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This communication presents results of a preliminary 
study to understand and assess the colour changes in 
Lonar lake, Buldhana district, Maharashtra, India, 
using remote sensing data of recent years (2019 and 
2020). In addition, the study has utilized IMD gridded 
weather data and spectral profiles of algal pigments 
from the published literature. In order to verify 
whether the colour change is a cyclic event, long-term 
satellite data of Landsat 8-OLI and Sentinel 2-MSI 
sensors from 2014 onwards were analysed using spec-
tral response in red and green bands. It was observed 
that even though a cyclic pattern exists, the colour 
change events occurred only during the 2019 and 2020 
periods. The present analysis showed a change in  
colour of the lake from green to brown twice during 
April–June 2019. However, in 2020, there was a 
change in colour of the lake from green to brown and 
eventually to pinkish-red, which was not observed ear-
lier. Rainfall and temperature were used to identify 
possible causes of abiotic stress on algae population of 
the lake. The study observed light rainfall and reduc-
tion in temperature just prior to the colour change 
event during both the years. In the absence of field  
data, the published literature on absorption spectra of 
different algal pigments was reviewed to identify pig-
ments causing brown- and red-coloured appearance of 
the lake. Though cause of stress on the algae popula-
tion is not known and is to be precisely identified by 
field surveys, the change in colour of Lonar lake ap-
pears to be caused by pigment(s), like phycoerythrin 
and carotenoids. However, this needs to be verified in 
the ground through water quality analysis.  
 
Keywords: Colour changes, lake water, pigments, re-
mote sensing, water quality analysis. 
 
IN the second week of June 2020, several print and elec-
tronic media reported change in colour of Lonar lake, 
Buldhana district, Maharashtra, India1,2 from green to 
pink. This was attributed primarily to the presence of  
algae in saline water of the lake. It was also reported that 
though change in colour of the lake had been observed in 
the past, however, the extreme tone of red colour was 
witnessed this year. The National Remote Sensing Centre 
(NRSC), Hyderabad initiated a quick preliminary study to 
assess the change in colour of this lake using remote 

 
 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 120, NO. 1, 10 JANUARY 2021 221

 

Figure 1. Location map of Lonar lake, Buldhana, Maharashtra, India. (Source: Maps of India and ISRO Bhuvan.).
 
 
sensing data. The objective of this study was to under-
stand the dynamics associated with colour change of  
Lonar lake during recent years (2019 and 2020). The re-
sults of the analysis are presented here. 
 The Lonar lake (Figure 1) was formed due to meteorite 
impact in the Deccan basalts around 52,000 ± 6000 years 
ago3. The crater is a near circular depression with rim-to-
rim diameter of about 1880 m and depth of about 135 m. 
These dimensions make it the third largest crater in the 
world3,4. Its ecosystem has developed as closely as saline 
and alkaline in nature with mean diameter about 1.2 km.  
 Several studies have reported the presence of blue-
green algae in Lonar lake. The lake is highly eutrophic, 
where Cyanophyceae (blue-green algae) dominates the 
total phytoplankton biomass4. Among the Cyanophyceae, 
Spirulina platensis is the major species which generates 

the dense floating blooms5. Planktothrix agardhii is also 
seen to be dominating in some blooms. The blue-green 
algal bloom in Lonar lake is responsible for absorption of 
light due to its pigments. The eutrophication of this lake 
takes place due to sewage discharge from Lonar town6. 
Members of the class Cyanophyceae are commonly 
known as blue-green algae. The name is given due to the 
dominant pigment, c-phycocyanin, and blue-green pig-
ment. In addition, chlorophyll, phycoerythrin, and carote-
noids (beta-carotene and xanthophyll) are also present. S. 
platensis which is the dominant algae in Lonar lake  
generally has pigments like carotenes, chlorophyll-a and 
phycocyanin7. 
 In order to understand the temporal dynamics of colour 
changes, multispectral, medium resolution, cloud-free 
images of Multi Spectral Instrument (MSI) on-board 
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Figure 2. Natural colour composite images of Lonar lake during summer 2020. 
 

 

Figure 3. Natural colour composite images of Lonar lake during summer 2019. 
 

