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Coloured dissolved and detrital matter (CDM) forms
a significant fraction of the total dissolved organic
matter (DOM) in water bodies. It absorbs light
strongly in the ultraviolet and blue domains of the
electromagnetic spectrum. The present study maps
CDM absorption of the entire Chilika lagoon, Odisha,
India (an optically complex water body) using hyper-
spectral data of AVIRIS-NG. This study takes advan-
tage of hyperspectral data which use SWIR bands for
the estimation of remote sensing reflectance in highly
turbid waters of Chilika lagoon (northern sector,
which otherwise is masked using standard atmospher-
ic correction schemes). During 24-27 December 2015,
we have collected in situ bio-optical data over waters
of Chilika lagoon, for studying the distribution of
CDM. AVIRIS-NG data have also been acquired
synchronous to in situ measurements over the study

area. CDM absorption coefficient is retrieved using
quasi analytical algorithm and the distribution of
CDM is discussed in detail in three different sectors of
Chilika lagoon (southern, central, northern) and at
the outer channel. The variability of CDM absorption
at 412 nm shows that in the north sector of Chilika
lagoon, CDM absorption is quite high compared to
other sectors (5.5m™' with a standard deviation of
0.06 m™"). In the southern sector and at the outer
channel it is 1.8 m™ with a standard deviation of
0.02 m™" and in the central sector it is 3.76 m™' with a
standard deviation of 0.22 m™'. High CDM in the
northern sector is attributed to the inflow of terrestri-
al organic matter. The advantage of hyperspectral
data is that it gives CDM absorption contiguous in the
range of 375-425 nm, where the absorption by CDM is
strong and away from chlorophyll-a absorption.
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Introduction

CHROMOPHORIC (or coloured) dissolved organic matter
(CDOM) is a fraction of dissolved organic matter (DOM)
that absorbs light in the range of ultraviolet (UV) and vis-
ible (VIS) wavelengths, causing yellow or brown colour,
and is thus called coloured DOM. It is one of the impor-
tant inherent optical properties of water, which can be de-
tected from airborne or satellite-based optical sensors
having UV/blue spectrum. CDOM is that part of organic
carbon which passes through 0.20 um filter. It is an indica-
tor of loadings of organic matter by rivers, adjacent soils,
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forests and wetlands. Satellite or aerial imageries are used
to study the distribution of light absorption due to
coloured dissolved and detrital materials (CDM). Light
absorption by CDM tends to be strongest at short wave-
lengths (UV to blue), while diminishing to near zero in the
red wavelength region of the electromagnetic spectrum'.
So CDM level is often represented by a CDM absorption
coefficient (inherent optical property) and is detected us-
ing UV/blue region of light by the remote sensing commu-
nity>*. CDM is considered for remote sensing retrievals,
as it is not possible to differentiate CDOM and detritus
particulate absorption from remote sensing measure-
ments’. However, analysis of extensive field datasets
indicates that detrital particulates make only a small con-
tribution to CDM (ref. 1) and it is possible to estimate
CDOM separately from field datasets’. CDM represents
carbon pools stored in oceans, and inland and coastal
water bodies. Terrestrial ecosystems are highly productive
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and their contributions to CDM are significant. Rivers
contribute significant amount of CDM in the coastal
oceans. Particles from terrestrial ecosystems are primarily
deposited in the coastal region and CDM is considered
the main agent for transporting terrestrial organic carbon
into the deep ocean. Coastal wetlands are productive eco-
systems. Coastal lagoons are known to be highly unstable
environments and occupy 13% of the world’s coastal
areas’. They are often affected by both natural and anth-
ropogenic influences®”. Industrial wastes, urbanization of
catchment areas, domestic sewage and fertilizers run-off
from agricultural lands are the plausible causes for the
degradation of coastal wetlands. A recent report by Gupta
et al.'” describes biodiversity and degradation of coastal
wetlands exhaustively. Chilika lagoon, Odisha, India, is a
coastal wetland and largest brackish water lagoon in
Asia. To study CDM in optically complex waters of
Chilika lagoon our objectives are: (i) To analyse in situ
reflectance spectra in various sectors of Chilika lagoon
for categorizing CDM. (ii) To estimate CDM absorption
coefficient from AVIRIS-NG radiance data in Chilika
lagoon. (iii)) To study the distribution of CDM in
different sectors of Chilika lagoon, including the outer
channel.

