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Bias of automatic weather parameter measurement in
monsoon area, a case study in Makassar Coast

Nurtiti Sunusil,* and Giarno2
1 Department of Statistics, Faculty of Mathematics and Natural Sciences,
Hasanuddin University, Makassar 90245, Indonesia
2 State College of Meteorology Climatology and Geophysics, Tangerang 15221,
Indonesia

ABSTRACT

(1 he shift from manual weather measurements to automation is almost inevitable. When switching to\
AWS (Automatic Weather Station), WMO requires parallel data testing between automatic and manual
measurements to be performed. The purpose of this paper is to conduct a parallel test of AWS data
using a simple statistical test that has been applied to three main weather parameters, namely
temperature, pressure, humidity, rainfall, and wind direction and speed. The months of January and
June were used as samples to represent the character of the wet and dry seasons in the Makassar
monsoon area. The results of the analysis show that during the rainy season, only pressure and
temperature are identical and homogeneous. Meanwhile, in the dry season, apart from these two
parameters, humidity and wind speed are also homogeneous and rainfall is a non-homogeneous
parameter in January and June. Both AWS and manual observations show that the influence of landsea
winds in Makassar is very strong. Considering that there are inhomogeneous parameters, it is highly
recommended to test for a longer time, taking into account the season, the influence of other global
phenomena, the effect of missing data and incorrect data testing various methods of homogeneity and
characteristics in each place and their effect on forecasts.

Keywords: accuration; bias; Makassar; automatic; manual; weather observation

1. Introduction

Since 2014, Badan Meteorologi Klimatologi dan Geofisika (BMKG) or the Indonesian Meteorology,
Climatology and Geophysics Agency has determined that it will switch weather observations from
manual to automatic in the entire BMKG weather observation network. One of the obstacles to
improving the quality of data spatially and temporally is the limited capacity of human resources
(untrained) and the difficulty of reaching certain locations [1,2]. Automation is one solution to improve
the quality and quantity of BMKG observation data, both spatially and temporally. This modernization
is very important to keep up with the digital era as well as to increase the quantity and quality of weather
data so as to produce fast, precise, and accurate meteorological, climatological and geophysical
information which is the current vision of the BMKG [3]. The problem that arises from the transition
from manual to automatic weather observations is the suitability of the automatic observation data and
the previous manual data [4]. This alignment effort requires parallel testing of these two data types.
Meteorological observations manually (OBS) in the BMKG environment are generally obtained with
standards, such as measuring instruments, observation method, time of observation, reporting,
location, and equipment park [5]. But as technology advances, many things become recorded,
digitized, and automated. Even in the 2020 era, there are demands for memorization, which inevitably
BMKG also has to adjust.

The term automatic weather observation according to the World Meteorological Organization (WMO)
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is weather observations obtained from weather equipment that can record and transmit data
automatically [6]. This collection of equipment that measures several weather parameters is known as
an automatic weather station. In contrast to manual weather observations, which are weather
observations using a tool whose observations are recorded manually. One way to maintain the quality of
observational data is to conduct measurement alignment automatically and manually within a
minimum period of a year or two years and check for differences [ 7]. However, the WMO suggests that
it is necessary to parallelize automatic weather observations over a certain period [8]. This process
requires data from AWS to meet quality control (QC) requirements with statistical methods. The results
of this quality control are very important in producing realistic and validated data that can be used as a
basis for claiming that the data on the spot is a continuation of the previous manual observation.

A comparison of automatic and manual data in China found that there were variations in rainfall and air
temperature, although they were still within tolerable limits [9]. However, this difference could be
caused by a change in the tools used [10] or the data is not homogeneous [11]. The difference between
these two types of measurement may be quite significant in the long run [12]. According to the research
report in the Indonesian region, it shows that bias occurs during extreme conditions [ 13].The difference
between these two measurements is also influenced by location, where these two types of data are not
normally distributed and are not homogeneous [ 14].

The coastal area which is the border of the sea and land is influenced by diurnal circulation in the form
of sea breezes and land breezes. Likewise, Makassar City, which borders the Makassar Strait and the
Java Sea, is significantly influenced by monsoon circulation and local wind circulation on land and sea
[15]. The monsoon cycle can be seen from the nature of the rain that changes every half year, while the
presence of land-sea winds can be detected by the dominant changes in westerly and southeasterly
winds almost throughout the year in this city. If the estimation of rainfall using satellites that are very far
away is quite good in this place compared to other places in South Sulawesi, are the measurements
using AWS also less different than manual data [ 16—18]. Considering that weather observations will be
transferred automatically and most of Indonesia’s population is located in coastal areas, this change
should not reduce the accuracy of meteorological data. Parallel comparison between these two
measurements becomes very important to do. Therefore, the purpose of this study is to calculate and
analyze the parallel measurement bias between manual parameter observations and automatic
measurement data in coastal areas with monsoon patterns.

2. Materials and methods

2.1. Data and location

This study uses weather observation data in Makassar City, to be precise at the Paotere maritime
meteorology station. As a city that has a strategic position because it is at the crossroads of trade traffic
lanes, Makassar is a city that is developing very rapidly both in terms of economy and population
dynamics. Makassar City is located at coordinates 1190BT and 5.80LS with an elevation of 1-32
meters above sea level. This tropical city is always warm all year round with air temperatures ranging
from 20 °C to 39 °C. The weather observation location is located in Paotere, which is the heritage port of
the Gowa Sultanate—Tallo Perahu which is located in Ujung Tanah District, Makassar, South
Sulawesi. This port is = 5 km from Makassar City Square (Karebosi Field). Paotere is one of the most
historic heritage folk harbors that still survives and is a testament to the legacy of the Gowa-Tallo
Sultanate since the XIV century, where the 2nd King of Tallo Karaeng Same ri Liukang once dispatched
200 Phinisi Boat fleets to Malacca. Currently, Paotere Harbor is still normally used as a place for
people’s boats to dock, such as the phinisi and lambo. This place is also a trading center for fisherme’s
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catch, which can be seen along the road in the harbor lined with shops selling various types of dried fish,
and fishing equipment, as well as several seafood restaurants. According to Baharuddin, who works as a
supervisor at Paotere Harbor, the word Paotere comes from the word Otere, which is arope used in ships
that dock. The location of the AWS equipment and manuals is near the Paotere fish auction as shown in
Figure 1. Recorded in the last 10 years, the maximum annual rainfall reached 3693 mm in 2017 and the
highest rainfall intensity in an hour reached 110 mm on December 16, 2014.

The location of manual observation equipment is in the world standard meteorological instrument park
[15]. Manual equipment consists of various types, for example a digital barometer which is recorded
every hour by the brand Vaisala, a digital anemometer produced by RM Young 26800, a manual rainfall
meter which is measured every 3 hours and air temperature using a Schneider mercury thermometer.
While, automatic weather station is produced by Vaisala and is located close to the Makassar Strait
waters than the tool park. Unlike the manual rain gauge, the AWS rain gauge is a tipping bucket type
with a sensitivity of 0.5 mm. The distance of the automatic weather system to the meteorology cage in
the tool park is about 10 meters as shown in Figure 1. The anemometer elevations of these two types of
tools are the same height, which is about 10 meters, while the temperature and humidity sensors are 50
cm apart. The data used in this study is data on all-weather parameters obtained by both types of
observations. Humidity, air pressure, average, minimum, and maximum temperature, rainfall and wind
direction and speed. January was chosen to represent the difference between observations using AWS
and manual when there was a lot of rain, while June was to represent the dry season. The temporal
resolution of AWS is very high, where data can be degenerated in 10 minutes, while the highest manual
observation data can only be every hour. Both types of observations use the world standard time of the
UTC universal time coordinate so that comparisons can be made directly.

T ‘,': i -3

Do
., T @

Figure 1. Location of AWS and manual weather observation equipment at Stamar Paotere
Makassar.

2.2. Methods

In general, automatic and manual measurements of weather data generally have an abnormal
distribution, but the homogeneity test generally shows that both are homogeneous [14,19-22]. The
value of the difference between these two measurements is visible when using the calculation of the
root mean square error, and correlation [13,23-25]. The difference between automatic and manual
measurements in this study uses six methods, namely homogeneity analysis, statistical comparison of
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values and visually using wind rose for wind direction. The wind variable is a vector quantity that is
very difficult to distinguish using only numbers. Visualization in this research uses wind rose because it
is easy to analyze and can describe the distribution of wind distribution very clearly. Meanwhile, to
calculate the difference between automatic and manual measurement results, correlation, root mean
square error (RMSE), and mean absolute error (MAE) were formulated using Eqs (1)—(3).

r = L. 0i-0)M—FD)
JEL(Di—ﬁ)ZJEL(Mi-M)Z

A\ EE\Ll(Mi_OL)Z
RMSE = ¥——— (2)

L)

(1

N 0.
MAE = w (3)

where N is the number of observations, O is the value of the weather parameter in the automatic tool, M
is the value of the weather parameter in the manual,  isthe average value of the weather parameter
inthe automatictool,  isthe average value of the weather parameter in the manual.

Correlation (r) measures the strength and direction of the relationship between variables [26]. The
correlation value ranges between —1 and 1, where a value of 1 indicates a strong relationship between
variables and is considered to have no relationship if the correlation is 0. A positive sign indicates a
change in the direction of the variable in the same direction, while a negative sign indicates a change in
the opposite direction. Much of the literature on correlation statistics is divided into 5 classes, namely
uncorrelated (0.00-0.20), weak (0.21-0.40), moderate (0.41-0.60), strong (0.61-0. 80) and very strong
if the value is > 0.80. Karaseva et al. and Prasetia et al. divide the correlation, which is strongly
correlated if the value of r > 0.50 [1,27]. Although there are also many evaluations of remote sensing
rainfall estimates, the category of strong and weak correlation is not stated [28—32].

