy may be introduced which compensates for another
inaccuracy inherent in the modd.  If such compensating errors are introduced, it is
desirable to introduce them as early in the cause-and-effect chain of events as possible, so
that meteorologicd fields of particular interest do not contain these errors.

Thethird, and least preferred, technique is to assmilate datainto the model
amulation, through techniques such as data nudging. In principle, thereis nothing
inherently wrong with this procedure, but for it to work properly with the current version
of MM5 the observations must be sufficiently well distributed so as to fully represent the
phenomena of interest. In most redlistic circumstances, the data are far from being well
distributed, and data assimilation may instead cause little improvement, no improvement,
or even degrade the model smulation away from the observations.

To take one relevant example, consder amodd forecast of a sea breezefrontin
which the amulated front movesinland too dowly. Inthe MM5 modd, thisfailure can
have many causes, one of which would be too strong an opposing wind over land. The
preferred technique for fixing this problem would be to identify the cause of the opposing
wind error (for example, an incorrect anaysis being assmilated on the large-scde grid)
and correct it. A lessoptimal technique would be to decrease the surface heating over
land so that the modeled sea breeze advances more dowly. This technique would get the
right answer for the wrong reasons, and would still retain the inaccuracies of the wind
field ahead of and above the sea breeze. The least optima technique would be to
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assimilate surface temperature observations that include the passage of the sea breeze
front. Inthe MM5 assamilation scheme, such a procedure would likely lead to
discontinous propagation of the sea breeze front or destruction of the front entirely,
because the observations are being assmilated on a scale much larger than thet of the sea
breeze front. Under that circumstance, while the modd will agree more closdy with the
surface temperaures, it will suffer inits ability to accurately represent the remainder of

the three-dimensiond atmaosphere within its domain.

3c.2) Smulation of the diurnal cycles

A consigent theme in the above discussion isthat proper refinement of the mode
requires knowledge of the processes that lead to model error. According to the
meteorologicd analysisin Section 2, the most important mode processes for smulating
winds on high ozone days in Houston are those processes which drive the diurnd cycles
of wind, temperature, and moisture. Rather than assmilate observations directly into the
MM5 smulation, amode configuration and lower boundary conditions will be identified
that dlow the modd to accurately smulate the diurnal cycles.

The sea breeze in the Houston- Galveston area includes two basic phenomena.
The firgt is the sea breeze front, which develops near the coadtline during light or onshore
wind conditions and propagates inland as a dengty current, with onshore flow in the
lowest km or so of the atmosphere and return flow aoft. The second isthe large-scde
diurnd wind oscillation, which takes the form of a nearly smultaneous clockwise
rotation of the wind vector on a hodograph over broad areas of southeast Texas and the
adjacent Gulf of Mexico. Thislatter phenomenon hasarich verticad sructureandisa
consequence of the near-resonance between the diurnd sea breeze forcing and the local
inertial period. Both phenomenaare controlled by the land- sea temperature difference
and the larger-scae wind, and interact with convection, the urban heet idand, and other
locd phenomena

If the modd smulation of the sea breeze is poor, conventiond data nudging will
do littleto help it. Observation error will be grestest where the mode has an erroneous
sea breeze front location. However, wind nudging will not correct the sea breeze front
location; ingteed, it will artificidly displace the sea breeze into or out of acircular region
around the observation while substantialy weakening the sea breeze front itsdlf.
Furthermore, except for two or three locations near the coast with wind observations
digtributed verticaly, the vertica structure of the nudged sea breeze will depend strongly
on the vertica structure of the nudging coefficient rather than the sea breeze dynamics
itsdf. Similarly, temperature nudging will artificidly ater the temperature field near the
sea breeze front, producing artificid, discontinuous sea breeze motion and permanently
distorting the sea breeze structure.

The modd smulation of the sea breeze will be improved by dtering the forcing
of the physicd processes that produce the seabreeze. Exigting land surface categories
may be dtered by adjusting the moisture availability, the abedo, and other
characteristics. Additiona land surface categories may be created to represent
trangitiona land use types between the urban and agricultural categories that dominatein
the Houston area. Characteristics can even be dtered on agrid point basis based on
remotely-sensed satdlite data or airborne therma imegery.
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Unlike observationd nudging, which dters directly observed fidds in the mode,
representative land surface characteristics in the Houston area are essentially unobserved.
However, there are ample observations of the effect of the land surface characterigtics
and their variaions. These observations are of the diurna surface temperature cycle, of
the vertica structure of the boundary layer (determined by soundings and aircraft
ascents/descents), and of the sea breeze strength, structure, and evolution. Assuming that
the MM5 is dynamically able to smulate the sea breeze if given the proper forcing, the
observations of the land surface effects will be used to tune the land surface
characteristics so as to alow the modd to reproduce both the diurnal temperature cycle
and the sea breeze cycle in adynamicaly consstent, redistic way. Depending on the
outcome of thiswork, it may also prove useful to nudge surface temperatures toward the
observationd network, to the extent that the intra- network temperature variations are
judged to be redlidtic.

The meteorologica analysisin Section 2 aso noted that the second portion of the
August ozone episode, Regime 1, involved winds that were likdly to be sendtive to low-
level grid structure and the planetary boundary layer parameterization. If the vertica
mixing of momentum is not properly handled in the mode, the resulting diurna wind
cyclewill beincorrect even if the surface temperature cycle is correct in the MM5. If a
deficiency isfound in the momentum mixing, the PBL parameterization may be
specificaly dtered to reduce the mixing to alevel commensurate with observations,
given the observed response of the low-level windsin the profiler and Doppler lidar data.

3c.3) Large-scale nudging of mesoscal e observations

In addition to the locdl forcing, the diurnal sea breeze cycleis dso sengtive to the
large-scde ambient winds. The large-scale flow strongly affects the position and timing
of the sea breeze and moderately affects the strength of the sea breeze front itsdf. Of
course, the large-scale winds dso directly impact transport of ozone and its precursors.
Thelarge-scde wind fidld will be congtrained fairly tightly by the analysis nudging being
performed on the coarser grids, which directly affects the boundary conditions of the
finer meshes. However, within the finest mesh, smple nudging of thewind fidd, from
profiler and other data, will detrimentally affect the sea breeze structure itsdlf, for reasons
discussed above. Thus, it isimportant that the land surface characteristics be optimized
before wind data nudging is atempted.

The wind data takes two forms. Some data has very high vertica resolution but is
only avalable at a handful of locations. Other dataiswiddy available but conssts only
of surface data. Thisfirst class of data, conssting mostly of profiler observations
(including Doppler lidar wind profiles), iswell suited for determining the large-scale
three-dimensiona wind structure. The second class of data, conssting mosily of
anemometers afew meters above the ground, is not suited for measuring large-scale wind
speed and direction (because the measurements are strongly senstive to the land surface
characteridics in the immediate vicinity) but with gppropriate caution can provide useful
information on smdler-scae horizontad wind fidd variations. (A third type of datais
arcraft flight-leve winds, nudging to flight-level winds s problematic and to our
knowledge has never been attempted within a high-resol ution mesoscae modd.)
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The profiler wind observations will be utilized in a nudging framework thet
dlowsthe profiler data to affect only the large-scale windsin the modd while leaving the
gndler-scaewindsintact. Possble procedures for doing so include using nudging
weighting functions which decay very dowly away from the observations and performing
tempora averaging of the profiler observations, the modd simulations, or both, before
computing observation increments. As a separate, final step, additional smdl-scae
nudging of the boundary-layer winds, based on surface observations, may be employed in
the (hopefully) unlikely event that Sgnificant modd discrepancies remain.

3c.4) Fine tuning

Oncethe diurnd cyde and large-scdle winds are smulated correctly, other mode
adjustments will be made to fine-tune the smuldion. It isdifficult to go into much detall
a this point, snce it is not known ahead of time what will cause the remaining errors.

One possible source of error is convection. In amulations of this and previous
ozore events, the MM5 has been shown to be susceptible to gpparently unredigtic large-
scae convective cdlls, which produce broad downdrafts within the boundary layer. Since
we will not be coupling the MM5 to atrue land surface model, the clouds and
precipitation will not ater the soil moisture, and therefore will not have a sgnificant
permanent effect on the smulation. However, to the extent that the convective cdls are
forecast to occur in locations where observations indicate both no convection and high
ozone (or its precursors), this problem may require attention. 1t is not known ahead of
time whether the problem will till exist after ppropriate land surface characterigics are
determined. If it does, it may be necessary to modify the model in other ways, for
example by sdectively or globdly diminating or reducing parameterized evaporative
coaling.

3c.5) Model validation

The mode development and improvement activities described above involve
independent treatment of the diurnal sea breeze cycle, the large-scale winds, and the
andler-scaewinds. Consequently, amodel vaidation procedure must be established
that makes it possible to distinguish among these different types of error. Essentidly, this
amounts to a combination of statistica and phenomenologica validation.

Initid modd vaidation will focus on the diurnd cydes. Important agpects of the
amulation will be accurate representation of the diurna hesting cycle over land,
including fluxes of heet, moisture and radiation, as determined by changesin the
temperature and moisture of the boundary layer. Important e ements of the wind fied
include proper smulation of the diurnd wind cycle as afunction of location and height.
Thewind fidd vaidation, in particular, will be qualitative in nature, because many
processes besides errors in the diurnd cycle can lead to wind errors.

When nudging to profiler winds begins, it will be difficult to messure the
improvement in the three-dimensond wind fidd. Daawill be withheld in order to
measure the improvement (if any) in the smulations at locations where observations were
not assmilated. Also, one important indicator of the accuracy of the assmilation isthe
motion of the sea breeze front. The progresson of the front is sengtive to the large-scae
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winds and will not be resolved by the filtered profiler observations, so an improvement in
the fronta mation isindependent evidence of improvement in the large-scale winds.

During thefind dage of validetion, Satigtica validation measures will be used
extengvely. We plan to use the MAPS software package, provided to Texas A&M and
TNRCC by Dennis McNaly and Tom Tesche of Alpine Geophysics. In addition to
recommended statistical measures of modd performance, we will estimate errorsin
“wind run”, the latera displacement of air as measured by its motion past adation. This
measure is an excdlent way of estimating likdy errorsin air parcd trgectories from
point observations aone. Such errorsin the meteorologica fieds are likely to cause
errors in the placement and magnitude of ozone concentrations, so it isimportant to
document and understand the uncertainty in the model trgjectories.

Findly, as an ad to modd assessment, we will use trgectories of parcels emitted
from known pollution sources to infer the likely location of high ozone air according to
the MM5 model smulations. The primary purpose of this procedure will be to
understand the likely sensitivity of air parcd trgectories to various changesin the
configuration of the MM5 modd. A secondary benefit of this procedure will be to
provide information on aternate modd run output should initia photochemica mode
experiments produce sgnificant placement errors.