 
Sentinel 2A/2B were processed to visualize change in co-
lour of the lake. These images were used for visual inter-
pretation as well as to obtain water spectra. This will help 
in understanding the nature of constituents of the lake 
which affect its overall spectral response. Images from 

the MSI sensor of Sentinel 2A/2B were processed from 
the third weak of March to 10 June 2020. Figure 2 shows 
images of Lonar lake in natural colour composite, ob-
tained using 665, 560 and 490 nm bands of Sentinel 2 
MSI through the red, green and blue channels respectively. 
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It is clearly observed from these images that in summer 
2020, colour of the lake was green during March–April, it 
turned bright green during May. The colour of the lake 
further changed to brown in the first week of June and 
eventually turned red during the second week of June.  
 In order to understand whether the phenomenon of  
colour change is an annual event, satellite images taken 
during 2019 summer were also analysed. Figure 3 shows 
the images of Lonar lake during summer 2019. The im-
ages evidently show a colour change from green to red-
dish-brown during the second fortnight of June 2019.  
 The following observations are drawn based on Figures 
2 and 3, which show change in colour of the lake during 
2019 and 2020 respectively. 
 
(i)  The change in colour of the lake from green to 

brown was observed in the first week of June (5 
June 2020 image) in 2020 and the same was ob-
served in the second fortnight of June (16 June 2019 
image) in 2019.  

(ii) Though red hue was observed in the lake on 26 June 
2019, it was less intense compared to red colour of 
the lake on 10 June 2020.  

 
The colour of a water body is largely determined by the 
biophysical properties of its constituents. The constitu-
ents such as colour dissolved organic matter (CDOM) and 
pigments found in algae largely influence the absorption 
of solar energy in different regions of the electromagnetic 
spectrum. The surface reflectance data from MSI were 
used to derive spectra of Lonar lake on different dates 
(both pre- and post-) when colour change was reported. 
The first eight bands of MSI with central wavelengths 
(443, 495, 560, 665, 705, 740, 782 and 842 nm) were 
used to plot water spectra on different dates. Figure 4 
shows spectral response of water of Lonar lake during 
summer 2020. The shaded areas in the figure span spec-
tral regions of different bands of MSI.  
 The water spectra in black colour belong to dates when 
colour of the water body was green. These spectra have  
 
 

 

Figure 4. Water spectra of Lonar lake during summer 2020.

similar spectral response with absorption dip in the red 
region (665 nm) and maximum reflectance in either green 
(560 nm) or red-edge (705 nm) region. These types of 
spectral characteristics indicate dominance of chloro-
phyll-a among the algae populations of Lonar lake im-
parting green appearance to it. Similar spectral response 
was observed in a study on Lake Bogoria, which is a  
saline–alkaline lake in the Kenyan Rift Valley, known for 
supporting blooms of cyanobacteria8. It has been obser-
ved that increasing chlorophyll-a concentration is related 
to increase in reflectance at 700–710 nm region9. In addi-
tion, when chlorophyll-a concentration is very high, ref-
lectance in the red-edge – near infrared (NIR) region 
(700–850 nm) becomes comparable to reflectance in the 
visible region (400–700 nm). Moreover, absorption in the 
blue (443 nm) and red (670–680 nm) regions is a distinct 
feature of chlorophyll-a. 
 In Figure 4, though water spectra during March–May 
2020 seem to be dominated by spectral response of chlo-
rophyll-a, a deviation is seen on 5 June 2020 (green solid 
line) and 10 June 2020 (red solid line). The brown ap-
pearance of the lake on 5 June 2020 is explained by lower 
reflectance in all the spectral bands, except in the red-
edge region in comparison with spectral response during 
March to May. Similarly, spectral response on 10 June 
2020 shows lower reflectance, except peak reflectance in 
the red region which is associated with red appearance of 
the lake. The two possible reasons that are associated 
with this type of spectral behaviour are as follows. 
 A study on Lake Bogoria – a saline–alkaline eutrophic 
lake known for supporting algal blooms of cyanobacte-
ria – reported change in colour of the lake from green to 
brown due to algal die-off8. This is a condition of decay 
of the algal population which leads to increased CDOM 
(humic acids). This may result in increased absorption in 
the blue region (<500 nm). Since it involves decay of  
algae, concentration of chlorophyll-a also decreases, 
which leads to increased absorption in the NIR region due 
to water molecules. The study using Landsat 7 ETM+  
data showed that during algal die-off overall reflectance 
decreases with maximum reflectance in the red region  
 
