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1. INTRODUCTION

Today's mesoscale numerical weather
prediction (NWP) models are routinely executed at
a grid spacing of 1~4 km and used to provide
meteorological conditions for air quality, transport
and dispersion model forecast for urban areas. It
is critical for these high-resolution NWP models to
capture influences of urban forcing on variations of
wind, temperature, and humidity in the
atmospheric boundary layer (ABL), so that air
dispersion and quality models can benefit from
improved prediction of the urban meteorological
conditions. One daunting challenges in mesoscale
urban modeling is the description of urban
surfaces, which are highly heterogeneous even at
small scales. The efforts in developing gridded
fine-scale data sets of buildings, vegetation cover,
and other morphological features in metropolitan
areas, under the National Urban Database and
Access Portal Tools (NUDAPT), provide an
excellent opportunity to address this challenge.
This paper describes an investigation of influences
of incorporating the NUDAPT data set in the
coupled Weather Research and Forecast (WRF)—
urban canopy modeling system on short-term
simulations for selected high ozone-pollution
events of 30-31 August 2000 over the Houston-
Galveston areas. Subsequently, the output from
this simulation will be used to drive the Community
Multiscale Air Quality (CMAQ) model so that the
effects of utilizing building morphological data on
air pollution can be also assessed.

2. WRF/NOAH/UCM MODELING SYSTEM

The community mesoscale WRF, coupled to
the Noah land surface model and to a single-layer
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urban canopy model (UCM) [Chen et al., 2006],
was used to simulate the evolution of the PBL in
this study. This UCM is based on Kusaka et al.
[2001] and takes the urban geometry into account
in its surface energy budgets and wind shear
calculations. Radiative, thermal, moisture effects
and canopy flow model are accounted for in the
UCM, which includes: 1) 2-D street canyons that
are parameterized to represent the effects of
urban geometry on urban canyon heat distribution;
2) shadowing from buildings and reflection of
radiation in the canopy layer; 3) the canyon
orientation and diurnal cycle of solar azimuth
angle, 4) man-made surface consists of eight
canyons with different orientation; 5) Inoue’s
model for canopy flows [Inoue, 1963]; 6) the multi-
layer heat equation for the roof, wall, and road
interior temperatures; 7) anthropogenic heating
associated with energy consumption by human
activities; and 8) a very thin bucket model for
evaporation and runoff from road surface.
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Fig. 1. Domain configuration (resolutions are 27km, 9km,
3km and 1km respectively).
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3. WRF MODEL CONFIGURATION AND
NUDAPT DATA USED IN THIS CASE
STUDY

WRF/Noah/UCM modeling system was run for
a 36-hour simulation initialized at 00Z on 30
August 2000 with four two-way nested domains
(Fig. 1). This case was selected because it
represents a severe air-pollution day.

Three WRF modeling experiments were
conducted: 1) CTRL: use the traditional approach
of specifying urban parameters through a look-up
table in WRF; 2) BD2D: ingest gridded building
morphological data from NUDAPT; and 3) AH2D:
ingest gridded anthropogenic heating data from
NUDAPT.

Significant differences, between look-up table
and 2D data from NUDAPT, in horizontal
distributions and magnitudes of building height
and anthropogenic heating rate are shown in Fig.
2 and 3.
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Fig. 2. Horizontal distribution of building height in
meter for (a) case CTRL and (b) case BD2D.
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Fig. 3. Horizontal distribution of daily mean
anthropogenic heating rate (in W m'z) for August in
(a) case CTRL and (b) case AH2D.

4. RESULTS AND ANALYSES

Compared with look-up table, building heights
from NUDAPT are larger in downtown area (CBD)
and smaller in other urban area. Therefore,
surface wind speed from the case BD2D is lower
in CBD and higher in other urban area than that in
the case CTRL. Also, 2-m temperature from the
case BD2D is lower than that in the CTRL case,
especially in nighttime (Fig. 4).

The effect of 2D anthropogenic heating data is
similar to that of 2D building morphological data.
2-m temperature from the case AH2D is lower
than that in the case CTRL, especially in nighttime
(Fig. 5).

At 2000LST Aug 30, 2000, the return flow
simulated in the cases BD2D and AH2D at the
height of 1-km is weaker than that in the CTRL
case (Fig. 6), and the PBL height of AH2D is lower
than that for other two cases, which would affect
the mixing processes in transport and dispersion
models.
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Fig. 4. 2-m temperature differences between

BD2D and CTRL: (a) averaged for daytime and (b)
averaged for nighttime.
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Fig. 5. 2-m temperature differences between

AH2D and CTRL: (a) averaged for daytime and (b)
averaged for nighttime.
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Fig. 6. North-south cross section plane, along
lon=95.372W, of wind speed (shaded) and flow
field (vector, v;w*10): (a) CTRL, (b) BD2D and (c)
AH2D at 2000LST Aug 30, 2000.
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5. SUMMARY

Preliminary results show that utilizing high-
resolution urban data, e.g. urban morphological
data and anthropogenic heating data from
NUDAPT, alter WF simulated PBL properties and
land-sea breeze circulations, which are important
for air quality modeling.

Nevertheless, our results may be limited due
to the single-layer urban canopy model used in
this study. The consistency in urban data sets and
the average approach should be further
investigated.

Acknowledgements

This work was funded by the NCAR FYOQ7
Opportunity Fund, DTRA Coastal-urban project
(CDR Stephanie Hamilton and Chris Kiley), and
Institute of Urban Meteorology, China
Meteorological Administration.

References

Chen F., M. Tewari, H. Kusaka, and T. T. Warner
(2006), Current status of urban modeling in
the community Weather Research and
Forecast (WRF) model, paper presented at
Joint Session with Sixth Symposium on the
Urban Environment and AMS Forum:
Managing our Physical and Natural
Resources: Successes and Challenges, The
86th AMS Annual Meeting, AMS, Atlanta, GA,
28 January — 3 February.

Kusaka, H., et al. (2001), A simple single-layer
urban canopy model for atmospheric models:
Comparison with multi-layer and slab models.
Bound.-Layer Meteorol., 101, 329-358.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


