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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 (5.5 m–1 with a standard deviation of 
0.06 m–1). In the southern sector and at the outer 
channel it is 1.8 m–1 with a standard deviation of 
0.02 m–1 and in the central sector it is 3.76 m–1 with a 
standard deviation of 0.22 m–1. 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 μm filter. It is an indica-
tor of loadings of organic matter by rivers, adjacent soils, 

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 spectrum1. 
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-
nity2–4. CDM is considered for remote sensing retrievals, 
as it is not possible to differentiate CDOM and detritus 
particulate absorption from remote sensing measure-
ments5. 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 datasets6. 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 
areas7. They are often affected by both natural and anth-
ropogenic influences8,9. 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.10 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 precipitation10. 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 year11. 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 affected12. Several other 

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  
Chilika13–16. 
 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. 
 

 w 2
w

1 ( )(0 , ) (0 , ) ,
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η λ
+ − −=  (1) 

 

 
 

 
 

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 w (0 , )L λ+  is the water-leaving radiance just above 
the sea surface; (0 , )uL λ−  the water-leaving radiance 
just below the sea surface; ρ(λ) the Fresnel reflectance 
index of seawater and ηw(λ) is the refractive index of 
seawater. 
 The computation of normalized water-leaving radiance 
Lwn(λ) and surface remote sensing reflectance from in situ 
data has been done using the following formulas17 
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where Fo(λ) is the extra-terrestrial solar irradiance.  
Ed(0+, λ) denotes downwelling spectral irradiance measured 
just above the water surface. 
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where α = 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). 

 
 
 

 
 

Figure 3. (a) Reflectance profiles and (b) field photograph of the 
southern sector. 

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.18 from 
AVIRIS-NG L-2 data into four sectors of the lagoon. 
 The semi-analytical model for deriving below-surface 
remote sensing reflectance (rrs) can be described by  
eq. (5). The parameter (u), 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 et al.18.  
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 
 

 
 

Figure 4. (a) Reflectance profiles and (b) field photograph of the cen-
tral sector. 

 
 

 
 

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. 
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where 2(443) exp( 2.0 1.4 0.2 )a ρ ρ= − − +  and ρ = ln[rrs 

(443)/rrs(555)]. 
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where τ = 0.71 + 0.06/(0.08 + rrs (440)/rrs(555)) and φ = 
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-
ture13–15,19,20. 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. 

 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 b 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°32′15″ 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–1 

with a standard deviation of 0.05 m–1. 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–1 with a standard deviation of 
0.22 m–1 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″  
 
 
 

 
 

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–1 with a standard 
deviation of 0.06 m–1. 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-
tem16. 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–1 with a standard deviation of 0.22 m–1. 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–1, 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 
 
 

 
 

Figure 7. a, Map of CDM absorption coefficient using AVIRIS-NG 
over Chilika lagoon, 27 December 2015. b, Spectra of CDM absorption 
coefficient. 

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 et al.21  
(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–1 that are similar to our retrieved absorption 
coefficients in different sectors of Chilika. Keith et al.21 
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.22 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–1 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–1 with a standard devi-
ation of 0.06 m–1, 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. 
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