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Abstract Simulation and forecasting of wind fields in the urban canopy layer (UCL) is important for developing and
implementing measures for atmospheric emergency response. To reflect the impact of the UCL on wind fields and to
fulfill rapid emergency response requirements, an urban canopy wind profile parameterization method (UCPM) proposed
by MacDonald (2000) is coupled with the mesoscale model MMS5. The performance of the UCPM is tested with
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observations from a 325-m meteorological tower in Beijing from 18 Jul to 6 Aug 2010. The results demonstrate that the

UCPM accurately reproduces wind profiles in the UCL under neutral, stable, and unstable conditions with normalized

mean bias of 78%, 12%, and 4%, respectively, and normalized mean error of 78%, 52%, and 21%, respectively. The

UCPM shows excellent performances at heights of 8, 15, 32, and 47 m within the UCL with normalized mean bias of 2%,

—26%, 25%, and 60%, respectively, and normalized mean error of 54%, 46%, 52%, and 73%, respectively. Comparison

with the Monin—Obukhov similarity parameterization (MO) reveals that the UCPM significantly improves simulations of

wind speeds in the UCL. Under neutral, stable, and unstable conditions, the normalized mean error of MO is 420%, 176%,
and 184%, respectively, and UCPM is reduced to 78%, 52%, and 21%, respectively; at heights of 8, 15, 32, and 47 m
within the UCL, the normalized mean error of MO is 283%, 184%, 227%, and 167%, respectively, and UCPM is reduced

to 54%, 46%, 52%, and 73%, respectively.

Keywords Urban canopy, Wind profile, Air pollution accident, 325-m meteorological tower in Beijing
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Fig.2 Comparison of building structure (a) at 325-m meteorological tower area in Beijing and (b) commercial/residential area in Chicago
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Fig. 4 Comparison of hourly mean wind speeds at height of 8, 15, 32, and 47 m from 18 Jul to 6 Aug 2010 between observations and simulations of the urban

canopy parameterization (UCP) and Monin-Obukhov similarity parameterization (MO)
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R I 5 I (5 IS 7D | 3 1
i g AH W% RE WRE P P
(m) (m/s)  (m/s)  (m/s) (m/s) (m/s) M MRS

47 WA 0.1~53 1.8
UCP 01~59 29 11 13 1.6 60%  73%
MO 04~98 47 29 30 34  165% 167%

32 MW 0.1~49 13
UCP 0.1~33 16 03 07 08 25% 2%
MO 03~86 42 29 29 33  225% 227%

15 WA 0.1~43 1.1
UCP 0.1~17 08 —03 05 07 —26% 46%
MO 02~64 31 20 21 24  180% 184%

8 MM 0.1~3.1 08
UCP 0.1~14 08 001 04 05 2% 54%
MO 0.1~49 29 22 22 24  280% 283%

EARTRACK 3.1 m/s, Ee KAEN 3.1 mis, Se/MEN
0.1 m/s, 47 m HERS, RIS 5.2 m/s, K
3N A 5.3 m/s, f/MEA 0.1 m/s. "G IR
RIRAS S G I R B =9 D B NS a Y ECE (SR
Hgm i, WO, RO AR R .

SEEGHATE], MO J7iEAL 4 2 XT38 %
R, 8m mJERFS M ZE A 2.2 m/s, 15 m FJEN
2.0m/s, 32 m =JEN 2.9 m/s, 47 m =S K 2.9 m/s,
NP RGeS fMESS A TR, L
B VI8 22 RS8R 22 Bt 22 RIBRE 8 22 4K
AP s /NI RG2Sl = T 2.1 2.0 2.9,
2.9 m/s. [Alf, MO kM) 4 2 XGEBHLIRZE 8 m
H 283%, 15 m A 184%, 32 m K 227%, 47 m N
167%.

