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12-year LIDAR observations of tropospheric aerosol vertical distribution using a Mie scattering LIDAR 
in Hefei (31.9°N, 117.2°E) from 1998 to 2009 are presented and analyzed in this paper. Characters of 
temporal variation and vertical distribution of tropospheric aerosol over Hefei are summarized from the 
LIDAR measurements. The impacts of natural source and human activities on the aerosol vertical 
distribution over Hefei could be seen clearly. Dust particles from the north in spring could affect the aerosol 
distributions below about 12 km over Hefei, and aerosol scale height in April reaches 2.29±0.68 km. Both 
LIDAR measurements and surface visibility imply that aerosols in the lower troposphere have been 
increasing since about 2005.
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I. INTRODUCTION

Aerosols play a major role in weather, climate, and environ-
mental issues. They have been considered to be the largest 
contribution to the total uncertainty of the radiative forcing 
due to direct and indirect effects. Obviously the present 
understanding of the aerosol properties and distribution is 
far from adequate, and a high spatial resolution measure-
ment of the vertical distribution of aerosols is a very 
important input parameter for determining the aerosol radiative 
forcing (ARF) [1, 2].

CALIPSO with Cloud-Aerosol LIDAR with Orthogonal 
Polarization (CALIOP) has been sent into the A-Train 
constellation, for providing global distributions of aerosol 
and clouds with high resolution [3]. Ground-based LIDARs 
can be more sensitive than satellite LIDARs and so can be 
used to confirm the sensitivity limits of the satellite instruments 
and characterize the atmospheric feature missed by the 
satellite instrument [4]. Ground-based LIDAR providing stable, 
long-term measurements will be necessary to provide a 
benchmark against which to reference multiple satellite 

instruments [1]. Long-term observations of the aerosol vertical 
distribution also can suggest the long-term manmade trend 
in the concentration of aerosol, which is a main objective 
of GAW and GALION [1].

A Mie scattering LIDAR has been operated for profiling 
tropospheric aerosol since 1998 in Hefei (31.9°N, 117.2°E) 
[5, 6]. Hefei is in the region between the Huaihe River 
and the Yangtse River, in the vicinity of the Yangtse delta. 
The Shouxian National Climate Observatory is about 80 
km north of the LIDAR site. LIDAR observations of tropos-
pheric aerosol from 1998 to 2009 are presented in this 
paper. Characters of vertical distribution and temporal 
variation of tropospheric aerosol over Hefei are derived 
from long-term observations, and the impacts of natural 
source and human activities on the aerosol vertical distri-
bution over Hefei could be seen clearly.

In this paper, the LIDAR and measurement methods are 
introduced in section 2, data processing is described in 
section 3, results are presented and discussed in section 4, 
and some conclusions are given in the last section.
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FIG. 1. Schematic diagram of Mie scattering LIDAR.

II. LIDAR AND MEASUREMENT

In order to study the vertical distributions of tropospheric 
aerosol, a Mie scattering LIDAR was developed in the 
Key Laboratory of Atmospheric Composition and Optical 
Radiation (LACOR) in Anhui Institute of Optics and Fine 
Mechanics (AIOFM), Chinese Academy of Sciences. The 
schematic diagram of the Mie scattering LIDAR is shown 
in Figure 1. The LIDAR is based on a Nd:YAG laser, 
with a second harmonic generator. The pulse energy at 532 
nm is generally kept around 70 mJ with a repetition fre-
quency of 10 Hz. The receiving telescope is a 0.3 m 
diameter Cassegrain, which can be rotated from horizontal 
pointing to vertical pointing. Received backscattering signal 
from telescope is divided into two beams using a beam 
splitter. The weaker beam is detected by a normal-on 
PMT, and the output is the return signal from near-field 
range. The other beam is detected by a normal-
off PMT, which is controlled by an electric gate to reject 
echoes below about 2 km to prevent saturation, and the 
output is the return signal from far-field range. The output 
signals from two detectors are acquired in A/D mode. The 
LIDAR is controlled by an industrial computer.