RMSE and MAE values are measures of deviation between automatic and manual tools. If each
deviation is added up and divided by the amount of data, then the average size of the deviation is
obtained. But the direct addition will cause each other to cancel the value of the deviation if there are
positive and negative values. In contrast to the use of absolute values which will reduce the nature of
mutually canceling deviations. This calculation is known as the mean absolute error or MAE. The
weakness of the negating nature of the number of deviations can also be eliminated using the root mean
square error or RMSE because each deviation is squared which automatically results are all positive.
It’s just that RMSE is sensitive to the value of outliers or outliers [31]. In contrast to the homogeneity
test, which is a test of whether or not the variances of two or more distributions are equal. The
homogeneity test that will be discussed in this paper is the homogeneity test of variance. The statistical
homogeneity test was carried out to determine whether the data in the automatic weather variable Oand
manual M were homogeneous or not using varied data [33]. Equation (4) is the varianceformulation
which is applied to the results of manual and automatic observations.

o ’2{":1(05—6)2
VC[TO = W,

?;1(Mi - H)Z
nn—1)

4)

Vary =
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To test for homogeneity, the F test was used.

Var,

L — (5)
The F value is obtained from Fisher’s stausuvar waviv. Lyuauui (o) 15 usiu 11 wiv autviiaud vatiancy 18
greater than the manual one. If the opposite happens, Eq (5) must be reversed with the automatic
variance as a divisor, so that the result is that the F value is always greater than or equal to 1. While the
test hypothesis HO: Var, = Vary, Hi: Var, # Vary.
Besides statistical calculations and homogeneity tests, wind rose diagrams are also used. This is
because the direction variable cannot be directly tested using numerical calculations.

3. Results

Based on the homogeneity test, it was found that not always these two types of measurements are
homogeneous. The amount of rainfall and its value greatly affect the homogeneity of AWS
measurements and manual observations. In January only the results of temperature and pressure
measurements were homogeneous as can be seen in Table 1. The F test values for wind speed, humidity
and rainfall were greater than the F table values, which means that the AWS and manual data for these
parameters were not homogeneous.

Different results were obtained from the calculation in June 2020, where in this month the rainfall was
very rare. Based on the homogeneity test, only rainfall that is not homogeneous from the two types of
measurements is obtained. The least amount of rainfall affects the homogeneity of AWS measurements
and manual observations. This month only the results of rainfall measurements are not homogeneous as
can be seen in Table 2. The F test values for wind speed, humidity and rainfall parameters are smaller
than the F table values, which means that AWS and manual data for these parameters are homogeneous.
The statistical comparison between AWS and manual using Correlation, RMSE and MAE in January
and June can be seen in Tables 3 and 4. Except for rainfall, the correlation between the two types of data
is generally strong to very strong. Measurements of temperature, pressure, and humidity are very strong
with a correlation of more than 0.9, in contrast to wind speeds of only 0.76 to 0.8 1. While the rainfall in
the two measurements is very weak correlation. AWS and manual deviations for temperature, wind
speed and rainfall bias values are higher during the rainy season compared to when there is no or
infrequent rain. Meanwhile, at the same time, the pressure and humidity values are usually higher
during the dry season.

Table 1. Homogeneity test January 2020.

Parameter Temperature Pressure Speed wind Humidity Rainfall
Variance-AWS  5.660 2.699 12.876 75.470 27.213
Variance-OBS ~ 5.914 2.675 9.133 66.170 73.364

Feount 1.045 1.009 1.410 1.141 2.696

Frabet 1.128 1.128 1.128 1.128 1.233

Decision Homogeneous Homogeneous Non-homogeneous  Non-homogeneous  Non-homogeneous
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Table 2. Homogeneity test June 2020.

Parameter Temperature Pressure Speed wind Humidity Rainfall
Variance-AWS 5.131 1.581 4.101 95.616 0.192
Variance-OBS 5.189 1.561 3.544 96.718 0.320

Feount 1.011 1.013 1157 1.011 1.664

Frabte 1.131 1.131 1.365 1.131 1.237

Decision Homogeneous Homogeneous Homogeneous Homogeneous  Non-homogeneous

Table 3. Correlation statistics of correlation, RMSE, and MAE January 2020.

Parameter Temperature Pressure Speed wind Humidity Rainfall
Correlation 0.970 0.980 0.810 0.940 —0.100
RMSE 1.430 0.340 2.090 3.430 10.560
MAE —-1.320 0.000 0.180 1.590 —=1.590

Table 4. Correlation statistics, RMSE and MAE June 2020.

Parameter Temperature Pressure Speed wind  Humidity Rainfall
Correlation 0.970 0.970 0.760 0.920 0.900
RMSE 1.540 0.370 1.410 4.400 0.250
MAE —1.450 0.180 —0.340 2.080 —0.010

The homogeneity test resulted in significant differences in wind and humidity values from January and
June, both of which were not homogeneous in January and became homogeneous in June. In the wind,
in addition to the wind speed component, there is a wind direction component that should be a
comparison. The comparison of the wind and its direction is carried out using wind rose as shown in
Figure 2 for January and Figure 3 for June.

a Windrose Paotere Jan 2020 AWS b Windrose Paotere Jan 2020 Obs
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Figure 2. Windrose AWS (a) and manual (b) January 2020.
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Figure 3. Windrose AWS (a) and manual (b) June 2020.

In the rainy season, the dominant wind direction comes from the west, but the east wind is the second
most common in Makassar. This condition is a consequence of Makassar’s location on the seafront, so
that the influence of land-sea winds is evident, both AWS and manual data. The influence of the land sea
breeze is always there in the rainy season months such as January, as well as in the dry season in June. In
the dry season, where the east wind is dominant, it is seen in June, but the wind is both westerly. There
are always east and west winds due to the location of the city of Makassar facing west on the ocean,
which can be seen in the emergence of land-sea wind circulation. When viewed from the deviation of
the wind speed, it seems that the magnitude of the wind speed in January has an effect on the
homogeneity test.

The difference in measurement results between AWS and manual can also be seen from the boxplot
graph that describes the quantile distribution. Data with high disparity means the quantile value will be
very different from data with low distribution. The distribution of quantile values for each AWS and
manual parameter can be seen in Figures 6 to 13.

The pressure values in January between AWS and manual are almost the same as in Figure 4, while
there are slightly different in June. Manually measuring pressure results in slightly lower values than
using AWS. The range of automatic measurement is also slightly higher than that of manual
measurement as shown in Figure 5.
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Figure 6. Comparison boxplot of wind speed January (a) and June (b) 2020.
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Temperatures in January and June on measurements using AWS and manual have almost the same
pattern as in Figure 6. The results of manual measurements are slightly higher than those of automatic
measurements. The median and first and third quantile values in manual observations tend to be higher
than AWS, both in January and June.

A different pattern was found in wind speed measurements, where in January, AWS data showed a very
high disparity compared to manual observations. Meanwhile, in June this measurement disparity is
smaller compared to January which has a lot of rain as shown in Figure 6. The rainfall homogeneity test
resulted in a non-homogeneous conclusion in January and June. The difference will be clearer by
comparing the two measurements using a plot series of rainfall data as shown in Figures 7 and 8.
Generally, the manual measurement results were much higher in the month where rainfall fell a lot,
namely January which was seen in Figure 7. When the rainfall value is 30 mm/hour, AWS records a
smaller value than the manual. Even in the event of rain with an intensity of more than 60mm/hour, the
AWS value is very small compared to the manual rainfall rate.

Rain detection on AWS and manual looks better in the dry season in June. Only when it rains below 1
mm/hour, where manual equipment does not record rain, AWS is more sensitive to recording rainfall.
However, it seems that the sensitivity of AWS equipment in the dry season is reduced when the rainfall
is more than 4 mm/hour. When the rainfall has high intensity, AWS slow records the rainwater that
enters the device. This may be because the tipping bucket movement did not record rainfall. However, if
you look at the amount of rain the next day, it seems that the lack of rainfall on AWS will be recorded the
next day as shown in Figure 8.

The conditions are different compared to June where the rainfall is not too much. This month the
boxplot chart shows a higher variance in the AWS measurements than the manual, although in fact the
rainfall values may be almost the same. In June, the intensity of rain fell is low, this makes it somewhat
sensitive to variance so that the homogeneity test shows that it is not homogeneous. The boxplot results
on humidity are almost the same as the temperature boxplot, where the manual data pattern is lower than
AWS as shown in Figure 9.
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Figure 7. Comparison histogram of rainfall January 2020.
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Rainfall AWS vs Obs in June
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Figure 9. Comparison boxplot of humidity January (a) and June (b) 2020.

4.Discussion

The results of manual measurements and AWS produce data that is partially homogeneous, but
sometimes also not homogeneous. In the rainy season, the difference between the two types of
measurements is greater than in the dry season. Based on the boxplot graph, it shows changes in
variability due to the magnitude of the measured parameter values, where humidity and rain are very
sensitive to the disparity of measured values.

In January the pressure on AWS was about the same as the manual. In addition, based on the
homogeneity test and boxplot graphs, it is shown that the two measurements are very similar. However,
this condition changes during the dry season, where the pressure on AWS is higher than the manual
results. Based on the temperature boxplot graph which shows the higher AWS temperature disparity
compared to manual, it is suspected that it will have an effect on the air density at the location where the
equipment is installed. Due to the air density affecting the pressure, automatically in June this air
pressure also experienced a disparity in value between AWS and manual. Rapid changes in air are
caused by the lack of water vapor content that can store latent heat which results in rapid changes in air
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pressure. However, this change is not too much value at temperature and pressure. The quantiles of
temperature and pressure during the dry season are around the average.