UCP J7 iR 4 25 /N1 15 R 0 &5 SR
LS EC S IR NG B S )RS E PNV F 2N (ERSPU I E €7
A, B e T SEBR RO AR AL R B s )
I}, UCP J7 VAR 4 J25/ININE XGRS 2540 2« T
B 2. BT IRRZE . ARHE I 22 . bRk T iR
ZEVV N o AZTTIARUT I T/ G 85 X 3830 1T el
2 R I SEPRR B . 5 MO kAR, UCP Jf
ER ISR PRI BON I, 4 J2 3 22060/
MRFEART S, P ZELE 8 m IR/ T 99%,

15 m E N T 86%, 32 m /N T 89%, 47 m
FEIN T 63%; YRR ZE N T 1.94 1.7,
2.5, 1.8 m/s; FRUETIYIRZENR/N T 229%. 138%-

175%-+ 94%.

5 Zig

0TI 76 J2 PR32 P T i L B TR A 58 R
KA A A I 2 i 7 it 1) e o K i P o 2
PERTERL . Ay T A B I T e 2 S, S A2
I Y. N A5 R 23K, AR SCR MacDonald (2000)
FE IR Ik 17 7 2 A KBS e S 5k T B RS T R
ARG MMS5, JERHIIEST 325 m A ETEH
MMGERLEATIOAUE . 250K (D W)= S48
1 T7 1 B I () BB 8 b RS 4 A R T = Y
IR ER 2 EAR A, EE S e A AR, k.
T RIASR G 2 25 W] (R R U P35 D 22 53531 k) 78%
12%-+ 4%, FrdE V38R 2250 000 78% 52%- 21%.

(2) BT IE J2 S 504k 7 7 RS A Uy P40 el )22 Y
S BR RGHEAR A, B v EE B  2E K, {HL 8.
15, 32, 47 m 5 FE (AT XTEE S5 W0 E A0 SR 170 2%
1, BRI ZE 3 A 2% -26% 25% 60%,
FRUEFRA R ZE N 54% 46%- 52%- 73%. (3)
5 {45 1#) Monin-Obukhov AL 7L 2 S B4k )7 =
FIEL, T 2 Stk 7 v R e T e 2 A R
RELAE S, i, R, ARUE 4 ArvE T
W25 BN T 342%. 164%. 180%, ArifEF-14)i%
ZERIRNT 342%. 124%. 163%; 8m. 15m. 32m.
47m (= B BB TRGRZE S AN T 1.9 1.7, 2.5,
1.8 m/s, ARdfE VIR ZEIRN T 229% 138%- 175%-
94%.,

S22k (References)

Baklanov A, Rasmussian A, Fay B. 2001. Possibilities and
shortcomings of NWP models to provide meteorological data for
UAP forecasting [C]. / Proceedings of the Urban Air Quality
Conference. Louraki Greece.

Bornstein R D. 1975. Two-dimensional, non-steady numerical
simulations of nighttime flows of a stable planetary boundary layer
over a rough warm city [J]. J. Appl. Meteor., 14: 1459-1477.

Brown M J, Williams M D. 1998. An urban canopy parameterization
for mesoscale meteorological models [C]. // Proceedings of the
AMS Conference on 2nd Urban Environment Symposium 2-7

November, Albuquerque, NM, Amer Meteor Soc, 144-147.



2 1] [ T EE A5 KON i WAL SO 3 Tl T o KB 2 2 Ak 7 ik 6

No. 2 XIANG Weiling et al. Testing of Urban Canopy Wind Profile Parameterization for Atmospheric Emergency ...

193

Burian S J, Brown M J, Linger S P. 2002a. Morphological analyses
using 3D building databases: Los Angeles, California [R]. Utah.
LA-UR, Los Alamos National Laboratory, Los Alamos, NM.

Burian S J, Brown M J, Linger S P. 2002b. Morphological analyses
using 3D urban databases: phoneix, Arizona [R]. Utah. LA-UR, Los
Alamos National Laboratory, Los Alamos, NM.

Burian S J, Velugubantla S P, Brown M J. 2002c. Morphological
analyses using 3D building databases: Salt Lake City [R]. Utah.
LA-UR, Los Alamos National Laboratory, Los Alamos, NM.

