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Spectral Indices for Estimating Exposed Carbonate
Rock Fraction in Karst Areas of Southwest China

Xiangjian Xie, Peijun Du, Senior Member, IEEE, Junshi Xia, and Jieqiong Luo

Abstract—The quantitative estimation of the fractional cover of
carbonate rock (CR) is critical for natural resource management
and ecological conservation in karst areas. Based on the analysis of
spectral properties of CR together with other land cover types, we
proposed two CR indices (CRIs) and established the model that
represents the relationships between the CRIs and the fractional
cover of CR. Then, the fractional cover of CR was estimated by
using the developed model. Experimental results on Landsat-8
Operational Land Imager images acquired at Southwestern China
demonstrated the effectiveness of the developed model. Compared
with other indices, the proposed CRIs show the highest correla-
tions with the fractional cover of CR.

Index Terms—Carbonate rock indices (CRIs), fractional cover,
karst ecosystem, Landsat Data Continuity Mission (LDCM) Oper-
ational Land Imager (OLI), remote sensing, spectral index.

I. INTRODUCTION

KARST landscape covers about 15% of the Earth’s surface
and spans significant areas of Asia, Europe, and the

America. The karst mountain region of Southwestern China,
one of the largest karst geomorphology regions, is viewed
as one of the most serious regions undergoing environmen-
tal degradation in China [1], [2]. Karst rocky desertification
(KRD), as one of the most serious problems in land degrada-
tion, occurs and develops quickly under the impact of anthro-
pogenic activities [3]. KRD is closely related to the distribution
of pure or mixed carbonate rock (CR). In KRD areas, the most
obvious land-surface symptoms are the exposure of CR and low
vegetation cover [4]. Therefore, the estimation of exposed CR
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fractional cover is essential for karst ecological conservation
and environmental management.

Remote sensing techniques provide an important way for
understanding karst environment. In recent years, remotely
sensed data have been applied extensively to monitor karst
environment in large geographic areas. The traditional way of
estimating land cover fractions and land degradation in karst
areas is to do either site investigations or visual interpretation
of satellite images [5]. However, it is very time consuming,
labor intensive, and susceptible to the interpreter’s bias. In
order to accurately estimate land cover fractions in karst areas,
particularly at subpixel scale, spectral mixture analysis (SMA)
and spectral indices are often used. For instance, Yue et al.
segmented an Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) image into relatively homoge-
neous subsets and then estimated the photosynthetic vegetation
using a normalized difference vegetation index spectral mixture
analysis (NDVI-SMA) model [6]. Although the SMA algo-
rithms are physical based approaches and able to acquire sub-
pixel endmember fractions effectively [7], [8], it is extremely
difficult to be applied in a large geographic area for practical
users because of the difficulties in endmember selection and
intraclass variability quantification, etc.

Compared with the SMA method, spectral indices have ap-
parent advantages due to their easy implementation and conve-
nience in practical applications. The most popular one applied
in karst environment may be the karst rocky desertification syn-
thesis index (KRDSI) [5]. Although this index has been proven
effective to a certain degree, it suffers a serious limitation.
KRDSI, which derived from narrow shortwave infrared bands
(2000–2400 nm), is only deployed on hyperspectral images.
Narrow shortwave infrared bands are generally not available
on low-cost multispectral sensors. Therefore, it is in urgent
need to develop effective spectral indices in order to satisfy
the demands of multispectral remote sensing imagery. In this
letter, we proposed two carbonate rock indices (CRIs) to meet
the demand. Furthermore, we also developed a model to quan-
titatively estimate the fractional cover of multispectral imagery.

The remainder of this letter is organized as follows. Section II
describes the study area and data sets. The proposed CRIs and
the developed model are presented in Section III. Section IV
illustrates the experimental results of this letter. Conclusions
are drawn in Section V at last.

II. STUDY AREA AND DATA SETS

The study area is a karst peak-cluster depression region
in northeastern Jianshui County, located 133 km southeast of
Kunming City, Yunnan Province, China. The fields used
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TABLE I
LANDSAT-8 OLI SPECTRAL BANDS

for validation purposes were located on 23◦48′33.49′′ −
23◦48′39.12′′ N and 103◦0′24.87′′ − 103◦7′54.70′′ E with an
area of 162.56 km2. The main biophysical compositions of the
karst surface include the following: bare bedrock (CR), soils,
and green vegetation. Bare bedrock is the dominant land cover,
followed by dry land and nature vegetation areas.

