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Assessment of colour changes in Lonar
lake, Buldhana district, Maharashtra,
India using remote sensing data

Anurag Mishra, K. Abdul Hakeem*,
V. V.Rao, P. V. N. Rao and Santanu Chowdhury

National Remote Sensing Centre, Indian Space Research Organisation,
Hyderabad 500 037, India

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, India'? 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
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Figure 1.

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
ago’. 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
world**. 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 biomass’. Among the Cyanophyceae,
Spirulina platensis is the major species which generates
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Location map of Lonar lake, Buldhana, Maharashtra, India. (Source: Maps of India and ISRO Bhuvan.).

the dense floating blooms’. 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 town®.
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
phycocyanin’.

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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31 May 2020 5 June 2020 10 June 2020

Figure 2. Natural colour composite images of Lonar lake during summer 2020.

16 June 2019

26 June 2019

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

222

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.

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

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.

(i)

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

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 cyanobacteria®. It has been obser-
ved that increasing chlorophyll-a concentration is related
to increase in reflectance at 700~710 nm region’. 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-off®. 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
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Figure 4. Water spectra of Lonar lake during summer 2020.
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(665 nm), which explains the brown appearance of the
water body?®.

Prolonged exposure to ultraviolet radiation in calm
wind conditions is a possible reason for algal die-off®. 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
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Figure 6. Weather parameters during summer 2019.
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Figure 7. Absorption spectra of various algal pigments. (Source: Al-
gae Research Supply, 2020.)
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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 accumulation'.
For instance, a study reported decreased chlorophyll-a
content and increased content of beta-carotene when
salinity was increased''. Rodriguez et al.'* 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 algae'’. 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
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Figure 8. Water spectra of Lonar lake during summer 2019.

— — 16June 2019 5June 2020
0.20

(]

Q

£ o1s -

Q - N

Q@ “1 N\

E 0.10 = n

3 == NS

£ 0.05

3

wv
0.00

443 490 560 665 704 740 783 840
Wavelength (nm)

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.

(i1) 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.

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.

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.

(iv)

(vi)

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

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

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)

= = 26June 2019 =—10June 2020

0.20
o
2
s 0.15
° /\\
o -
@ 0.10 _ -7 NI
[ - —— ~d
S / B
8 005 = \ =
2 SN——
@
0.00
443 490 560 665 704 740 783 840
Wavelength (nm)
Figure 10. Water spectra of Lonar lake on 26 June 2019 and 10 June
2020.
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Figure 11. Temporal variation of NRGD index of Lonar lake.
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5 June 2020 (S2/MSI)

10 June 2020 (S2/MSI)

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.
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