3c.6) Use of conventional and special data

The modeling philosophy outlined above makes heavy use of the data collected
during the TexAQS 2000 field program. Indeed, this gpproach would not be possible
without the field program data. Only because of the specid observations do we know the
vertica gructure of the sea breeze cycle, the enhanced low-leve jet during dongshore
wind conditions, the horizontal structure of these phenomena, and the relationship
between the low-level wind maxima and nocturna temperature inversons. Because
these criticd phenomenaare wdl observed, it will be possible to andyze deficienciesin
the MM5 configuration and (hopefully) correct them so that the modd is able to
reproduce the basic structure, timing, and amplitude of the daily wind cycle. Idedly, the
MM5 will be made to perform so well that data assimilation would be unnecessary. In
practice, we will work to make the MM5 smulation as redistic as possible and use data
assmilation selectively to compensate for any remaining unredlistic features.
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4. Basic Model Setup
4a: Introduction

This section describes the configuration of the MM5 modd and its preprocessors
for the basic MM5 model smulation of the August 2000 ozone episode. The basic model
run serves as a useful point of departure for discussion of other modd experiments. Of
the various modd runs that have been conducted to date, the basic model runisso
identified because it is most Smilar to the other modd runsin its configuration; most
other modd runs differ in only one or two aspects from the basic modd run.

4b: TERRAIN Configuration Parameters

All MM5 smulations use agrid configuration for 108 km, 36 km, 12 km, and 4
km grids originaly proposed by TNRCC and adopted by Texas A&M University as
reasonable and scientificaly judtifiable, except that the 4 km grid had to be dtered
dightly to conform to MM5 condraints. A fifth grid, with a1 km grid spacing, is
additiondly specified in the event that such high resolution in the MM5 winds produces
an improvement in the meteorologica or photochemical smulations. The grids are
defined with respect to a Lambert Conformal map projection centered at 40N, 100W.
The configuration of the gridsis shown in Fig. 11, and they are specified as follows:

MAXNES = 5, ; NUMBER OF DOMAI NS TO PROCESS
NESTI X = 43, 55, 100, 136, 133, 221, ; GRID DI MENSIONS I N Y DI RECTI ON
NESTJIX = 53, 55, 100, 151, 141, 221, ; GRID DIMENSIONS I N X DI RECTI ON
DI S = 108., 36., 12., 4.0, 1.0, 1.0, ; GRI D DI STANCE
NUMNC = 1, 1, 2, 3, 4, 5, ; MOTHER DOMAIN I D
NESTI = 1, 6, 6, 17, 43, 50, ; LOWER LEFT | OF NEST I N MOTHER DOVAI N
NEST) = 1, 24, 8, 25, 49, 50, ; LOWER LEFT J OF NEST IN MOTHER DOMAI N
NTYPE = 1, 3, 4, 6, 6, 6, ;| NPUT DATA RESOLUTI ON

1: 1 deg (~111 km global terrain and | anduse

2: 30 mn ( ~56 km global terrain and | anduse

3: 10 min ( ~19 km global terrain and |anduse

4, 5 mn ( ~9 km global terrain and | anduse

5 2 mn ( ~4 km global terrain and | anduse

6; 30 sec ( ~.9 km global terrain and | anduse
NSTTYP= 1, 2, 1, 1, 1, 1, ; 1 -- ONE WAY NEST, 2 -- TWD WAY NEST

Of particular relevance here is the one way nesting configuration. One way nests
use fixed laterd boundary conditions; two way nests dlow information from the inner
nest to propagate outward and affect the outer nest, thereby dtering the lateral boundary
conditions for theinner nest. For moddling of summertime conditions in southeast
Texas, one might suppose that two-way nesting would be preferable, due to the large
horizontal scale of the sea breeze response. If the large-scade sea breeze is not properly
captured on the larger grids, it may be inhibited on the smaler grids. However, we know
of no reason that the large- scale sea breeze would not be simulated properly on the
coarser nests.

One-way nests are useful for aparticular pragmetic reason: only the nest of
interest need be integrated forward in sengitivity tests, thereby saving computer time and
limiting the degrees of freedom of the system. Tests of one-way versus two-way nests
are described in Section 5.
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The firgt part of the job deck for the basic TERRAIN run isreproduced in
Appendix A.

4c: PREGRID and REGRIDDER Configuration Parameters

The modd analyses used for the MM5 runs are three-hourly EDAS analyses,
avalablefrom NCAR. These analyses are designed by NWS to be the best available
andyses for mesoscade modd initidization. Sea surface temperature information is
extracted from the surface temperatures of the EDAS andlyses. Such sea surface
temperatures must be used with caution. Therefore, avisuad ingpection of the sea surface
temperature fields was performed, and it was found that the sea surface temperatures
were redidic dl the way to the coadtline. Furthermore, the smulated maximum and
minimum temperatures a the Galveston NWS station agreed with the model smulation
to within half a degree, as discussed in Section 5, suggesting that the sea surface
temperatures in the modd are producing the proper thermodynamic responsein the
modd atmosphere. Findly, no sgnificant erroneous convection has been found offshore
in the modd smulaions

The firg part of the csh script for the basc PREGRID runis reproduced in
Appendix B. The namdist of the 4 km grid run of REGRIDDER is reproduced in
Appendix C.

4d: INTERPF Configuration Parameters

The INTERPF preprocessor performs the vertica interpolation to sgma surfaces
and the hydrogtatic/nonhydrogtatic initidization. At this point, the vertica structure of
the MM5 run is specified. The basic run includes 43 sgmalevels and 42 hdf-levels,
specified asfollows.

sigma_f _bu = 1. 000, 0. 990, 0. 980, 0. 970, 0. 960, 0. 950, I full sigma, bottomup,
0. 940, 0. 930, 0. 920, 0. 910, 0. 895, 0. 880, | start with 1.0, end
0. 865, 0. 850, 0. 825, 0. 800, 0. 775, 0. 750, ! with 0.0
0.720, 0. 690, 0. 660, 0. 630, 0. 600, 0. 570,
0. 540, 0. 510, 0. 475, 0. 440, 0. 405, 0. 370,
0. 330, 0. 290, 0. 250, 0. 210, 0. 175, 0. 145,
0. 115, 0. 090, 0. 065, 0. 045, 0. 025, 0. 010,
0. 000

The hdf-ggmalevds, on which horizonta winds, temperature, and mixing ratios
are computed, are gpproximately midway between the full Sgmalevels. The high
resolution through the lowest portion of the aimosphere is motivated by previous
experience with MM5 smulaions of the sea breeze which suggest that at least 15 vertical
levels are needed through the depth of the sea breeze in order to properly resolve the sea
breeze frontad circulation.

The basc-date definitions of temperature and |gpse rate are dtered from their
default values in order to more closely represent the typica atmospheric state in southeast
Texasin summertime.

A complete namdlist for the 4 km grid run of INTERPF isreproduced in
Appendix D.
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4e: MM5 Compilation Options

At compile time, the parameterizations for the MM5 are chosen. The basic MM5
run includes the following parameterizations.

The microphysics schemeissmpleice. Thisisafast scheme which tracks cloud
water mixing ratio and either rain or snow mixing ratio, depending on the temperature. It
is made faster by the use of alook-up table for microphysica parameters. Since accurate
amulations of the dynamics of moist convection are not the objective, ardaively ample
microphysics schemeis gppropriate. If moist convection occurs erroneoudy in the MM5
smulation, different microphysics schemes may be tested.

The cumulus parameterization is Grell. This scheme, dong with Kain-Fritsch, is
designed for rdatively high horizontd resolution, in the neighborhood of 20-30 km. The
Kain-Fritsch scheme has shown wildly varying behavior asthe grid resolution decreases
to 12 km; the Gredl scheme has tended to be much better behaved at such high resolution.
Other schemes may be tested if moist convection is a problem on the coarser domains.
No cumulus parameterization is used on the 4 km and 1 km grids, where it is assumed
that the model can explicitly resolve convective updrafts. The shalow convective
schemeisused on dl grids.

The PBL parameterization isthe MRF scheme. This schemeis a Blackadar-type
scheme which incorporates rapid transport throughout the convective boundary layer. In
earlier tests with the MRF, Blackadar, and Burk-Thompson schemes, the MRF scheme
produced the most redligtic diurna temperature cycle. In an experiment described in
Section 5, the MRF scheme is compared to the Gayno- Seaman scheme.

Theradiation schemeis the Fast Forward Radiative Transfer scheme. This
scheme produced the most redligtic diurna temperature cycle in tests of the red-time
MM5 system prior to TexAQS 2000.

The soil schemeisthe multi-layer soil model. While the forcing for the sea
breeze islikdy to be sengtive to the choice of soil modd, there is no other viable choice.
The smple dab modd is crude and is designed for Stuations in which the evolution of
soil temperature is unimportant. The Oregon State University land surface modd would
have been an interesting test, but the land surface characterigics in EDAS blend
gradudly toward the ocean rather than trangtioning abruptly. Asaresut, soil moisture,
s0il temperature, and other parameters are unredigticaly specified.

At compile time, the possibility of data assimilation must aso be specified.

Excerpts from a configure.user file are given in Appendix E.

4f: MM5 Runtime Options

At runtime, the basic mmb5 settings are relatively inconsequential. These settings
will become more important later when nudging on the inner nest is attempted. The basic
MMD5 run includes analysis nudging on the 108 km, 36 km, and 12 km grids, in order that
the boundary conditions on the 4 km grid be as accurate as possible.

A sample of the settings for the basc MM5 run is provided in Appendix F.

40: Hidden MM5 Options
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Short of modifying the code itsdlf, there is an additiond place for dtering MM5:
the land surface specification. The basic amulation includesa LANDUSE. TBL file
dtered from the standard file to reflect the drought in southeast Texas. It is hoped that
this modification will not leed to erroneous weether € sewhere where there was no
drought, which would then feed back on the innermost smulation.

The didribution of land use types in southeast Texasisshown in Fig. 12. Five
land use categories are particularly common: Urban (category 1, Dryland Cropland and
Pasture (category 2), Cropland/Grassand Mosaic (category 5), Grasdand (category 7),
and Evergreen Needleleaf Forest (category 14). The origind MM5 settings and their
modified versons for the basic run are given in Table 3. Also shownin Table3isa
further modified verson for atest described in Section 5.

TABLE 3: Soil moisture availability in the standard MM5
and in two other model configurations

Default

summertime
soil moisture Basic Dry
Category availability run test
Urban and Built-Up Land 1 0.1 0.1 0.2
Dryland Cropland and Pasture 2 0.3 0.2 0.1
Cropland/Grassland Mosaic 5 0.25 0.15 0.1
Grassland 7 0.15 0.1 0.1
Evergreen Needleleaf Forest 14 0.3 0.2 0.1
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5. Experimental Results

5a One-Way Versus Two-Way Nesing

This experiment was designed to determine the impact of nesting type on the
wind fidds within the 4 km nest. The setupsfor the two modd runs are as follows.
sep4griddredux is like the basic run, except analysis nudging is not performed on the 12
km grid, and aug3L1 is like the basic run, except andysis nudging is not performed on the
12 km grid and dl nests are two-way. The two runs are compared by subjective
ingpection of low-level modd variables.

