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Characteristic of atmospheric visibility and its effect factors
at Xi’'an in summer and winter
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Abstract ;: The meteorological observation data ( wind speed, temperature and relative humidity ) , air
pollutants (PM, 5, SO,, NO_and O;) and the visibility of the monitoring data in July and December
2009 were obtained to investigate the characteristic of atmospheric visibility and its factors in Xi’an. The
results showed that the visibility varied from 2. 99 to 26.99 km with an average value of 11.12 £5.78 km
in summer. The visibility of winter was ranged from 2. 56 to 18. 08 km with an average value of
8.31 £4.85 km, which was obviously lower than in summer. In summer, the lowest average visibility
was 6.74 km at 800 am, while the highest average visibility was 10.47 km at 18: 00 pm. In contrast,
the lowest mean visibility was 5. 12 km at 2: 00 am in winter, and the highest mean visibility was
8.10 km at 14:00 pm. The correlation analysis showed that the temperature, wind speed and relative
humidity had little correlation with visibility in summer, while the wind speed and relative humidity had
good correlation with visibility in winter ( the correlation coefficients were 0. 77 and 0. 73, respectively).
In summer and winter, the visibility had a strong negative correlation with PM,, SO, and NO_,
however, O had poor correlation with visibility.
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Fig. 1

Time-series comparison of visibility and meteorological factors at Xi’an in summer and winter
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Fig.2  Diurnal variations of visibility and gas pollutant at Xi’an in summer and winter
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Table 1  Correlation coefficient between visibility
and meteorological factors
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Fig.3 Time-series comparison of visibility and atmospheric pollutant at Xi’an in summer and winter

M3 nl LI £, PM, i 5 fE UL 22 th

LRGBS, PM, (BRI ORI BEDLE R BARTA S,

s 5z, BB LRI K

"2 0, e 42, 1M NO,_ SO, ¥ i H
XEEEHRTERRERS, KA
SERS AHFT 0, BUFE R, & B IRBAR, A H T



52 4]

H/NRG A8 U2 B &7 RAURE L B AR LR AIE S R M D 3R 399

0, BIEIL, il O; B WA, th & AZ R i, [F]
I, PG 22T 4 2 h SR 2 300, AL 45 185 - 2 NO,, AW
SO, WEAEAFE S T E 2, S0, XAl WGy ik
FVBLE RE S ERAR S, H A B A A2 AR WL (H 25
it — R AR s ARG 2E RO A IR R
VA5 IRE T T 67 7 52 Wi 8 DL ( Tsaii et al,2007 ) , NO,
SR8 UL B 0 AR b il AR BB # . — D7 T NO,
t NO, W ', B4R 2 A 2 A DG 2= I 25
AT S0 B8 DL B, 53— 5 T B BE A2 2 IV RE - 1 A=
B, R /N KL RIS O 26 5% ) Be L BE (X RN T 4
2008 ), it NO, X HE ULEE A 5200 & T SO, Fl Oy,
4.2 FREEYEXRS[ELEHEXES
Sisler and Malm ( 1994 ) fff 53 & W, i1 F 7] WOl
FIPE R IESFTE PV, s AORLARYE L N, B G PM, 5 5 BB
DLEER OG0 R 3 BEH] PM,, % KA RE DL BE 5%
MR, AN B A7 HAF R W 5 2 S5 4
ARG PE AT 23 BT, 45 SR WD, 8 L BE Bl PM, ¢ Jot 3+t
WEERE RN, Horp 258 WS PM, 2458
BOAROC M CHE LE B i 35 A C REGA RN T 0. 64
(N=24),MEFREWES PM, LM, ¢
ZHCN0.50(N =24, p=0.009) (LFE2),

F2 RAREIE HPME 515 QWA OC R 5L
Table 2 Correlation coefficient between

visibility and air pollutants

=T CES X%
PM, 0.50 0.64
NO, 0.77 0.80
S0, 0.57 0.54
0, 0.16 0.42

SHFUR RSN EE /K DN W= A/ NE- A= S P € i i)
AT, NO, Fil SO, XF e WLEE 2 M 7E ] A2y
BIRBUFRBOHOG 1T O, M mITE R A& WA-F78
RERMEAI G, Horb, NO, X AE UL BE ) AR DG 1 A5 A ik
FOMRVERBAEE &Rk 8 T 0.77 (N =
17) F10.80(N =24) ; LYK J& SO, , MH G R H A&
Zo A% T 0.57(N=17) F10.54(N =24) ,ifij O,
(AR SCHAE H A & ZEAHC 250 0.42(N =
24, p=0.043) . SMAKUL, SARTS YT BE WL Y

