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Introduction

One of the large errors in general circulation models (GCMs) cloud simulations is from the mid-latitude,
synoptic-scale frontal cloud systems (Zhang et al. 2004; Lin and Zhang 2004). Now, with the
availability of the cloud observations from Atmospheric Radiation Measurement (ARM) 2000 cloud
Intensive Operational Period (IOP) and other observational datasets, the community is able to document
the model biases in comparison with the observations and make progress in development of better cloud
schemes in models.

Xie et al. (2004) documented the errors in midlatitude frontal cloud simulations for ARM Case 4 by
single-column models (SCMs) and cloud resolving models (CRMs). According to them, the errors in
the model simulated cloud field might be caused by following reasons: 1) lacking of sub-grid scale
variability; 2) lacking of organized mesoscale cyclonic advection of hydrometeors behind a moving
cyclone which may play important role to generate the clouds there. Mesoscale model, however, can be
used to better understand these controls on the subgrid variability of clouds. Few studies have focused
on applying mesoscale models to the forecasting of cloud properties (Hartmann et al. 1999). Weaver

et al. (2004) used a mesoscale model RAMS to study the frontal clouds for ARM Case 4 and
documented the dynamical controls on the sub-GCM-grid-scale cloud variability.

Model Description and Setup

Weather Research and Forecast (WRF) model is used to simulate the ARM Case 4. The simulation was
driven by ETA 3D analysis both for the initial time and lateral boundary condition at every 3h. The
forcing data has horizontal resolution of 40km and 38 & levels in vertical. The configurations of the
model experiments are listed in Table 1 and Table 2. Cumulus scheme is not used for 4km domains.
For detailed description of the physics scheme, refer to Chen and Dudhia (2002).

In WRF model, the cloud cover of a grid box is computed to be either O or 1, i.e. partly cloudy sky is not
allowed. If the sum of the total cloud water and cloud ice mixing ratio of a grid box is greater than a
threshold of 1e-6, it is flagged as cloudy sky; otherwise it is clear-sky.
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Table 1. Model setups for experiments E1 and E2.

El E2

Coverage large domain small domain

resolution (km) 12 same

Vertical levels 31 same

time step (s) 60 same

Initial 127 3/1 same

Microphysics WSM 6-class same

Boundary MYJ TKE same

Cumulus Kain Fritsch same

Table 2. Model setups for experiments E3, E4 and E5.
E3 E4 E5

domains 3 Same same
resolution(km) 36,12, 4 Same same
Vertical levels 31 Same same
time step (s) 180, 60, 20 Same same
initial 127 3/1 0Z 3/3 same
Microphysics WSM 6-class Same same
Boundary MYJ TKE Same same
Cumulus KF Same same
advection of hydrometeors | yes Yes no

Observations

Subperiod A of ARM Case 4 starts from 1730 UTC 3/1 and ends at 0Z 3/5. During this period, a
cyclone developed and passed slightly south to the Southern Great Plains (SGP) site on 3/2-3/3.

Figure 1 shows the synoptic configuration when the cyclone reaches its mature stage at 3Z on 3 March
while it arrives at ARM SGP site. On the NWS surface weather map it is a mature wave cyclone, which
had been developing since 12Z on 1 March. The low center is located over the south border of
Oklahoma with typical cold and warm frontal configuration (figure not shown). During the passage of
the cyclone, the minimum surface pressure at SGP site reaches 973mb. At 500mb, a short wave trough
with closed center is located western KS and OK slightly to the northwest of the surface low. At
850mb, the low center is located in between the locations of the surface and the 500mb center.

The clouds related with this frontal system are the typical comma shaped clouds (Carlson 1980). The
components of the cloud systems include 3 parts: the comma head which corresponds to the cloud shield
north and west of the surface low system and its westward protrusion; the comma tail which extends a
short distance toward the south and the dry intrusion which cuts off the cloud shield behind the comma
head. The Central Facility measured the passage of the high prefrontal clouds, deep comma head frontal
clouds, dry intrusion and deep post frontal cloud spiral in order as we can seen from temporal evolution
of cloud in Figure 1. On 3/3 3Z, the cyclone located right over the SGP site on 850mb. At this time, the
dry intrusion was passing the site.
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Figure 1. GOES infrared image at 2:45Z 3/3 (top), ETA analysis of temperature and geopotential
height at 850mb at 3Z 3/3 (bottom right) and ARM observed cloud fraction at central facility for period A
(bottom left).

Model Results

The impacts of boundary and initial condition on the WRF simulation and the contribution of advection
of hydrometeors are presented here.

A. Prefrontal

For the prefrontal clouds, we conducted 2 runs, E1 and E2. The main difference is the domain coverage.
E1 runs over a large domain while E2 runs over a small domain. They are a pair of experiments to test
the boundary effect. In E1, the horizontal cloud cover is overestimated. It doesn’t show banded
structure as seen on satellite image. Further examination of the relative humidity fields showed it is well
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overestimated too. We suspect the WRF model did not well simulate the sub-grid dynamic control,
which caused large biases in the clouds. So E2 is designed with a smaller domain to be more
constrained to ETA analysis at the boundary. Figure 2 shows the temporal and vertical evolution of
cloud amount, vertical velocity from E1, E2, ARM observation or analysis. The results from E2 showed
improvements. First, high cloud amounts are reduced a lot comparing with that in E1; second it
captured the cloud minimum at midlevel at 5:30Z 3/2; third, it well captured the gradually decreased
altitude of the cloud base. The dynamic forcing, i.e. the evolution of vertical velocity of E2, follows the
ARM analysis more closely. From these two runs, we can see that the boundary condition plays very
important role in this prefrontal cloud simulation.
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Figure 2. Top panel: cloud fraction and vertical velocity of E1; middle panel: cloud fraction and vertical
velocity of E2; bottom panel: ARM measured cloud fraction and analysis of vertical velocity.