A dsde note: the unusud title of thefirg of the above runsis due to abug
discovered in Verson 3.4 of MM5 which causes the output time to drift from its
preassigned regular interval when run with a high-resolution one-way nest. After the bug
was fixed, MM5 was rerun with the origind mode configuration.

The two modd runsare amilar. The one-way nest is sysematically cooler during
the day by about half a degree Fahrenheit and possesses comparable temperatures at
night. The temperature differences are greatest, about 2 F, on 8/25 when both models
produce convective clouds and precipitation by midday (Figs. 13 and 14). The
convection is much more widespread in the one-way nest. In both cases, the convection
is aso much more widespread than what was observed. Aswill be discussed below, later
smulations do not have this problem.

Wind fields have vector differences on the order of 0-2 m/s, occurring both in
small and large patches. Such differences do not appear to be related to systematic
differencesin convection, the PBL, or other such features. The sea breeze front is
essentidly indistinguishable between the two smulations (Figs. 15 and 16), suggesting
that the development of the fronta circulations is not strongly congtrained in the area of
interest by the details of the latera boundary conditions.

We conclude from this experiment that the choice of nesting scheme will cause
minor, unpredictable differencesin the low-leve wind field, with the exception of
circumstances which are strongly influenced by convection. Once the diurna cycle and
large-scale winds are smulated to satisfaction, the one-way nest test will be repeated to
determine which smulation has the best agreement with observations.

5h: AnadyssNudging

This experiment was designed to determine the appropriateness of andyss
nudging on the 12 km domain. The comparison is between the basic run, known as
oct25grid4, and the sep24griddredux run described in Section 5a. Oct25grid4 is nudged
toward the EDAS anadyses on the 108, 36, and 12 km grids, while sep24grid4redux is
nudged toward the EDAS andyses on the 108 and 36 km grids only.

The purpose of analysis nudging in thisingtance is to congrain the coarse grids to
agree closaly with observed fields while retaining some degree of dynamica condgstency.
Andalyss nudging represents a tradeoff between two extremes. At one extreme, no
andysis nudging is performed, and the mode solution is free to evolve according to the
initid and boundary conditions and internd dynamics. However, smdl errorsin the
initid and boundary conditions and interna dynamics can cause the modd solution to
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drift subgtantialy from redlity after afew days. At the other extreme, asingle high-
resolution grid may be employed, with boundary conditions taken directly from the
andyss. In addition to time resolution issues, this can degrade the modd solution
because such aspects of the boundary conditions as the PBL structure may be
incompatible with the PBL structures which can be smulated by the modd.

The andyd's nudging experiment investigates a more minor didtinction. Itis
possible that nudging on the 12 km domain may redtrict the modd’ s response to the
diurnd forcing of the sea breeze if the analyses, which are much coarser, do not properly
include the sea breeze. It is aso possble that such nudging may interact unfavorably
with the MM5' s convective parameterization, causing ingppropriate development or
suppression of convection near the domain boundaries. On the other hand, with no
nudging on the 12 km domain the moded winds (and other smulated parameters) are
more likely to deviate from actua domain-wide wegther conditions, asthey are being less
tightly congtrained to agree with the anayses.

Fig. 17 (to be compared with Fig. 13) shows that the 12 km nudging substantialy
reduces the extent of the erroneous convection on 8/25, limiting it to afew isolated cells
aong the sea breeze front. These cdlsfail to develop further, so that by later in the
afternoon (not shown) the Houston arealis free of convection, in agreement with
observations. Less convection develops on other days as well.

A more important difference between the two runs is the improvement in the
large-scde winds with 12 km nudging. An example of this may be seen by comparison
of Figs. 15 and 18 with the observed fidds (Fig. 7). Thetwo modd runs differ by severd
mV/s throughout the plotted area. Systemétic differences are found both offshore and
onshore, and the large-scale wind differences result in differences in the postion of the
sea breeze front. The observations indicate that neither run is perfect, but the oct25grid4
run (with 12 km nudging) is far superior in its representation of winds over the Gulf of
Mexico and the limited inland penetration of the sea breeze toward Houston. This latter
aspect of the smulation was identified in Section 2 asacritica process leading to the
observed timing and extent of the ozone exceedances on 8/31.

Better large- scde winds are found throughout the smulation period in the
oct25grid4 mode run. We therefore conclude that nudging to the EDAS andyses should
be performed on the 12 km grid.

5c: Evduation of Diurna Temperature Cycles

Most work to date hasinvolved evauation of the modeled diurna temperatures
and winds. Asdiscussed in Section 3, this phase of the work involves adjugting the
boundary layer characteristics and inputs of the MM5 so as to alow the MM5 modd to
reproduce as accurately as possible the diurna wind and temperature varigtions on its
own.

5c¢.1) Modd runs

Themodd runsthat are compared in this and following subsections are as
follows
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oct25grid4: the basic modd run, described above
dectgrid4: same as the basic modd run, except that an additiond sgmaleve is
added adjacent to the ground, at 0.996

dec7grid4: same as decogrid4, except that the Gayno- Seaman PBL schemeis used
ingtead of the MRF PBL scheme

decl4grid4: same as dec7grid4, except that the soil moisture avallability is set to
its default values (see Section 4g)

dec16grid4: same as dec14grid4, except that the soil moisture availability is set to
dry vaues (see Section 4q)

These modd runs are summarized in Table 4.

TABLE 4: PBL Test Runs

PBL Scheme Lowest Sigma Sail

Level Moisture
oct25grid4 MRF 0.99 basic
dec6grid4 MRF 0.996 basic
dec7grid4d Gayno-Seaman 0.996 basic
decl4gridd Gayno-Seaman 0.996 default
decl6grid4 Gayno-Seaman 0.996 dry

The 0.996 sgmalevd runsinclude smulations of most modd variables at
sgma=0.998, or about 17 m above ground level. The run with the lowest Sgmaleve a
0.99 includes smulations of most modd variables at sgma=0.995, or about 42 m above
ground levd. Inthe 0.996 Sgmalevd runs, the second lowest full Sgmalevd isat 0.99,
identica to thetop of the first full Sgmaleve inthe basic run. The additiond sgma
level was added at the request of TNRCC, which needs alowest sgmalevd of
goproximately 40 m for its CAM-x runs. We elected to add alevel as described above so
asto isolate the effect of higher resolution at the lower boundary without dtering the
sgmalevels above and while preserving a smooth variaion in vertica layer separation.
Higher resolution in the PBL is potentialy beneficid for locad PBL schemes such as
Gayno- Seaman,; the impact on a non-local scheme such as MRF may not be as grest.

5¢.2) Basic model performance: surface temperatures

The MRF PBL scheme is a Blackadar-type scheme which computes profiles and
fluxes of temperature, moisture, and momentum from the ground using smilarity theory.
Given the MRF PBL assumptions, one can compute, using Smilarity theory, the
meteorological variables a observation height given the land surface characteridtics, the
skin temperature, and the temperature at the lowest hdf-sigmalevel. The sandard MM5
output fields now include winds at 10 m above ground level (AGL) and temperature and
mixing ratio & 2 m AGL. These heights are standard for NWS surface measurements.
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To assess the performance of the mode inits prediction of diurna temperature
vaiations, the maximum and minimum 2 m hourly temperatures from the MM5 runs
with the MRF PBL are compared to the maximum and minimum 2 m hourly
temperatures from standard Nationa Weather Service (NWS) observations, which are
generdly taken a aheight of 2maswedl. A complete satisticd vaidation of the MM5
should include dl available valid observations, but at this stage the objective isto
understand the genera characterigtics of the MM5 smulation. The NWS stations are
selected because they are distributed reasonably well about the Houston area and
surrounding locations (Fig. 19) and because the measurements are made with congstent
indruments at carefully sted locations.

Figure 20 shows the daily observed and smulated maximum and minimum
temperatures averaged over the eight NWS stations in the Houston area. The two model
runs are much more smilar to each other than to the observations. The minimum
temperatures from both mode runs are too high by 1.5to 3 C. Maximum temperatures
show less hias, but the error tends to grow with time. The modd maximum temperatures
are dightly too warm early in the episode and are too cold (or, more accurately, not hot
enough) later in the episode. Overdl, the mode runs are deficient in the amplitude of the
diurnd cycle, underestimating the warming during the day and the cooling at night. Such
an error, if reflected in the atmosphere throughout the PBL, would lead to a wesker than
observed diurna wind cycle, including too week a sea breeze.

Comparing the two mode runs, the maximum temperature Smulation is
essentialy unchanged by the addition of the new lower Sgmalayer. Minimum
temperatures show an improvement, with the warm bias reduced on dl days.

The biases vary from station to sation. In Table 5, the individua Houston area
bias are shown, dong with averages of more distant coastd plain stations (Victoria,
Palacios, and Beaumont/Port Arthur) and more distant inland stations (College Station,
Huntsville, and Lufkin).

TABLE 5: Average daily maximum and minimum temperature biases, 8/25-9/1

oct25grid4 oct25grid4 dec6grid4 dec6grid4

Station location Station ID max bias min bias max bias min hi bias
Lake Jackson LBX -0.1 3.3 -0.1 2.8
Conroe CXO -1.4 3.8 -1.5 3.5
Hobby Airport HOU 0.8 1.9 0.9 1.5
Spring DWH -1.5 3.2 -1.4 2.9
Ellington Field EFD -0.5 2.6 -0.5 2.2
Bush Intercontinental IAH -1.5 2.8 -1.5 2.4
Galveston GLS 0.4 0.7 0.3 0.8
Brenham 11R 2.1 0.4 2.1 0.0
HOUSTON AREA AVERAGE -0.7 2.4 -0.7 2.1
COASTAL PLAIN AVERAGE -1.3 2.2 -1.3 1.8
INLAND STATION AVERAGE -2.0 3.1 2.1 2.5

The most accurate smulations are at Galveston. During most of the ozone
episode, this particular station received onshore flow from the nearby Gulf of Mexico, so
its temperatures largely reflect offshore air temperatures. The small bias a this particular

29



gation implies that the marine boundary layer temperatures (and presumably the
underlying sea surface temperatures) are accurate to better than a degree Celsius.

Three gtations (Conroe, Spring, and Bush) are smilar to each other. All aretoo
cool by about 1.5 C during the day, and are too warm by about 3 C at night. These
gations are dl located north of Houston, within the Piney Woods (land use category 14),
suggesting that the characteristics of this particular category, such as soil moisture, are
not specified properly. Theinland station average is consstent with thisfinding. The
inland average is dso too cool during the day and too warm at night; two of the three
inland gtations that compose this average are in the Piney Woods as well.