An LDCM (also referred to as Landsat 8) Operational Land
Imager (OLI) image (path 129, row 44) acquired on April 23,
2014 was employed in this study. The spectral bands of
Landsat-8 OLI can be detailed in Table I. The OLI image was
corrected radiometrically using the relative spectral response
filters and the radiometric calibration coefficients delivered
with the data [9]. The reflectance was then calculated via
The Environment for Visualizing Images (ENVI) Fast Line-of-
sight Atmospheric Analysis of Hypercubes (FLAASH) tools. In
order to guarantee more pure pixels of rock, soils, or vegetation,
the Gram–Schmidt spectral sharpening algorithm implemented
in ENVI software [10] was employed to enhance the spatial
resolution of spectral rectified OLI bands 1–7 (30-m spatial res-
olution), using panchromatic band 8 (15-m spatial resolution).

III. METHODOLOGY

The main steps of estimating exposed CR fraction in karst
areas can be summarized as follows:

1) selecting pure samples;
2) analyzing the spectral reflective characteristic of CR as-

sociated with other land cover types;
3) proposing two CRIs;
4) developing the model that represents the relationships

between the CRIs and the fractional cover of CR;
5) applying the model to produce the full map of the frac-

tional cover in the study area.

In the first step, with the help of the high spatial resolution
image (acquired on February 5, 2014) provided by Google
Earth, 68 pure pixels (approximately 10–15 pixels per class)
were selected from the multispectral image to calculate the
mean reflectance of five typical land cover types (CR, soil,
vegetation, sheds, and water) in the study area. Fig. 1 shows
the reflectance of typical land covers.

In the study area, vegetation, soil, and CR are the three
main land cover types. In the following, we focus on analyzing
spectral properties of the three land cover types.

According to the second national soil survey data, the karst
areas of Southwestern China is dominated by red loam, latoso-
lic red loam, and yellow loam, which contain a large num-
ber of hematite and goethite [11]. The spectrum of hematite

Fig. 1. Reflectance spectra of each typical land cover (CR, soil, vegetation,
sheds, and water) in karst area.

(α−Fe2O3) is characterized by high and nearly constant
reflectivity at longer wavelengths in the visible and near
infra-red (VIS-NIR), a reflectivity minimum near 880 nm, a
shoulder centered near 620 nm, and a band with very low
reflectivity near 510 nm. The reflectivity of goethite (α−
FeOOH) is relatively high at longer wavelengths in the
VIS-NIR region from the absorption band that occurs near
930 nm. The other three absorption bands for goethite are near
660, 480, and 420 nm, respectively [12], [13]. For the afore-
mentioned reasons, soil has the lowest reflectivity in band 1
(433–453 nm) and band 2 (450–515 nm) in the Landsat-8 OLI
image, while the marginalized absorption in the NIR band
(845–885 nm) is not obvious because of the broadband, result-
ing in a steep slope between band 2 and band 5 (seen in Fig. 1).

The spectral reflectance curve of vegetation has a significant
minimum of reflectance in the visible portion of the electromag-
netic spectrum because the main pigment, chlorophyll, strongly
absorbs the blue (450 nm) and red (670 nm) bands. Beyond
visible wavelengths (longer than 700 nm), the spectra of fresh
plants show a strong rise in reflectance, which resulted from
an increased amount of light scattering at cell-wall interfaces
because of a change in the index of refraction. The afore-
mentioned chemical composition and physical properties of
vegetation can be indicated distinctly on the plot (see Fig. 1).
For the CR, there would be very few absorptions in the VIS-
NIR region. In this case, the combination of blue and near-
infrared bands can help identify CR and other types. To be
specific, compared with soil and vegetation, CR shows the
higher values of the ratio between the blue and near-infrared
bands. Therefore, it is possible to define some indices related to
estimate CR by using the blue and near-infrared bands.

Based on the analysis of spectral signatures of CR, soil, and
vegetation in the second step, we proposed two CRIs under the
ratio and normalized difference forms in the third step, which
can be defined as follows:

CRI1 = ρblue/ρNIR (1)

CRI2 =
ρblue − ρNIR

ρblue + ρNIR
(2)
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Fig. 2. Spatial distribution of CRIs derived from the Landsat-8 OLI image in the study area. (a) True color composite image (R:4, G:3, B:2). (b) Map of CRI1.
(c) Map of CRI2.

