HYIEASI 2016, 40 (10): 969-979 doi: 10.17521/cjpe.2016.0101
Chinese Journal of Plant Ecology http://www.plant-ecology.com

EMERERNEREY X IEFIEEFNE
HEME—UARKEEHEEA DG

R g l* o gl A 1 > T 2 e — 1
ANEF R OET WEE AR wXIT TR
e ERE S B ST AR BRI K R S0 8, b 100093; 2rh R R 5 U MR Y T M ER T R, kst 100094

B O EMEER OO RE TR TR PR SR, (HH AT O AR AR AN S AR DGR R L
D HE 1 FE (38 % S T A IR o A AR GE AN 70k, 25 T IR IR AR O MEA o5 2 B s N SEBILC IR TR] K L HE A
MR HEA 1 BRI BR AL T PT BE o WPIU SR A M T EAR M A DGR L 22 5 AR 22 5, AN St R BRI E M A i
DX, 8 L ARSI 2 S G IR A R A A, S TR PR 40 R Landsat AR AR I EAR o B S i o o BRSO IEAIE B4
ARFIEEARE YRR O C R AE S TR B, /N4 ) L(Caragana microphylla) AR BEVA LT RE % VA — A A a4 Ho sk 1
VAR R B 25 = T LU 55 (Leymus chinensis). 52 [GE = (Stipa krylovii) A L3R I S A i, JF HALZ00 A EAT
LIRS o PRI S I8 T 15 B SR M M 5 J DA 55 R 34 D 13%, 448 K 22 BIX IRE A 1 FE IR T-25% . AT ELAE T
e SIS AR A 22 i TG TR A GG 0 ARSI, ) P JRE AR S AR ) 2 R R I 2 A ST 3 TR T S AR I e MR T RS
TRE AN D AN 2 P2 (1388 S S5

KRR EMMEEIE, G, BERGRSE, S, VBRI, 2w i e L Y

LA XTe, B, JRilgdE, B, 30U, TR s (2016). AN R JRE AR B AR 4 R E 2 5 B R o P O —— DA P S e
ol K2R, 40, 969-979. doi: 10.17521/cjpe.2016.0101

Spectral feature differences between shrub and grass communities and shrub coverage retri-
eval in shrub-encroached grassland in Xianghuang Banner, Nei Mongol, China
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Abstract

Aims Shrub-encroached grassland has become an important vegetation type in China’s arid and semi-arid re-
gion. Our study objective is to explore the spectral features of shrub and grass communities, as well as their em-
pirical relationships with shrub coverage. The quantitative estimation of shrub cover based on medium-resolution
Landsat satellite imagery provides the practical basis for long term retrieval of large areas of shrub expansion in
the grassland region.

Methods Linear models and Multiple Endmember Spectral Analysis Model (MESMA) based on medium reso-
lution Landsat satellite imagery were developed to quantify the shrub coverage in a shrub-encroached grassland
region in Xianghuang Banner, Nei Mongol using the spectral features and their seasonal differences between the
shrub and grass communities.

Important findings Compared to Leymus chinensis and Stipa krylovii dominated grass communities, Caragana
microphylla community had a higher normalized difference vegetation index (NDVI), modified red edge normal-
ized difference vegetation index (mMNDVI+s), and red edge slope. The red edge position of C. microphylla commu-
nity shifted to longer wavelengths. The average and the maximum shrub coverage was 13% and 25%, respectively,
in the shrub-encroached grassland based on both models. The correlation coefficient of determination (R?) and root
mean square error (RMSE) of the linear model was 0.31 and 0.05, respectively. We found that the linear model based
on seasonal differences of shrub and grass community was more suitable for retrieving shrub coverage in the study
area from medium resolution imagery than the MESMA model that is based on mid-summer images.
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Fig. 2 Photos of 1 m x 1 m sampling plots and the auto-extracted pictures of vegetation coverage. A, Grass sample plot with a 34%
vegetation coverage. B, Grass sample plot with a 34% vegetation coverage. C, Shrub sample plot with a 91% vegetation coverage. D,
Shrub sample plot with a 32% vegetation coverage. E, F, G, H the vegetation coverage of A, B, C, D retrieved by the software,

respectively (Vegetation coverage was colored green).
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Fig. 3 Spectral features of different vegetation coverage between the shrub and grass communities. A, Spectra of Leymus chinensis
with different vegetation coverage. B, Spectra of Stipa krylovii with different vegetation coverage. C, Spectra of Caragana
microphylla with different vegetation coverage. D, Comparison of dominant shrub and grass communities’ spectra.
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Table1 Changes in spectral features with shrub and grass dominancy and vegetation coverage (mean + SD)