The remaining four stations show no consistent pattern, and because the number
of remaining gationsis smal it is not possible to attribute the biases to the land surface
Specification with any confidence. Particularly interesting is the differing behavior a
Ellington Field and Houston Hobby Airport. Both stations are southeast of downtown
Houston and are within 20 km of each other. Y et the error in the amplitude of the diurna
cycle (the difference between the maximum and minimum temperatures) is about 1 C for
Hobby and about 3 C for Ellington. Mogt of this differenceis due to modd maximum
temperatures being over 1 C warmer at Hobby than at Ellington, contrary to observations.
It appears that Hobby is under the influence of the urban land use category and therefore
experiences the MM5' s urban heat idand, while Ellington is classified as agriculturd and
experiences somewhat milder daytime temperatures.

The poor minimum temperature forecasts would be expected to have little direct
impact on ozone concentrations, but they are of concern nonetheess. A warm biasin
minimum temperatures implies that the nighttime dretification will be too wesk. This, in
turn, can lead to erroneoudy high vaues of nighttime mixing of chemica condtituents.
Furthermore, the mixing of momentum (winds) could aso be too strong, leading to
erroneous nighttime trangport and affecting the subsequent evolution of winds during the

day.
5¢.3) PBL Scheme Intercomparison

The model runs dec6grid4 and dec7grid4 areidentical except in PBL scheme. A
process such as nighttime inverson development can be very sensitive to the PBL
parameterization characteristics. There are many differences between the low-levd fidds
inthetwo runs. For example, the Gayno- Seaman run tends to have more variable winds,
asharper sea breeze front, and a stronger coastal temperature gradient during onshore
wind conditions. A comprehensive comparison of the two mode runs will be performed
at alaer date at this point, we focus on the diurna temperature cycle.

In order to compare the two runs, it is necessary to examine amodel output field
other than 2 m temperature, Snce 2 m temperature fields are not available with the
Gayno- Seaman PBL scheme. We aso choose four representative stations in the Houston
area HOU, CXO, LBX, and GLS. Since temperature observations are not taken at 17 m
height, the smulations cannot be compared directly to observations. However, if one
assumes that the errors a 2 m in the decogrid4 smulation are smilar to the errors at the
0.998 sigma hdf-layer, one can determine whether the dec7grid4 smulation represents
an improvement or a degradation.
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The comparison of temperaturesis given in Table 6. Day-to-day variaionsin
temperature are as much as a degree Celsius, but of variable Sgn; averaged over the
whole episode most differences are essentidly zero. The one exception is Galveston
(GLS), where the Gayno- Seaman PBL scheme systematicaly produces alarger diurnd
temperature cycle, by about 1 C. Thisdifference is apparently related to the tendency in
the Gayno- Seaman smulation to produce stronger temperature gradients near the
coadtline. Inthisinstance, the MRF PBL is more accurate, in the sense that the amplitude
of the diurna cycle dmost exactly matches the observed amplitude. However, the actua
distance from GL S to the coadtline is poorly resolved at 4 km grid spacing, o it is not
known which modd run is more accurate given the MM5's coastdl configuration.

TABLE 6: dec7grid4 0.998 sigma temperatures minus dec6grid4 0.998 sigma temperatures (C)

25 26 27 28 29 30 31 1 average
min hou -0.4 -04 0.0 -0.2 0.2 0.2 0.3 0.4 0.0
max hou 0.3 0.0 0.1 0.1 -0.2 -0.2 -0.4 -0.6 -0.1
min cxo -0.4 0.2 0.1 -0.5 -0.2 0.1 -0.4 -0.8 -0.3
max cxo0 -0.5 0.0 -0.4 -0.7 -0.8 0.0 0.2 0.7 -0.2
min lbx 0.3 0.3 0.0 -0.2 -04 -01 0.6 0.3 0.1
max Ibx 0.9 -0.1 0.8 -1.0 -0.6 0.4 0.2 0.0 0.1
min gls -0.r 04 04 09 -04 04 -13 -0.2 -0.6
max gls 0.3 0.6 0.4 -0.1 0.7 -0.1 0.1 1.2 0.4

In summary, the systematic temperature difference between the two PBL schemes
seems to be much lessimportant than the difference in the spatid structure of low-leve
winds and temperatures. The choice of PBL scheme will likely be driven by aspects of
the amulation other than the diurnd temperature cycle.

5d: Evaluation of Boundary-Layer Thermodynamic Profiles

One option for fixing the systematic underprediction of maximum temperaturesis
reduction of the soil moisture content. In order to determine whether such astepis
judtified by the data, the smulated boundary layer profiles of temperature and moisture
are compared to special soundings taken during TexAQS 2000. We use soundings at
Wharton (GPS) and Downtown (Airsonde) for this purpose. The Lamarque sounding Ste
was close to the coastline and the PBL is therefore sendtive to smuletion errorsin wind
speed or direction.

In Table 7, the modeled temperature and dewpoint are compared to the observed
temperature and dewpoint within the well-mixed PBL. The comparison is performed
with respect to the soundings launched every day at about 23 UTC, or late afternoon.
Two aspects of the model errors are particularly worthy of note. First, the temperature
biases tend to become more negetive with time, while the dewpoint biases tend to
become more positive. Second, the coal bias a Wharton is accompanied by amoist bias,
while the warm bias a Downtown is accompanied by adry bias. Both of these
characteristics imply errorsin the partitioning of sensible and latent hegt fluxes from the
ground, that is, the amount of moisture that is evaporated or evapotranspirated during the

day.
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TABLE 7: 920 mb to 960 mb average model error in temperature and dewpoint (C),
oct25grid4 model run

8/25 8/26 8/27 8/28 8/29 8/30 8/31 9/1 average

Wharton Temp Error 0 0 0 -2 -2 -2 2 -2 -1.3
Wharton Dewp Error 2 0 -2 2 2 4 2 -1 0.6
Downtown Temp Error 2 2 0 -2 1 0 0 0.4
Downtown Dewp Error 4 -5 -2 3 -3 3 2 -0.9

The temperature and dewpoint trends are cons stent with the weather during and
immediately preceding the ozone episode. On 8/23 and 8/24, widespread showers were
found in the Houston metropolitan area. The precipitation from these showers, generdly
much less than an inch, fell on ground which was very dry from severd months of
drought. Throughout the ozone episode, 8/25-9/1, no precipitation fell. The surface
moisture present a the beginning of the episode should have rapidly evaporated, leaving
very dry conditions near the end of the episode. With time, then, the soil moisture would
decrease, causing (all else being equal) a gradua increase in temperature and decreasein
dewpoint.

The modd smulation essentidly tests thisidea by holding soil moisture constant
while letting the rest of the amospheric conditions vary in aredigtic manner. The result
ismodd that gradually becomes wetter and cooler than the real atmosphere, as the water
available for evaporation into the real atmosphere gradudlly vanishes.

If asystematic difference in temperature from one location to another isto be
explained by variationsin soil moisture, the warmer location must aso be the drier one.
This pattern is followed with the Wharton and Downtown sites: the mode errors are
consstent with too much soil moisture a Wharton and too little soil moisture a
Downtown. Perhaps the more heavily populated urban areas are associated with more
evaporation because of extensve irrigation of lawns and gardens.

To determine the magnitude of the impact of soil moisture on the MM5
smulations, we compare the dec7grid4 run with a run with more moisture (dec14grid4)
and arun with less moisture (dec16gridd). Results are consistent from day to day; the
soundings from |late afternoon 8/30 are shown in Fig. 21. The specified variationsin soil
moisture availability produce temperature changes on the order of 2 C and dewpoint
changes on the order of 3 C. When moisture availability increases, the temperature fals
and the dewpoint rises.

Also plotted in Fig. 21 is the corresponding sounding from the basic run. The
basic run used intermediate soil moisture values, yet the PBL is comparable to the driest
Gayno-Seaman run.  Also noteworthy, and possibly related, is the larger depth of the
mixed layer in the basic run with the MRF PBL. Potentia temperature and mixing ratio
are essentidly uniform up to 800 mb in the MRF PBL, whereas the Gayno- Seaman well-
mixed layer extends only up to 900 mb. Plots of hourly temperatures show thet the
Gayno- Seaman PBL attainsits highest surface temperatures about three hours before the
MRF PBL ; based on the sounding data, it appears that the Gayno- Seaman PBL is
collapsing prematurely.

These runs suggest that it is gppropriate to modify the soil moisture to improve
the boundary layer characterigics. This procedure must not be donein isolation; for
example, work by R. Zamora of NOAA/ETL impliesthat radiative errors dso contribute
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to the PBL thermodynamic errors. These two sources of error are not easily
digtinguished by inspection of thermodynamic profiles, snce both adry ground and
enhanced incoming radiation should produce a deeper, warmer, and drier PBL.

5e: Evaluation of Diurnal Wind Variations

Investigation of the model-amulated variation in the wind over the course of the
day has focused on nighttime winds during the second haf of the episode. At least some
of the apparently poor agreement between the model smulations and the profiler deta
appears to be related to the modification of the nighttime winds by a convective outflow
which is erroneoudy smulated to pass across the Houston area overnight on August 31-
September 1. Presentation of results at this stage would be premature.
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6. Conclusonsand Future Work

Conditions leading up to the August 25- September 1, 2000, 0zone episode were
much drier than normd, leading to unusudly high temperatures during the latter haf of
the episode. One-hour ozone exceedances occurred on five of the seven days of the
episode, with peak hourly averages of 199 PPB on 8/30 and 194 PPB on 8/25.

Thefirgt haf of the episode (Regime ), through August 29, was characterized by
large-scale onshore flow and stagnant or near- agnant conditions during mid-morning.
By afternoon, winds had picked up from the southeast, and would rotate clockwise and
develop awesterly component after midnight. On a hodograph, this diurnd wind
variation traces anearly perfect circle, and profiler dataindicates that little wind shear is
present. The pattern of wind variation is generdly congstent with linear theory of the sea
breeze near 30 N latitude.

The second haf of the episode (Regime 11), beginning August 30, was
characterized by shore-pardld or offshore large-scade flow and staghant or near- tagnant
conditions during mid-afternoon. Pollutants were frequently carried southeast away from
the city to Galveston Bay, only to return behind the bay breeze later in the afternoon. At
night, astrong (7-13 m/s) low-level jet developed afew hundred meters above the
ground, with winds decreasing to near zero by an dtitude of 1 km. Thisjet formsinthe
classic nocturna low-level environment, with adverse therma wind shear, and is
enhanced by the diurnally-varying sea breeze forcing. Accurate Smulation of thisjet
should require accurate Smulation of the vertical mixing of momentum and the
decoupling of winds doft from the PBL.