In contrast to humidity, which during the rainy season tends to be very high in value or wetter when it
rains, and then decreases when it is sunny, the disparity during the rainy season is higher than during the
dry season. As a result, the homogeneity test during the rainy season, AWS and manual homogeneity
tests concluded that it was not homogeneous. The location and elevation of the AWS sensors near the
sea may have an effect on the rapid changes in air properties around the seaside compared to areas that
are further away such as in the tool park, especially between the tool park and the AWS sensor there is a
separator that is sufficient to block the wind. Both AWS and manual observations show that the
influence of land-sea winds in Makassar is very strong. During the rainy season, where the dominant
wind direction should only be from the west or around the west, but the easterly wind appears to be the
second most common in Makassar. Both AWS and manual observations show the same result. This is
reinforced during the dry season, where the east wind or around the east should be very dominant, but
the results of the analysis show that in June the dominant wind is both westerly winds. There are always
east and west winds due to the location of the city of Makassar facing west on the ocean, which can be
seen in the emergence of land-sea wind circulation. When viewed from the deviation of the wind speed,
it seems that the magnitude of the wind speed in January has an effect on the homogeneity test.
Precipitation is the most consistently different weather parameter between manual measurement and
automatic observation or AWS. Both in January and June obtained the homogeneity test resulted in a
non-homogeneous conclusion. In both rainy and low-rainy months, manual measurement is higher
than automatic measurement. The disparity between the two types of measurement results in an
inhomogeneous between AWS and manual. Based on the properties of these two types of
measurements, it is possible to distort the results of observations. The first is time resolution, where
AWS records every 10 minutes while manual observations every hour. In manual measurements, rain is
even recorded every three hours so that the temporal resolution is very different. The AWS rain gauge
type is tipping bucket, while manual observation is capped using gauge degrees. The second, according
to the technician, there is a possibility that the electric current will weaken so that the rainfall record will
be disrupted when the intensity of rainfall starts to increase. However, the comparison in this research
uses data every 3 hours so that the AWS and manual rainfall values should not be much different. But
given the inhomogeneity of the two and the obvious differences there are likely AWS tools to look out
for.

5. Conclusions

Based on the comparative analysis of AWS and manual measurements, the homogeneity of these two
types of measurements can change at any time with the following details:

1) During the rainy season, only pressure and temperature are identical and homogeneous. Meanwhile,
in the dry season, apart from these two parameters, humidity and wind speed are also homogeneous and
rainfall is an unstable parameter in January and June. The homogeneity test is very sensitive to very
different values, where humidity and rainfall are very sensitive to the disparity of measured values.

2) Both AWS and manual observations show that the influence of land-sea winds in Makassar is very
strong. During the rainy season, where the dominant wind direction should only be from the west or
around the west, but the easterly wind appears to be the second most common in Makassar.

3) Both AWS and manual observations show the same result. This is reinforced during the dry season,
where the east wind or around the east should be very dominant, but the results of the analysis show that
in June the dominant wind is both westerly winds.

4) There are always east and west winds due to the location of Makassar city which faces west on the
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ocean, it can be seen in the emergence of land-sea wind circulation. The homogeneity test is very
sensitive to very different values, where humidity and rainfall are very sensitive to the disparity of
measured values.

AWS and manual observations show that the influence of land-sea winds in Makassar is very strong.
During the rainy season, where the dominant wind direction should only be from the west or around the
west, however, the easterly wind appears to be the second most common in Makassar. This is reinforced
during the dry season, where the east wind or around the east should be very dominant, but the results of
the analysis show that in June the dominant wind is both westerly winds. There are always east and west
winds due to the location of Makassar city which faces west on the ocean, it can be seen in the
emergence of land-sea wind circulation.
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ABSTRACT

This study investigates an account on the diversity and abundance of benthic infauna of Chettuva
mangrove in Kerala. Marine benthic infaunal species are an important factor in marineeco systems
andplay a chiefecological function in the mangrove ecosystem. This research articlegives an overview
of infaunal diversity associated with eight sites of Chettuva mangrove. Thepresent study revealed that
infaunal species are significantly moderate within this mangroveecosystem.

Keywords: Polychaetes; infauna; mangrove; population density; statistical analysis

1. Introduction

Mangroves are a precise coastal ecosystem contributing as a wealthy store of resident biodiversity. The
diversity of the benthic infauna is largely underestimated and must undergo regular revision in order to
detect and monitor changes of benthic communities within the area.

The benthic communities constitute a dominant component that supports habitat productivity toa
greater extent. Due to this, the species composition may negatively affect the resident community and
consequently impact trophic relationships within these communities as a result of any activity exerted,
causing a change for sediment features [1,2]. Zainal et al. and Ali et al. pointed out that the
macrobenthic faunal diversity around the Huwar islands [3,4] and Bahrain are very important in
ecosystem balancing. Other regions, such as Europe [5,6], North America [7,8] and South Africa, have
produced monographs for faunal identification [9]. However, most of the benthic faunal communities
have not yet been thoroughly explored in India.

Kerala is gifted with a long coastal line and extensive estuaries. Estuarine water contains a rich supply
of nutrients. No comprehensive study has been done so far on benthic infaunal biodiversity and
abundance in this Chettuva mangrove area.

2. Material and methods

2.1. Collection of water and sediment samples

The present study was designed to characterize the benthic infauna community of eight different sites in
Chettuva mangrove, Kerala, as seen in Figure 1. Biological samples from each station, three replicate
samples, were collected using benthic grab sampler. The procedure adopted for sampling was
following the method of Mackie [10]. After collecting the samples, they were emptied into a plastic
tray. The larger organisms were handpicked (extracted) immediately from the sediments and then
sieved through 0.5 mm mesh screen. The organisms retained by the sieve were placed in a labelled
container and fixed in 5%—7% formalin. Subsequently, the organisms were stained with Rose Bengal
solution (0.1 g in 100 ml of distilled water) for greater visibility during sorting. All the species were
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sorted, enumerated and identified to the advanced possible level with the consultation of available
literature. The works of Fauvel and Day and http://www.marinespecies.org/polychaeta/ were referred
for identification [11].

site3

Forest (Kandal Kaaduka

2.2. Statistical analyses

Statistical software was used to analyze the data obtained from different sites [ 12]. This was done using
various statistical methods, such as univariate, multivariate and graphical/distributional methods.
Biodiversity indices were calculated for the infaunal community, which included diversity index (H”)
using the method of Shannon-Wiener’s [13] formula, species richness (d) using the Margalef [14]
formula and species evenness (J’) using the Pielou [15] formula. Similarities (or dissimilarities)
between sites were obtained showing the interrelationships of all through an MDS plot (non-metric
Multi-Dimensional Scaling) [16,17]. Cluster analysis was also done to calculate the similarities. All the
various statistical methodologies and calculations were obtained through the software PRIMER V7
(Plymouth Routines in Multivariate Ecological Research) developed by Plymouth Marine Laboratory.

3. Results

3.1. Species Composition in Chettuva Mangrove

Atotal 0f 339 organisms were identified from eight samples, spanning 40 taxa from four phyla (Tables 1
& 2), representing an average of 42 specimens per sample. The species composition by phylum within
the Chettuva Mangrove area was predominated by annelids with 72.27% (Figure 2). Arthropods
formed the second most important group, represented by 15.93%. Mollusca constituted 9.73%, and the
fourth important group was the Echinodermata, which comprised of 2.06%. Annelids composed the
majority of the infaunal species composition (Table 1).
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Figure 2. Infauna species composition by phylum level in the Chettuva Mangrove area.
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Figure 3: Total number of individuals per site.

Among all the eight stations, Site 7 is the most abundant and diverse, with 55 individuals across 19 taxa.
Capitellidae was the most numerous family, indicating a clear dominance. Samples with common
abundant taxa are presented in Figure 3. Within the polychaetes, Capitellidae, Opheliidae, Spionidae
and Terebellidae were found to be the most recurring species in the samples collected within this
mangrove ecosystem. With respect to arthropods, Anoplodactylus sp. and Apseudidae were the most
abundant species.

Table 1. Taxonomic breakdown of infauna in the Chettuva Mangrove area.

Phylum Number of Taxa Relative abundance (%)
Annelida 22 7227

Arthropoda 13 15.93

Mollusca 4 9.73

Echinodermata 1 2.06

Total 40 100
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Figure 4. Branchiostoma lanceolatum, Terebellidae, Capitellidae, Anoplodactylus sp., Sabellidae, and
Lumbrineridae

3.2. Dominance

Figure 5 represents the k-dominance curves for each station at each area. These plots illustrate the
cumulative abundance of infauna plotted against the species rank. The curves are formulated from both
arichness measure (species rank) and an evenness measure (% cumulative dominance).
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Figure 5. Dominance plots of benthic Infaunal taxa in the Chettuva Mangrove area.
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The results of the dendrogram show that species from these eight sites were grouped to two major
categories (Figure 7). Among these sites, site 4, site 6, and site 7 form a separate group while all other

sites are branched to from a major group.

Table 2. Infaunal taxa and its distribution in the Chettuva Mangrove area.

Taxon SITE 1 SITE 2 SITE 3 SITE 4 SITE 5 SITE 6 SITE7 SITE 8
Golfingia sp. - 4 1 - - - 1 4
Sipunculidae - 1 - 2 - 1 - =
Phascolosoma sp. - 1 1 - 1 & - .
Phyllodocidae 1 - 1 - - 1 - .
Nephtyidae - - - - - 1 3 -
Syllidae 1 2 - - 3 - 5 -
Nereididae - - 2 - = 4 = 1
Sigalionidae - 2 - 3 . - = =
Polynoidae 1 - - - 1 - - .
Glyceridae 2 - - 1 3 - - -
Maldanidae - 1 - - . - - -
Lumbrineridae 2 1 - 5 1 1 2
Opheliidae 1 2 3 1 5 9 1
Spionidae 1 - 10 9 2 - 1
Capitellidae 20 14 5 6 5 4 8 6
Magelonidae - - - - - - - ]
Orbiniidae 1 8 - - 1 3 5 -
Terebellidae 1 1 3 2 1 4 2 8
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Flabelligeridae - - - - - - - =
Cirratulidae 1 - - - - 1 - -
Amphinomidae - - 2 - - - = -
Sabellidae 3 1 - 4 1 2
Anoplodactylus sp. 2 4 1 - 5

Hyalidae - 1 . = - .
Melitidae - - - 3 . -
Isaeidae - - - - - - - 1
Ampeliscidae - - . = s _ 1 ]
Urothoe brevicornis - - - - . . 2 =
Leptanthuridae - - - - . - - 1
Accalathura borradailei - - - - . 1 - -
Cirolanidae - - - - = - - -

Bodotriidae - - - - R .

