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Abstract. Sandbar is one of river structures that functions to decrease river flow
velocity and increase diversification of flow distribution leading to river channel
stability. Sandbars have roles in sediment transport mechanism, reducing pollu-
tants due to denitrification mechanism, and as a host for aquatic organism. How-
ever, the researches on sandbars’ geometry, resistance to flow, sediment transport,
and the correlation with aquatic ecosystem are relatively lacking. Based on these
problems, this study aims to identify geometric characteristics of sandbars in Progo
River as preliminary understanding of sandbar. The research will be conducted by
measuring geometry of sandbars using satellite imagery such as sandbar length
(p), sandbar width (1), river width (L), and distance of sandbar from riverbank (d),
then proceed with calculating the ratio of p/l, L/1, L/d, and L/p. The importance of
each ratio and the comparation to island geometry is presented in the results and
discussion. The results show that the characteristic of geometry of the 47 sandbars
found in Progo River are p/l = 1.39-5.51, L/ = 1.48-11.72,L/d = 1.61-7.00, and
L/p = 0.65-5.45. The benefits of this research are to provide reference regarding
the characteristic geometry of sandbar and its implications in river development
and conservation.
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1 Introduction

Improving the implementation of the Sustainable Development Goals (SDGs) requires
more careful and comprehensive consideration of ecosystems, including river ecosys-
tems. This is reflected in SDGS points such as Life under Water (point 14) and clean
water and sanitation (point 6) indicating that water resource conservation is an important
thing that needs to be managed sustainably.

Sandbar in river ecology plays a role in decreasing river flow velocity and the diver-
sification of flow distribution. When the ecological conditions of sandbars are disturbed,
there will be changes in the river morphology, the sediment transportation, the scouring-
silting patterns, and affecting the biological activity [12]. If this happens over a long
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time, then the effect will accumulate and there will be changes in the evolutionary char-
acteristics of river landforms [17]. The sandbars play a role in the temporary storage
of sediment transport [4], flood control and waterway navigation [18], river channel
stability [3], and material and energy exchange [5, 6].

Changes in the area of sandbar can indirectly reflect the phenomenon of sedimenta-
tion and erosion, since sand dunes are more sensitive to lateral accretion and erosion than
vertical accretion. Therefore, because the area is a more accurate indicator in describing
the change in the scale of sandbar and can be used as a proxy for the volume of sandbar
[6-9, 16].

In the technical guidelines for river restoration by the Ministry of Environment and
Forestry, it is stated that the restoration of river islands and sandbars is classified as a
necessary morphological restoration. Nevertheless, the study of the geometry of sandbars
is still very limited. Hence, the benefits of this research are to provide reference regarding
the geometric characteristic of sandbar and its implications in river development and
conservation.

2 Location

The study investigated sandbars in the Progo river in Yogyakarta. There were 47 sandbars
identified from the Progo river. There were quite frequent activities of sand mining that
impacted the sandbars. Hence this study is conducted as information source for future
need of preservation and restoration or restoration of sandbars.

3 Literature Review

Gu et al. 2020 showed that there was a study of a significant decrease in sandbars in
the Mekong delta, suspected to be climate change and human activities. The impact of
human activities in particular, has led to the evolution of fluvial landforms downstream.

Hoque et al., 2021 conducted a study on erosion, silting, coastal evolution, mor-
phology, and physical processes for 40 years to see geomorphology or due to human
activities. The findings showed that there was a decrease in sediment that resulted in ero-
sion and decreased sandbars area. Waterway engineering due to adjustments to human
activities has changed the boundaries of sandbars in form of sand dunes and the evolution
of coastal ecological interactions.

4 Methods

This study began with measurements of sandbars geometry using satellite imagery of
sandbar geometry such ad sandbar length (p), sandbar width (1), river width (L), sandbar
distance to riverbank (d). The steps of study are as follows:

1) Identification of sandbars by using Google Earth satellite imagery. The imagery is
dated on June 2022 hence it is a recent view of the sandbars condition.
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2) Measuring the length (p) and width (1) of sandbars, distance from the center of the
sandbars to the river bank (d), and width of the river (L). As pictured in Fig. 1, width
of river (L) will be measured from three different points (upper, mid, lower) and later
being averaged. As for the distance from the sandbar to riverbank (d), it is measured
from both left and right side. The d value that will be used is the closest distance to
the riverbank.

3) Calculation of the geometric characteristics of the sandbar (p/l, L/1, L/d, and L/p).

4) Data analysis: in this step the data will be resumed, sorted, and plotted on graphs.