Burian S J, Velugubantla S P, Chittineni K, et al. 2002d.
Morphological analyses using 3D building databases: Portland,
Oregon [R]. Utah. LA-UR, Los Alamos National Laboratory, Los
Alamos, NM.

Burian S J, Maddula S R K, Velugubantla S P, et al. 2003a.
Morphological analyses using 3D building databases: Albuquerque,
New Mexico [R]. Utah. LA-UR, Los Alamos National Laboratory,
Los Alamos, NM.

Burian S J, Han W S, Brown M J. 2003b. Morphological analyses
using 3D building databases: Houston, Texas [R]. Utah. LA-UR,
Los Alamos National Laboratory, Los Alamos, NM.

Burian S J, Han W S, Brown M J. 2005. Morphological analyses using
3D building databases: Oklahoma City, Oklahoma [R]. Utah.
LA-UR, Los Alamos National Laboratory Los Alamos, NM.

Byun D W. 1990. On the analytical solutions of flux-profile
relationships for the atmospheric surface layer [J]. J. Appl. Meteor.,
29: 652-657.

Delle M L, Weil J, Simpson M, et al. 2009. A new urban boundary
layer and dispersion parameterization for an emergency response
modeling system: Tests with the joint urban 2003 data set [J].
Atmos. Environ., 43: 5807-5821.

Dyer A J, Hicks B B. 1970. Flux-gradient relationships in the constant
flux layer [J]. Quart. J. Roy. Meteor. Soc., 96: 715-721.

R R, 4, £ AK. 2007, W ALEERE G LR XA 2510

WAL (0], RS EREE AR, 23 (3): 58-64. Gao Yuanyuan, He
Jinhai, Wang Zifa. 2007. Simulation for impact of urbanization on
meteorological conditions in Beijing area [J]. Journal of
Meteorology and Environment (in Chinese), 23 (3): 58-64.
FAEER, RAR, 2B, 4. 2002, T PRSI ¥ S H
FIh S (3], MAHAZ%R, 13 FFT): 26-33. Gao Zhigiu, Bian
Lingen, Lu Changgui, et al. 2002. Estimation of aerodynamic
parameters in urban areas [J]. Journal of Applied Meteorological
Sciences (in Chinese), 13 (suppl.): 26-33.

Grell G, J Dudhia, D Stauffer. 1994. A Description of the Fifty
Generation Penn State/NCAR Mesoscale Model (MM5) [R]. NCAR
Tech. Note, NCAR/TN-398+STR, 117 pp.

Grimmond C S B, King T S, Roth M, et al. 1998. Aerodynamic

roughness of urban areas derived from wind observations [J]. Bound.

-Layer Meteor., 89: 1-24.

Grimmond C S B, Oke T R. 2002. Turbulent heat fluxes in urban areas:

observations and a local-scale urban meteorological parame-
terization scheme (LUMPS) [J]. J. Appl. Meteor., 41: 792.
PRENEE. 1983, JERURBB MW R [M]. JER0: BEFAHRAL.

Hong Zhongxiang. 1983. Observation System of Beijing Meteoro-
logical Tower (in Chinese) [M]. Beijing: Science Press.

WA, FRE RS, BRAME, ZF. 2005, 41l 5 J b L BE kB 1) B
”ff‘fi%%ﬂfi‘fi?&hﬁffﬁdﬂ (] HEFE D hERFR), 35 (F
FiJ T): 66-72. Hu Fei, Cheng Xueling, Zhao Songnian, et al. 2005.
Hard state of the urban canopy layer turbulence and its self-similar
multiplicative cascade models [J]. Science in China Serences D
(Earth Sciences), 48 (suppl. I): 80-87.

L. 2010, SOl RN SORSY BB ALBE 9T [D]. v [E A
e WF 70 2 Bt K B WEFUPT, 111pp. Huang Jiangping. 2010.
Emergency atmospheric dispersion model at urban sites [D].
Graduate University of Chinese Academy of Sciences (Institute of
Atmospheric Physics) (in Chinese), 111pp.