2
Paranebalia sp. - - = - : - 1 =
Apseudidae - - - 8 - 1 5
Paratanaidae - - £ & & z 1
Amphiuridae 1 1 1 1 1 - - 2
Ancillariidae - 1 1 - 4 o 1 3
Pteriidae - - - - 1 = . =
Veneridae - - - - & 3 - 1

Tellinidae 1 3 6 - 3 1 1 1

Table 3 shows the total abundance per site, number of species and their diversity indices;Margalef
species richness, Pielou species evenness and the Shannon-Weiner diversity index. Graphs of the
biodiversity indices by site can be seen in Figure 6.

The three indices provide an indication of the diversity of each of the samples based on the number of
species, number of individuals and the distribution of individuals between species. A more settled
community will generally have a greater number of species with individuals spread more evenly
between them, while a stressed or recovering community will tend to be numerically dominated by a
small number of species and have fewer species overall.

Margalef species richness index (d) is heavily influenced by the overall number of species measured,
though it makes a slight allowance for the number of individuals. Higher values indicate a greater
number of species per individual. Margalef species richness index (d), values are ranged between 2.89
and 4.74 showing reasonably moderate to high richness. Pielou’s species evenness index (J”) reflects
the level of spread of the individuals between the species and lies between 0 (uneven) and 1 (even). The
Shannon-Weiner diversity index (H”) lies between 1.94 to 2.75, indicating an average diversity. The
total number of species and individuals present was influenced by salinity regimes, sediment types,
organic content food availability [ 18]. etc. Overall, the range of species present in all samples combined
suggests amoderately high level of diversity [19-22].

Multivariate analyses were conducted to investigate resemblances in the infaunal assemblages between
sites across the study area (Clarke and Gorley). A Bray-Curtis (BC) similarity matrix was used to
calculate the percentage similarity between all infaunal sites based on all the species present and their
abundances. The samples from each site were summed so that the focus of the analysis was on
similarities and differences between locations. To ensure better representation for presence/absence of
taxa rather than the analysis being dominated by the most numerous species, a fourth-root
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transformation was applied.

Table 3. Infaunal abundance and univariate diversity indices of all sites

Site ID No. of Taxa (s) No. of Margalef Species Pielou Species Shannon-Weiner Diversity
Individuals (n)  Richness (d) Evenness (J)  (loge)(H")
SITE 1 15 39 3.82 0.72 1.94
SITE 2 17 48 413 0.84 2.37
SITE 3 13 37 332 0.87 223
SITE 4 12 45 2.89 0.91 2.25
SITE 5 16 38 412 0.92 2.56
SITE 6 18 41 458 0.90 2.60
SITE 7 20 55 474 0.92 2.75
SITE 8 17 36 4.47 0.88 2.50
Average by site 16 42 4.01 0.87 2.40

To assist with visualizing relationships between sites, the BC values have been displayed as a
dendrogram (group average), in which sites where the communities are more comparable (i.e., have a
higher percentage similarity value) split from one another further down the diagram.

Table 4: Similarity Percentage of site

SITE 1 SITE 2 SITE 3 SITE 4 SITE 5 SITE 6 SITE7 SITE 8
SITE 1 - - - - - - . -
SITE 2 59.601 - - - = - - -
SITE 3 51.726 55.286 - - - - - 2

SITE 4 55.143 48.329 40.422 - - - - -
SITE 5 76.999 69.116 59.144 49.716 - - - -
SITE 6 61.097 52.862 55.576 47.677 55.462 - - -
SITE7 48.443 62.275 38.993 43.931 52.765 53.200 - -
SITE 8 53.663 55.334 61.420 45.064 56.319 59.580 49.866 -

The BC values are also used to create Multi-Dimensional Scaling plots (MDS), where sites which have
similar assemblages are plotted closer together, while those that are more dissimilar are plotted further
apart. Fig. 8 shows an MDS plot for the Bray-Curtis matrix (fourth rooted data), with colored symbols
indicating the transect type and a line added to show the 25% similarity level to assist with
interpretation.

4.Discussion and conclusions

In this study, polychaetes were found to be the predominating phylum, playing a very important role in
the recycling of organic materials within the mangroves. Their biomass creates the energy needed for
the survival of this ecosystem, fueling aquatic benthic feeders. Bandekar et al. [23] stated that families
like Nereidae, Nephthydae, Onuphidae, Eunicidae, Spoinidae, Maladanidae, Sabellidae, etc. are the
major biomass producing annelids which form as an important food source for fishes and prawns.
Similarly, bivalves provide stability to soil inhabitants and their diversity and species abundance.

The infaunal species found in all the sites occupy varied benthic habitats, such as, sandy, muddy and
even seagrasses, indicating an adaptive feature for survival, especially among polychaetes. However,
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not many studies have been conducted within the Chettuva mangroves regarding infaunal diversity to
impose an assertive conclusion on this.

Although that may be the case, similar studies in other mangrove fields like Bandekar et al. in Karwar
Mangrove and Sarkar et al. [24] in Sunderban Biosphere Reserve Mangroves, have concluded that
polychaetes carry certain features that help in the adaptation for survival. They are known to secrete
mucus protecting themselves within peculiar habitats.

Several factors play a role causing a change in infaunal diversity and abundance, like competition with
epifauna, predation by epifauna, poor quality of food and chemical defense by mangroves [25-27].
Seasons affect the diversity and density mostly due to salinity, water and sediment quality, inundation
and waterlogging [28].
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In this special issue of AIMS Environmental Science, present trends of radioactive waste management
are reviewed. In spite of nuclear energy production, radionuclides have many other important
applications in medicine and industrial fields. The sustainability of all radionuclides applications
depends on the proper management of radioactive wastes. The characteristics of these wastes can be
very different depending on the previous application. Thus, we can find solid or liquid wastes with
ranges of radioactivity from low/medium (< 3.7x108 Bq) to high (104 — 106 TBg/m3). Nowadays,
management of low/medium activity wastes is well established and mainly consists of the following
basic stages:

a) Prevention and minimization. Reduction of waste volume and activity are basic principles for
environmental impact and cost decrease. In this line, short half-life radionuclides must replace long
half-life ones [1], and wastes must be segregated according to solid/liquid state, radionuclide content,
level of activity and half-life of radionuclides [2].

b) Storage for decay. When it is possible, storage of radioactive wastes is used to reduce the level of
activity before discharge or transport to a disposal facility.

c¢) Discharge after decay. Some radioactive liquid wastes (as the ones produced in some medical
applications) can be discharge to sewer after storage for decay [3], if other release criteria such as
radiological, chemical and biological ones are met.

d) Concentrate and contain. When option of delay and decay is not practical due to the level of activity
and/or the length of half-lives, radioactive waste must be concentrated by a conditioning process to
reduce volume and then confine the radionuclides to prevent their dispersion in the environment [4].
After this, concentrated wastes are collected in suitable containers and buried in authorized sites.

This Special Issue aims to contribute with papers on research and innovation in the field of radioactive
waste treatment, both medium-low and high activity, covering topics as diverse as thos erelated to the
most advanced management procedures, which involve the systematization and implementation of
integral management systems [2,5]; as well as the implementation of methods for predicting and
monitoring the radiological incidence [6,7] of waste and/or its environmental impact [8,9], using dose
calculation and associated risk assessment software [10,11]; or the application of specific treatments
for the declassification of waste such as volume reduction prior to its disposal [12—14], among which
the application of nanomaterials stands out [15].

On the other hand, an important field of research is the structures and materials that allow the long-term
storage of high activity radioactive materials, both in the nuclear facilities themselves and in the final
storage sites. In this sense, there is room for studies on the degradation of the containers used for storage
[16]; as well as research on the application of new materials, among which those that include
nanoparticles should be noted [17].

Among the sectors of origin of the waste to be managed, the scope of the special issue covers waste from
the nuclear industry (spent fuel storage and reprocessing), as well as waste from industry or medical
applications. On the other hand, the radiological incidence and the management of NORM Naturally
Occurring Radioactive Materials (NORMs) are also considered, in spite of not being strictly waste,
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since they can have a significant radiological impact. As it is the case of TENORM materials
(Technologically Enhanced NORMs), which are those radioactive materials of natural origin whose
exposure potential has increased compared to the situation unaltered by human technological activity.
Among the TENORMSs, the case of phosphate sludges coming from the phosphoric acid production
industry is especially relevant since it is a very important environmental problem [18,19] for which a
definitive solution has not yet been found.

Finally, among the most urrent trends in the field of radioactive waste, it is worth highlighting the
application of biological treatments [20] such as the sequestration of radionuclides through the use of
bacteria that have the capacity to adsorb them specifically; and bioremediation, through the which
radioactive compounds are transformed into non-radioactive ones by the metabolic action of
microorganisms. In this sense, promising results are being achieved in the sequestration of uranium
[21], Sr-90 and Ra-226 [22], as well as Tc-99 [23].