The strong diurna signa demands a modeling gpproach that seeks to configure
the modd to smulate the diurnal wind and temperature cycle on its own, with aslittle
nudging as possible. Critical agpects of the mode configuration include the soil moisture
and other land surface characterigtics, the PBL parameterization, the vertical grid
dructure, and the incoming longwave and shortwave radiation. Modd vdidation
procedures should begin with phenomenologica and focused dtatistical measures of
performance with regard to the diurna cycle of winds and temperatures as a function of
height, and evolve into comprehensive datistical measures of model performance.

Tedts of the nesting configuration indicate that analys's nudging should take place
on the 12 km grid as wdll asthe 36 km and 108 km grids. The modd run with 12 km
nudging (oct25grid4, dso known as the basic run), produces redligtic large-scae winds,
sea breeze evolution, and precipitation coverage on most days of the episode. This mode
run is most deficient on the fina two days of the episode, when too-widespread
convection influences the Houston area winds and PBL Structure.

Forecadts of maximum and minimum temperatures are srongly biased in the
basc modd configuration, with maximum temperatures too low in the moddl (by about 1
C) and minimum temperatures too high (by about 2 C). Thisoveral modd biasis
improved dightly by the addition of new, thin lowest modd layer. The MRF and Gayno-
Seaman PBL schemes produce smilar diurna temperature cycles with the mode
configuration employed here, but other boundary layer characteristics are strongly atered
by the choice of parameterization and must be further investigeted.

Preiminary results suggest that the MRF scheme produces superior daytime
boundary layer structure. Of al the modd runs so far, the best seems to be the dec6grid4



run, with the MRF PBL scheme and the extra sigma layer near the surface. Anyone
wishing to examine the MM5 modd performance in more detail is encouraged to work
with the dec6grid4 run.

Future work will involve establishment of an optima land surface configuration
using exiding land surface categories, and extensive investigation and testing of the
modd smulations of nighttime Regime [l winds. Once a satisfactory diurnd cycleis
obtained (or prior to that, if time becomes short), profiler and Doppler lidar datawill be
assmilated in a coarse fashion to help congrain the large-scae winds.
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FIGURE 1: Surface map, 1800 UTC (1300 CDT) August 25, 2000. Winds are red, with
ashort barb equal to 5 knots and along barb equa to ten knots. Five-minute ozone
values arein black (PPB), temperatures are in blue (F), and dewpoints are in green (F).
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FIGURE 2: Surface map, 1800 UTC August 26, 2000. Plotting convention asin Fig. 1.
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FIGURE 3: Surface map, 1800 UTC August 27, 2000. Plotting convention asin Fig. 1.
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FIGURE 4. Surface map, 1800 UTC August 28, 2000. Plotting convention asin Fig. 1.
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FIGURE 5: Surface map, 1800 UTC August 29, 2000. Plotting convention asin Fig. 1.
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FIGURE 6: Surface map, 2100 UTC August 30, 2000. Plotting convention asin Fig. 1.
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FIGURE 7: Surface map, 2100 UTC August 31, 2000.
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FIGURE 8: Surface map, 2300 UTC September 1, 2000. Plotting convention asin Fig. 1.
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Houston SW Profiler, Aug 25,27,28,29
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FIGURE 9: Time hodograph showing composite diurnd wind cycle, Houston Southwest
Airport profiler. The V component of wind is oriented north/south; each grid box
represents 1 m/s. Winds are averaged for each hour on August 25, 27, 28, and 29, 2000.
The dtitude of each time hodograph isindicated by the legend. Thewind & agiven leve
and hour can be represented as a vector that begins at the origin and ends at the
appropriate point on the curve. The strongest southerly winds occur between 9 PM and
Midnight CST. The trace of the mean winds rotates clockwise on the hodograph so that
early morning winds are from the southwest and late morning winds are light. Data
provided by NOAA/ETL.



Houston SW Aug 30-Sept 1
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FIGURE 10: Time hodograph from the Houston Southwest Airport profiler, composited
for each hour on August 30, 31, and Sept. 1. The strongest winds are from the west and
occur around sunrise a low levelsin the amaosphere. During the morning the low-leve
winds rapidly wesken, and the weakest winds are found in early to midafternoon. The
strong diurna wind cycle decreases in amplitude to nearly zero a aheight of 1 km. Data
provided by NOAA/ETL.
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FIGURE 11:. MM5 nested grid configuration, August ozone episode. The 108 km grid
occupies the entire area of the figure. Nested within that grid are a 36 km grid, a 12 km
grid, a4 km grid, and an experimenta 1 km grid.
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FIGURE 12: Land use categories for the MM5, shown on asubset of the 4 km grid. See
text for description.
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FIGURE 13: Ten-meter winds (scaled to represent one-hour transport) and short wave
radiation reaching the surface (W/m**2, low values imply clouds), 18 UTC August 25,
2000, from the sept24griddredux smulation.
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000825/,1800F000 SHORTWAYE RADIATION

FIGURE 14: Winds and shortwave radiation, 18 UTC August 25, 2000, asin Fig. 13,
except from the aug31 smulation.
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FIGURE 15: Temperatures (F, 2 m above ground) and surface winds (10 m above
ground), 21 UTC August 31, 2000, from the sept24griddredux smulation. Wind plotting
convention asin Figs. 1-8.
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FIGURE 16: Temperatures and winds, 21 UTC August 31, 2000, asin Fig. 15, but from
the aug31 smulation.
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FIGURE 17: Incoming shortwave radiation and winds, 18 UTC August 25, 2000, asin
Figs. 13 and 14 except from the oct25grid4 smulation.
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FIGURE 18: Surface temperatures and winds, 21 UTC August 31, 2000, asin Figs. 15-16
but from the oct25grid4 smulation.
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FIGURE 19: Locations of Nationa Weather Service regular observing setionsin
Houston and surrounding areas. Green stations are treated collectively as Houston area
gtations (not pictured: 11R, located west of DWH and south of CLL); blue stations are
coadta plain ations, and brown gtations are inland stations.
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Aug 23 - Sept 1, 2000

FIGURE 20: Comparison of hourly maximum and minimum temperatures averaged from
eight station locations in the Houston area with two model forecasts. Successive

groupings of data, from left to right, are maximum temperatures, August 23, 2000,
minimum temperatures, August 24, maximum temperatures, August 24, etc.
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FIGURE 21: Stuve diagram, 23 UTC August 30, 2000, Wharton Power Plant rawinsonde
launch ste. Green: rawinsonde observations of dewpoint and temperature (Celsius).
Light blue: decl4grid4 smulation (default soil moisture). Brown: dec7grid4 smulation
(basic soil moisture). Y dlow: decl6grid4 smulation (dry soil moisiure). Red:

oct25grid4 smulation (basic soil moisture, MRF PBL). Background lines are, clockwise
from horizontal, pressure (mb, black), potential temperature (red), equivaent potentia
temperature (green), saturation mixing ratio (blue), and temperature (C, black).



APPENDIX A: Badct errai n. deck

This job deck is reproduced from
/ met / ngammon/ anal yses/ oc1501/ terrai n. deck.

#!/bin/csh -f
# terrain.csh

#

set echo

#

# Set this if you would like to ftp terrain data
#

#set ftpdata = true

set ftpdata = fal se

#

# Set the following for ftp'ing 30 sec elevation data from USGS ftp site
#

#set \Were30sTer = ftp

set Where30sTer = /net/bcd/ TERRAI N/ Dat a

if ( $Where30sTer == ftp) then

#
# Use this if you are ftping from other places
#
# set users = Others
#
# Use this if you are ftping from MM NCAR
#
set users = MW
el se
set users =
endi f
#
o
# 1. Set up paraneter statenments
o
#
cat > src/paranme.incl.tnmp << ECF
C Il MX, JIMX are the maxi num size of the dommins, NSIZE = || MX*JJIMX
PARAMETER (I'I MX = 136, JJMX = 151, NSIZE = || MX*JIMX)
EOF

cat > src/paranmed.incl.tnp << EOF

C I TRH, JTRH are the maxi mum si ze of the terrain data.

C NOBT = | TRH*JTRH, here assum ng

C | TRH= 270 ( 45 deg. in north-south direction, 10 m n. resol ution)

C JTRH= 450 ( 75 deg. in north-south direction, 10 mn. resolution)

C NOTE:

C I F USI NG GLOBAL 30SEC ELEVATI ON DATASET FROM USGS, NEED TO SET

C BOTH | TRH AND JTRH BI G TRY THE COMMVENTED PARAMETER LI NE FI RST.

C THIS WLL REQUI RE APPROXI 0.9 GB MEMORY ON A 32-BIT | EEE MACHI NE.

C AN ESTI MATE OF THE DI MENSI ON SI ZE CAN BE MADE FROM Dat a30s/rdem out

C AFTER THE FI RST JOB FAI LS. USE ( XMAXLAT- XM NLAT) *120 TO ESTI MATE

C | TRH, AND ( XMAXLON- XM NLON) *120 TO ESTI MATE JTRH.

C

C PARAMETER (I TRH = 500, JTRH = 500, NOBT = | TRH*JTRH)
PARAMETER (I TRH = 1500, JTRH = 1800, NOBT = | TRH*JTRH)

EOF

#

-

# 2. Set up NAMELI ST

-

#

if ( -e terrain.nanelist ) rmterrain.nanelist
cat > terrain.nanelist << EOF

&MAPBG
PH C = 40. 0, CENTRAL LATI TUDE (m nus for southern hemesphere)
XLONC = -100.0, CENTRAL LONG TUDE (mi nus for western hemesphere)

