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Abstract

Mat Amin A.R., Abdullah K., Lim H.S., Embong M.F., Ahmad F., Yaacob R.: Development of 
regional TSS algorithm over Penang using MODIS Terra (250 m) surface reflectance product. 
Ekológia (Bratislava), Vol. 35, No. 3, p. 289–294, 2016.

Total suspended sediment (TSS) plays a significant role in the environment. Many researchers 
show that TSS has a high correlation with the red portion of the visible light spectrum. The cor-
relation is highly dependent on geography of the study area. The aim of this study was to develop 
specific algorithms utilizing corrected MODIS Terra 250-m surface reflectance (Rrs) product 
(MOD09) to map TSS over the Penang coastal area. Field measurements of TSS were performed 
during two cruise trips that were conducted on 8 December 2008 and 29 January 2010 over the 
Penang coastal area. The relationship between TSS and the surface reflectance of MOD09 was 
analysed using regression analysis. The developed algorithm showed that Rrs are highly correlated 
with the in-situ TSS with R2 is 0.838. The result shows that the Rrs product could be used to esti-
mate TSS over the Penang area.
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Introduction

The decline in water quality of coastal water, mainly caused by the total suspended sediment 
(TSS), has encouraged ocean researchers to develop several methods to measure the water 
quality. The methods could be classified into direct and indirect measurement. The common 
method used to measure TSS is field sampling. In this method, the water sample is collected 
and then filtered to extract TSS. The filtered material is then dried, weighted and divided 
by the sample value to obtain TSS. This method provides accurate and point based meas-
urement, but spatial variations are rarely captured and temporal resolution is often limited 
(Curran, Novo, 1988; Miller, McKee, 2004; Pavelsky, Smith, 2009). The presence of remote 
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sensing technology offers an alternative way of tracking spatial and temporal variations of 
TSS concentration. Utilizing remote sensing technology could reduce cost and save time. 
The use of remote sensing technology to estimate/map the TSS concentration is well docu-
mented. In this technique, researchers have used several wavelengths, and then related it to 
the field, measuring TSS.

The fact that TSS increases the radiant emerging from the surface waters in the visible 
and near infrared region of the electromagnet spectrum has been known since the late 1970’s 
(Ritchie et al., 1976). A number of researchers concluded that the TSS concentration is found 
to be linear, and there is a curvilinear relationship between TSS and radiance or reflectance 
at green (500 nm) to red (600 nm) of the visible spectrum (Ritchie et al., 1976; Curran, Novo, 
1988; Doxaran et al., 2003; Wang et al., 2009; Miller, McKee, 2004; Chu et al., 2009; Long, 
Pavelsky, 2013). The usage of the red portion of the electromagnetic spectrum over turbid 
water is well documented. Miller and McKee (2004) have found that the remote sensing 
reflectance (Rrs) of red channels of MODIS sensor could be successfully utilised to map 
TSS over turbid productive water. Additional evidence from other investigators shows that 
the red portion of the electromagnetic spectrum could be utilised to examine water quality 
parameter related to TSS (Hu et al., 2004; Chen et al., 2007; Rodriguez-Guzman, Gilbes-
Santaella, 2009; Petus et al., 2010; Moreno-Madrinan et al., 2010).

To date, many researchers are interested to estimate TSS concentration utilizing remote 
sensing technique. To achieve this goal, they need to use both field and remote sensing data. 
Generally, they calibrate the remote sensing data with field data to develop an algorithm. 
Most of them have proposed a relationship between reflected solar radiance measured by 
airborne and satellite-based instruments with field measurement TSS in a wide range of in-
land and coastal waters. Miller and McKee (2004) have used the remote sensing reflectance of 
MODIS Aqua 250 m resolution to estimate TSS. Wang et al. (2010) have used MODIS Terra 
band 2 and band 5 to estimate TSS over the lower Yangtze River, China. Another researcher, 
Min et al. (2012), has developed an algorithm to monitor TSS variation over a Saemangeum 
coastal area of Korea using Landsat and MODIS data. Kuang et al. (2011) have used integrat-
ed techniques to monitor TSS transport over Nanhui shore. Villar et al. (2013) has conducted 
a study of TSS transport in the Madeira River, Brazil, using MODIS 250 m remote sensing 
images.

It is well known that the algorithms developed over different region differ due to the 
variations in the optical characteristic of the TSS, such as sediment types and particle size 
distribution (Miller, McKee, 2004). The main objective of this study was to develop specific 
algorithms utilizing MODIS Terra (250 m) surface reflectance product (MOD09) to map 
the TSS over the Penang coastal area. This study used the field measurement TSS that was 
obtained through two cruises that were conducted on December 2009 and January 2010.

Study area

This study was conducted over Penang Island, Malaysia. The study area is located within latitudes 5o 12’ N to 5o 30’ N 
and longitudes 100o 09’ E to 100o 26’ E. This area is located at the north of Malaysia peninsular. The island covers an 
area of 298 km2. To the east of this island is the Malaysia Peninsular mainland. It is separated from the mainland by 
the Penang straits. It is connected to the mainland by two bridges. The constructions of Penang’s first bridge started 
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in 1982, and it officially opened on August 3, 1985. The total length of this bridge is 13.5 km and its length over water 
is 8.4 km. It connects Perai (Mainland) to Gelugor (Penang Island). The construction of Penang’s second bridge, 
which has a length of 16.9 km over water, started in November 2008, and it officially opened on March 1, 2014. It 
connects Batu Kawan (Mainland) to Batu Maung (Penang Island). The construction of the bridges could disturb the 
sea current flow over the Penang straits. So, it is considered important to keep monitoring the TSS concentration in 
this area. The location of the study area is shown in the Figure 1.

