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Abstract

The study was conducted to identify locations of streambank instability to prioritize restoration needs and slow
sedimentation rates on the Musimusi River. Relying on rapid geomorphic assessments (RGAs) has been a
common practice for determining the priority of stream reaches. In this study, an established RGA called the
channel stability index (CSI) was utilized to evaluate multiple sections of the Musimusi and Camuayan rivers.
Four (4) stream reaches got a CSI score higher than 20, considered "highly unstable." These are the streams that
reach 6, 10, 11, and 12. The CSI scores for at least one reach at all the sites fell within the higher range of the
"moderately stable" classification, as indicated by the fact that the rest had CSI scores ranging from 10 to 20,
which is considered "moderately unstable." This indicates that the four highly unstable reaches are in a state of
degradation, evident by the lowering of the channel bed and consequent increase of bank heights, incision
without widening, and bank toe material removed, causing an increase in bank angle while those moderately
unstable reaches in the Musimusi River. Its main tributary- the Camuayan River, is in a state of aggradation and

widening, evidenced by the lowering of the river bed due to deposition and shifting of the channel banks
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Introduction

Soil erosion is defined as the natural phenomenon
in which the removal and transportation of soil
material occur mainly through the action of erosive
agents such as water, wind, gravity, and human
disturbances (Bhandari et al., 2021.) in a riverbank
environment erosion of river banks results in
alterations to the shape and size of the river and is
a necessary process that moves floodplain sediment
to contribute to the overall sediment supply of the
basin (Allmanova et al., 2021). Sediment is one of
the leading causes of water impairment. Identifying
areas susceptible to streambank erosion within
stream and river networks is essential in
understanding the source of instream sediment

(Jiang et al., 2020).

Current stability conditions within a river basin can

be examined wusing diagnostic criteria of
contemporary geomorphic processes. These are called
rapid geomorphic assessments (RGAs), and they use
diagnostic criteria of channel form to infer dominant
channel processes and the magnitude of channel
instabilities through a series of questions. The
channel stability index (CSI) is one of the RGAs that
is most frequently utilized. Through geomorphic
assessment, the rivers and streams comprising a

watershed drainage network can be broken into

distinctive reaches and similar reach types grouped
(Papangelakis et al., 2023). Rapid geomorphic
assessments (RGAs) provide a quick method for
characterizing stream reaches, defined as lengths or
segments of a stream with similar streambank
characteristics in terms of bank height and
stratigraphy and their degree of stability (Miller et al.,
2021). The leading cause of the streambank failures
observed in small agricultural catchments is the
undercutting of bank toe and resulting steepening of
the slope, while the triggers are either hydrological
factors (snow melt, intensive/prolonged rainfall) or
human activity (using heavy machinery close to the
edge of streambanks) (Sidle et al., 2023). Numerous
research studies have demonstrated the significant
contribution of streambank erosion to total sediment
loading (Hughes et al., 2022). Therefore, this study
aims to assess and identify locations of streambank
instability to prioritize restoration needs and slow

sedimentation rates on the Musimusi River.

Materials and methods

Study area

Musimusi Watershed is situated in the municipality
of Balingasag, Misamis Oriental. It is geographically
located approximately between 8°41" to 8°48" north
latitudes and 124°45" to 124°54" east longitude, as

shown in Fig. 1.

. Study Sites
Musimusi River
=0 Musimusi Watershed
=2  Balingasag Administrative Boundary
=2 Province of Misamis Oriental

BalingAsag

| \

L

L s
e =

Fig. 1. Location map showing the study area in the Municipality of Balingasag, Misamis Oriental, Philippines
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The river basin has an approximate area of 7,772 ha. It
covers 16 barangay local government units, 15 of which
belong to the Municipality of Balingasag and one
barangay to the Municipality of Claveria. The majority
(77%) of the watershed falls within Balingasag, and the
rest (23%) is under the Municipality of Claveria. The
river comprises 29 streams with a total stream length
of 7150 kilometers and a drainage density of
0.0020941 meters. Two of the most noticeable streams
in the basin are the Musimusi River and Camuayan
River; due to its diverse landscape, the topography of
Balingasag varies from flat near the coast to very steep
towards the deep gully of Mt. Balatukan, being an

active volcano.