TABLE II
MAXIMUM, MINIMUM, AND MEAN VALUES OF

CR, SOIL, AND GREEN IN CRI IMAGES

where ρblue and ρNIR are the spectral reflectances of blue
and near-infrared bands, respectively. With the increase of CR,
the ratio or normalized difference between the blue and near-
infrared bands will be larger, but lower for vegetation or soil in
karst areas.

In the fourth step, in order to effectively estimate exposed CR
fraction in a karst environment, a linear model is constructed
to represent the relationship between CRIs and CR fraction.
Although the linear model has already been used to express
the relationships between vegetation/impervious surface in-
dices and vegetation/impervious surface fraction [14]–[16], to
the best of our knowledge, it has not been investigated in a
karst area using multispectral remote sensing images. For this
purpose, the high spatial resolution image provided by Google
Earth used in the first step was applied to a real CR fraction
image. First, we resampled the Landsat-8 OLI image into a
spatial resolution of 90 m, with the intent to get more mixed
pixels at a larger scale level. CRI images were also calculated
by using the proposed CRIs. Then, 100 pixels are randomly
selected from the CRI maps and also converted into square cells
in Environmental Systems Research Institute (ESRI) Shapefile
format. These square cells were inserted in Google Earth, and
ground-truth information of CR fractions was then obtained by
visual interpretation. Eight pixels that cover water or sheds of
pseudoginseng were removed, and the remaining 92 pixels were
used in the model. The linear model is defined as follows:

f = a+ b× CRIs (3)

where f is the fraction of exposed CR and a and b are estimated
parameters. It is expected that CRIs will have a very strong
linear correlation with the “ground-truth” fractions of CR.

Fig. 3. Relationships between the proposed CRIs and the fractional cover of
CR. (a) Relationship between CRI1 and the fraction of CR. (b) Relationship
between CRI2 and the fraction of CR.

TABLE III
CROSS-VALIDATION: MEANS OF R AND RMSE OF THE LINEAR

MODELS DERIVED FROM THE RELATIONSHIPS BETWEEN

SOME INDICES AND CR FRACTIONS

After the parameters of a and b are determined, the full map
of the fractional cover of CR can be estimated by the model
with the proposed CRIs.

IV. EXPERIMENTAL RESULTS AND ANALYSIS

In this section, experimental results on a Landsat-8 OLI im-
age acquired in the Jianshui County of Yunnan (Southwestern
China) are presented.
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Fig. 4. Fraction images of the developed models with the proposed CRIs. (a) True color composite image (R:4, G:3, B:2). (b) Fraction image of the developed
model with CRI1. (c) Fraction image of the developed model with CRI2.

The CRI images derived from the Landsat-8 OLI image are
illustrated in Fig. 2. The value range of CRI1 and CRI2 are
from 0 to 1 and -1 to 0, respectively. From the two figures, it
can be seen that water and sheds of pseudoginseng have the
highest values, followed by gray buildings and roads composed
of concrete or asphalt. However, they are not main land cover
types in karst areas and easy to be extracted. As mentioned
previously, vegetation, soil, and CR are the three main land
cover types. Table II lists the maximum, minimum, and mean
values of CR, soil, and green in CRI images using the pure
samples. It can be found in this table that CR has greater
values than vegetation and soil. Among them, vegetation has
the lowest values. In summary, the CRI1 and CRI2 images show
strong separability between CR and other land cover types,
including soil and vegetation, which maybe benefit to estimate
the fraction of CR in the next step.

In order to estimate the exposed CR fraction in a karst area,
a linear model is constructed to represent the relationships
between CRIs and CR fraction. Correlation analysis was used to
examine the model. In particular, Pearson (R) and root-mean-
square error (RMSE) are adopted as the quantitative indicators.
R is a measure of the linear correlation (dependence) between
two variables, giving a value between +1 and −1 inclusive,
where 1 is total positive correlation, 0 is no correlation, and −1
is total negative correlation. Moreover, lower values of RMSE
indicate the better model. In order to evaluate various predictive
models, a tenfold cross-validation framework was introduced
and did ten runs, and the ten results were averaged to produce an
estimation at last. Fig. 3 presents the relationships between the
proposed CRIs and the fractional cover of CR. For CRI1, R and
RMSE are 0.7839 and 0.1502, respectively. For CRI2, R and
RMSE are 0.7765 and 0.1534, respectively. They indicated that
the proposed CRIs show strong relationships with the fractional
cover of CR. Therefore, it can be used to estimate the fraction
of CR.