 

 

Figure 5. Weather parameters during summer 2020.
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(665 nm), which explains the brown appearance of the 
water body8. 
 Prolonged exposure to ultraviolet radiation in calm 
wind conditions is a possible reason for algal die-off8. In 
addition, dilution due to heavy rainfall is suggested to be 
linked with such a phenomenon. Figures 5 and 6 show the 
temporal variation in rainfall and maximum air tempera-
ture during summer 2020 and 2019 respectively, obtained 
from IMD gridded data.  
 Figure 5 shows that there was 13 mm rainfall on 3 June 
2020 and scanty rainfall on 4 June 2020, days before the 
lake turned brown (5 June) from bright green (31 May). 
Figure 6 shows that there were rainfall events on 8 and 9 
June 2019 of light intensity, just days before when a 
slight brown–green colour of the lake was observed in the 
MSI images on 11 June 2019. It should be noted that 
rainfall events just before the colour change of Lonar lake 
in 2019 and 2020 had light intensity. Generally, heavy 
rainfall events are associated with algal die-off. Another 
important abiotic stress factor that is associated with algal 
die-off is solar irradiance (and temperature). Figures 5 
and 6 show that temperature consistently ranged about 
45°C for two weeks prior to colour change of the lake 
during both years, which dropped to 35°C in 2020 and to  
 
 

 

Figure 6. Weather parameters during summer 2019.
 

 

 

Figure 7. Absorption spectra of various algal pigments. (Source: Al-
gae Research Supply, 2020.) 

40°C in 2019. These changes in temperature and radiation 
(due to clouds) along with rainfall may have caused stress 
on blooms of algae, if not their complete die-off.  
 As discussed earlier, Lonar lake is dominated by S. 
platensis, which has carotenes, chlorophyll-a and phyco-
cyanin. Abiotic stresses caused by change in solar irra-
diance, salinity, temperature and pH lead to change in the 
production of biomass and bio-pigment accumulation10. 
For instance, a study reported decreased chlorophyll-a 
content and increased content of beta-carotene when  
salinity was increased11. Rodríguez et al.12 reported in-
creased production of phycobiliproteins (phycoerythrin, 
phycocyanin, allophycocyanin) with decreasing irra-
diance. The pigments other than chlorophyll-a, such as 
phycocyanin, beta-carotene and phycoerythrin show 
unique absorption features. Figure 7 shows the rough re-
gions of absorption by the main pigments found among 
plants and algae13. Spectra of Lonar lake post colour 
change event show increased absorption in blue (495 nm) 
and green (560 nm) regions, which is expected due to 
dominance of pigments, especially phycoerythrin or caro-
tenoids.  
 Figure 8 shows the spectral response of Lonar lake  
during summer 2019. On 27 May and 6 June, the lake ap-
peared green, and had similar spectral shape, except the  
 
 

 

Figure 8. Water spectra of Lonar lake during summer 2019.
 
 

 

Figure 9. Water spectra of Lonar lake on 16 June 2019 and 5 June 
2020.
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magnitude of reflectance in Visible–near infrared (VNIR) 
region. Notably, 6 June had highest reflectance in all the 
bands because this image was affected by the clouds 
which increased radiance due to scattering. The water 
spectra on 11, 16 and 26 June, associated with brown ap-
pearance, show distinct spectral response. The spectrum 
on 11 June shows a flat response in the green and red re-
gions with a small peak in the red-edge region, whereas 
spectra on both 16 and 26 June show decreased reflec-
tance in the blue (495 nm) and green (560 nm) regions.  
In the absence of chlorophyll-a increased absorption in 
blue-green and NIR regions causes peak reflectance  
in the red region, which explains brown appearance of the 
lake. 
 Salient features of spectral response of Lonar lake dur-
ing the colour change process from the satellite data 
analysis are given below. 
 