1m x 1 m/NEEJTT A A 7 55 3L Leymus chinensis 38 AR Stipa krylovii
Vegetation cover within 1 m x 1 m plot MNDVlos REP NDVI mNDVlos REP NDVI
<10% 0.17+0.01 705.22 +1.46 0.24 +0.02 0.19+0.04 704.65+4.20 0.26 + 0.05
10%-20% - - - 0.23+0.03 702.81 +2.52 0.33+0.06
20%-35% 0.35+0.02 708.45 +2.32 0.49 + 0.05 0.27 £ 0.04 702.62 +1.29 0.40 + 0.06

MNDVlqgs, b £0I0 A — (R % NDVI, I —fukEkfa % REP, 4300 % .
mNDVIl4es, modified red edge normalized difference vegetation index; NDVI, normalized difference vegetation index; REP, red edge position.
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Fig. 4 Linear models based on multi-temporal images and landscape of shrub-encroached grassland in different seasons. A, Linear
model in the mid-summer. B, Landscape of shrub-encroached grassland in mid-summer. C, Linear model in early autumn. D,
Landscape of shrub-encroached grassland in early autumn. NDVI, normalized difference vegetation index.
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Table 2 Spectral features of Caragana microphylla by vegetation coverage

(mean isoj) S (RMSE) #4115 40.05 (p < 0.05). MESMA 7414 H
Imx1m/METRERERE /%L Caragana microphylla . . oy — s . .
Vegetation coverage ’ (P REA RN B AR A iy TG 1 SR G 1 1 28 T K16 AT 7R,
within 1 m x 1 m plot MNDVl7os REP NDVI S P [ s b R TR
35%-50% 041+0.06 716.15+2.69 0.49+0.07 }i@imﬁ{gﬁf‘g )}iﬁﬁ%)%(lglFB)'%éf rﬁj’%if” R
509%—70% 0.51+0.04 718.78+2.63 0.63+0.08 FEAHULA, BV TR EAC it DX 3802 2203 AT R TR
70%-90% 0.62+0.09 722944506 0.77+0.11 FAEB DX, T 55 o DXk 2 A T S Py AL X

MNDVlyes, BUIEZIIA— LRI BERRHG NDVI, I fhihidRse REP, 21 (DN LRZR MRS i 45 R, MESMABRY 5 3 BT 43 [7)
A N SN - . s
mNDVIlzes, modified red edge normalized difference vegetation index; %%E{%ﬂ(ﬁﬁﬁgﬁﬁﬁﬂiﬁ%ﬁ, HW%E(>25%){%

NDVI, normalized difference vegetation index; REP, red edge position. 7|( ﬁ’?ﬁ@ *H R 15'] )j[l . %IJ ﬂ% ﬁﬁ[‘ ;%M {% 7k %EX{T
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MESMABERY [ i 25 R BEAT A 5, R AR Y A4 45
5 SN P82 (R = 0.03, RMSE = 0.09).
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Fig. 5 Predicted shrub coverage based on the linear model in
shrub encroached grassland area in Xianghuang Banner.
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Fig. 6 Endmember spectra of MESMA model and predicted shrub coverage in shrub-encroached grassland area in Xianghuang
Banner. A, Endmember spectra in MESMA model. B, Shrub coverage distribution in shrub-encroached grassland in Xianghuang

Banner.

www.plant-ecology.com

O 4 #2414 Chinese Journal of Plant Ecology



VA WEG SRR AR D WS AL 22 7 SO J S —— LA S BN ] 977

MESMARIAY, S8 1A ] vh 23 % % Landsat [ 5%
BIHEAR o 8 Sl WEFTERY], A HLBE TR 1y
AR 2 0 T TR GG A0 Y, e T AKIN 1 5%
I e PR AR 2R B3 T 9 A DR K 5 B R
o PRIMEE T b 23 1 3R AR (R HE M A 0 J e R 5 52
S A i 5 R RE A N B AR W A 1E 22 S A
TEAHRHAE 2 572 o

FETF IR 15 545 S ) 2 PEABE TR 25 L i I 4
TRFHEE T AR R PR, X 5 HEARA
EARIYIREE (A 2 WA W] 8 2% e (4D) 1 R .
CAMFFTR M, AN XS L — W10 H B 4)
(BB2T0R /e A7) THER Al o (7B VU 7F, 1998; B4R,
2014), TEF 5 MRV I 2 4 ARG s 9 H
WI(R50R M= 150, 2009; JiiifEAE, 2014) 0 tH T/ -4
A ) LTV AR 20000 Sl 25 W T B A, DT 3 B I
MBS THERPZERL, AR
NDVIH 5 HEAR 55 )8 BRI EUF M C R