In addition, in order to illustrate the effectiveness of the
proposed CRIs, several ratio or normalized indices calculated
by two optional OLI bands were added as the comparisons.
Table III gives the result of ten tenfold cross-validation runs:
means of R and RMSE of the linear models (the best 15 models,
normalized difference rock index (NDRI) and NDVI sorted in
descending order of R) derived from the relationships between

other indices and CR fraction. From Table III, we can find that
the proposed CRIs show the strongest relationships with the
fractional cover of CR and have the lower values of RMSE.
Although the joint use of NDVI and NDRI is considered to
be useful for discriminating karst rock and nonkarst rock in
[17], their correlation with the fractional cover of CR is not
significant. For NDRI, R and RMSE are −0.3343 and 0.2360,
respectively. For NDVI, R and RMSE are 0.3254 and 0.2339,
respectively. Overall, the proposed spectral indices (CRI1 and
CRI2) can be effectively used to estimate the fractional cover
of CR in karst areas.

The developed models based on the proposed CRIs can be
expressed as follows:

f = − 0.320 + 3.429× CR1 (4)

f =1.960 + 2.379× CR2. (5)

Fraction images of the developed models via the proposed
CRIs are presented in Fig. 4. Compared with the true color com-
posite image [see Fig. 3(a)], the CR can be well estimated with
high values of the fraction. The fraction results obtained from
CRIs which were derived from Landsat-8 OLI imagery support
the hypothesis that the fractions of CR might be resolved
within the blue and NIR bands. The smaller the slope of the
reflectance curve of soil and vegetation between 450 and 850
nm, the greater the fraction of CR. In order to test the robustness
of the developed models, two test experiments with different
study areas using two Landsat OLI image scenes were done,
respectively. One is located on 23◦29′58.72′′ − 23◦36′1.25′′ N,
102◦36′55.38′′ − 102◦43′26.58′′ E, and the other one is lo-
cated on 23◦47′58.05′′ − 23◦59′24.75′′ N, 103◦46′6.56′′ −
103◦57′40.57′′ E. As described in Section II, the two study areas
have the similar landscape condition to the aforementioned one
(i.e., the main bare land, dry land, and vegetation areas). To
evaluate the proposed models presented in (4) and (5), 85 pixels
and 74 pixels were randomly selected in the two study areas.
The following table (see Table IV) gives the predicted RMSEs
of the learned models in two scenes. As shown in Table IV,
the proposed models share the top position in two scenes. For
instance, the proposed CRIs have the lowest values of RMSE
(0.206 and 0.205, respectively) for the second scene. For the
first scene, the combination of green and SWIR1 performed
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TABLE IV
PREDICTED RMSE OF THE LEARNED LINEAR MODELS IN TWO OTHER DIFFERENT SCENES

well, even better than the proposed models on RMSE and R,
which may be due to the contribution of buildings, some of
which are made up of CR. In summary, the proposed CRIs
are effective in discriminating CR and soil (vegetation), and
the developed models can be used to respectively estimate the
fractional cover of CR in the different typical karst areas of
Southwest China.

V. CONCLUSION

In this letter, two CRIs for quantitatively estimating the
fraction of CR in a karst peak-cluster depression area were
developed. The theoretical basis for the method relies in com-
bining the spectral feature observed in CR, soils, and vegetation
at 450–880 nm. It was found that CR could be effectively
resolved from the Landsat-8 OLI image by combining blue
(Band 2) and NIR (Band 5) bands. Furthermore, a linear model
was constructed to represent the relationships between the CRIs
and the fractional cover of CR. R and RMSE measures in
correlation analysis were used to examine the models. The
results demonstrate that the proposed CRIs perform better
in estimating the fractional cover of CR in karst areas. By
using the developed models, the fractional cover of CR can
be effectively estimated in a karst environment with a large
geographic area. In future studies, we will focus on developing
the enhanced CRIs with three bands.