The LIDAR was located on an island in Dongpu Lake, 
approximately 10 km northwest of the center of Hefei. 
The lake is surrounded by farmland and several villages, 
thus the atmosphere above the LIDAR site can be considered 
to be the background atmosphere of Hefei. The altitude of 
the LIDAR site is about 30 meters above sea level (ASL). 
In the spring months, northern and northwestern cold front 
activities often come in, and the dust particles can be 
taken from the north to Hefei along the cold air mass. In 
the summer months, southwest current or Pacific high pressure 

bring warm and wet air masses into the Hefei area, both 
aerosol particles and moisture tend to be confined in the 
mixing layer. In autumn-winter months, north and north-
westerly currents with cold, clean and dry air masses 
usually prevail over Hefei, and the atmosphere is very stable 
during these months.

LIDAR observations are scheduled depending on weather 
conditions. Routine LIDAR observations are taken in cloudless 
nights. When semitransparent clouds, which could be pene-
trated by laser, exist in the upper troposphere, the obser-
vations are also taken.

III. DATA PROCESSING

In order to reduce the noises in the signals received by 
the LIDAR , the data processing is generally based on an 
average of 10000 single-shot profiles with a vertical 
resolution of 30 m. Two signal profiles without background 
signals from the  near-field range and far-field range are 
joined together to get a signal profile extending from 
ground level to 18 km above ground level (AGL). Sonde 
data indicate that the height of the tropopause over Hefei 
varies from about 10 km to 18 km.

The Fernald method is applied to the joined signal 
profile to retrieve the aerosol backscatter coefficient [7], 
and three assumptions have to be made [5]: (1) The extinction-
to-backscatter ratio (i.e. LIDAR ratio) for tropospheric 
aerosol is assumed constant with altitude and equal to 50 
sr at 532 nm wavelength; (2) Molecular backscatter coefficient 
and extinction are calculated from a standard atmosphere 
model using Rayleigh scattering theory; (3) The boundary 
value is determined by assuming the aerosol backscattering 
ratio to be 1.01 for 532 nm at calibration height, where 
the atmosphere is very clean, calibration height is often 
determined around the tropopause according to LIDAR 
received signal with range-square and molecular backscatter 
corrections. Bösenberg et al. indicate that the error of the 
retrieved aerosol backscatter coefficient using this method 
is about 15% [1].

As there is incomplete overlap between the laser beam 
and the receiver field of view in short range, echoes from 
short range will be received incompletely by LIDAR. The 
geometrical form factor (GFF) accounts for signal loss due 
to the poor receiver efficiency of the telescope and associ-
ated optics in this range. Aerosols in this range are so 
important that overlap correction has to be applied to the 
LIDAR received signal by dividing the  LIDAR received 
signal by GFF. GFF is determined experimentally when 
the LIDAR is oriented horizontally [8-10]. After the overlap 
correction, the LIDAR can be used to measure the aerosol 
backscatter coefficients and extinctions (calculated by multi-
plying backscatter coefficients by assumed LIDAR ratio) 
from 30 m to 18 km AGL, and aerosol optical depth 
(AOD), which is defined to be the integration of aerosol 
extinction along the path ranging from ground level to 18 
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TABLE 1. The number of aerosol backscatter coefficients profiles measured by LIDAR in each month from 1998 to 2009

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1998 4 7 - 7 - 1 1 8 11 11 8 14 72
1999 9 4 3 6 6 2 3 11 7 2 7 21 81
2000 4 6 9 8 10 5 5 3 8 9 9 12 88
2001 3 3 7 8 6 - 6 9 12 7 16 9 86
2002 8 5 9 3 4 3 7 6 9 11 9 3 77
2003 9 - 6 4 2 1 - - 3 7 7 11 50
2004 2 10 8 5 - 2 2 - - - - - 29
2005 5 4 16 14 3 5 - 2 2 - 1 8 60
2006 1 1 4 - 1 - - 2 - - 2 4 15
2007 5 4 2 2 3 1 1 - 2 3 6 - 29
2008 - 5 6 2 5 2 3 1 3 - 5 8 40
2009 6 3 3 - 4 1 2 1 9 - - - 29
Total 56 52 73 59 44 23 30 43 66 50 70 90 656

FIG. 2. Temporal variation of LIDAR measured tropospheric aerosol backscatter profile at 532 nm wavelength from January 1998 to 
September 2009.

km AGL in this paper, also can be measured by the 
LIDAR [5, 6].