Through all these relevant topics, it is hoped that this special issue contributes to make visible and
promote adequate management of all radioactive waste, which allows its application in conditions of
sustainability.
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ABSTRACT

The COVID-19 outbreak affected the world badly in this 2 1st century leading to the closure of all types
of anthropogenic activities. It is declared that there was an environmental betterment in names of water

quality and air quality during the COVID-19 period. In this study, we analyzed the improvement in
water quality by evaluating the suspended particulate matter (SPM) using the remote sensing
technique in a tropical South Sumatra wetland i.e., Musi River in Southern Sumatra, Indonesia. The
SPM values were estimated from Landsat 8 images Level-2 product. A quantitative and spatial
analyses of before (20th May 2019), during (22nd May 2020), and after COVID-19 (28th May 2022)
periods were also calculated. Results revealed that the mean SPM values during COVID-19 period
(4.56 mg/L) were lower than that before COVID-19 period (8.33 mg/L). Surprisingly, SPM showed an
increase of 54% in SPM values after COVID-19 period, compared with during COVID-19 period. The
role of human activities including industrial and domestic wastes during the restriction period was the
main reason for alteration of pollution loads in the river. Outputs of this study can be used to arrange
policies for the sustainable management of aquatic environments and water resources.

Keywords: COVID-19; suspended particulate matter; remote sensing; wetland

Abbreviations:

COVID-19: 2019 novel coronavirus; LSSR: Large scale social restriction; OLI: Operational land
imager; SPM: Suspended particulate matter; LEDAPS: Landsat Ecosystem Disturbance Adaptive
Processing System; LaSRC: Land Surface Reflectance Code; NTU: Nephelometric Turbidity unit;
RMSE: Root means square error; USGS: United States Geological Survey

1. Introduction

Anthropogenic activities are still the main source liable for deteriorating the water quality, although we
have seen many actions to preserve susceptible aquatic and terrestrial ecosystems [1]. In Indonesia, it
currently produces around 200,000 tons of waste annually, with only 64% reaching landfills while the
remaining goes to the surroundings, including aquatic ecosystems [2]. Downs and Piégay [3] found that
combining human activities and climate factors had a negative impact on aquatic ecosystems. In-situ
measurements are a common method of assessing water quality, but they are timeconsuming and labor-
intensive, making it difficult to conduct long-term observations of the aquatic environment [4,5].
Additionally, it calculates only point-to-point information and is not present spatially for the whole
water body area [6]. Therefore, the use of remote sensing-based satellite data offers an effective
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technique for the rapid and simple study of surface water quality. Remote sensing data provides spatial
and temporal information about water quality from local to broad scales [7]. Studies of the quality of
water bodies using remote sensing methods have been conducted since the Landsat satellites were
introduced.

One of the most prominent water quality parameters is suspended particulate matter (SPM) [8]. The
SPM is the most ordinary issue in surface water bodies [9]. These suspended particles decrease the
effluence of the sun’s light for aquatic species. Furthermore, it is a good benchmark for the
eutrophication event [10]. The turbidity of a body of water increases as SPM values in water rise [11].
Several factors can affect the turbidity level due to climate shifts, weather changes, and anthropogenic
activities [12,13]. Assessment of suspended matter values from satellite images has become a
substantial tool for research to predict and observe suspended sediment variation in bodies of water
[14—17]. The turbidity in a body of water is evaluated by how SPM values change water characteristics.
It is also found that the SPM values or turbidity exhibit a good association with the visible band of the
spectrum, while the red and NIR bands are more susceptive to turbidity [18].

The COVID-19 outbreak has become a lethiferous disease worldwide, affecting more than 200 nations
[19]. The COVID-19 pandemic deteriorated many countries and severely affected the global economy
[20]. The Indonesian government applied a tight restriction policy (known as large-scale social
restriction, LSSR) on April 10, 2020, and this policy led to the closure of offices, mobility, educational
places, industries, markets, and social activities [21]. This restriction period was extended into several
phases till the whole year 2021, which formed a partial restriction period with a tight COVID-19
protocol. Finally, on May 17, 2022, considering a significant reduction of COVID-19 cases in this
country, the Indonesian president announced not to wear a mask in outdoor activities.

Numerous studies have found that decreasing water and air pollution improves global environmental
quality [22-25]. In Indonesia, some studies reported that air quality improved during the COVID-19
period [26-29]. However, to date, there have been no studies about how the water quality improved in
the Indonesian region during the COVID-19 period. Therefore, it will be a novel study to discuss how
water quality conditions in Indonesia. In addition, we chose a unique river within a tropical wetland
area, which would be different from other existing studies around the world. To identify whether the
decrease in human activities during the COVID-19 period resulted in the improved water quality in the
Musi River, South Sumatra, Indonesia, the current study employed remote sensingbased satellite data
to analyze alterations in the SPM concentration as a water quality benchmark.

2. Materials and methods

2.1. Study area

The river chosen for the present study is a part of the South Sumatra wetland region, in the province of
South Sumatra, Indonesia and lies between 2 57'0"N and 3 0'0"N latitudes and 104 42'0"E—~104 51'0"E
longitudes (Figure 1).
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Figure 1. Location of study area.

There are four major kinds of wetlands in South Sumatra, such as tidal swamps, freshwater swamps,
lakes, rivers, and peatlands [30]. The Musi River is the primary freshwater contributor to the Musi
Estuary. The river flows from southwestern to northeastern, originating from the Barisan Mountains
Range that was once a spine of Sumatra Island in Bengkulu Province, to the Bangka Strait and finally
flows to the South China Sea. It is approximately 750 km long and becomes the heart of South Sumatra
province because it drains most of the South Sumatra region. The water river is used for various needs
such as industry, transportation, and households. People used the water for their daily needs, including
washing, bathing, and using the restroom directly in the river. Moreover, companies and factories
located around the Musi River have contributed to river pollution due to their dumping activities of
waste into the river [31]. The annual mean temperature in this region is 24 °C, with the mean annual
rainfall 02,579 mm.

2.2. Data collection and pre-processing stage

In the current study, three Landsat 8 Operational Land Imager (OLI) images of the Musi River area from
May 20,2019 to May 28, 2022 were obtained from the United States Geological Survey (USGS). Table
1 showed the specification of the Landsat 8 satellite images that used in this study. We used the month of
May because the COVID-19 restriction policy in the study area was started in that month thus to reduce
the bias in selecting the other months, we chose the same month for all periods of study. In this study, all
the satellite images downloaded were of level-2 type, meaning that they had a major improvement in
the absolute geo-location accuracy of the global ground reference dataset, which enhanced the
interoperability of the Landsat archive over time. This level-2 type has also been updated with global
digital elevation modeling sources and validation updates. Surface reflectance is used to quantify the
proportion of incoming solar radiation that is thrown from the surface of the earth to the Landsat sensor.
The Landsat Ecosystem Disturbance Adaptive Processing System (LEDAPS) and Land Surface
Reflectance Code (LaSRC) surface reflectance algorithms compensate for the spectral, spatial, and
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temporal effects of atmospheric aerosols, gaseous, and water vapor, which are required to analyze the
earth’s land surface. Therefore, to obtain surface reflectance values from Landsat § level-2 type images,
we used a scale factor of0.0000275 and an additional offset of —0.2 per pixel.

Table 1. Specifications of the Landsat 8 satellite images and the study period.

Product ID Band used RMSE %Cloud Period

LCO08 L2SP 124062 201 Band 4 (0.630 to 0.680 0.087 9.20 2019 (before COVID-19
90520 20200828 02 T1 wm) period)

LCO8 L2SP 124062 202 Band 4 (0.630 to 0.680 0.056  8.05 2020 (During COVID-19
00522 20200820 02 TI wm) period)

LCO08 L2SP 124062 202 Band 4 (0.630 to 0.680 0.030 7.56 2022 (After COVID-19
20528 20220603 02 T1 wm) period)

2.3. Suspended particulate matter (SPM) calculation

Based on a prior study, Fachrurrozi [31] measured the turbidity value of the Musi River and reported it
varied from 7 to 9 NTU. The NTU is the acronym of Nephelometric Turbidity unit. The specific unit
used to gauge the turbidity of water or the suspended matters in water. Furthermore, Trisnaini et al. [32]
measured turbidity values in the Musi River around dense areas and found them to be lower than 50
NTU. These studies stated that the turbidity value in the Musi River is below 110 mg/L. Several studies
have explained that using a single band for turbidity analysis can obtain a good result if the band is
selected in the right way [33,34]. Therefore, the current study applied a SPM algorithm to evaluate the
SPM values for water, and it showed good performance when the SPM values were less than 110 mg/L
[35]. The SPM is computed by using the red band based on Eq (1) below:

A
SPM = ————— (1)

where A and B are empirical constants: and A=289.29 and B=0.1686. pW is water-leaving reflectance
from the red band (655 nm). The empirical constant of A came from the previous study by Nechad et al.
[35] that found this value (A = 289.29) gave the best fit to total suspended matter and the subsurface
reflectance calculations. While, the empirical constant of B was set to 0.1686 because the satellite
sensor and its process would possibly have dissimilar measurement errors from the data calibration. A
higher SPM value from the Eq 1 showed more turbid water or dirty water, while the lower SPM value
indicated cleaner water. Our study found there was a high association between the SPM and the band
ratio of the water-leaving radiances at 655 nm (Figure 2). It could be concluded that the model showed a
good performance, with the R-squared of 0.95, the RMSE of 15% and the standard deviation of
2.5mg/L. The accuracy assessment of this study was carried out using the Pearson’s correlation
between the satellite-based SPM data and the in-situ SPM measurement. Thus, we have applied the
Pearson’s correlation coefficient (R2), mean absolute error (MAE), and root means square error
(RMSE) analyses in this study. Our finding obtained the values of R2 was 0.92, MAE was 0.04, and
RMSE was 0.08, indicating a good accuracy.
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Figure 2. The association between the field-measured SPM concentration and the band ratio of the
water-leaving radiance at 655 nm.

3. Results and discussion

The spatial and temporal distribution of SPM values in the Musi River from 2019 to 2022, including
before, during, and after COVID-19 periods, was depicted in Figure 3. It could be observed that a
reduction in SPM values during the COVID-19 period was found compared to before the COVID-19
period. The dense urban area that mostly located at the middle and downstream areas led to higher
number of pollutants entried into the river due to domestic and industrial activities (Figure 3(a)). During
the COVID-19 period, the upstream area showed higher SPM values than the downstream area. It
might be due to the natural process such as soil erosion at the upstream area. The higher altitude of the
upstream area contributed to high risk of soil erosion and especially during the rainfall. In contrast, the
downstream area sustained a great reduction due to anthropogenic activities restriction (Figure 3(b)).
After the COVID-19 period, the SPM values started to rebound at the same level at before the COVID-
19 period, it was shown by the SPM values from the middle to downstream areas gradually increased
(Figure 30).