| EXP = . F., . T. EXPANDED COARSE DOMAI N, .F. NOT EXPANDED.
; USEFUL IF RUNNING RAWNS/ little_r
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AEXP = 360., ; APPROX EXPANSI ON (KM
| PRQJ = ' LAMCON , ;  LAMBERT- CONFORMAL MAP PRQJECTI ON
;1 PRQJ = ' POLSTR', ; POLAR STEREOGRAPHI C MAP PRQJECTI ON
; 1 PROJ = ' MERCAT' , ; MERCATOR MAP PROJECTI ON
&END
&DOMAI NS
MAXNES = 5, ; NUMBER OF DOMAI NS TO PROCESS
NESTI X = 43, 55, 100, 136, 133, 221, ; GRID DI MENSIONS I N Y DI RECTI ON
NESTJIX = 53, 55, 100, 151, 141, 221, ; GRID DIMENSIONS I N X DI RECTI ON
DI S = 108., 36., 12., 4.0, 1.0, 1.0, ; GRI D DI STANCE
NUMNC = 1, 1, 2, 3, 4, 5, ; MOTHER DOMAIN I D
NESTI = 1, 6, 6, 17, 43, 50, ; LOWER LEFT | OF NEST I N MOTHER DOVAI N
NESTJ = 1, 24, 8, 25, 49, 50, ; LOAER LEFT J OF NEST I N MOTHER DOMAI N
RI D = 1.5, 1.5, 1.5, 3.1, 2.3, 2.3, ; RADIUS OF INFLUENCE IN GRID UNITS
(1 FANAL=T)
NTYPE = 1, 3, 4, 6, 6, 6, ;| NPUT DATA RESOLUTI ON
; 1: 1 deg (~111 km global terrain and | anduse
; 2: 30 mn ( ~56 km global terrain and | anduse
; 3: 10 min ( ~19 km global terrain and |anduse
; 4, 5 mn ( ~9 km global terrain and | anduse
; 5 2 mn ( ~4 km global terrain and | anduse
; 6; 30 sec ( ~.9 km global terrain and | anduse
NSTTYP= 1, 2, 1, 1, 1, 1, ; 1 -- ONE WAY NEST, 2 -- TWO WAY
NEST
&END
&OPTN
IFTER = .TRUE., ; .T.-- TERRAIN, .F.-- PLOT DOMAI N MAPS ONLY
DATASW = .T., ; . T. user specify terrain and | anduse resolution (ntype)
; .F. terrain program choose the data resol ution
| FANAL = . F., ; . T.-- OBJECTIVE ANALYSIS, .F.-- | NTERPOLATI ON
| SMTHTR = 2 ; 1: 1-2-1 smoother, 2: two pass snoot her/desnpoot her
| FEZFUG = . F., ; . T. USE NCAR GRAPHI CS EZMAP WATER BODY | NFO TO FUDGE THE
LAND USE
; . F. USE LANDWATER MASK DATA
| FTFUG = .F., ; . T. DON'T DO EZFUDGE W THI N THE USER- SPECI FI ED
; LAT/ LON BOXES, need to define nanelist fudget
| FFUDG = .F., ; . T. PO NT-BY-PO NT FUDGI NG OF LANDUSE,
; heed to define nanelist fudge
| PRNTD = .F., ; PRINT OUT LAT. AND LON. ON THE MESH
| PRTHT = .F., ; PRINT OUT ALL PROCESSI NG FI ELDS ON THE MESH
IPRINT = 0, ;= 1: A LOT MORE PRINT OQUTPUT IN terrain.print.out
FI'N = 100., 100., 100., 100., 100., 100., ; CONTOUR | NTERVAL (nmeter) FOR TERRAI N
HEI GHT PLOT
; TRUELAT1=91. , ; TRUE LATI TUDE 1
; TRUELAT2=91. , ; TRUE LATITUDE 2, use this if | PRQJ=" LAMCON
I FILL = . TRUE. , ; .TRUE. --- color filled plots
LSVMDATA = . TRUE. , ; .TRUE. --- Create the data for LSM
VEGTYPE = 1, ; LANDUSE DATA TYPE: =0: old 13 cat; =1: 24 cat USGS; =2:
16 cat SiB
VSPLOT = . TRUE., ; .TRUE. --- plot Vege., Soil, Vege. Frc. percentages.
| EXTRA = . FALSE., ; .TRUE. --- Create extra data for Pleim Xiu LSM
&END
&FUDGE

; USE ONLY I F I FFUDG = . T., PO NT-BY-PO NT FUDG NG OF LANDUSE,
| FFUG FOR EACH OF THE NESTS: .F. NO FUDGI NG, .T. FUDG NG

I FFUG = .F,.F, ; FUDGE FLAGS
; NDFUG : THE NUMBER OF FUDGH NG POI NTS FOR EACH OF NESTS
NDFUG = 0,0,

; LOCATION (I,J) AND LANDUSE VALUES FOR EACH OF THE NESTS

; NOTE: REGARDLESS OF | FFUG AND NDFUG, 200 VALUES MUST BE Gl VEN FOR
; EACH NEST, OR ELSE THE | NDEXI NG W LL GET MESSED UP

; The exanple belowis for two domains. Add nore for domain 3 and up
; if needed. Do not renove 0 values for domain 1 and/or 2 even
; they are not used.

| FUG( 1, 1

)= 200*0, ;| location for fudge points in domain 1
I FUG( 1, 2) = 200*0, ; I location for fudge points in domain 2
JFUGE 1, 1)= 200*0, ; J location for fudge points in domain 1
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JFUG( 1, 2)= 200*0, ; J location for fudge points in domain 2

LNDFUGE 1, 1) = 200*0, ; land-use value at fudge points for domain 1
LNDFUQE( 1, 2) = 200*0, ; land-use value at fudge points for domain 2
&END

&FUDGET

; USE ONLY I F I FTFUG=. T., WHI CH MEANS TERRAIN WON' T DO EZFUDGE W THI N
; THE USER- SPECI FI ED LAT/LON BOXES. THI' S OPTION | S USED WHEN THERE
; ARE | NLAND BODI ES OF WATER THAT ARE DEFI NED I N THE LAND USE

; DATA SET BUT NOT IN THE EZMAP DATA SET. THI S OPTI ON PREVENTS

; THOSE BODI ES OF WATER FROM BEI NG W PED OUT BY EZFUDGE

NFUGBOX = 2 ; NUMBER OF SUBDOMAINS IN WHICH TO

; TURN OFF EZMAP LAND USE FUDG NG

STARTLAT=45. 0, 44. 0, ; LATI TUDES OF LOVER- LEFT CORNERS OF SUBDOMAI NS
ENDLAT =46.5, 45. 0, ; LATI TUDES OF UPPER- RI GHT CORNERS OF SUBDOMAI NS
STARTLON=-95. 0, - 79. 8, i LONGI TUDES OF LOWER- LEFT CORNERS OF SUBDOMAI NS
ENDLON =-92.6,-78.5, ; LONGI TUDES OF UPPER- RI GHT CORNERS OF SUBDOMAI NS
&END

&EZFUDGE

; USE ONLY | F | FEZFUG=. T., WHI CH TURNS ON EZMAP WATER BODY FUDG NG OF LANDUSE.
; USERS: FEEL FREE TO ADD ANY MORE LAKE SURFACE HEI GHTS THAT YOU LL NEED.

; HTPS IS THE HEI GHT I N METERS AND THE | NDEX OF HTPS CORRESPONDS TO THE | D

; OF THE 'PS' AREA IN THE FILE ezmap_area_i ds.

HTPS( 441)

= -.001 ; Oceans -- Do NOT change this one
HTPS(550) = 183. ; Lake Superior
HTPS(587) = 177. ; Lakes M chi gan and Huron
HTPS(618) = 176. ; Lake St. Clair
HTPS(613) = 174. ; Lake Erie
HTPS(645) = 75. ; Lake Ontario
HTPS(480) = 1897. ; Lake Tahoe
HTPS(500) = 1281. ; Great Salt Lake
&END
EOF
#
i
#
# END OF USER MODI FI CATI ON
#
e
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APPENDIX B: Bascpregri d. csh

This job deck is reproduced from

/[ met / ngammon/ anal yses/ pregri d/ 082801b/ pregri d. csh.

G
B G i

HHH#

H#HitH# NOTE: 2000- 06- 06

#HtH## This version of the pregrid.csh shell script has sone
#H#t## differences fromprior versions. Users who are famliar
H#H#tH#H# with earlier versions should pay special attention to the
#H#t## use of VT3D, VTSST, VTSNOW and VTSO L script variables,
H#H#tH#H# which are now interpreted as |lists of one or nore

#Ht## individual Vtable files. For further information on this
H#H#tH#H# new script, see the HTM. documentation files:

#H#t## REGRI D/ pregri d/ Doc/ htm / how_to_use_pregrid. htm
H#H#tH#H# REGRI D/ pr egri d/ Doc/ ht m / Advanced_csh. ht m

H#HitH#

H#HHtH##
#H#H
H#HHtH##
#H#H
H#HHtH##
#H#H
H#HHtH##
#H#H
H#HHtH##
#H#H
H#HHtH##
#H##

HHHHAHHBHBHBHH BHBH AR BHBHBHAHHBHBH ARG BHBHBH AR BHBH ARG BHBHBH AR B HBH AR BB HBHEH
BHAEHHHHBHBHAHH B HBHBHAHH B HBHAHH B H B HBH AR B H B H AR B H B H B H AR B H B H AR B H B H B H AR B HBHEH

#
#
#

#
#

set echo

Put your input files for pregrid into the directory you specify as DataDir:

set DataDir = /nmet/nganmon/ anal yses/ ncar/ edas/ casel i nks

HHH

HHHH H* H#*

HHHF HHH

HHHFEHHHH

Specify the source of 3-d anal yses

set SRC3D = ON84 # O d ON84-formatted NCEP GDAS anal yses
set SRC3D = NCEP # Newer GRIB-formatted NCEP GDAS anal yses
set SRC3D = GRIB # Many GRIB-format datasets

InFiles: Tell the program where you have put the analysis files,
and what you have called them I f SRC3D has the value "GRIB",
then the Vtables you specify below in the script variable VT3D will

be used to interpret the files you specify in the ${InFiles} variable.

set InFiles = ( ${DatabDir}/* )

Speci fy the source of SST anal yses

set SRCSST = ON84
set SRCSST = NCEP
set SRCSST = NAVY

set SRCSST = $SRC3D

I nSST: Tell the program where the files with SST anal yses are. Do
this only if SST analyses are coming fromfiles not named above in
InFiles. |If SRCSST has the value "GRIB", then the Vtables you
specify below in the script variable VISST will be used to interpret
the files you specify in the ${1nSST} vari able.

set InSST = ()
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# Sel ect the source of snow-cover analyses (entirely optional)
#
set SRCSNOW = $SRC3D
# set SRCSNOW = ON84
# set SRCSNOW = GRI B
# InSnow. Set InSnow only if the snow cover analyses are fromfiles
# not listed in InFiles. |If SRCSNOW has the value "GRIB", then the
# Vtables you specify below in the script variable VISNONWwi || be used
# to interpret the files you specify in the ${InSnow} vari able.
set InSnow = ()
#
# Sel ect the source of soil nmodel analyses (entirely optional)
#

set SRCSOI L = $SRC3D

# InSoil: Set InSoil only if the soil analyses are fromfiles

# not listed in InFiles. |If SRCSO L has the value "GRIB", then the
# Vtables you specify belowin the script variable VISOL will be

# wused to interpret the files you specify in the ${InSoil} variable.
# set InSoil = ()

#

# Build the Naneli st

#

i

if ( -e ./pregrid.nanmelist ) then
rm ./ pregrid.nanelist
endi f
cat << End_Of _Nanelist | sed -e "s/#.*//; sl *$//' > ./pregrid.nanelist
&recordl
#
# Set the starting date of the time period you want to process:
#

START_YEAR = 2000 # Year (Four digits)
START_MONTH = 08 # Month ( 01 - 12 )
START_DAY = 23 # Day ( 01 - 31)
START_HOUR = 12 # Hour ( 00 - 23)
END_YEAR = 2000 # Year (Four digits)
END_MONTH = 09 # Month ( 01 - 12)
END_DAY = 02 # Day ( 01 - 31)
END_HOUR = 12 # Hour ( 00 - 23 )

#

# Define the time interval to process.

#

I NTERVAL = 10800 # Tinme interval (seconds) to process.