AR R T A 2R NO, 5 A8 UL B AR G
PEIL 5 T S0, F 0, Fr DAk 75 22 KRB L,
R SerE i NO | BHERL
4.3 BARNE . LFHIESHIHWHHITE

PG 22T S A T A L L3 3, ad LA
T R B, 09 ARV 2T B 2R 2 R LR
11,12 km, &Zb—F iif KSF-, s 8 DR M s i, Ll
e Hi ARG /M 2, SN T 22 R K, BAR
P42 A ZR e UL RE 7K P18 T HoA LA T, H L
Urm/MR 2, nl UL VUL T R AURE WL A R —

3 PG AT R AT RE DLEEXS [
Table 3  Time-series comparison of visibility and

atmospheric pollutant at Xi’an in summer and winter

Wl 22 (km)%&ZE(km) AR EZ PG
i 11,12 8.31 2009 ENIEN
E\ERITT 7.1 3.8 2007 (&SRS ,2009)

U 14 16 2004.11—2005.9 (K524 ,2003)
oM 11.9 5.8 2001 (TRMEHE 45 ,2005)
Jbaiii 13.28  4.77  1999—2000 ( Yang et al,2007)

Kaohsiung 9.1 3.4 1998—2001 (Yuan et al,2006)
5 g

(1) B Z=Re WEE B B RAE M 26.99 km, B/ IME A
2.99 km, FHIE K 11.12 £5.78 km; ZFHE WL 1Y B
KAH J 18. 08 km, fix /ME A 2. 56 km, F I {H Ky
8.31 £4.85 km, F W] V44 T & 2= g UL B K7 W b
T4 2% JFH, %R 08 iAW E &AL, N
6.74 km; N/ 18 B e, M 10. 47 km; & ZEH 75 14
WHAE DL B B 5, oM 8. 1 km; % R 02 B K,
}5.13 km,

(2) 5 A2 B X il L B3 AN K, B 2 K
SROFIAFR XTI 5 8 WL RE AR DGR 2 | i 4 25 XU A AR
XN R 5 e DL B AR DG A v ARG R Bk 0. 77
(N =24,p <0.0001) F10.73 (N =24,p <0.0001) , Bt
ISR AT RE W A i TR 2,

(3)RFTREWES PM, M ME R 202 M
KERECH0.64 (N =24) 1 E ZEREILE S PM, WA
FBHN -0.50(N =24, p=0.009),

(4) AR5 YL Wy XoF BE L B S, 4 2] B



400 HERIRET AR

2

FEZ 1M NO, H5EEVLE AA MBS0, Al
0, , UL T 58 AR TS B v NO, X HE L JEE Y 52 )
K, ROZAR e #E ] NO, HERL

S 2% 0k

M B, Bk XB/NER, %, 2007, PEZETORARE ILE AR AL
MR G2 S5 R[T] BEATE, (6): 29-31.

KNFIE ACIRES 3T, 45, 2008, HMI T R AE WL 281k
FHER S 2= AR KR [)]. AR GH B, 31
(4): 4446.

KT EFR LT, 5. 2003, J6ETH A RE WL L
KR RRIEIH [ )] FBERL 20 7 , 16(2) ¢ 10-12.

RIS I BRI 254535, 45, 2005, B Ik R A Ot R %L
FREULEE s e R AR SE () ). BRE 77 R A6, 27
(6): 410413,

AR IR, T, 2007, FFIE/KF-AE LIS AR LRI S 4 5%
Wi )]. TR GEEEES, 30(HT]) : 16-18.

KBSk A R, % 2008, Kk A UL RRE 4
Bl J]. SIS HEEDFIE ,13(6) : 800-806.

AEE =M, ik FF,%. 2009. EEHERX PM,, 588

VLEERRCHVEDE ST ()], BT I E PG HAR | 21(3)
65-68.

Baik N, Kim Y P, Moon K C. 1996. Visibility study in Seoul.
1993[J]. Atmospheric Environmental , 30 ; 2319-2328.
Sisler J F', Malm W C. 1994. The relative importance of soluble
aerosols to spatial and seasonal trends of impaired visibility
in the united states[ J]. Atmospheric Environment, 28(5) :

851-862.

Tsai Y I, Kuo S-C, Lee W-J, et al. 2007. Long-term visibility
trends in one highly urbanized, one highly industrialized,
and two Rural areas of Taiwan [ J]. Science of the Total
Environment , 382 324-341.

Yang L X, Wang D C, Cheng S H, et al. 2007. Influence of
meteorological conditions and particulate matter on visual
range impairment in Jinan, China[ J]. Science of the Total
Environment , 383 . 164-173.

Yuan C S, Lee C G, Liu S H, et al. 2006. Correlation of
atmospheric  visibility with chemical composition of

Atmospheric  Research,

Kaohsiung aerosols [ J ].

82: 663 —679.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 300
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