To analyze further the reduction in SPM concentrations of the Musi River, we analyzed the situation of
the river around the busy port area before and during the COVID-19 periods using Sentinel 2 data
(Figures 4(a),(b)). The result found there was a decrease in vessel traffic along the Musi River. The
number of black vessels that carried coal products has been reduced, as have the white vessels that are
commonly used as public transport for people. Traffic condition along the Musi River near the main
port. Due to the low number of vessels sailed along the Musi River, it would certainly diminish the total
discharge of the water pollutants originating from the vessels into the river. This result was consistent
with other studies [36].
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Figure 3. Changes in SPM values predicted for the Musi River from 20th May 2019 to 28th May 2022.
Red color shows higher values of SPM while blue color shows low values.

Effects of inter-monthly and rainfall factors could also contribute to decreases in SPM values, as stated
in a study by Moquet et al. [37]. Time series Landsat 8 images from different years but in the same
month were chosen, and precipitation data were also evaluated and obtained, no significant difference
was found during the study period. This showed that the COVID-19 restriction policy (largescale social
restriction policy) has greatly affected the water quality of the Musi River and significantly reduced the
pollution level. Furthermore, the pollution from industrial sources, domestic sources, and other related
human activities was less during the COVID-19 restriction policy, and thus it improved the water
quality of the river.
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(b). During COVID-19 period (in May 2020).

Figure 4 Traffic condition along the Musi River near the main port. Black vessels: coal transport, white
vessels: public transport.

A comparison of the SPM values in the Musi River in several study periods was tabulated in Table 2.
Our results revealed that the highest average SPM values of 8.33 mg/L were observed in May 2019,
followed by 2022 (7.06 mg/L) and 2020 (4.56 mg/L). It was recorded that SPM values during the
COVID-19 period varied from 1 mg/L to 11 mg/L with an average SPM of 4.56 mg/L, which was lower
than before the COVID-19 period. Furthermore, a comparison between the pre-COVID-19 period and
the COVID-19 period obtained a reduction of the total average SPM concentration from 8.33 mg/L to
4.56 mg/L (Table 2).

Spatial analysis exhibited that higher SPM values were found in the southwestern area (the most
congested areas in the South Sumatra Region). Specifically, this occurred during the year 2019 and then
this SPM was decreased during the COVID-19 period in 2020, where this spatial pattern was more
concentrated in the northeastern area. We assumed the lower SPM value in the northeastern region
during the COVID-19 period, as compared with before the COVID-19 period, might be due to the
application of the COVID-19 restriction policy. This might be due to the fact that since it was near to
industrial areas, the COVID-19 period resulted in the closure of industrial activities, thus the pollution
levels decreased in those areas. A quantitative analysis between mean SPM values of the preCOVID-19
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period and SPM values during the COVID-19 period in the northeastern regions showed a notable
reduction in SPM concentrations during the COVID-19 period as compared with the pre COVID-19
period (Figure 2(a),(b)). In the COVID-19 period, which in this study we took two years interval, we
found a substantial increase in SPM concentration of about 54%, as compared with the COVID-19
period (Figure 2©). The changes of SPM also associated with other water quality parameters like Cu,
As, Fe and Ni metals. It was because the heavy metals were transported together with organic or
sediment masses. Suspended sediments brought metals into river flow through runoffevent. Surface
sediments carried metals from anthropogenic sources into the river. A previous study by Rahutami et al.
[38] found there was a linear increase between the SPM with Fe, Cr, and Pb concentrations in the Musi
river.

Table 2. SPM values of the Musi River for the study periods.

Date of satellite images SPM values Notes

Min Max Average  SD
20/05/2019 267 1050 7.06 0.71  Before COVID-19 period
22/05/2020 145 119 456 0.67  During COVID-19 period
28/05/2022 3.03 2183 833 1.31  After COVID-19 period

Additionally, heavy metals in water mostly accumulated in the SPM due to direct contact with the water
and the precipitation of metal-absorbed [39]. Thus, the SPM is the main process for the deposition of
heavy metals in floor sediments. This is a prominent process for the understanding of heavy metals in
the water-sediment interface. A study by Helali et al. [40] in the Gulf of Tunis found that heavy metals
(Cu, Pb, Fe, and Zn) were primarily caused by commercial and fishing activities. In the Musi river, a
previous study by Tjahjono et al. [41] has found that Pb concentration in the water could be associated
with the SPM value. The highest SPM value was found in the busy port around the Musi river where the
Pb content has exceeded the water quality standard (0.03 mg/L). The concentration of Pb in the water
showed that the presence of oil spills due to water activities. Furthermore, the Cd concentration in the
Musi river was constant but it still exceeded the quality standard (0.01 mg/L). The high Cd
concentration was due to the excessive use of fertilizers around the basin. The correlation analysis
based on this study showed a weak correlation between both metals and SPM. But, in another study by
Wang et al. [42] which located in the Huanghe River, China, they found a high significant correlation
between Pb and SPM (r = 0.84, p<0.01). It could be assumed that whenthe SPM was high, dissolved
metals were prone to be scavenged via aggregating into compact particles, thus dissolved metals
reduced to the sea [43].

Although this study showed lower SPM values than before the COVID-19 period in 2019, there was an
increase in the pollution level during that period. This might be due to the fact that the withdrawal of
restriction policies in social activities, industrial and commercial sectors has allowed the intrusion of
waste into the lake, which changed the pollution loads in the Musi River. Therefore, the restriction of
human activities such as commercial and industries has contributed to the reduction of SPM value in the
Musi River. Due to the restriction policy and lack of in-situ data, the validation with in-situ data was not
carried out in this current work. But our results were comparable with the other studies carried out in
Indonesian regions. Because there was a lack of studies in our region discussing the SPM changes
during the COVID-19 period, we compared our results with other studies outside the country. For
instance, Yunus et al. [44] analyzed the SPM level changes during the lockdown period in Vembanad
lake, India and found a 15.9% decrease in SPM compared to before the lockdown period. Another study
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by Liu et al. [13] also revealed the SPM changes in Min River, China and reported a 48% decrease in
SPM. Those above-mentioned results were the same as the outputs of our study. In contrast, Tokatli and
Varol [45] analyzed the water quality changes in the Meri¢-Ergene River Basin, Turkey and found no
significant differences between before the lockdown and during lockdown periods. This might be due
to nonstop agricultural activities and domestic wastewater discharges into the water body during the
lockdown period. The agricultural wastes (organic and chemical fertilizers) were the main effluents in
the river which located near agricultural areas [46].

Hence, the COVID-19 restriction not only resulted in an increase in water quality but also an
improvement in air quality [47]. Several studies revealed air quality parameters such as PM2.5, PM 10,
SO2,NO2, and CO showed major reductions that led to an improvement in the air quality index during
lockdown period in Tehran [48], China [49] and Germany [50]. The lower SPM concentrations in the
South Sumatera wetland helped to improve the sun light effluence and surely had positive effects on
freshwater ecosystems and the environmental condition of the water body. For future studies, the data
was extracted from satellite only, and thus it might be hard to obtain accurate data on the physical and
chemical properties. Hence, in situ fieldwork was needed to arrange an appropriate management policy
to face the COVID-19 pandemic period. Therefore, a study was done to analyze the spatial and
temporal data on water quality of the South Sumatera wetland. Despite other human activity factors, the
COVID-19 restriction policy in this study area was likely to start a recovery process for the ecosystem.
But authorities should give more attention to the alteration of river pollution, which is how this
restriction has affected water bodies. Therefore, it was also recommended that this policy could
increase the self-recovery of the ecosystems.

4. Conclusions

COVID-19 has become a serious threat to our lives, with more than 150 million people infected and
around 3 million deaths announced all over the world in May 2021. Due to the large transmission of
COVID-19, many nations implemented a total lockdown with full restrictions on social, economic,
industrial, spiritual, schools, and other activities. But on the other hand, this restriction successfully had
a good impact on the environment by decreasing air and water pollution. In this recent study, we tried to
analyze the impact of the COVID-19 period on the Musi River by using remote sensing and GIS
techniques. Even though we could not determine the particular origins of river pollution, the output of
this study revealed that water quality (SPM as an indicator) could improve significantly as human
activities were diminished. The analysis of the SPM value in Musi River using Landsat 8 images
revealed that SPM values during the COVID-19 period (average SPM of 4.56 mg/L) were lower than
before the COVID-19 period (8.33 mg/L) and the next two years (average of 7.06 mg/L). Mean
reduction of 45% was reported in SPM values during the COVID-19 period compared to before the
COVID-19 period. It was also found that after the COVID-19 period with the loosening restriction
policy, domestic waste started to enter the Musi River again, which, followed by industrial waste, were
the main activities that aggravated the water pollution in the Musi River. As a result, the current study
provided important insights into the future management of the Musi River and other wetland and
aquatic environments. In addition, the authorities should know about the improved water quality due to
the decreased human activities and should arrange an effective action plan for the future Musi River
management policy.
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ABSTRACT

( N\

Soil erosion is a major environmental threat to soil sustainability and productivity with knock-on

effects on agriculture, climate change, etc. Factors influencing soil erosion are many and usually
divided into natural and human causes. Massive deforestation, intensive agriculture, temperature and
wind, rainfall intensity, human activities and climate changes are listed as the main causes of soil
erosion. Calculation of the coefficient of soil erosion is very important to prevent the event. One of the
methods used worldwide to calculate soil loss and the erosion coefficient is the Erosion Potential
Method. In this study, 49 sub-basins of the Vjosa River Basin in Albania were evaluated. Results
showed that the phenomenon of erosion is present in all sub-basins, varying from 0.01 to 0.71. Thus,
the categorization of soil erosion varies from heavy to very slight erosion. Moreover, the overall
sediment yield calculated for the Vjosa River Basin was 2326917 m3/year. In conclusion,the
application of the Erosion Potential Method is reliable for evaluating erosion and can further be
applied in our country s conditions.