A G Y & — BB T HE R
TR A A5 TG In) 3R AT AR A 7 o R B I AT T
(Adams et al., 1995). LAFERF5T 3 B A 6 1 o fif bt
R B ] S MR f B A A ML 0 55 T R M X
(R 78 76 15« BB, Elmore®%:(2000)i iof b4 i &
T 23 AR R AR R T NDV VR A 45 55 1) 28 1 B 78 %o
5 o0 M DR S A e D REL A 73 ke 8 F18) BTN B2
R, AR T-Z PR VRS i 0 A A B B [T
SEMECR L& X R4 . Cao%(2011)is I HI-1B
GO N 52 5 T 5 3R Vb I RE R o B2 BRI AT
FERIFER ], VG 615 o AR A () T V200 WEAR o 2
(104 HX 45 SR 55 T S 00 50 40 40 5 25 SRR T e kA
M, BARIX B TR BV A GG 2 Af A5 20 Ll 2 PR A
TR R B 7 i B A 55 5 A HEA (Sohn & Mccoy,
1997; Roberts et al.,1998; Hostert et al., 2003), {HIL
WU G e, IR AERERTE S 1R MM R
AT T (IR 5 0 ML R SR R EAR 55 B, AN T
AR RE R 7 76 B2, A 20 AR T i TG AN A2 & T AN [R] Hh )
I FRREAR AN - 45, T2 () Ja AELARE PR RE A R R A
). Smith%5(1990) LA & Asner (1998) 57K 1], #E
VAR TP b 20 182 52 VR G D' 20 A A R A [
S HAHE AU A RO K R 3R

PRI, AHIE 5 e AR RS 25 AR T 2 v Je iR &
DG S AR 1 s R 32 AT U 5 U AN 7 T
Ho—, WP 2 osiR A OIS o AR AL AL T I

RN A S ERVANIES R SItE SR TE N R E A e v
BIRBTTEIX A /NSNS ) LIE AR AR ARE )R
FERE SN T B 2R e 22 57, (Hh TREAMETS
JFUA ERE AR, S I RE AN B AR R I
PUREHOCTERAE, B MOGRERFAE b AT B s LU 23
i A Landsat 3% 18 HEA T WA 0 HEAR M S A RLY AR v
DI o AR T EAKED) CRL 3, R 2R A
SVFEAS e T HEARIA 55 5, 3 1 RE G RF IR 22
S AN S R K T, i SR B S AR
AHEA T B ISR . A IR IIWFIUN 24 b 78
XHIRK I T JE A S RE AN R A MR i 11
DE, e THIRKIN 55 A0E ST AR R IR 22 31 TG 45
WG AR B AN AR, Al AR, 4
NS AR S AN R B ZE RO R R, eis
the e B 22 5. T EF AN A R R, Al
TE R 261 I ARE ST R TT X A AR %
2 o) b, X n] B R R G A AR AR
HEREN A

EE&mHE BRAARAFLEE(31330012).

Sk

Adams JB, Sabol DE, Kapos V, Almeida Filho RA, Roberts
DA, Smith MO, Gillespie AR (1995). Classification of
multispectral images based on fractions of endmembers:
Application to land-cover change in the Brazilian Amazon.
Remote Sensing of Environment, 52, 137-154.

Archer S, Scifres C, Bassham CR, Maggio R (1988). Autogenic
succession in a subtropical savanna: Conversion of
grassland to thorn woodland. Ecological Monographs, 58,
111-127.

Asner GP (1998). Biophysical and biochemical sources of
variability in canopy reflectance. Remote Sensing of
Environment, 64, 234-253.

Cao C, Chen W, Li G, Jia H, Ji W, Xu M, Gao M, Ni X, Zhao
J, Zheng S (2011). The retrieval of shrub fractional cover
based on a geometric-optical model in combination with
linear spectral mixture analysis. Canadian Journal of
Remote Sensing, 37, 348-358.

Castro H, Freitas H (2009). Above-ground biomass and
productivity in the Montado: From herbaceous to shrub
dominated communities. Journal of Arid Environments,
73, 506-511.