(i)  The change in colour of the lake from green to 

brown was observed in 2019 and green–brown–red 
was observed in 2020.  

(ii)  The green colour of the lake seems to be due to do-
minance of chlorophyll-a pigment in the algae popu-
lation.  

(iii) The brown colour of the lake was observed during 
both the years; however, a distinct red colour was 
observed in 2020 only.  

(iv)  The spectral response was similar on 16 June 2019 
and 5 June 2020 and on both the days Lonar lake 
appeared brown (Figure 9). 

(v) The spectral response on 26 June 2019 was similar 
to that on 10 June 2020, when Lonar lake appeared 
red and was reported in the media. Figure 10 com-
pares spectral response on both the days. An  
increased absorption of radiation is evident in the 
495 nm blue band in this figure. Absorption in this 
region indicates presence of carotenoids in the algae 
population. Notably, this absorption feature is only 
visible on two days when the lake appeared red in 
the data.  

(vi)  Comparison of Lonar lake spectra during summer 
2019 and summer 2020 pre and post colour change 
events, revealed that there is increased absorption of 
blue (495 nm) and green (560 nm) radiation when 
the lake appeared brown or red. This is plausible be-
cause of the presence of pigments such as caroteno-
ids or phycoerythrin. Absorption in the green region 
(560 nm) is generally caused by phycoerythrin, 
which is a dominant pigment type found in red  
algae. 

 
In order to assess whether the colour change phenomenon 
occurs over a long period, historic data from Landsat-8 
OLI and Sentinel MSI sensors were analysed using 
Google Earth Engine (GEE) platform. Based on the spec-
tral response pattern during the last year, an index is  

proposed to assess this colour change phenomenon, viz. 
normalized red–green difference (NRGD) index. This is 
the difference between reflectance in red and green 
bands, normalized over sum of the reflectance in the red 
and green bands. Average value of NRGD index over a 
small patch of Lonar lake was estimated using all the 
cloud-free satellite data. The collections of Landsat-8 
OLI and Sentinel MSI sensors available from January 
2014 till date under GEE were used. Figure 11 shows the 
temporal variation of NRGD index of Lonar lake. 
 It is observed from Figure 11 that most of the time, the 
NRGD index is negative and the value is around –0.2, in-
dicating that reflectance in the green band is higher than 
that in the red band. However, on a few occasions the 
NRGD index is positive and more than 0.1, indicating 
that reflectance in the green band is far less than that in 
the red band. The analysis showed that a change in colour 
of the lake was observed thrice during the last week of 
April–first week of May 2019, mid June 2019, and during 
the second week of June 2020. Figure 12 shows the satel-
lite images for these dates. 
 The present study used remote sensing data of MSI 
sensor on-board Sentinel 2A/2B time-series images to 
analyse the temporal dynamics of colour change of Lonar 
lake. It is observed that green colour of the lake, before it 
turned brown (on 5 June 2020) and red (10 June 2020) 
 
 

 

Figure 10. Water spectra of Lonar lake on 26 June 2019 and 10 June 
2020.
 
 

 

Figure 11. Temporal variation of NRGD index of Lonar lake.
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Figure 12. Natural colour images of high NRGD index values during 
2019 and 2020. 
 
 
was due to dominance of chlorophyll-a present in the  
algae population of the lake. Similar change of colour 
was also observed in summer 2019, which was less in-
tense than that observed in 2020. The study examined 
seemingly possible causes: (1) decay of algal population, 
which is generally caused by prolonged UV exposure  
under calm wind conditions, or due to dilution by heavy 
rainfall events. (2) Dominance of pigments other than 
chlorophyll-a in response to abiotic stresses. Light rain-
fall events just before the colour change were observed in 
2019 as well as in 2020 in IMD gridded data. However, 
these events do not appear to cause algal die-off. In addi-
tion, drop in temperature was observed during the same 
period, which along with dilution by rainfall might have 
caused abiotic stress on blooms of algae. This is seen in 
the images just before the colour change. It appears that 
red colour (as seen in the satellite data) of the lake is due 
to dominance of phycoerythrin and carotenoids, in re-
sponse to abiotic stress condition experienced by algae 
population of the lake. As discussed earlier, decreased 
reflectance in the green band of MSI is possibly due to 
absorption by phycoerythrin. In addition, on 26 June 
2019 and 10 June 2020, when intense red colour was  
observed in Lonar lake, there was less reflectance in the 
blue region (495 nm) compared to its neighbouring 
bands. This feature in the spectra was not observed on 