Flooding is a common occurrence in Balingasag. The
town is built over an alluvial fan formed by the
deposition of sediments carried by the Balatukan
River from Mt. Balutakan. Heavy precipitation over
the volcano often causes the swelling of the river and

the inundation of many areas in the alluvial fan.

Rapid geomorphic assessment

The research centered on the CSI protocol for quickly
identifying unstable sections within a stream
network. It is a scheme that assesses nine unique
criteria for recording observations of field conditions
during RGAs. Each criterion was ranked from zero to
four, and all values were summed to provide an index
of relative channel stability (Sulaiman et al., 2021).
The study of Nandi et al. (2023) has categorized
stream reach stability as follows: stability is classified
as <10, moderately unstable falls between 10 and 20,
and highly unstable is classified as >20. Through
geomorphic assessment, the rivers and streams
comprising a watershed drainage network can be
broken into distinctive reaches and similar reach
types grouped together (Rabanaque et al., 2022). To
conduct a CSI assessment, you need to measure the
height of the riverbank, the length of the riverbank
face, the river's stage during baseflow, the degree of
constriction, and the average diameter of sediment in
the streambed (Crespo-Azorin, 2021). The field

measurements are shown in Fig. 2.

Fig. 2. Field Measurements on the study area; a)
river stage at base flow b) bank height c) bank face
length and d) channel wid

A representative river stage was measured along the
thalweg, defined as the line outlining the lowest
points along the length of a river bed or valley of the
stream. Measurement was done by placing a steel
ruler on the streambed and recording the water
surface height. Care was taken to avoid local scour
pools. The river channel width at the cross-section
and approximately one-quarter of a meander length

upstream was measured at the bank's total height.

The degree of constriction is the relative decrease in
channel width from upstream to downstream. To
estimate the average diameter of streambed sediment
(gravel, boulder/cobble, or bedrock), the grain size of
the average particle from a sample of bed material
was measured in the field using a metric ruler during
the Wolman Pebble Count Method (Galia et al.,
2017). Occasionally, the difference between gravel
and boulder/cobble was split if the streambed particle
size distribution contained a large portion of both
gravel and cobbles. Bed protection measured the risk

of bed scour or incision.

The stream received a score of o if it had bed
protection (e.g., bedrock or armoring). A score of 1
was assigned if the stream lacked bed protection. An
extra 2 points were added if one bank had protection,
and an additional 3 points were added if both banks
had protection. A stream lacking bed or bank

protection received a score of 1 point, whereas a
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stream with both banks protected but no bed
protection received a score of 4 points. The bank
received a higher protection score than the bed, as the
energy not dissipated at the bank was transferred to
the bed (Mondal and Patel, 2022).

The amount of cutting into the land was determined
by comparing the water depth at baseflow (D) and the
height of the riverbank (BH). This was expressed as
the ratio of the baseflow elevation to the floodplain
elevation, that is, D/(BH + D). Channels with
significant cutting (low ratio) were given a high score,
while channels with minimal cutting (high ratio)
received a low score. Both sides of the river were
inspected for signs of erosion and landslides: no
erosion was given a score of 0, fluvial erosion a score
of 1, mass wasting a score of 2, and both mass wasting

and fluvial erosion a score of 3.

The scores for the left and right banks were combined
to create a total score of up to 6 points. Signs of mass
wasting include slumping banks, topsoil that has
fallen at the base of the bank, and rough edges at the
top of the banks. Both banks may exhibit one or more
erosion types in straight sections, with mass wasting
being the most prevalent on the critical banks. The
percentage of banks that experienced mass wasting
was estimated based on a percentage of total reach
length. Each bank's percentage of reinforcement by
riparian vegetation was calculated, and the resulting

scores for the two banks were combined.