Chen LY, Shen HH, Fang JY (2014). Shrub-encroached
grassland: A new vegetation type. Chinese Journal of
Nature, 6, 391-396. (in Chinese with English abstract) [|%:
Y, RIEAE, ki (2014). FEMMEEEE: —FloEr 1)
TR, HERZ%, 6, 391-396.]

doi: 10.17521/cjpe.2016.0101

O 4 #2414 Chinese Journal of Plant Ecology



978 HH#: &244R Chinese Journal of Plant Ecology 2016, 40 (10): 969-979

Chen XQ, Li J (2009). Relationships between Leymus chinensis
phenology and meteorological factors in Inner Mongolia
grasslands. Acta Ecologica Sinica, 10, 5280-5290. (in
Chinese with English abstract) [F#0£, 2x (2009). P
SRR S AR T R R, ERER, 10,
5280-5290.]

Cho MA, Skidmore AK (2006). A new technique for extracting
the red edge position from hyper-spectral data: The linear
extrapolation method. Remote Sensing of Environment,
101, 181-193.

Deng SB, Chen QJ (2010). Spectral Characteristics of Vegeta-
tion and Vegetation Index Summary. The Application of
Remote Sensing China Association 2010 Conference and
Regional Remote Sensing and Industrial Development
Forum. China Association of Remote Sensing Application,
Beijing. 9. (in Chinese) [X8-10xK, FRFkER (2010). A #:
TERE S AR TR B il v [ R RN P25 20104 2%
S DB SR i b Nk e SRR AR e SO o [ RE Y
Mz, A, 9]

Dong Z, Zhao X, Liang D, Huang WJ, Peng DL, Huang LS
(2014). Remote sensing identification of shrub encroach-
ment in Xianghuanggi, Nei Mongol. Transactions of the
Chinese Society of Agricultural Engineering, 11, 152-158.
(in Chinese with English abstract) [ZE, #H5, JeM5, &
SCULE, AR, SRR (2014). 9S8 HE AL TR 00 A
FROERE BN, ROl R4, 11, 152-158]

Eldridge DJ, Bowker MA, Maestre FT, Roger E, Reynolds JF,
Whitford WG (2011). Impacts of shrub encroachment on
ecosystem structure and functioning: Towards a global
synthesis. Ecology Letters, 14, 709-722.

Elmore AJ, Mustard JF, Manning SJ, Lobell DB (2000).
Quantifying vegetation change in semiarid environments.
Remote Sensing of Environment, 73, 87-102.

Fan'Y, Li XY, Li GY (2014). Variation characteristics of shrub
phenology in grassland of Inner Mongolia based on
MODIS. Journal of Arid Meteorology, 6, 902-908. (in
Chinese with English abstract) [J5EE, Z=/ME, 259k
(2014). FET 2 B 0 P9 52k 2 S e A AR AT 5T
T25%, 6,902-908.]

Goslee SC, Havstad KM, Peters DC, Rango A, Schlesinger WH
(2003). High-resolution images reveal rate and pattern of
shrub encroachment over six decades in New Mexico,
USA. Journal of Arid Environments, 54, 755-767.

Hamada Y, Stow DA, Roberts DA, Franklin J, Kyriakidis PC
(2013). Assessing and monitoring semi-arid shrublands
using object-based image analysis and multiple
endmember spectral mixture analysis. Environmental
Monitoring and Assessment, 185, 3173-3190.

Hostert P, Roder A, Hill J (2003). Coupling spectral unmixing
and trend analysis for monitoring of long-term vegetation
dynamics in Mediterranean rangelands. Remote Sensing of
Environment, 87, 183-197.

www.plant-ecology.com

Jurena PN, Archer S (2003). Woody plant establishment and
spatial heterogeneity in grasslands. Ecology, 84, 907-919.

Kuemmerle T, Roder A, Hill J (2006). Separating grassland and
shrub vegetation by multidate pixel-adaptive spectral
mixture analysis. International Journal of Remote Sensing,
27, 3251-3271.

Laliberte AS, Rango A, Havstad KM, Paris JF, Beck RF,
Mcneely R, Gonzalez AL (2004). Object-oriented image
analysis for mapping shrub encroachment from 1937 to
2003 in southern New Mexico. Remote Sensing of
Environment, 93, 198-210.

Mcpherson GR, Wright HA, Wester DB (1988). Patterns of
shrub invasion in semiarid Texas grasslands. The
American Midland Naturalist, 120, 391-397.

Myint SW, Gober P, Brazel A, Grossman-Clarke S, Weng Q
(2011). Per-pixel vs. object-based classification of urban
land cover extraction using high spatial resolution im-
agery. Remote Sensing of Environment, 115, 1145-1161.