Keywords: soil erosion; Vjosa River Basin; Erosion Potential Method (EPM); sediment yield;
Albania

AN J

1. Introduction

The concept of erosion is commonly considered as the displacement and transportation of various
portions of the land [1]. The advancement of soil erosion is mainly dependent on natural and human
factors, such as rainfall, temperature changes, wind, land use and climate changes [2—9]. Soil erosion is
defined as slow, high or even very high when conditions causing it are very consistent. Moreover,other
human activities, such as large deforestation, intensive use of agricultural land and the increasing
population worldwide, are considered as events affecting soil erosion. Larger volumes of materials
involved in the erosion process can cause major damages since these materials can travel long
distances,causing the pollution of water bodies in terms of nutrients [10—15]. Likewise, flow rates can
be influenced by these events when they settle down at one final point. Since the land degradation
process is a very complex occurrence that is difficult to predict, the generation of maps showing land
erosion and sediment yield is considered a very significant step to oppose the process. Many authorities
and authors have been proposing different methods to evaluate sediment yield and soil erosion. Several
models have been developed, including the universal Soil Loss Equation (USLE) [16], Revised
Universal Soil Loss Equation (RUSLE) [17], Modified Universal Soil Loss Equation (MUSLE) [18]
and Erosion Potential Method (EPM) [19].

The EPM estimates the amount of sediment production and transportation, thus indicating the zones
potentially threatened by erosion. This method was first used by Gavrilovic in the former Yugoslavia.
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The method itself is a semi quantitative method that is applied in many countries [20-25], especially in
the Balkans, to evaluate the erosion mainly in semi-arid and arid areas [26-33]. In our country’s
conditions, erosion of lands is consistent, especially in specific districts [34].

Furthermore, few studies have been done in Albania using the Erosion Potential Method to estimate
erosion [26]. We assume that application of such methodology can help in identifying the zones with a
high erosion rate, in order to prevent the phenomenon’s progression.

2. Materials and methods

2.1. Study area

The Vjosa River basin (VRB) is the second largest river basin in Albania (6474 km2), drained by the
Vjosa River (Figure 1a). The Vjosa river is one of the last wild and free flowing rivers in Europe [35].
Moreover, the Vjosa River is one of the longest (272 km) transboundary rivers in the Balkan area. It
flows from its source in the Pindos mountains in Greece through the south of Albania until its discharge
in the Adriatic Sea. One third of it (80 km) is located in northwest Greece, where it is known as the Aods
(A®oc) River; and the other part is in Albania, where it continues as the Vjosa River and flows over a
distance of 192 km before discharging into the Adriatic Sea north of the Narta Lagoon. The most
important tributaries of the Vjosa River in Albania are the Drino, Bénca and Shushica. The Vjosa River
Basin is configured in 49 sub-basins (Figure 1b), has a mean elevation of about 855 m above sea level
and has a perimeter of about 906.13 km. Due to the large perimeter and surface of the Vjosa River Basin,
its territory includes natural, agricultural and urban spaces.
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Figure 1. Location of Vjosa River Basin, Albania (a) (source: Google Earth); sub-basin divisions (b).

2.2. Description of erosion potential method

EPM is a widely known methodology first designed by Gavrilovic [19] for the estimation of erosion
coefficient and for the evaluation of sediment production and transportation.

The methodology was used for the first time in the Balkan area (Serbia and Croatia), followed by
studies conducted all over Europe and worldwide [20—24, 26—33]. According to the original description
of the method, for the Vjosa River Basin, the following parameters were calculated: the annual volume
of'soil loss Wa (Eq 1), the temperature coefficient T (Eq 2), the erosion coefficient Z (Eq 3), the actual
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sediment yield G (Eq4) and the sediment delivery ratio Dr (Eq 5). Moreover, the specific eroded
sediment E per sub-basin of the Vjosa River Basin was calculated as a report of the eroded material
and the surface of the sub-basin, expressed in ha. For the assessment of parameters used in Eq 3, the
land use coefficient, soil erodibility and active erosion processes, the classification was based on the
Zemljic classification system [36]. Equations, followed by detailed description of the data set used to
evaluate the Erosion Potential Method, are shown in Table 1.

Table 1. Equations and descriptive variables used in the Erosion Potential Model (EPM).

Equation Parameter descriptions
1 W - the annual volume of soil loss (m?/year)
= [73
= xS 8 Sy S - the sub-basin area (km?)
T - the temperature coefficient (-)
h - the mean annual precipitation (mm)
Z - the erosion coefficient (-)
2 t - the mean annual temperature (°C)
t
T= |—+01
‘ 10 ©
3 x - land cover coefficient
Z=xXyXx Vi . Ll
1%y % (9 +yim) y - soil erodibility
@ - active erosion processes
im - the mean slope (%)
4 G=Wx D, G - the real sediment production (m*/year)
Dr - the sediment delivery ratio (-)
5 VH X P H - the mean height distance of the basin (km)

D,

T 025x (L +10)

P - the perimeter of the basin (km)
L - the length of the basin (km)

The application of the Erosion Potential Method was based on data gathered from different field

surveys and satellite sources, given in Table 2.

Coefficient of soil erodibility y for each sub-basin was determined using the geological maps of 2021
with ascale of 1:650000 (Figure 2) of the Albanian Geological Service, as shown in Table 2.
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Figure 2. Geological map of the Vjosa River Basin, Albania.

For the evaluation of the land cover coefficient x (data in Table 2), the CORINE Land Cover (2018) map
with ascale of 1:650000 (Figure 3) was used.

Figure 3. Land cover distribution of Vjosa River Basin, Albania.

The slope map (Figure 4) of the Vjosa River Basin generated by a Digital Elevation Model (DEM)of'the
Albanian State Authority for Geospatial Information with a DTM cell size of 10 x 10 m was used to
evaluate the mean slope of each sub-basin im (data in Table 2). The slope for each sub-basin was defined
as the ratio between the difference of the extreme quotations (max-min quotes) and the length of the two
extreme points under the basin. Since the slope is referred to as a percentage, the upper value is
multiplied by 100.
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Figure 4. Slope mean in percentage of Vjosa River Basin, Albania.
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The mean elevation of the Vjosa River Basin is about 885 m and is derived from the elevation map of the
studied area, as shown in Figure 5. The mean elevation of each sub-basin was determined from the
minimum and maximum elevations’ values extracted by the elevation map.

Figure 5. Elevation map of Vjosa River Basin, Albania.

Meteorological data, regarding the precipitation (4, mm) and temperature (t, °C), were obtained from
11 meteorological stations situated in the area: Brataj, Fratar Kelcyre, Krahes, Kuc, Llongo, Nivice,
Permet, Polican, Selenice and Tepelene. For each meteorological station, daily temperature and
precipitation data were processed to determine the mean annual value. The mean annual values of the
meteorological stations are given in Table 3.

3. Results and discussion

As mentioned previously in this study, a very large dataset comprising the surface and perimeter, the
coefficient of soil erodibility, land cover and mean slope and mean elevation for the sub-basins of the
Vjosa River Basin was collected and used for the application of the Erosion Potential Method. Detailed
information about these parameters is given in Table 2.
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Table 2. Values of different parameters needed for the application of EPM in the study area.

Sub-basin Surface (km?) Coef. Of soil erodibility Land cover coefficient Mean slope
0 101.9 0.6 0.5 25
1 170.5 0.8 0.7 20
2 2303 0.8 0.6 15
3 124.7 0.6 0.5 18
4 290.3 0.8 0.7 22
5 260.4 0.1 0.2 28
6 118.8 0.6 04 17
T 298 0.6 04 15
3 345 0.4 0.3 15
9 115.5 0.6 04 5
10 222 0.8 0.6 2
11 85.3 0.7 0.5 2
12 168.3 0.6 0.4 4
13 137.8 0.4 0.3 8
14 155.8 0.6 0.4 10
15 115.8 0.6 0.4 13
16 107.4 0.5 0.3 12
17 134.1 0.7 04 14
18 150.6 0.4 0.3 12
19 76.9 0.4 0.3 20
20 121.6 0.4 0.3 24
21 207.9 0.6 0.4 14
22 187.2 0.7 0.5 21
23 41.5 0.6 0.4 16
24 144.5 0.5 0.3 18
25 175.1 04 0.3 20
26 95 04 0.3 19
27 53.6 0.7 0.4 17
28 107.9 0.5 0.3 18
29 15.6 0.5 0.3 16
30 172.9 0.8 0.6 21
31 92.5 0.3 0.3 23
32 173.7 0.3 0.3 24
33 187.7 0.6 04 23
34 1717 0.9 0.5 26
35 107.1 0.5 0.3 22
36 121.4 04 0.3 20
37 118.4 0.8 0.6 23
38 136.2 0.8 0.6 21
39 147.6 0.7 0.3 20
40 160.9 04 0.2 22
41 83 0.8 0.6 24
42 156 04 04 21
43 144.1 0.7 0.6 18
44 171.5 04 0.2 19
45 152.7 0.4 0.4 18
46 182 04 0.3 18
47 154.6 0.6 0.4 2
48 145.6 0.4 03 22
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The geology of the Vjosa Basin in Albania is part of five geotectonic zones, the largest of which is the
Ionian zone. This zone is dominated by sand and gravel alluvial deposits in the river valley, formed by
Neogene’s deposits composed of sandstone, siltstone, conglomerate and partly marlstone, flysch
deposits, karstic calcareous deposits and ultrabasic rock [35].

The mean slope of the area varies between 2 and 28%, where the steeper sub-basin slope belongs to the
upper reach, while the low slope is in the lower part for the last 40 km before discharging.