Woody vegetation with the canopy extending over the
bank's edge was viewed as providing support. Woody
vegetation not extending to the streambank was not
deemed to offer support. It was generally believed
that the extent of roots was roughly the same as the
canopy crown. Therefore, even if the roots were not
visible, a canopy over the stream was assumed to offer
some geotechnical support against potential failure

planes.

The estimated percentage of banks experiencing
accretion (deposition) was based on the proportion of

reach length showing signs of accretion, such as

gravel or small sediment bars near the banks and
point bars. It is important to note that when assessing
the outer bends, the inner bend is typically a point bar
and is considered depositional. The reach was then
given a stage in the channel evolution model using the
six-stage model illustrated in Fig. 3. According to
Crespo-Azorin (2021), each stage was assigned a
distinct point value. The state of the riparian
vegetation, erosion, and deposition determined the

stage.
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Fig. 3. Six stages of channel evolution from Simon
and Hupp (1986) and Simon (1989b) identifying

Stages I and VI as ‘reference’ channel conditions

Results and discussion

The streambank condition of Musimusi river

One key study component was to rank potential
reaches for streambank stabilization in the Musimusi
River. Consequently, the RGA scores were utilized to
categorize the banks' stability in each specified
section, using RGA scores as depicted in Fig. 4. A total
of five sites with twenty-three (23) stream reaches
were studied in the study area. These sites (Fig. 1) are
marked with letter identifiers, and stream reaches

(Fig. 4) are marked with numbered identifiers.

Fourteen (14) of these reaches are in the Camuayan
River, one (1) is in the Biasong Stream, and eight (8)
in the Musimusi River. Four (4) stream reaches got a
CSI score higher than 20, considered "highly
unstable." These are the streams that reach 6, 10, 11,

and 12, with the former 3 having a CSI score of 22 and
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the latter having a CSI score of 21, as shown in Table
1. The CSI scores for at least one reach at all the sites
were on the higher side of the "moderately stable"
category, indicated by the remaining with CSI scores
between

10-20, which is deemed "moderately

unstable".
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Fig. 4. The stability category of the stream reaches

the Musimusi River

Table 1. Identified stream reaches along with its
Channel Stability Index scores and category in the

Musimusi River

Sites Reach Reach CSI
Length  Score
(m)

CSI Category

Musimusi River
Site A 1 440 12.5 Moderately unstable

2 440 15.5 Moderately unstable
3 440 18.5 Moderately unstable
4 440 18 Moderately unstable
5 440 16.5 Moderately unstable
6 440 22 Highly unstable
7 440 16.5 Moderately unstable
8 440 18.5 Moderately unstable
Biasong Stream
Site B 9 240 12 Moderately unstable
Camuayan River
Site C 10 440 22 Highly unstable
11 440 22 Highly unstable
12 440 21 Highly unstable
Site D 13 440 18 Moderately unstable
14 440 15 Moderately unstable
15 440 15.5 Moderately unstable
16 440 18 Moderately unstable
Site E 17 440 16.5 Moderately unstable
18 440 14  Moderately unstable
19 440 12.5 Moderately unstable
20 440 12.5 Moderately unstable
21 440 14 Moderately unstable
22 440 13.5 Moderately unstable

23 440 14.5 Moderately unstable

Channel instability of reaches 6, 10, 11, and 12 was
evident during the RGA assessment due to their
higher width/depth ratios, steeper slopes due to
decreased sinuosity, and excessive bar deposition,
which in turn increases stress in the near-bank
region. An increase in channel slope, discharge, or
decrease in sediment supply has tipped the scale
toward degradation. The channel cross-section is
deepening due to excess scouring. The channel has
disconnected from the floodplain. Bank erosion and
cutting are excessive along the inside and outside
bends, and bank angles are starting to steepen.
When this happens, a stream can be less competent
to move its sediment and, thus, aggraded. The
unstable sites are located throughout the mainstem,
which indicates active channel processes occurring
throughout the Upper and Middle Musimusi River
and not just in isolated areas. These active channel
processes include deepening the channel bed and
widening the channel; this was evident in the

unstable sites (Eaton et al., 2020).