Although there is great improvement from E1 to E2, overestimations still exist in the high clouds. We
examined the differences between the forcing data and the ARM data, and it was found that the water
vapor mixing ratio of ETA analysis had large biases at high levels. It is much larger than 100% at those
levels for the whole prefrontal period (Figure 3). This could very likely contribute to the overestimation
of high clouds in E2.
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Figure 3. Water vapor mixing ratio of ETA analysis (middle), ARM analysis (bottom) and their
difference percentage (up).

B. Post-frontal Clouds

Another pair of experiments E3 and E4 is conducted to show the impacts of the initial condition. We
examined the horizontal morphology of the cloud top temperature at time when the cyclone reached its
mature stage at 3Z 3/3. At 3Z 3/3, E3 is 39hrs into the simulation and E4 is 3hrs into the simulation. It
is obvious that the morphology of the cloud cover of E4 is much closer to satellite image than that of E3
(Figure 4). This indicates the importance of the initial condition in generating the reasonable clouds

from WRF model.
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Figure 4. Cloud top temperature from E3 (top), E4 (middle) and GOES image (bottom) at 3Z on 3/3.
Leading time for E3 is 39 hrs, for E4 is 3 hrs.
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In Xie’s paper, they suspect that the advection of hydrometeors is important in the postfrontal clouds
formation. As a follow up study, we conducted another experiment ES which was exactly the same as
E4 except that it suppressed the advection of hydrometeors. The results show that the advection of
hydrometeors contributes to the generation of middle clouds (Figure 5).
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Figure 5. Cloud Fractions from E4 (top) and E5 (bottom). E5 suppresses the advection of
hydrometeors.

Summary

For the prefrontal clouds, the boundary condition (dynamic constrains) plays important role in
generating reasonable prefrontal clouds. Biases in the forcing data may contribute to the overestimation
of the high clouds.
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For post frontal clouds, the initial condition shows large impact on the cloud morphology. The
advection of hydrometeors contributes partially to the generation of the postfrontal clouds.

Contact

Jingbo Wu, jbwu@atmsci.msrc.sunysb.edu, (631) 632-3195

Acknowledgment

This research is supported by the DOE Atmospheric Radiation Measurement Program to the Stony
Brook University.

References

Carlson, TN. 1980. “Airflow through Midlatitude Cyclones and the Comma Cloud Pattern.” Monthly
Weather Review 108, 1498-1509.

Chen, S-H, and J Dudhia. 2002. WRF Physics. http://www.mmm.ucar.edu/wrf/users/wrf phy.html

Hartmann, DL, CS. Bretherton, TP Charlock, MD Chou, A Del Genio, RE Dickinson, R Fu, RA Houze,
MD King, KM Lau, CB Leovy, S Sorooshian, J] Washburne, B Wielicki, RC Willson. 1999. Radiation,
Clouds, Water Vapor, Precipitation, and Atmospheric Circulation. /999 EOS Science Plan, Chapter 2,
39-114.

Lin, WY, and MH Zhang. 2004. “Evaluation of clouds and their radiative effects simulated by the
NCAR Community Atmospheric Model CAM2 Against Satellite Observations.” Journal of Climate,
17,3302-3318.

Weaver, CP, JR Norris, ND Gordon, and SA Klein. 2005. “Dynamical controls on sub—global climate
model grid-scale cloud variability for Atmospheric Radiation Measurement Program (ARM) case 4.”
Journal of Geophysical Research 110, D15S05, doi:10.1029/2004JD005022.

Xie, S, M Zhang, M Branson, RT Cederwall, AD Del Genio, ZA Eitzen, SJ Ghan, SF Iacobellis,

KL Johnson, M Khairoutdinov, SA Klein, SK Krueger,W Lin, U Lohmann, MA Miller, DA Randall,
RCJ Somerville, YC Sud, GK Walker, A Wolf, X Wu, K Xu, JJ Yio, G Zhang, and J Zhang. 2005.
“Simulations of midlatitude frontal clouds by single-column and cloud-resolving models during the

Atmospheric Radiation Measurement March 2000 cloud intensive operational period.” Journal of
Geophysical Research 110, D15503, doi:10.1029/2004JD005119.

Zhang, MH, WY Lin,SA Klein, JT Bacmeister, S Bony, RT Cederwall, AD Del Genio, JJ Hack,

NG Loeb, U Lohmann, P Minnis, I Musat, R Pincus, P Stier, MJ Suarez, MJ Webb, JB Wu, SC Xie,

M Yao, and JH Zhang. 2005. Comparing clouds and their seasonal variations in 10 atmospheric general
circulation models with satellite measurements.” Journal of Geophysical Research 110, D15S02,

doi:10.1029/2004JD005021.

8



mailto:jbwu@atmsci.msrc.sunysb.edu
http://www.mmm.ucar.edu/wrf/users/wrf_phy.html

	Simulations of Clouds and Sensitivity Study by Wearther Rese
	Introduction
	Model Description and Setup
	Observations
	Model Results
	Summary
	Contact
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