In order to eliminate the overestimation of aerosol 
backscatter coefficients caused by clouds in the upper 
troposphere, only LIDAR observations taken in cloudless 
nights are selected to be analyzed in this paper, and only 
one profile is selected in one night. Finally, 656 profiles 
of aerosol backscatter coefficient are selected from LIDAR 
observations from 1998 to 2009. The number of selected 
profiles in each month from 1998 to 2009 is listed in 
Table 1.

As seen in Table 1, the numbers of the profiles in different 
months are quite different, in order to eliminate its effect 
on the statistical results, the profiles in each month are 
averaged first, and the following analyses are based on 
these averaged profiles.

IV. RESULTS AND DISCUSSION

Figure 2 shows mean profiles of tropospheric aerosol 
backscatter coefficients at 532 nm for each month from 
January 1998 to September 2009. Although observations in 
several months are missed due to bad weather conditions 
and technical improvements of LIDAR, 117 monthly mean 
profiles obtained in the past 12 years are very valuable for 
studying temporal variation of tropospheric aerosol. 

 
As seen in Figure 2, three conclusions could be sum-

marized as below:
i. Tropospheric aerosols are mainly confined below 

about 3 km AGL; 
ii. A seasonal movement of particles into the free 

troposphere from below is evident, indicating what 
appears to be a tongue of large aerosol backscatter 
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FIG.  3. Temporal variation of (a) tropospheric aerosol optical depth at 532 nm measured by LIDAR, (b) aerosol scale height measured 
by LIDAR, and (c) surface visibility from Anhui Meteorological Bureau from January 1998 to September 2009.

coefficients that extends upwards from about 3 km 
AGL;

iii. Aerosol backscatter coefficients in the mixing layer 
after 2005 seem a little greater than the ones before 
2005.

The aerosol incursions into the free troposphere show 
regular seasonal behavior with peaks in the spring, mainly 
due to the fact that dust particles are transported into the 
free troposphere in the north and taken to Hefei along the 
cold air mass in the spring, this phenomenon is also 
observed by Kent et al [11], Sasano [12], and Zhou et al [6].

In order to explain the greater LIDAR measurements 
after about 2005, and to study the long-term variability of 
atmospheric turbidity in Hefei, monthly mean AOD at 532 
nm and aerosol scale height (ASH) derived from LIDAR 
measurements from January 1998 to September 2009 are 
shown in Figure 3 (a) and (b), respectively. ASH is calculated 
by integrating LIDAR measured vertical profile of the 
extinction coefficient, αa(z), as a function of altitude z [13],
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where H is ASH. Aerosol extinction coefficient can be 
calculated by multiplying aerosol backscatter coefficient by 
assumed extinction-to-backscatter ratio, which has been 
used in the LIDAR data processing with Fernald method. 
Aerosol particles above the tropopause are so few that it is 
reasonable to replace the integral upper limit by 18 km in 

equation (1). ASH reflects the vertical distribution of the 
aerosol, and it is an important input parameter for determining 
the aerosol radiative forcing [2].

Time series of surface visibility provided by Anhui 
Meteorological Bureau (AMB) is also shown in Figure 3 
(c) for validation of LIDAR measurements. The observatory 
is in the Luogang airport in the south suburb of Hefei 
city, approximately 20 km southeast of the LIDAR site.

As seen in Figure 3, seasonal variations of AOD, ASH, 
and surface visibility is evident before about 2004, these 
periodic variations imply the influence of the aerosol 
natural source, and the effects of human activities on the 
aerosols could be ignored. However, from about 2005, 
AOD increases along time, ASH as well as surface visibility 
shows a decreasing trend, and the periodic variation dis-
appeared. It seems that the aerosol concentration in the 
lower troposphere has increased since 2005. This change 
seems due to human activities, as Hefei in recent years 
developed very fast, and many new roads and buildings 
had been built or were being built.