Study area

Chilika lagoon on the east coast of India (19°28'-
19°54’N; 85°06"-85°35’E) is one of the important wet-
lands in the country and is the largest brackish water
lagoon in Asia. It is a good site for studying optically
complex waters from a spaceborne platform. Chilika be-
ing connected by sea through a mouth in the northern sec-
tor and by many tributaries in the northern, central and
southern sectors, provides a suitable site to study such
optically complex waters. The lagoon, a shallow (mean
depth ~1.5 m; 0.9-3.5 m) brackish water body, is pear-
shaped and covers an area of about 1000 sq. km during
monsoon (August—October), which is reduced by nearly
60% during pre-monsoon (April-May) when evaporation
far exceeds precipitation'®. It has a catchment area of
approximately 4146 sq. km, with average rainfall of
1238 mm (in 72 rainy days) through June—September
(southwest or summer monsoon) and November—December
(winter monsoon). Nearly 75% of rainfall occurs during
SW monsoon with peak intensity during August.

In the northern side of the lagoon, tributaries of the
Mahanadi River such as Daya, Nuna and Bhargavi join it
and discharge large amounts of freshwater and sediment
influx to the lagoon. Several million tonnes of sediments
enter the lagoon during one year''. Chilika lagoon has
been declared as a Ramsar site, a ‘Wetland of Interna-
tional Importance’. Due to choking of the outer channel
in the northern side, the exchange of water between the
lagoon and the sea is severely affected'®. Several other
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factors like siltation, large change in salinity; freshwater
inputs from the northern sector, and anthropogenic
activities also affect the biodiversity of the lake. Studies
related to DOM dynamics have been conducted earlier in
Chilika"*™'°.

Figure 1 shows the coverage by AVIRIS-NG over
Chilika lagoon (a mosaic of 12 scenes of AVIRIS-NG
flight) for this study. The station locations for collecting
in situ bio-optical data with longitude and latitude are
shown as red circles.

Material and methods
In situ optical data

In situ measurements of upwelling radiance and down-
welling irradiance by Satlantic underwater hyperspectral
radiometer have been made (Figure 2) for deriving re-
mote sensing reflectance to study the optical response of
light at various locations in Chilika lagoon. We have
shown three different bio-optical regimes of Chilika
lagoon using in situ optical data collected during the
AVIRIS-NG campaign. The outer channel forms the
fourth region of the study, where it is connected by a
mouth through which marine water comes inside the
lagoon and exchanges water with it. Figures 3—5 show in
situ bio-optical data collected in three different regions of
Chilika lake, namely southern, central and northern
sectors. To calculate remote sensing reflectance, first the
water-leaving radiance is computed by eq. (1) using
upwelling radiance.

L, (0", 2) = L, (0", ) =2 (1)
My (A)
85"100"E 85"20'0E
0"
0"N g 19°50'0°N
0N 19°40°0°N

B5'0'0°E 85"10°0°E 85°20'0°E 85°300°E
Figure 1. Study area of Chilika lagoon, Odisha, India. The map
shows AVIRIS-NG natural colour composite (NCC) image with station

locations (red circles) in the field.
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where L, (0",1) is the water-leaving radiance just above
the sea surface; L,(07,4) the water-leaving radiance
just below the sea surface; p(A) the Fresnel reflectance
index of seawater and 7,(A) is the refractive index of
seawater.

The computation of normalized water-leaving radiance
Lyn(A) and surface remote sensing reflectance from in situ
data has been done using the following formulas'’

£(4)

L, =L, (1)—>—""—
D=L, (D=

2

where F,(A) is the extra-terrestrial solar irradiance.
E/0", 1) denotes downwelling spectral irradiance measured
just above the water surface.