Fig. 1. Location of the study area.

Data and methods

Fields sampling

Two trips were conducted on 8 December 2009 and 29 January 2010. Only 8 TSS data points from the first trip and 
11 TSS data points from the second trips could be used for analysis. A large part the data couldn’t be used due to 
cloud contamination. The water samples were then analysed in laboratory to determine the TSS by using the stand-
ard method as suggested by another researcher.

Remote sensing imagery

MODIS daily surface reflectance product MOD09GQ was used in this study. This is a 250 m resolution product 
that consists of two bands: band 1 (red; 620−670 nm) and band 2 (near-infrared; 841–876 nm). The surface reflec-
tance product was corrected for atmospheric gasses, aerosols and thin cirrus clouds using 6S atmospheric algorithm 
(Kotchenova et al., 2006). This product could overcome the uncertainties in the atmospheric correction procedure. 
The data was distributed by the United States Geological Survey (USGS) and downloaded from Earth Explorer 
website (http://earthexplorer.usgs.gov). The data were used by another researcher to estimate TSS over the selected 
study area (Moreno-Madrinan et al., 2010; Long, Pavelsky, 2013).

Processing method

The downloaded data was processed using the ENVI 4.5 software. The data was then Geo-referenced to the Geo-
graphic Lat/Lon datum WGS 84. During this study, the two methods were analysed to be used for match-up com-
parison. The methods analysed were: single pixel and 3x3 pixels. In single pixel method, the station coordinate is 
directly matched with the associated pixel. The area covered by a single pixel is about 0.0625 m2 at nadir view. Mean-
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while, in 3x3 pixels method, nine MODIS surface reflectance were averaged to one single pixel. The coordinates of 
the station were located at the centre of the 3x3 selected pixels. The area covered by 3x3 pixels was about 0.5625 
m2 at nadir view. The averaged surface reflectance was then inserted into the table. After that, a plot of the surface 
reflectance against the in situ TSS data was constructed.

Results and discussion

The relationship between surface reflectance and in-situ TSS was investigated by using re-
gression analysis utilizing SigmaPlot 10. Table 1(a) shows the result of the regression for each 
date by using the single pixel method. The regression coefficient (R2) for the data collected 
on 8 December 2009 was 0.589. Meanwhile, R2 for the data collected on 29 January 2010 was 
0.715. The R2 for the combination of the data was 0.803. Table 1(b) shows the result of the 
3x3 pixel method. The R2 for this method showed better result than single pixel method. The 
R2 value for the combination date was slightly better than the single pixel method. The value 
was given by 0.837.

T a b l e  1.  (a) Single pixel method; (b) 3x3 pixel method.

Location Date No. of samples Algorithm R2

Penang 8 Dec. 2009 8 TSS=69199R2-84770R+2687 0.589
29 Jan. 2010 11 TSS=-5178R2+1316R=29.60 0.715
Combined 19 TSS=-4882R2+1398R+27.09 0.803

(a)
Location Date No. of samples Algorithm Correlation
Penang 8 Dec. 2009 8 TSS=-91104R2+11840R-3741 0.577

29 Jan. 2010 11 TSS=-9532R2+1749R+18.29 0.797
Combined 19 TSS=-11658R2+2065R+10.93 0.838

(b)

Figure 2 (a) and (b) show the plot of TSS against surface reflectance for 8 December 
2009 and 29 January 2010 that were constructed using 3x3 pixel methods. Both plots are in 
polynomial form.

Fig. 2. (a) TSS against surface reflectance for the date of December 8, 2009, (b) TSS against surface reflectance for 
the date of January 29, 2010.

a)                                                                                                       b)
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Figure 3(a) represents the plot of TSS against Rrs for the combination data. This plot 
shows higher R2 value as compared to the single date data. R2 for this combination date is 
0.8379. Figure 3(b) shows the plot of measured TSS against estimated TSS.

Fig. 3. (a) Measured TSS against surface reflectance of 0.667 nm for the date of December 8, 2009 and January 29, 
2010, (b) Measured TSS against estimated TSS.

a)                                                                                                    b)

Figure 4 shows the TSS map above the 
study area generated using the developed 
algorithm. This figure shows that the TSS 
is higher along the coast and at the south 
east of the island. Meanwhile, the low TSS 
is observed at the west of the island.

Conclusion

A specific algorithm utilizing MODIS 
Terra (250 m) surface reflectance product 
(MOD09) that could map the TSS over 
the Penang coastal area was developed. A 
significant relationship (TSS= -11658Rrs

2 
+2065Rrs

2 +10.93; R2=0.838; n=19) was 
defined between in-situ TSS (mg/l) and 
Rrs at 645 nm. This result suggests that the 
MODIS surface reflectance product could 
be used to estimate the TSS over this study 
area.
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Fig. 4. TSS map generated based on the developed algo-
rithm for the date of 8 December 2009.
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