In order to study the characters of tropospheric aerosol 
vertical distribution, monthly averaged profiles of tropos-
pheric aerosol backscatter coefficients were worked out 
from the LIDAR measurements shown in Figure 2, and 
the monthly averaged vertical distributions of tropospheric 
aerosol are shown in Figure 4. As seen in Figure 4, the 
following characters of tropospheric aerosol vertical 
distribution could be found.

i. Below 1.5km, the aerosol backscatter coefficients in 
the summer months (June, July, and August) are 
much greater than the ones in other months, and the 



Journal of the Optical Society of Korea, Vol. 15, No. 1, March 201194

FIG.  4. Variation of monthly mean tropospheric aerosol backscatter profile at 532 nm derived from LIDAR measurements taken from 
1998 to 2009.

FIG.  5. Variation of (a) monthly mean tropospheric aerosol optical depth at 532 nm and (b) monthly mean aerosol scale height derived 
from LIDAR measurements taken from 1998 to 2009.

aerosol could be transported to a higher height. The 
smallest aerosol backscatter coefficients appear in 
March and April.

ii. In the range from about 3 km to 9 km, the aerosol 
backscatter coefficients in February, March, April, 
and May are much greater than the ones in other 
months. It is consistent with the pectinations in 
Figure 2. The dust aerosols brought from the north 
could affect the aerosol distributions below about 12 
km over Hefei. The smallest aerosol backscatter 
coefficients in this range appear from later July to 
early September, that is because Hefei area is 
controlled by Pacific high pressure, and downward 
flow is dominant at this height during this period.

iii. A clear region with very few aerosols appears in the 
range from about 9 km to 18 km. The maximum 

height of the clear region appears in spring, whereas 
the minimum height appears in summer. The aerosol 
backscatter coefficients in the range from 15 km to 
18 km in summer are obviously greater than the 
ones in other seasons.

 
Figure 5 depicts the variations of monthly mean AOD 

at 532 nm and monthly mean ASH derived from LIDAR 
measurements taken from 1998 to 2009. As seen in Figure 
5, AODs in the spring-summer months (from March to 
August) are greater than the ones in the autumn-winter 
months (from September to February in the next year). 
Greater AOD in the spring is probably caused by dust 
particles in the free troposphere transported from the north, 
which also can be seen clearly in Figure 2 and 4. And 
greater AOD in the summer seems to be caused by 
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hygroscopic aerosol and plentiful moisture in the mixing 
layer and intense turbulence near the ground. The largest 
AOD appears in June, and is about 0.46±0.21 at 532 nm, 
and the smallest AOD appears in December, and is about 
0.29±0.06 at 532 nm.

The monthly fluctuation of ASH is evident in Figure 5. 
The maximum ASH appears in April, and is about 
2.29±0.68 km, mainly due to dust particles in the free 
troposphere transported from the north. The minimum 
ASH appears in December, and is about 1.01±0.18 km.

V. CONCLUSION

Long-term LIDAR observations in fair cloudless nights 
in Hefei from 1998 to 2009 have been presented and 
analyzed, and characters of temporal variation and vertical 
distribution of tropospheric aerosol over Hefei are sum-
marized. 

Most of the aerosol particles are confined below about 3 
km AGL. The dust particles from the north could 
influence the vertical distributions of aerosol below about 
12 km over Hefei in spring. Since 2005, the aerosol back-
scatter coefficients in the lower troposphere and tropospheric 
aerosol optical depth increase, while ASH derived from 
LIDAR measurements as well as surface visibility decreases, 
it seems that this change would be caused by the human 
activities, as a lot of new roads and buildings have been 
built or are being built in Hefei in recent years. 

Because of the dust particles transported from the north 
in spring over Hefei, ASH measured by LIDAR in spring 
is much greater than the ones in other seasons. The 
maximum ASH, which is 2.29±0.68 km, is measured in 
April and the minimum ASH, which is 1.01±0.18 km, is 
measured in December.

In the lower troposphere, aerosol backscatter coefficients 
in summer months are a bit greater, and the ones in spring 
months are a bit smaller. Aerosols could be transported to 
a higher altitude in summer near the ground, mainly due 
to the intense turbulence near the ground. In the free 
troposphere, aerosol backscatter coefficients in spring months 
are obvious greater, and the ones in July and August are a 
bit smaller. But, aerosol backscatter coefficients in July and 
August are greater in the tropopause. These phenomena 
would be determined by the climate character in Hefei.