L,(A)
A)y=—X—— 3
R (A) E(L0T) 3)
Ed(O_’ ﬂ’) = Ed(0+9 ﬂ')*(l + 0,'), (4)

where o= 0.043 is the Fresnel reflectance for irradiance
from the sun and sky.

Figure 2. In situ data collection in Chilika lagoon during AVIRIS-
NG campaign (24-27 December 2015).
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Figure 3. (a) Reflectance profiles and (b) field photograph of the
southern sector.
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Quasi analytical algorithm for inversion of
AVIRIS-NG radiance and retrieval of CDM

During joint campaign of Indian Space Research Organi-
sation and National Aeronautical Space Administration
(ISRO/NASA) (24-27 December 2015); AVIRIS-NG da-
ta were acquired (site id 54, 100 and 92) over waters of
Chilika lagoon. The spatial resolution of the AVIRIS-NG
radiance data was 8 m over this site in the spectral region
380-2510 nm at an interval of 5+ 0.5 nm. We studied
CDM absorption in the whole area of Chilika lagoon
using AVIRIS-NG radiance data. Since in situ data at the
mouth could not be collected due to strong currents, we
have used AVIRIS-NG data to describe CDM variability
at the mouth (outer channel) where a lot of marine water
enters the lagoon and exchanges water with it. CDM
absorption coefficient was retrieved using Quasi Analytical
Algorithm (QAA) inversion method of Lee et al.'® from
AVIRIS-NG L-2 data into four sectors of the lagoon.

The semi-analytical model for deriving below-surface
remote sensing reflectance (r) can be described by
eq. (5). The parameter («), which is the ratio of backscat-
tering to total extinction is given by eq. (6). The reference
wavelength is important in the QAA inversion method.
We have taken band-37 (556.7 nm of AVIRIS-NG) as
reference wavelength, as described by Lee er al'®.
Empirical approach for deriving total absorption at refer-
ence wavelength is given by eq. (7) which uses remote
sensing reflectance at 441.5 nm (band-14) and 556.7 nm
(band-37) wavelengths. Once the total absorption at refer-
ence wavelength is computed, the total backscattering at

Remote sensin
reflectance (sr)

wsooas

Wavelength (nm)

g5 5% &S 6B @5 7

Figure 4.
tral sector.
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Figure 5. (a) Reflectance profiles and (b) field photograph of the
northern sector.
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reference wavelength is given by eq. (8). The power
equation and parameter Y, which governs the backscat-
tering shape is given by eq. (9). Once the Y parameter is
known, then using wavelengths 441.5 and 556.7 nm, total
backscattering and total absorption at other wavelengths
can be computed using eqs (10) and (11) respectively.
CDM is finally derived using eq. (12) below.

Rrs
g =, 5
" 0.52+1.7R, ©)

20 +1(g0)* +4g i (D]

u(A) =— : , (6)
2g1
with g, =0.0895 and g, =0.1247.
a(555) =0.0596 + 0.2[a(443) - 0.01], (7)

where a(443) = exp(-2.0-1.4p+0.2p%) and p=In[rs
(443)/r,(555)].

_ u(555)a(555)
P339 =7 o5y P (559, (8)
_ _ o' (443)
Y = 2.2{1 1.2 exp{ 0.9—45 (SSS)H, 9)
by (A) =[ by, (555)1[555/ A1, (10)
by (D1 =u(A)]
a(ﬂ)—T‘bew(ﬂ)» (11)
ag(440) = [a(410)—a(440)] 3 [aw(410) — aw(440)] . (12)

T-¢ ()
where 7=0.71 + 0.06/(0.08 + 7, (440)/ri(555)) and ¢=
exp(S(440 — 410)).