The downstream of the study area (reaches 1 to 5)
mainly has silt and clay bed material, while reaches 6,
10, 11, and 12 are mainly composed of gravel and
sand. On the way upstream, the foremost bed
material is boulder or cobble. It was also observed
that the accumulation of large amounts of silt had
raised the streambed downstream of the Musimusi
River. A shallower channel cannot accommodate
significant and rapid stormwater runoff and may

produce flooding in the study area.

Reach 6, 10, 11, and 12 are mainly gravel and sand.
Cohesionless sand formation is the most dominant
in the streambanks, so streambank erosion occurs
with lower stream discharge due to lower bed shear
stress for sediment transport (Duru, 2017). Over the
last few years, deep pools, stable stream banks, and
narrow stream channels slowly changed to shallow,
wide, and eroding streams in these reaches. Sandy
beds depend on vegetation to stabilize their banks.
On the way upstream, the foremost bed material is
boulder or cobble. A rubble (boulder, cobble) stream

bottom is found in rugged high-gradient streams,
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primarily in the upstream part of the study area.
These are generally inundated permanently. The
bottom may consist of cobbles or small to massive
boulders. The rock in these stream bottoms is often
accumulated to considerable depths. Most stream
reaches have no bed or bank protection except for
some small stretches in reach 5 and 7 composed of
bedrock banks.

Incision and constriction vary among the 23 reaches
from upstream to downstream. Mass wasting flu, vial,
and erosion are also prominent, particularly in the
midstream of the river. When the sediment enters the
river, part of it is carried downstream by the current,
and the remaining part deposits at the foot of the
bank. In contrast, the deposited sediment, under the
action of water flowing, is further activated and then
transformed into bed load and suspended load, which
is transported downstream within the water (Shu et
al., 2019). There are numerous catchments worldwide
where surface and riverbank contributions are greater
than 25% and 90%, respectively (Abbas et al., 2023).
However, the contribution from surface sources
tended to occur in the 75-97% range, and the
contribution from riverbanks alone tended to fall in
the range of 3—-25%, suggesting that these may be
considered general values (Abbass et al., 2023). The
majority of the 23 reaches are already in the stage of
aggradation, especially in the upstream and
midstream of the river. Conversely, the downstream
part of the river reaches 1 to 5 and is in the
restabilization stage. This is evident with the
reduction in bank heights, aggradation of the channel
bed, and the deposition on the upper bank, therefore
visibly buried vegetation and floodplain terraces in

these reaches.

Conclusion

This study was conducted to identify locations of
streambank instability to prioritize restoration needs
and slow sedimentation rates on the Musimusi River.
Four (4) stream reaches got a CSI score higher than
20, considered "highly unstable." These streams reach
6, 10, 11, and 12. The CSI scores for at least one reach

at all the sites were classified as "moderately stable,"

as indicated by CSI scores falling between 10-20,
which is considered "moderately unstable." This
indicates that the four highly unstable reaches are in a
state of degradation, evident by the lowering of the
channel bed and consequent increase of bank heights,
incision without widening, and bank toe material
removed, causing an increase in bank angle. In
contrast, those moderately unstable reaches in the
Musimusi River. Its main tributary- the Camuayan
River, is in a state of aggradation and widening,
evidenced by the lowering of the river bed due to

deposition and shifting of the channel banks.

Recommendation(s)

It is essential to observe that the metrics of CSI
carried the same significance or span of values
compared to each other. Although there is flexibility
in the range of each metric corresponding to a specific
score, the worst (and best) case is valued equally
across all categories. As mentioned earlier, lower
scores are meant to indicate more excellent stability.
For this method to work effectively, at least one of two
conditions must be satisfied: (1) each metric must
contribute equally to stability, or (2) the RGA must be
applied in regions where the sources of instability
from one section to another are similar. It is
reasonable to acknowledge that the first condition
cannot be universally true. Therefore, the second
statement must be correct, and it can be confirmed.
As a result, RGA scores from various regions may be
different. This study needs further validation to

triangulate the data and prevent bias.
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