This is nost sanely the sanme as the tine interval for
whi ch the anal yses were archived, but you can really
set this to just about anything, and pregrid will
interpolate in time and/or skip over time periods for
your regridding pleasure.

H o HHH

nd_Of _Nanel i st

Tell the pregrid progranms which Vtables to use. Do this only
if you have selected GRIB-formatted input using SRC = CGRI B above.

The directories referenced here are relative to REGRID/ pregrid/.

The Vtable files specified in VI3D will be applied to the files
specified in the InFiles variable. Simlarly, the Vtable files
specified in VTSST, VISNOW and VTISO L will be applied to the files
|isted above in InSST, InSNOW and InSoil, respectively.

HHFHFHHEHFEE M

set VI3D = ( grib.m sc/Vtable. AWP3D )
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set VTSST = ( grib.m sc/Vtable. AWPSST )
set VTSNOW = ( grib.m sc/Vtabl e. AW PSNOW )
set VISOL = ( grib.m sc/Vtable. AWPSO L )

HHAHHHHBHBHBHHBHBHBHABHBHBHBHHBHBHBH A BHBHBHAHHBHBHBHABHBHBHAHHBHBHBHARHH
BHAHHHHBHBHHHH B HBHBHAHHBHBHAHH B H B HBHAHH B H B R HH B H B H AR R B H B H AR R H B H AR R

HHHBHH HH#H#HH
HHHBHH END USER MODI FI CATI ON HH#HBHH
HHHBHH HH#H#HH

BHHBHBH AR AR R R R R R
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APPENDIX C: Basc REGRIDDER nanel i st . i nput

Thisnamdig isfor the REGRIDDER run for the 4 kmgrid. It is reproduced
from/ met / ngammon/ anal yses/ regri dder/ 101601/ nanmel i st. i nput.

&recordl
start_year
start_nonth
start_day
start_hour
end_year
end_nont h
end_day
end_hour
i nterval

&record2
ptop_i n_Pa
new_| evel s_i n_Pa

sst _to_ice_threshold
l'i near _i nterpol ation

&record3
r oot

terrain_file_nane
/
constants_full _name

&recor d4
print_echo
print_debug
print_mask
print_interp
print _link_list_store
print_array_store
print _header
print _out put
print_file
print_f77_info

LI T 1 T I A A O I B |
N
o
o
o

5000

97500, 95000 , 92500 , 90000
80000
75000
65000
55000
45000
35000
-9999
. FALSE. /

60000

'/ met / ngammon/ anal yses/ pregri d/ 082801b/ FI LE' ,

'/ met / nganmon/ anal yses/ pregri d/ 082801b/ SNOW FI LE' ,
'/ met / nganmon/ anal yses/ pregri d/ 082801b/ SO L_FI LE' ,
'/ met/ ngamon/ anal yses/ pregri d/ 082801b/ SST_FI LE
'/ met / nganmon/ anal yses/ t errai n/ oc1501/ TERRAI N_DOVAI N3'

. FALSE.

. FALSE

. FALSE

. FALSE

. FALSE

. FALSE

. FALSE

. FALSE

. FALSE

. TRUE. /

63



APPENDIX D: Basc INTERPF nanel i st . i nput

This namdig isfrom the INTERPF run for the 4 km grid. It isreproduced from
/[ met / ngammon/ anal yses/interpf/ 101701/ nanel i st.input.

&record0

input _file = '/ met/ ngamon/ anal yses/regri dder/ 101601/ REGRI D_DOMAI N3' / !
pressure-level data file nanme
&recordl

start_year = 2000 ! The starting and
start_nonth = 08 ! ending dates to
start_day = 23 I process

start_hour = 12

end_year = 2000

end_nont h = 09

end_day = 02

end_hour = 12

interval = 10800 I time difference (s)

| ess_than_24h = .FALSE. / I if input is less than 24h

&record2
sigma_f _bu . 000, 0. 990, 0.980, 0.970, 0. 960, 0. 950, I full sigma, bottomup,
. 940, 0. 930, 0. 920, 0. 910, 0. 895, 0. 880, I start with 1.0, end

. 865, 0. 850, 0. 825, 0. 800, 0. 775, 0. 750, ! with 0.0

. 720, 0. 690, 0. 660, 0. 630, 0. 600, 0. 570

1
0
0
0
0. 540, 0.510, 0. 475, 0. 440, 0. 405, 0. 370
0
0
0
5

. 330, 0. 290, 0. 250, 0. 210, 0. 175, 0. 145
. 115, 0. 090, 0. 065, 0. 045, 0. 025, 0. 010

. 000

pt op = 5000 | top pressure if need to be
redefined

isfc =0/ | # sigm levels to spread

! surface information

&record3

p0 = 101300 | base state sea-level pres (Pa)
tlp = 45, | base state |lapse rate d(T)/d(In P)
tsO = 304. ! base state sea-level tenp (K
tiso = 200./ ! base state isotherm
stratospheric tenp (K)
&recor d4

removedi v = . TRUE. ! T/F renove integrated nean
di vergence

usesfc = . TRUE. ! T/F use surface data

wrt h2o = . TRUE. / I T/F specific humdity wt
H20
&record5

ifdatim =-1/ I # of ICtine periods to output



APPENDIX E: Bascconf i gure. user

Thetext below is excerpted from
/ met / ngammon/ out put/ oct 25gri d4/ confi gure. user.

Hm e e e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e — -
RUNTI ME_SYSTEM = "SGl _Origin"

FC = 77

ABl = -n32 # 2 GB address space

#ABl = -64 # For 64-bit address space

10 = -mpio

PREC = # default 32-bit floating-point presicion.

#PREC = -r8 # 64-bit floating-point precision.

#Conver si on program between different precisions of mm nput and bdyout avail able
fromwesl ey@gi.com

MP = -nmp - MP: ol d_np=0OFF

#MP = -np - MP: open_np=OFF # Use SG nultiprocessing directives

OPT = -03 -OPT: roundof f=3: | EEE_arithmetic=3 - OPT: reorg_conmmmon=0OFF

#debuggi ng#OPT = -g - DEBUG: di v_check: subscri pt _check=ON:trap_uninitialized=ON

#sel ect appropriate XLOCAL | oader

#XLOCALO =

## Bur k- Thonpson PBL (I BLTYP=3) option np directives

#XLOCALO = -W,-Xl ocal ,bt1_,-Xl ocal, bl k1_,-Xl ocal, bl k2_

## OSU LSM (I SOl L=2) option np directives

XLOCALO = -W,-Xlocal,rite_,-Xl ocal, abci _

## Gayno- Seaman PBL (| BLTYP=6) option np directives

#XLOCALO = -W, - Xl ocal , fogld_, - Xl ocal , surfacel_, - Xl ocal , surface2_, -X ocal , surface3_, -

Xl ocal , comsur fslab_

FCFLAGS = -1 $(LIBINCLUDE) -D$(RUNTI ME_SYSTEM $(ABI) $(10 $(PREC) $(MP) $(OPT)
CFLAGS =

CPP = /usr/lib/cpp

CPPFLAGS = -1 $(LIBINCLUDE) -C -P

LDOPTI ONS = $(ABI) $(PREC) $(MP) $(OPT) $(XLOCALO)

LOCAL_LIBRARIES = -|fastm

MAKE = make -i -r -P L R T R
# 4. General conmands

Hec e mm e c e c e m e e c s c e R R R c e R e R R R R e N C N R R R R e NS E e e R e e e . e N R RGeS . . E e e e ... e .. ... . ..
AR = ar ru

RM=rm-f

RMCMD = $(RM *.CKP *.In *.BAK *.bak *.0 *.i core errs ,* *~ * a\
.emacs_* tags TAGS nmeke.|l og MakeQut *.f !
GREP = grep -s

CC = cc

Hm o m s e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m -
# 5. Options for making ./include/parane.incl

Hm o m s e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m -
#

# FDDAGD (i nteger) - "1" -> FDDA gridded run

FDDAGD = 1

#

# FDDAOBS (i nteger) - "1" -> FDDA obs run

FDDAOBS = 0

#

# MAXNES (i nteger) - Max Nunber of Domains in sinulation
MAXNES = 4

# M X, MIX (integer) - Maxi mum Di mensi ons of any Domain

M X = 136

MIX = 151

# MKX (i nteger) - Number of half sigma levels in nodel

MKX = 42

Hm e e e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e — -
# 6. Physics Options

# The first MAXNES values in the list will be used for the correspondi ng

# model nests; the rest in the list can be used to conpile other options.
# The exception is FRAD, of which only the first value is used in the nodel,
# (i.e., only one radiation option is used for all nests). The rest allow
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ot her options to be conpil ed.

| MPHYS - for explicit moisture schemes (array,integer)
MPHYS = "4,4,4,4,4,1,1,1,1,1"

# - Dry,stable,warmrain,sinple ice,m phase
# -1 ,2 , 3 , , 5

# - graupel (gsfc), graupel (reisner2),schultz
# = , '
MPHYSTBL = 1

# - 0=do not use | ook-up tables for noist

# physi cs

# - 1=use | ook-up tables for nmoist physics

# (currently only sinple ice and m x phase
# are avail abl e)

#

# 1 CUPA - for cunulus schenmes (array,integer)

# - None, Kuo, Grel |, AS,FC,KF,BM - 1,2,3,4,5,6,7
ICUPA = "3,3,3,1,1,1,1,1,1,1"

#

# IBLTYP - for planetary boundary |ayer (array,integer)

# - 0=no PBL fluxes, 1=bul k, 2=Bl ackadar

# 3=Bur k- Thonpson, 4=Eta MY, 5=MRF

# 6=Gayno- Seaman

I BLTYP = "5,5,5,5,5,0,0,0,0,0"

#

# FRAD - for atnospheric radiation (integer)

# - Radi ation cooling of atmosphere

# 0=none, 1=si npl e, 2=cl oud, 3=ccn

FRAD = "4,4,4,4,4"

#

# 1SOL - for nulti-layer soil tenperature nodel (integer)

# - 0=no, 1=yes (only works with |IBLTYP=2,4,5, 6)
# 2=0SU | and-surface scheme (| BLTYP=5)

ISOL =1

#

# | SHALLO (array, i nteger) - Shal | ow Convection Option

# 1=shal | ow convection, 0=No shal | ow convection
| SHALLO = "1,1,1,1,0,0,0,0,0,0"

Hm e e e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e — -
# 7. MPP options

#

# For general information and updated "hel pdesk"” information see

# http://ww. nmm ucar . edu/ mb/ npp

# http://ww. mmm ucar . edu/ mrb/ npp/ hel pdesk

#

Hm s m s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm -
#

# Presently, of the MPP platforms only the "sp2"
# is supplied with the "nmake deck" capability.

#

# MPP Software Layer

MPP_LAYER=RSL

#MPP_LAYER=NNTSMS

#

# PROCM N_NS - m ni mum nunber of processors allowed in NS dim
#

PROCM N NS = 1

#

# PROCM N_EW - m ni mrum nunber of processors allowed in E/Wdim
#

PROCM N EW = 1

ASSUME_HOMOGENOUS_ENVI RONMENT - on a machine with a heterogeneous

m x of processors (different speeds) setting this conpile tine

constant to O (zero) allows the programto detect the speed of each
processor at the beginning of a run and then to attenpt to come up with
an optimal (static) mapping. Set this to O for a heterogeneous

m x of processors, set it to 1 for a hompbgeneous m x. Unless you

are certain you have a heterogeneous m x of processors, |eave this

set to 1. Currently, this option is ignored on platforms other

HHEHFHHHHFHHR
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# than the | BM SP.