REFERENCES

[1] Y. Jiang, L. Li, C. Groves, D. Yuan, and P. Kambesis, “Relationships
between rocky desertification and spatial pattern of land use in typi-
cal karst area, southwest China,” Environ. Earth Sci., vol. 59, no. 4,
pp. 881–890, 2009.

[2] P. Zhang et al., “Rocky desertification risk zone delineation in karst
plateau area: A case study in Puding county, Guizhou province,” Chin.
Geographical Sci., vol. 20, no. 1, pp. 84–90, 2010.

[3] D. Yuan, “Modern karstology and global change study,” Earth Sci.
Frontiers, vol. 4, no. 1/2, pp. 17–25, 1997.

[4] S.-J. Wang, Q.-M. Liu, and D.-F. Zhang, “Karst rocky desertification in
southwestern China: Geomorphology, land use, impact and rehabilita-
tion,” Land Degradation Develop., vol. 15, no. 2, pp. 115–121, 2004.

[5] Y. Yue et al., “Spectral indices for estimating ecological indicators of karst
rocky desertification,” Int. J. Remote Sens., vol. 31, no. 8, pp. 2115–2122,
2010.

[6] Y. Yue et al., “Development of new remote sensing methods for mapping
green vegetation and exposed bedrock fractions within heterogeneous
landscapes,” Int. J. Remote Sens., vol. 34, no. 14, pp. 5136–5153, 2013.

[7] R. L. Powell, D. A. Roberts, P. E. Dennison, and L. L. Hess, “Sub-
pixel mapping of urban land cover using multiple endmember spectral
mixture analysis: Manaus, Brazil,” Remote Sens. Environ., vol. 106, no. 2,
pp. 253–267, 2007.

[8] J. Franke, D. A. Roberts, K. Halligan, and G. Menz, “Hierarchical
multiple endmember spectral mixture analysis (MESMA) of hyperspec-
tral imagery for urban environments,” Remote Sens. Environ., vol. 113,
no. 8, pp. 1712–1723, 2009.

[9] J. R. Irons, J. L. Dwyer, and J. A. Barsi, “The next Landsat satellite:
The Landsat data continuity mission,” Remote Sens. Environ., vol. 122,
pp. 11–21, 2012.

[10] C. A. Laben and B. V. Brower, “Process for enhancing the spatial resolu-
tion of multispectral imagery using pan-sharpening,” US Patent 6 011 875,
Jan. 4, 2000.

[11] G. Fischer et al., “Global agro-ecological zones assessment for agri-
culture,” IIASA, Laxenburg, Austria and FAO, Rome, Italy, Tech. Rep.
IR-00-064, 2008.

[12] J. L. Mortimore, L.-J. R. Marshall, M. J. Almond, P. Hollins, and
W. Matthews, “Analysis of red and yellow ochre samples from clearwell
caves and Çatalhoyuk by vibrational spectroscopy and other techniques,”
Spectrochimica Acta Part A: Mol. Biomolecular Spectroscopy, vol. 60,
no. 5, pp. 1179–1188, 2004.

[13] B. Stenberg, R. A. V. Rossel, A. M. Mouazen, and J. Wetterlind, Chap-
ter Five-Visible and Near Infrared Spectroscopy in Soil Science, ser.
Advances in Agronomy, D. L. Sparks, Ed. New York, NY, USA:
Academic, 2010, vol. 107, pp. 163–215.

[14] G. Gutman and A. Ignatov, “The derivation of the green vegetation frac-
tion from NOAA/AVHRR data for use in numerical weather prediction
models,” Int. J. Remote Sens., vol. 19, no. 8, pp. 1533–1543, 1998.

[15] K. Wittich and O. Hansing, “Area-averaged vegetative cover fraction
estimated from satellite data,” Int. J. Biometeorol., vol. 38, no. 4,
pp. 209–215, 1995.

[16] M. E. Bauer, C. L. Brian, and W. Bruce, “ Estimating and Mapping
Impervious Surface Area by Regression Analysis of Landsat Imagery, “
in Remote Sensing of Impervious Surfaces G.Stefani, Eds. Boca Raton,
FL, USA: Taylor & Francis, 2008, pp. 3–19.

[17] Q. Huang and Y. Cai, “Mapping karst rock in southwest china,” Mountain
Res. Develop., vol. 29, no. 1, pp. 14–20, 2009.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 <<
    /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