ACKNOWLEDGMENT

This activity is supported by the National Key Basic 
Research Project of China under Grant No.2007FY110700, 
the National Basic Research Program of China under 
Grant No.2006CB403702, and the National Natural Science 
Foundation of China under Grant No.40805014. Song 

Yuan of Anhui Meteorological Bureau is greatly acknowledged 
for providing surface visibility data. Prof Jinhuan Qiu of 
Institute of Atmospheric Physics, Chinese Academy of Sciences 
is greatly acknowledged for very helpful discussions in 
this work.

REFERENCES

1. J. Bösenberg and R. Hoff, “Plan for the implementation of 
the GAW aerosol LIDAR observation network GALION,” 
GAW 178 (2007).

2. T. Nakajima, S. Yoon, V. Ramanathan, G. Shi, T. Takemura, 
A. Higurashi, T. Takamura, K. Aoki, B. Sohn, S. Kim, H. 
Tsuruta, N. Sugimoto, A. Shimizu, H. Tanimoto, Y. Sawa, 
N. Lin, C. Lee, D. Goto, and N. Schutgens, “Overview of 
the atmospheric brown cloud east asian regional experiment 
2005 and a study of the aerosol direct radiative forcing in 
East Asia,” J. Geophys. Res. 112, D24S91, doi:10.1029/
2007JD009009 (2007).

3. D. M. Winker, J. Pelon, and M. P. McCormick, “The 
CALIPSO mission: spaceborne LIDAR for observation of 
aerosol and clouds,” Proc. SPIE 4893, 1 (2003).

4. D. Wu, Z. Wang, B. Wang, J. Zhou, and Y. Wang, “CALIPSO 
validation using ground-based LIDAR in Hefei (31.9°N, 
117.2°E), China,” Appl. Phys. B 102, 185-195 (2011).

5. J. Zhou, G. Yu, C. Jin, F. Qi, D. Liu, H. Hu, Z. Gong, G. 
Shi, T. Nakajima, and T. Takamura, “LIDAR observation 
of Asian dust over Hefei, China, in spring 2000,” J. 
Geophys. Res. 107, 4252-4259 (2002).

6. J. Zhou, D. Liu, G. Yue, F. Qi, and A. Fan, “Vertical 
distribution and temporal variation of Asian dust observed 
over Hefei, China by using a LIDAR,” J. Korean Phys. 
Soc. 49, 320-326 (2006).

7. F. G. Fernald, “Analysis of atmospheric LIDAR observation: 
some comments,” Appl. Opt. 23, 652-653 (1984).

8. Y. Sasano, H. Shimizu, N. Takeuchi, and M. Okuda, “Geo-
metrical form factor in the laser radar equation: an experi-
mental determination,” Appl. Opt. 18, 2886-2890 (1979).

9. E. J. E. Welton and J. R. Campbell, “Notes and corres-
pondence micropulse LIDAR signals: uncertainty analysis,” 
J. Atmos. Oceanic Technol. 19, 2089-2094 (2002).

10. B. Liu, Z. Zhong, and J. Zhou, “Development of a Mie 
scattering LIDAR system for measuring whole tropospheric 
aerosol,” J. Opt A: Pure Appl. Opt. 9, 828-832 (2007).

11. G. S. Kent, M. P. McCormick, and S. K. Schaffner, 
“Global optical climatology of the free tropospheric aerosol 
from 1.0-µm satellite occultation measurements,” J. Geophys. 
Res. 96, 5249-5267 (1991).

12. Y. Sasano, “Tropospheric aerosol extinction coefficient 
profiles derived from scanning LIDAR measurement over 
Tsukuba, Japan, from 1990 to 1993,” Appl. Opt. 35, 
4941-4952 (1996).

13. T. Hayasaka, Y. Meguro, Y. Sasano, and T. Takamura, 
“Stratification and size distribution of aerosol retrieved 
from simultaneous measurements with LIDAR, a sunphoto-
meter, and an aureolemeter,” Appl. Opt. 37, 961-970 (1998).



<<
  /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 /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