#

ASSUME_HOMOGENEOUS_ENVI RONMENT = 1
#



APPENDIX F: Basc mmb.deck

Below isthe deck used for the Oct25grid4 mode run, found in
/met/ngammon/output/oct25grid4/mmb5.deck.

#!/ bin/sh

#

# Version 3 of nmb job deck

#

# Set the stack

#

limt stacksize unlimted

#

# Set the nultiprocessor options
#

OWVP_NUM_THREADS=8

export OMP_NUM_THREADS

# - <number _of _processors>
_DSM_PLACEMENT=ROUND_ROBI N
export _DSM PLACEMENT

# - For parallel execution on a processor set without contention:
# DSM WAl T=SPI N

#export _DSM WAI T

#OVMP_DYNAM C=FALSE

#export OVP_DYNAM C

#MPC_GANG OFF

#export MPC_GANG

# - For parallel execution on a contented set of processors:
_DSM WAI T=YEI LD

export _DSM WAI T

OVP_DYNAM C=TRUE

export OVP_DYNAM C

MPC_GANG=OFF

export MPC_GANG

The nmb execut abl e (nmb. exe) expects to find the following files
in the Run/ directory:
MM NPUT_DOMAI N1 -
BDYOUT_DOMAI N1 | --> output files fromInterpf
LOWBDY_DOMAI N1 -
TERRAI N_DOMAI N[ 2,3..] if running nests --> output from Terrain

If it is arestart run:
RESTART_DOMAI N1[,2,3..] --> output from MV run: renamed from
SAVE_DOMAI N1[, 2, 3. ..]

If it is gridded FDDA run with surface anal ysis nudgi ng:
SFCFDDA_DOMAI N1[ 2, 3, .. .]

If it is observational nudging run:
MVBOBS_DOMAI N1[, 2, 3. .] --> user-created observation files

Qut put froma MVb run:
If IFTAPE = 1
MMOUT_DOMAI N1[, 2, 3...] --> one output for each domain
I f |1 FSAVE = TRUE
SAVE_DOMAI N1[, 2, 3...]

HHFHHHHFHHHF TS

# tenp files should be accessible

umask 022
echo charge
#

# Sel ect appropriate FDDAsw if doing gridded analysis FDDA
#
#FDDAsw=yes # gridded FDDA i nput switch
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FDDAsw=no

Sections
1. Options for nanelist ("nmif")
2. Running. ..

Options for namelist ("mmif")

The first dimension (colum) of the arrays denotes the domain
identifier.
Col 1 = Domain #1, Col 2 = Dom #2, etc.

HHFEHFHFHHFHF R
=

cat > ./ Run/oparam << EOF
&OPARAM

. *kkkkhkkhkkhkkhkkkkk*k*%k FmECAST TI NE AND TI NE STEP kkkhkkhkkhkkhkkkkkkkkkkkk*

TI MAX

= 14340., ; forecast length in mnutes
TI STEP = 10., ; coarse domamin DT in nodel, use 3*DX
; kkhkkhkkhkhkhkhkkkkkk*k*x wrPUT/ RESTART @TI O\IS kkkkhkkhkhkhkhkhkkkkkk*x
| FREST = . FALSE., ; whether this is a restart
I XTI MR = 4320, ; restart time in mnutes
| FSAVE = . TRUE. , ; save data for restart
SVLAST = . FALSE., ; T: only save the last file for restart
; F: save nultiple files
SAVFRQ = 720., ; how frequently to save data (in mnutes)
| FTAPE = 1, ; nmodel output: 0,1
TAPFRQ = 60., ; how frequently to output nmodel results (in mnutes)
BUFFRQ = 2880., ; how frequently to split nodel output files (in mnutes),
ignored if < TAPFRQ
I NCTAP = 1,1,1,1,1,12,1,1,1,1, ; multipliers of TAPFRQ for outputting
| FSKI P = . FALSE. , ; whether to skip input files - DO NOT use this for restart
CDATEST = '2000-08-23_12:00:00', ; the DATE for the starting file
| FPRT = 0, ; sanmple print out: =1, a lot of print
PRTFRQ = 720., ; Print frequency for sanple output (in mnutes)
MASCHK = 99999, ; mass conservation check (KTAU or no. of tine steps)
| FTSOUT = . TRUE. , ; output time series (default 30 points)
TSLAT = 0.0,0.0,0.0,0.0,0.0, ; latitudes of time series points (S is negative)
TSLON = 0.0,0.0,0.0,0.0,0.0, ; longitudes of time series points (Wis negative)
&END
EOF
cat > ./Run/| param << EOF
&LPARAM
; 1. user-chosen options |
RADFRQ = 30., ;atnospheric radiation calculation frequency (in mnutes)
| WDI F =1, ;moi st vertical diffusion in clouds - 0, 1 (IBLTYP=2,5 only)
| VQADV =1, ;vertical noisture advection uses log interpolation - 0, linear - 1
| VTADV =1, ;vertical tenperature advection uses theta interpolation - 0,
linear - 1
| THADV =1, ;advection of tenperature uses potential tenperature - 1, standard - 0
| TPDI F =1, ; di ffusion using perturbation tenperature - 0,1
| COR3D =1, ;3D Coriolis force - 0, 1
| FUPR = 0, ;upper radiative boundary condition - 0, 1

2. do not change | BOUDY

iBOUDY =3, 2, 2, 2, 2, 2, 2, 2, 2, 2, ;boundary conditions
(fixed, tinme-dependent, relaxation -0, 2, 3)

; 3. keep the following 8 variables as they are
; unl ess doing sensitivity runs

I FDRY = 0, ;fake-dry run (no latent heating) - 0, 1
; for IMPHYS = 2,3,4,5,6,7 (requires |ICUPA = 1)
| SSTVAR= 0, ;varying SST in time - 1, otherwise, O
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IMOIAY = 0, O, O, O, O, O, O, O, O, O, ;bucket soil moisture scheme. 0 - not used,
;1 - used wo extra input, 2 - user w soil m

i nput

|FSNOW= 0, 0, 0, O, O, O, O, 0, 0O, 0O, ; SNOW COVER EFFECTS - 0, 1

; (only if snow data are generated in DATAGRI D)

ISFFLX =1, 1, 1, 1, 1, 1, 1, 1, 1, 1, ;surface fluxes - 0, 1

|ITGFLG =1, 1, 1, 1, 1, 1, 1, 1, 1, 1, ;surface tenperature prediction - 1l:yes, 3:no
|SFPAR = 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, ;surface characteristics - 0, 1

Ic,Loob =1, 1, 1, 1, 1, 1, 1, 1, 1, 1, ;cloud effects on radiation - 0, 1

; currently for IFRAD = 1,2

1, 1, 1, 1, ;evap of cloud/rainwater - <0, 0, >0

; (currently for | MPHYS=3,4,5 only)

ISMRD = 0, ;so0il moisture initialization by PX LSM
; =0, use noisture avail from LANDUSE. TBL

2
>
o
1l
I
I
_b—\
I
=
=

; =2, use soil noisture from REGRID

EOF
cat > ./Run/nparam << EOF

&NPARAM

; *kkkkkkkkkkkkk Kk NEST AND ND\/I NG NEST ODTI G\IS Kk kkkkkkkhkokkkkkk

LEVI DN = 0,1,2,3,4,1,1,1,1,1, ; level of nest for each domain
NUWNC = 1,1,2,3,4,1,1,1,1,1, ; I D of nmother domain for each nest
NESTI X = 136, 133, 73, 46, 46, 46, 46, 46, ; domain size

NESTJX = 151, 141, 61, 61, 61, 61, 61, ; dommin size j

NESTI = 1, 49, 17, 41, 1, 1, 1, 1, 1, ; start |ocation

NEST) = 1, 43, 25, 48, 1, 1, 1, 1, 1, ; start location

XSTNES = 0., 14400., 14400., 14400., 14400., 0., 0., 0., 0., 0., ; domin
initiation

XENNES =14400. , 14400., 14400. , 14400. , 14400., 720., 720.,720.,720.,720.; dommin term nation
| OVERW = 1, 1 2 2, 2, 0, 0, 0, 0, 0, ; overwite nest input

; O=i nterpolate from coarse mesh (for nest domains);
; l=read in domain initial conditions
; 2=read in nest terrain file
I ACTIV = 1, 0, 0, 0, 0, 0, 0, 0, 0, 0,
; in case of restart: is this domain active?

*kkkkhkkhkkhkkkkkk k% 'vo\/l NG NEST GDTI G\IS R R IR I I I I I

| MOVE
I

= 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; move dommin 0,1
MOVCO = 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, ; 1lst nove #
; i movei (j,k)=L, ; I-1NCREMENT MOVE (DOMAIN J, MOVE NUMBER K) 1S L
| MOVEI = 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; | mve #1
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; | nove #2
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; | move #3
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; | nove #4
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; | move #5
| MOVEJ = 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; J nove #1
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; J move #2
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; J nove #3
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; J move #4
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; J nmove #5
| MOVET = 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; time of nove #1
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; time of nove #2
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; time of nove #3
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; time of nove #4
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, ; time of nove #5
| FEED = 3, ; no feedback; 9-pt weighted average; 1-pt feedback w o snoothing /
; light snoothing / heavy smoothing - 0,1,2,3, and 4
&END
EOF
cat > ./ Run/pparam << EOF

&PPARAM

*kkkkhkkhkkhkkkkkk*k%x M SCELLANEQJS G)TI O\IS kkkkkkkkhkkhkkhkkkkkk*xx

; The values for the following 5 variables are only used if | SFPAR = 0
; (i.e. only land/water surface catagories)
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ZZLND
ZZWI'R
ALBLND
THI NLD
XMAVA
CONF
&END
EOF

0.1,

0. 0001,
0. 15,
0. 04,
0.3,

1.0,

; roughness length over land in neters
; roughness |length over water in nmeters
; al bedo
; surface thermal inertia
; moisture availability over land as a decimal fractionof one

; non-convective precipitation saturation threshold (=1: 100%
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