Distribution of CDM absorption using in situ and
AVIRIS-NG radiance data

The productivity of Chilika is described in the litera-
ture'*'>'*2° The northern sector of the lagoon maintains
high productivity compared to other sectors as the
nutrient stoichiometry is observed to be close to Redfield
ratio (despite light limitations due to high suspended par-
ticulate matter). The southern sector (SS) of the lagoon
maintains lowest primary productivity (PP) even though
it is the region with highest transparency. The low PP
could be attributed to lowest nutrient content in SS com-
pared to other sectors.
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The northern sector of the Chilika waters has highest
productivity as well as high turbidity, as discussed above.
Many rivers and their tributaries bring a lot of freshwater
and nutrients into this region. This makes the northern
sector more turbid and productive. The water is turbid
brown instead of bright green, compared to the central
and southern sectors of the lagoon (Figure 5 b). The ref-
lectance from green to near infrared, i.e. from 550 to
700 nm does not decrease sharply; rather a flat portion of
the spectra is observed in this region of the electromag-
netic spectrum (due to suspended sediment backscatter-
ing).

Figure 6 represents in situ reflectance spectra in the re-
gion of 375-425 nm, where absorption by CDM is strong.
The spectra reveal three distinct groups (categories) of
CDM absorption at three sectors of Chilika (southern,
central and northern). The lowest reflectance represents
the highest absorption by CDM and vice versa.

Figure 7 a shows a map of CDM absorption coefficient
and Figure 7 represents the contiguous spectra (376—
600 nm) of CDM absorption coefficient at four different
locations.

At location-1, which is the southern sector (lat.
19°3215” and long. 85°9°52”), CDM absorption coeffi-
cient is derived within a circular area of 50 sq. m; the
mean value of CDM absorption coefficient is 1.86 m™
with a standard deviation of 0.05 m™'. The southern sector
remains comparatively saline (10.5 = 3.5) throughout the
year, as seawater exchange takes place through a discrete
connection (i.e. Palur canal) further south to Rambha
Bay. At location-2, which is the central sector (lat.
19°44’8” and long. 85°19’01”), the mean value of absorp-
tion coefficient is 3.76 m' with a standard deviation of
0.22 m™' within a circular area of 50 sq. m. This analysis
shows that the central part of the Chilika has compara-
tively higher value than the southern part. At location-3
(northern sector); lat. 19°48°16” and long. 85°29’8”

0.0025
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0.001

0.0005 |

Remote sensing reflectance (sr")

375 335 385

405

Wavelength (nm)

415 425

Figure 6. Field reflectance spectra of the three different types of
CDM absoprtion grouped into three classes.
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within a circular area of 50 sq. m, the mean value of
CDM absorption coefficient is 5.50 m™' with a standard
deviation of 0.06 m'. The northern sector is characte-
rized by high turbidity, poor water transparency, high nu-
trient levels and low water salinity due to the discharge of
four rivers (Makara, Daya, Nuna, Bhargavi) into the sys-
tem'®. CDM absorption coefficient in the northern sector
shows a high value compared to all other sectors (Figure
4 b). At location-4 (outer channel); lat. 19°39°36” and long.
85°27'32”, the derived CDM absorption coefficient is
1.90 m ' with a standard deviation of 0.22 m'. The entire
lagoon experiences seawater exchange predominantly
through the outer channel (i.e. Gabakunda).

Our analysis shows that the southern sector and mouth
have values of CDM absorption in the range 1.86—
1.90 m™', which is probably due to the high saline water
entering the southern area through Palur canal and mak-
ing the area more saline (like at the outer channel near the
mouth) compared to the central and northern sectors. The
northern sector shows highest CDM absorption since
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Figure 7. a, Map of CDM absorption coefficient using AVIRIS-NG
over Chilika lagoon, 27 December 2015. b, Spectra of CDM absorption
coefficient.
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there are rivers which bring a lot of terrestrial dissolved
and detrital matter into this area, making it more produc-
tive. The advantage of hyperspectral data is that they give
CDM absorption contiguous in the range 375-425 nm,
where absorption by CDM is strong (Figure 6) and is
away from chlorophyll-a absorption.