previous days, even when the colour of the lake appeared 
brown. If it is assumed to be an absorption feature of a 
pigment, most likely it would be carotenoids. Though 
cause of stress on algae population is not known and 
needs to be precisely identified by field surveys, the 
change in colour of Lonar lake appears to be caused by 
pigments like phycoerythrin and carotenoids. However, 
this observation needs to be verified through further anal-
ysis. 
 
 

1. Lonar lake’s change of colour leaves people surprised, experts feel 
salinity and algae are the reasons. The Economic Times, retrieved 
17 June 2020; https://economictimes.indiatimes.com/magazines/ 
panache/lonar-lakes-change-of-colour-leaves-people-surprised-
experts-feel-salinity-and-algae-are-the-reasons/articleshow/76315- 
427.cms 

2. Change in colour of Lonar lake: Bombay HC convenes special 
sitting to issue directions to authorities. Hindustan Times, 
retrieved 17 June 2020; https://www.hindustantimes.com/mumbai-
news/change-in-colour-of-lonar-lake-bombay-hc-convenes-special- 
sitting-to-issue-directions-to-authorities/story-N4ytTBe9P4A27- 
MmloAqnjO.html 

3. Milton, D. J., Dube, A. and Gupta, S. S., Deposition of ejecta at 
Lonar Crater. Meteoritics, 1975, 10, 456. 

4. Basavaiah, N. et al., Physicochemical analyses of surface 
sediments from the Lonar Lake, central India – implications for 
palaeoenvironmental reconstruction. Fundam. Appl. Limnol., 
2014, 184/1, 51–68. 

5. Badve, R. M., Kumaran, K. P. N. and Rajshekhar, C., Eutrophica-
tion of Lonar Lake, Maharashtra. Curr. Sci., 1993, 65, 347–351. 

6. Waghmode, A. and Kumbhar, R., Study of blue-green algae from 
Lonar Lake. Indian J. Fundam. Appl. Life Sci., 2016, 6(2), 69–73. 

7. Ciferri, O., Spirulina, the edible microorganism. Microbiol. Rev., 
1983, 47(4), 551–578. 

8. Tebbs, E., Remedios, J. and Harper, D., Remote sensing of 
chlorophyll-a as a measure of cyanobacterial biomass in Lake 
Bogoria, a hypertrophic, saline–alkaline, flamingo lake, using 
Landsat ETM +. Remote Sensing Environ., 2013, 135, 92–106. 

9. Jensen, J. R., Remote Sensing of the Environment: An Earth 
Resource Perspective, Pearson Prentice Hall, Upper Saddle River, 
2007, 2nd edn. 

10. Sharma, G., Kumar, M., Ali, M. I. and Jasuja, N. D., Effect of 
carbon content, salinity and pH on Spirulina platensis for 
Phycocyanin, Allophycocyanin and Phycoerythrin Accumulation. 
Microb. Biochem. Technol., 2014, 6(4), 202–206. 

11. Ben-Amotz, A. and Avron, M., On the factors which determine 
massive β-carotene accumulation in the halotolerant alga 
Dunaliella bardawil. Plant Physiol., 1983, 72(3), 593–597. 

12. Rodríguez, H., Rivas, J., Guerrero, M. G. and Losada, M., 
Enhancement of phycobiliprotein production in nitrogen-fixing 
cyanobacteria. J. Biotechnol., 1991, 20(3), 263–270. 

13. Algae Research Supply, Lighting for algae cultures. Retrieved 25 
June 2020; https://algaeresearchsupply.com/pages/lighting-for-
algae-cultures 

 

Received 9 July 2020; revised accepted 5 November 2020 

 
doi: 10.18520/cs/v120/i1/220-226 

 
 
 
 



<<
  /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