The Vjosa river basin has high ecological values due to the presence of rare flora species. In Albania
there is growth of different species, like rare Macedonian fir (Abies borisii-regis), plane trees,willows,
maples, linden trees and hornbeams. Another important zone of the Vjora river basin is where salt
tolerant vegetation species grow, such as Arthrocnemum fruticosum, Polypogon monspeliensis, Juncus
acutus, Juncus maritimus, Agropyron litorale, Tamarix dalmatica and Limonium vulgare.

The climate of the VRB is mainly characterized by mild winters with abundant precipitation and hot,
dry summers. Due to the geographical position, the Vjosa River Basin covers different climate zones,
including Alpine conditions, without glacials, in the higher altitudes; Mediterranean continental
conditions in the highlands; and typical Mediterranean clime for the coastal area. For the 11
meteorological stations of the Vjosa River Basin (Table 3), the mean annual temperature varies from 11
to 17 °C, while for the precipitation, the mean annual values vary between 75 and 200 mm.

Table 3. Average annual temperatures and precipitations of the meteorological stations of the Vjosa
River Basin.

Meteorologic  Brataj  Fratar  Kelcyre Krahes Kuc Llongo Nivice Permet Polican Selenice Tepelene
station

h (mm) 190.2 83.3 114.8 759 195 173.2 198.4 109.8 167.7 81.2 11.4
t(°C) 16.1 15.6 154 16.2 13:5 14.6 12.6 14.4 11.1 17 16.8

The application of the Erosion Potential Method using all the parameters of Table 2 and 3 gave the
following results: the erosion coefficient, the amount of eroded sediment, the sediment delivery ratio,
the specific eroded sediment and the sediment yield of the sub-basins. Table 4 present the results
obtained for all sub-basins of the Vjosa River Basin from the calculations made according to Eqs 1 and 3
of the Erosion Potential Method. Meanwhile, the results about the specific eroded sediment
wereobtained as areport of eroded material and the surface of the sub-basins, expressed in ha.

Table 4. Results of the EPM for all sub-basins of the Vjosa River Basin.

Sub-basin  Erosion coefficient Z (--) Eroded sediment W (m?*/yr) Specific eroded sediment E (m?*/ha/yr)
0 0.27 86786.5 8.52

1 0.47 338242.6 19.84
2 0.38 423430.6 18.38
3 0.28 144098.7 11.56
4 0.71 5838374 20.11
S 0.02 1866.75 0.07
6 0.19 34329.45 2.89
7 0.16 6701.8 2.25
8 0.07 2166.9 0.63
9 0.1 12568.75 1.09
10 0.26 10006.75 4.5

11 0.12 11828.65 1.39
12 0.1 16805.05 1

13 0.08 10850.55 0.79
14 0.17 37274.4 2.39
15 0.28 117918.5 10.19
16 0.11 14745.55 1.37
licZ 0.19 40305.7 3.01
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18 0.11 39927 6 265
19 0.11 10799.95 1.41
20 0.13 39842 3.28
21 0.19 539873 2.6
22 0.44 378983.1 20.24
23 0.19 27632.4 6.66
24 0.12 20369.2 1.41
25 0.13 61734.5 3.53
26 0.12 329515 3.47
27 023 30029.05 56
28 0.14 28767.85 267
29 0.14 3996.5 2.57
30 0.46 26142322 15.12
31 0.08 9985.8 1.08
32 0.08 20334.3 1.17
33 0.19 1202243 6.41
34 05 333346 19.41
35 0.1 16503.25 1.54
36 0.09 15798.65 1.3
37 0.33 121326.8 10.25
38 0.46 2336909 17.15
39 0.18 46965.05 3.18
40 0.05 8447.7 0.53
41 0.38 117632.9 14.18
42 0.01 43662.65 28
43 035 178184.5 12.37
44 0.05 8343.35 0.49
45 0.13 31009.1 2.03
46 0.12 33253.05 1.83
47 0.08 12173 4 0.79
48 0.1 25325.1 1.74

The erosion coefficient Z of the studied area varies between 0.01 and 0.71. The lowest value
corresponds to sub-basin 42, while the highest corresponds to sub-basin 4. According to the Gavrilovic
classifications, the results of Table 4 show heavy erosion (Il erosion category) only for sub-basin 4 (Z =
0.71); medium erosion (III erosion category) for sub-basin 1 (Z=0.47), sub-basins 30 and 38 (Z=0.46)
and sub-basin 22 (Z=0.44); slight erosion (I'V erosion category) for sub-basins 2,41,43,37,15,3,0, 10
and 27; and very slight erosion (V erosion category) for all the other sub-basins. According to these
results, erosion in the Vjosa River Basin, is categorized as follows (see Figure 6): 2% heavy erosion, 8%
medium erosion, 18% slight erosion and 72% very slight erosion.
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Figure 6. Soil erosion categories according the erosion coefficient Z.

As shown in Table 4, the application of EPM estimated a volume of 4230759 m3/year of eroded
sediment for the Vjosa River Basin. From Table 4 and Figure 7, it is clear that the largest contribution to
the annual amount of eroded sediment was given by the volume of sub-basin 4, followed by subbasins
2,22, 1 and 34, with these respective values: 583837.4 m3/year, 423430.6 m3/year, 373883.1 m3/year,
338242.6 m3/year and 333346.0 m3/year. On the other hand, the smallest contribution to this value was
given by sub-basin 5, with 1866.8 m3/year of eroded sediment, followed by sub-basin 8 with 2166.9
m3/year of eroded sediment, sub-basin 26 with 3295.2 m3/year of eroded sediment, sub-basin 29 with
3996.5 m3/year of eroded sediment and sub-basin 7 with 6701.8 m3/yearof eroded sediment. All the
other sub-basins have their contributions, according to the values given in Table 4, to the total amount of
eroded material for the Vjosa River Basin
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Figure 7. The quantity of eroded sediment W for each sub-basin of the Vjosa River Basin.

Based also on the equation used to calculate the eroded sediment W, the parameters which mostly affect
this value are the surface S and the erosion coefficient Z. Sub-basin 4, with the largest amount of eroded
material, has the highest erosion coefficient and has the biggest surface (S =290.3 km2). According to
the sensitive analyses performed by Dragicevic et al. [37], there are two parameters that affect the
amount of eroded sediment W, the coefficient of soil erodibility y and the land cover coefficient x
(values in Table 2). Sub-basin 4 has the highest value of land cover coefticient (0.7) but not the highest
for the coefficient of soil erodibility (0.8). Sub-basin 34 has the highest value of the coefficient of soil
erodibility (0.9), but the amount of eroded material is not the largest because this sub-basin has a
smaller land cover coefficient and surface compared to sub-basin 4. Sub-basin 5 has the lowest value for
soil erodibility (0.1) and land cover coefficient (0.2), as reflected in the result of the eroded material.
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Figure 8. The quantity of specific eroded sediment E for each sub-basin of the Vjosa River Basin.

In this study we calculated also the specific eroded sediment values E. As can be seen in Table 4 and
Figure 8, sub-basin 22 has the largest amount of eroded sediment per hectare per year (20.24
m3/ha/year), followed by sub-basin 4 (20.11 m3/ha/year), sub-basin 1 (19.84 m3/ha/year), subbasin 34
(19.41 m3/ha/year) and sub-basin 2 (18.38 m3/ha/year). Sub-basin 5 has the smallest amount of eroded
sediment per hectare per year (0.07 m3/ha/year). As explained previously, the specific eroded sediment
is calculated as a report of the amount of eroded material and the surface of each sub-basin. It can be
seen that the results for the specific eroded sediment (E) are not in the same order as those for the eroded
sediment (W), due to the fact that even the surfaces of the sub-basins do not follow that order.
Considering the results obtained by the calculations of specific eroded sediment (E) of the Vjosa River
Basin, it is evident that the sub-basins 4 and 22 are the only sub-basins with very high erosion risk. Sub-
basins 1, 2, 3, 15, 30, 34, 37, 38, 41 and 43 shows high erosion risk, while sub-basins 0, 23, 27 and 33
show moderate erosion risk, and all the other sub-basins show low or very low erosion risk.Appling Eqs
4 and 5 of the EPM, the sediment delivery ratio and sediment yield were calculated for the entire Vjosa
River Basin. The results of these calculation are a delivery ratio of 0.55 and a sediment yield 0£2326917
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m3/year. This amount is deposited in different parts of the Vjosa River Basin, mainly in the sub-basins
where the land cover coefficient, the altitude above sea level and the pronounced slopes are combined
with their highest values.

4. Conclusions

In this study, the application of the Erosion Potential Method was proposed for the Vjosa River Basin,
as an appropriate method for the Albanian situation. The Erosion Potential Method provides an estimate
of the amount of sediment production, the erosion coefficient, the sediment yield, specific eroded
sediment and the erosion intensity and risk. EPM was applied to 49 sub-basins of the Vjosa River Basin
in Albania. The overall sediment production in the Vjosa River Basin is 4230759 m3/year,the mean
specific eroded sediment is 6.53 m3/ha/year, and the overall real sediment production is 232917
m3/year. The major contributors in all the results obtained for the sediment production and the real
sediment production are the sub-basins 1, 2, 4, 22 and 34. The erosion coefficient Z of each subbasin
was calculated, and it varies between 0.01 (sub-basin 42) and 0.71 (sub-basin 4). According to the
Gavrilovic classifications, 2% of the study area shows heavy erosion (Il erosion category), with 8%
medium erosion (III erosion category), 18% slight erosion (IV erosion category) and 72% very slight
erosion (V erosion category).

The Erosion Potential Method is feasible for the area chosen in this study. The application of this
methodology can be extended in other country areas that need to be evaluated. Information gained from
the results of this study can serve to update the data regarding erosion of the Vjosa River. Further,this
information can be used by the national and local authorities to establish new strategies for Vjosa River
Basin protection.
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