XS, PRETHE. 2002, Jb st B A2 SR AE (0],
KSR, 26 (2): 241-248. Liu Huizhi, Hong Zhongxiang. 2002.
Turbulent statistical characteristics over the urban surface [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 26 (2):
241-248.

XNEL, BB, 1996, bt X — JORe KR KU R 5 454 11
WL (1. KA B2, 20 (2): 223-228. Liu Xiaohong, Hong
Zhongxiang. 1996. A study of the structure of a strong wind
event in the atmospheric boundary layer in Beijing area [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 20 (2):
223-228.

MacDonald R W. 2000. Modelling the mean velocity profile in the
urban canopy layer [J]. Bound.-Layer Meteor., 97: 25-45.

Masson V. 2000. A physically-based scheme for the urban energy
budget in atmospheric models [J]. Bound.-Layer Meteor., 94 (2):
357-397.

Martilli A, Clappier A, Rotach M W. 2002. An urban surface
exchange parameterisation for mesoscale models[J]. Bound.-Layer
Meteor., 104 (2): 261-304.

Oke T R. 1988. The urban energy balance [J]. Progress in Physical
Geography, 12 (4): 471-508.

Otte T L, Lacser A, Sylaain D, et al. 2004. Implementation of an urban
canopy parameterization in a mesoscale meteorological model [J]. J.
Appl. Meteor., 43 (11): 1648-1665.

Paul S A. 2001. Introduction to Micrometeorology [M]. San Diego:
Academic Press, 415 pp.

. 2005, JE5T325m TGS MM BRS04 (D). E R
e BIF 58 26 Bt A BRAIE 5T BT B 12 2% 47 18 3C, 55pp. Peng Zhen.
2005. Statistical analysis of observational data at Beijing 325m
meteorological tower [D]. Master dissertation (in Chinese),
Graduate University of Chinese Academy of Sciences (Institute of
Atmospheric Physics), 55pp.

Ratti C, Di Sabatino E, Britter R. 2006. Urban texture analysis with
image processing techniques: winds and dispersion [J]. Theor. Appl.
Climatol., 84 (1-3): 77-90.

Roth M. 2000. Review of atmospheric turbulence over cities [J]. Quart.
J. RoyA Meteor. Soc., 126 (564): 941-990.

, ARG, FAK, %, 2010, A BH TR REAE Ll
mEIMJIMxLPD’ uFHUT [7]. A ST, 4 (2): 1-11.



194

< oH e I 18 %
Climatic and Environmental Research Vol. 18

Wang Qian, Fu Qingyan, Wang Zifa, et al. 2010. Application of
ensemble numerical model system on the air quality forecast in
Shanghai [J]. Environmental Monitoring and Forewarning (in
Chinese), 4 (2): 1-11.

T HK, SIE, Gbaguidi A, 2. 2009. Jb50 0 i 2 B K
TR AR GEN RS e W) R [T]. B A0fE B DR R 4R (B AR
BE2ERR), 1 (1): 19-26. Wang Zifa, Wu Qizhong, Gbaguidi A, et al.
2009. Ensemble air quality multi-model forecast system for Beijing
(EMS2Beijing): Model description and preliminary application [J].
Journal of Nanjing University of Information Science and
Technology (Natural Science Edition) (in Chinese), 1 (1): 19-26.
WhICHE . 2005, b 5Tk T R AR i U 8 45 4 B 3 B R A

[D]. o BB 05T e /P B R LR A 1 2 i 5,
175pp. Yao Wenging. 2005. Characteristics of urban boundary
lower layer turbulence dynamical structure and its effects in Beijing
[D]. Ph. D. dissertation (in Chinese), Chinese Academy of
Meteorological Sciences/Nanjing University of Information Science

and Technology, 175pp.

kfh, Ak, wRIE, 2. 2010. FIF BP #2448 5 Rig &

ARBURESE I B R SR BCR [J]. RS IHREIEAL, 15 (5):
595-601. Zhang Wei, Wang Zifa, An Junling, et al. 2010. Update
the ensemble air quality modeling system with BP model during
Beijing Olympics [J]. Climate and Environmental Research (in

Chinese), 15 (5): 595-601.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