Niu XW (1998). Biological characteristics of Caragana
microphylla. Acta Agriculturae Boreali-Sinica, 4, 123-130.
(in Chinese with English abstract) [/} P44 (1998). 14
PRI, bR 253, 4, 123-130.]

Peng HY, Li XY, Tong SY (2014). Advance in shrub en-
croachment in arid and semiarid region. Acta Prataculturae
Sinica, 23, 313-322. (in Chinese with English abstract) [3Z
W, BUNE, EAE (2014). T52T 5K R HEM
ATk . BL2E4R, 23, 313-322]

Roberts DA, Gardner M, Church R, Ustin S, Scheer G, Green
RO (1998). Mapping chaparral in the Santa Monica
Mountains using multiple endmember spectral mixture
models. Remote Sensing of Environment, 65, 267-279.

Shan LY (2004). Spectrum Analysis and Information Obtaining
on TM Image of Xianghuang Banner Grassland in Inner
Mongolia. Master degree dissertation, Gansu Agricultural
University, Lanzhou. 4-9. (in Chinese with English
abstract) [FRIFME (2004). P58 R IR TMEA AR 1)
R R TN = K cd O T b= A i = 7 T S A7 28
=M. 4-9.]

Shi GH (2014). Effects of climate change on phenophase of
forage grass in Xilinguole typical grassland. Chinese
Agricultural Science Bulletin, 29, 197-204. (in Chinese
with English abstract) [JiiFETE (2014). "R AR
10 45 S g 2R i R AR A g g ST D e AR 2
#k, 29, 197-204.]

Smith MO, Ustin SL, Adams JB, Gillespie AR (1990). Vegeta-
tion in deserts: I. A regional measure of abundance from
multispectral images. Remote Sensing of Environment, 31,
1-26.

Sohn Y, Mccoy RM (1997). Mapping desert shrub rangeland
using spectral unmixing and modeling spectral mixtures
with TM data. Photogrammetric Engineering and Remote
Sensing, 63, 707-716.

O 4 #2414 Chinese Journal of Plant Ecology



VA WENG S SRR AR D WS AL 2 7 SO 7 S s —— LA S BB A ] 979

Wang H, Li XB, Long HL, Xu X, Zhang C (2008). Simulating
vegetation fractional coverage for temperate grassland in
Northern China combining NDVI with precipitation time
series from 1982 to 1999. Journal of Basic Science and
Engineering, 4, 525-536. (in Chinese with English
abstract) [E%, ZFEWEL, JeE R, ¥FHE, 5K (2008).
H£451982-19994FENDV I 55 [ i Hk 1N 1) 3 41 5 401 v [ 6
7 LR R B B R L TRRL S 4, 4,
525-536.]

Woebbecke DM, Meyer GE, von Bargen K, Mortensen DA
(1992). Plant species identification, size, and enumeration
using machine vision techniques on near-binary images.
SPIE Optics in Agriculture and Forestry, 1836, 208-212.

Xiao J, Moody A (2005). A comparison of methods for estima-
ting fractional green vegetation cover within a desert-to-
upland transition zone in central New Mexico, USA.
Remote Sensing of Environment, 98, 237-250.

Xu N, Ding JL, Liu HX (2012). Extraction of vegetation infor-
mation in arid area based on NDVI and LSMM: A case

study of Turpan. Geomatics & Spatial Information Tech-
nology, 7, 52-57. (in Chinese with English abstract) [#3% 4,
TN, XMFEE (2012). FETNDVIFILSMMIH T2 X
A A5 R AR BT 5 DUBT st SR/ 0o 6. Wy
A R, 7, 52-57.]

Zhang FH, Huang MX, Zhang J, Bao G, Bao YH (2014).
Identification of grass species based on hyperspectrum—A
case study of Xilin Gol Grassland. Bulletin of Surveying
and Mapping, (7), 66-69. (in Chinese with English
abstract) [7K& #F, HWIFE, 5K, GM, BEK#E (2014).
I o G T R ) S o S P 5 —— DA P S ) o S
ol WZEAR, (7), 66-69.]

Zhou Y, Chen J, Chen XH, Cao X, Zhu XL (2013). Two
important indicators with potential to identify Caragana
microphylla in Xilin Gol grassland from temporal MODIS
data. Ecological Indicators, 34, 520-527.

TR RAAAE TUEmE: £

BETRS BERS S
HAT) B kAW
FIAE B R A ESUp

doi: 10.17521/cjpe.2016.0101

O 4 #2414 Chinese Journal of Plant Ecology




<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