Similar type of field measurements of coloured
dissolved organic matter were done by Keith er al*'
(in estuarine and optically complex water environment) in
Narragansett Bay, Rhode Island; Neuse River, North
Carolina, and St Andrews Bay, Florida, USA. They
measured CDOM absorption values at 412 nm between
0.1 and 7 m™' that are similar to our retrieved absorption
coefficients in different sectors of Chilika. Keith et al.*'
also used remotely sensing reflectances retrieved from
medium resolution imaging spectrometer (MERIS) and
the International Space Station (ISS) Hyperspectral
Imager for the Coastal Ocean (HICO) images to estimate
CDOM absorption in different parts of optically complex
water. Similar type of optical properties of chromophoric
dissolved organic matter were studied by D’Sa et al.* in
the Barataria Bay, USA, influenced by marine waters, to
the upper basin influenced by freshwater sources. CDOM
absorption at 412 nm varied between 0.74 and 5.2 m' at
different locations influenced by freshwater sources,
which is similar to our results in the northern region of
Chilika lagoon, where the influence of freshwater
increases CDM absorption.

Summary and conclusion

The objectives of this study were to map CDM in optically
complex and brackish water environment of Chilika
lagoon using AVIRIS-NG. We have studied CDM
absorption (412 nm) in three different sectors of Chilika.
It is observed that in the northern sector of Chilika, CDM
absorption is quite high, i.e. 5.5 m™' with a standard devi-
ation of 0.06 m™', comparable to other sectors of the
lagoon. The research finding suggests that the distribution
of CDM is higher in the northern sector of Chilika. The
plausible cause for this may be the many rivers, tributa-
ries and estuaries in the northern part of Chilika which
bring a lot of terrestrial organic matter into the area. The
future scope of research is the mapping of CDM slope
(with CDM absorption) in different sectors of Chilika.
The slope information can be used to describe the compo-
sition or origin of CDM, which is important for the
biogeochemical processes in the coastal marine environ-
ment.

1. Markager, S. and Vincent, W. F., Spectral light attenuation and the
absorption of UV and blue light in natural waters. Limnol. Ocean-
ogr., 2000, 45, 642-650.

2. Brando, V. E. and Dekker, A. G., Satellite hyperspectral remote
sensing for estimating estuarine and coastal water quality. /EEE
Trans. Geosci. Remote Sensing, 2003, 41, 1378—1387.

CURRENT SCIENCE, VOL. 116, NO. 7, 10 APRIL 2019



SPECIAL SECTION: HYPERSPECTRAL IMAGING

10.

11.

12.

13.

14.

15.

16.

Menon, H. B., Sangekar, N. P., Lotliker, A. A. and Vethamony, P.,
Dynamics of chromophoric dissolved organic matter in Mandovi
and Zuari estuaries —a study through in situ and satellite data.
ISPRS J. Photogramm. Remote Sensing, 2011, 66, 545-552.
Watanabe, F., Mishra, D. R., Astuti, 1., Rodrigues, T., Alcantara,
E., Imai, N. N. and Barbosa, C., Parameterization and calibration
of a quasi-analytical algorithm for tropical eutrophic waters.
ISPRS J. Photogramm. Remote Sensing, 2016, 121, 28-47.

Siegel, D. A., Maritorena, S., Nelson, N. B., Hansell, D. A. and
Lorenzi-Kayser, M., Global distribution and dynamics of coloured
dissolved and detrital organic materials. J. Geophys. Res., 2002,
107(C12), 3228; doi:10.1029/2001JC000965.

Sarma, N. S. et al., Spectral modelling of estuarine coloured dis-
solved organic matter. Curr. Sci., 2018, 114(8), 1762—-1767.
Barnes, R. S. K., Coastal lagoons. In Cambridge Studies in Modern
Biology 1, Cambridge University Press, New York, 1980, p. 106.
Sikora, W. B. and Kjerfve, B., Factors influencing the salinity of
lake Pontchartrain, Louisiana a shallow coastal lagoon: analysis of
a long term data set. Estuaries, 1985, 8(2A), 170-180.

Russi, D. et al., The Economics of Ecosystems and Biodiversity for
Water and Wetlands, IEEP, London and Brussels, 2013, p. 78.
Gupta, G. V. M. et al., Influence of net ecosystem metabolism in
transferring riverine organic carbon to atmospheric CO, in a tropi-
cal coastal lagoon (Chilika Lake, India). Biogeochemistry, 2008;
http://dx.doi.org/10.1007/s10533-008-9183-x.