5) Discussion and comparison with previous studies, and,

6) Conclusion drawing

Fig. 1. Geometric characteristics of sandbar.

Information:

p = sandbar length (m)

1 = sandbar width (m)

d* = distance from the center point of sandbar to the riverbank (m)
L** = river width (m)
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*) the value of d is measured both to the left and right side of sandbar. Final value
will be averaged from them.

**) value of L is an averaged value from L of upper, middle, and lower part of the
sandbar

5 Result and Discussion

This research is limited to sandbars that are still intact from human activities. Any
sandbars indicated to have been exploited by human activities are not included in the
final data to be analyzed.

5.1 Sandbar Geometry and its Relation to Resistance

The geometric characteristics of sandbars from the results will be compared to the
geometric characteristics of river islands from previous studies [ 1] according to following
considerations:

e There is no study about sandbars related to its geometric characteristics.

e Still in accordance with previous point, hence the references about river island’s
geometric characteristics are used since they are the closest proximity to sandbar. The
sandbars will be gradually stabilized due to vegetation and develop into river islands
[5, 15].

5.2 Sandbar Length: Sandbar Width Ratio (p/l)

The comparison of the length with the width of the sandbar shows how the sandbar
looks. If the value of p/l ratio close to 1, the value of p and the value of 1 are almost
the same, so the sandbars have a rounded rather than rectangular shape. The greater the
p/1 value, the longer the shape of the sandbar. p/l values greater than 5 are unstable and
prone to rupture. The values p/l less than 3 can result in side erosion or sedimentation
behind the sandbars. The previous studies on river islands showed that ideal p/l range
with relatively low resistance is 3 < p/l < 5 [1, 14, 19]. The ideal geometric value of
sandbars studied here is still the same as the ideal value of river islands. It becauses river
island is originally build from sandbar.

5.3 River Width: Sandbar Width Ratio (L/1)

The ideal value as the ideal resistance for sandbar is 2.5 < L/l < 6. If the value is less
than 2.5 or more than 6, it shows a large resistance value hence the sandbar will be more
easily subjected to erosion. The ideal range of values needs to be achieved in order for
the sandbars to remain.

5.4 River Width: Distance from Sandbar to Riverbank Ratio (L/d)

The distance of the sandbar to the river bank illustrates the comparison of the midpoint
of the sandbars to the riverbank so that it can be identified whether the sandbar is in the
middle of the river channel. The sandbars’ result will be compared to the ideal value of
L/d for river islands according to Maryono 2008 is in the range of 2—4.
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5.5 River Width: Sandbar Length Ratio (L/p)

The comparison between the width of the river and the length of the sandbar (L/p) has
similarities with the previously described L/d values. The value indicates the proportion
of the size of the sandbar to the width of the river channel. The range of L/p values

Table 1. Summary of geometric characteristics of 47 sandbars on the progo river (p/l, I/1, 1/d, 1/p)
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indicating minimal resistance is 0.67 < L/p < 1.2. An L/p value of less than 0.67
indicates a sandbar that is too elongated in a relatively narrow river. While an L/p value
of more than 1.2 indicates a relatively short sandbars in a much wide river channel. Both
conditions will lead to high resistance to flow.

From the various referred literature of river island, it can be summarized that the
minimum sandbar resistance is characterized (similar to island characteristic) in these
following conditions:

e 3<pl<5
e 25<L/l<6
e 2<L/id<4

The results of the measurement of the geometry of sandbars are summarized and
presented in Table 1.

5.6 Impact of Human Activities on Sandbars

Based on previous studies, it is stated that human activities are one of the things that
affect the stability of sandbars and river islands [10, 11, 13, 19].

There are quite a lot of sandbars that have been inventoried but are not included in
the calculation because they have been touched by human activities, one of which is as
shown in Fig. 2. On the Progo River, human activities in the sandbar and river island are
mainly sand mining.

Fig. 2. Indications of sand dredging and mining activities
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6 Conclusion

From the results of the study and discussion, it can be concluded that this study of sandbar
geometry shows similarities with previous studies of river island geometry where the
islands tend to develop into streamline shape where 3 < p/l < 5 [1, 2]. This is also
aligned with study conducted by Nachtigal in 1999 about animal and birds’ streamline
shape for minimal resistance. As discussed previously, the river islands references are
also used in discussion due to no study related to sandbars’ geometry so far. Hence the
closest proximity is river islands.

Further study about sandbars development over time is needed. Historical data and
discussion is needed to analyze the dynamics of sandbars changes and development and
how it correlate with human activities.
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