Patnaik, S. S., Estimation of sediment flow into the Chilika lake.
In Abst. Vol., Workshop on Sustainable Development of Chilika
Lake, Bhubaneswar, 12—14 December 1998, pp. 31-32.
Chandramohan, P. and Nayak, B. U., A study for the improvement
of the Chillka Lake tidal inlet, East Coast of India. J. Coast. Res.,
1994, 10, 909-918.

Muduli, P. R. et al., Spatio-temporal variation of CO, emission
from Chilika Lake, a tropical coastal lagoon, on the east coast of
India. Estuarine Coast. Shelf Sci., 2012, 113, 305-313.

Muduli, P. R. et al., Distribution of dissolved inorganic carbon
and net ecosystem production in a tropical brackish water lagoon,
India. Cont. Shelf Res., 2013, 64, 75-87.

Muduli, P. R., Barik, S. K., Mohapatra, D., Samal, R. N. and Ras-
togi, G., The impact of tropical cyclone ‘Phailin’ on the hydrology
of Chilika Lagoon, India. Int. J. Environ. Sci. Nat. Resour., 2017,
4(2), 555632; http://dx.doi.org/10.19080/IJESNR.2017.0.

Barik, S. K. ef al., Spatio-temporal variability and the impact of
Phailin on water quality of Chilika lagoon. Cont. Shelf Res., 2017,
136, 39-56.

17. Mueller, J. L., Fargion, G. S. and McClain, C. R., Ocean optics
protocols for satellite ocean colour sensor validation, National
Aeronautics and Space Administration, Goddard Space Flight
Center, USA, 2002, Revision 4, vol. IV, NASA/TM-2003.

18. Lee, Z., Carder, K. L. and Arnone, R. A., Deriving inherent opti-
cal properties from water colour: a multiband quasi-analytical
algorithm for optically deep waters. Appl. Opt., 2002, 41, 5755—
5772.

19. Kanuri, V. V. et al., Plankton metabolic processes and its signific-

ance on dissolved organic carbon pool in a tropical brackish water

lagoon. Cont. Shelf Res., 2013, 61, 52—-61.

Kanuri, V. V., Muduli, P. R., Robin, R. S., Patra, S., Gupta, G. V.

M. and Rao, G. N., Bioavailable dissolved organic matter and its

spatio-temporal variation in a river dominated tropical brackish

water Lagoon, India. Marine Pollut. Bull., 2018, 131, 460-

467.

21. Keith, D. J., Lunetta, R. S. and Schaeffer, B. A., Optical models

for remote sensing of coloured dissolved organic matter absorp-

tion and salinity in new England, Middle Atlantic and Gulf Coast

Estuaries USA. Remote Sensing, 2016, 8(4), 283.

D’Sa, E. J., Naik, P. and Swenson, E. M., Optical properties of

chromophoric dissolved organic matter along a transect in the

Barataria Bay, Louisiana. In OCEANS, 1EEE, 2008, pp. 1-4.

20.

22.

ACKNOWLEDGEMENTS. We thank the Department of Space,
Government of India for financial support to AVIRIS-NG, a joint
ISRO-NASA programme with budget code (0303510FA501). We also
thank the Director, Space Applications Centre (SAC; ISRO), Ahmeda-
bad and Deputy Director EPSA/SAC for support and guidance during
the programme. We also express our sincere thanks to Dr Prakash
Chauhan, Group Director BPSG/EPSA/SAC; all members of the flight
team, who coordinated with the ground team; especially the efforts
made by team SEDA/SAC during the campaign phase; Dr Ajit Pattnaik,
Dr Gurdip Rastogi, and other research staff of the Wetland Research
and Training Centre, Chilika Development Authority (CDA), Govern-
ment of Odisha, for help during in situ data collection. Thank are also
due to all those, who are associated directly or indirectly to this AVIRIS-
NG campaign.

doi: 10.18520/cs/v116/i7/1166-1171

CURRENT SCIENCE, VOL. 116, NO. 7, 10 APRIL 2019

1171




<<
  /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 /sRGB
  /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


