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Abstract. The suspension flows the upper part of a volcano watershed, which has a very thick
soil condition, is sensitive to land use. Agroforestry is the dominant land use in the volcanic
landscape of Indonesia. This research, performed in the agroforestry area, covered the
characteristics of the correspondence between flow discharge and suspension discharge during
the flow. The suspension flow was measured at the outlet of key watershed areas, which yielded
436 suspension data. The measurement analysis was conducted at every rain event in the field
and the laboratory. The crop characteristics in the catchment area were recorded in detail during
the field survey. The characteristics of the channels converging toward the gully system were
observed during the field survey. There were the relationship patterns between the peak flow
discharge and the suspension discharge with the average time interval between the rain events,
and the occurrence of suspension flow was 17.7 minutes, and the peak suspension content varied
with an average of 1.03 g/L; then the grain size of the suspension was dominated by clay fraction
with an average of 73% at the rising stage and average of 69% the falling stage.
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1. Introduction

The land use pattern in volcanic lands in Indonesia is distinctive. Indonesia has more than 400
volcanoes, 127 of which are included in the active category [1]. The order of a volcanic landscape starts
from the cone, the upper slope — the foot slope. This landscape's typical land use pattern is the non-
intensive utilization of cone and upper slope due to high-intensity volcanic hazards [2]. Production
activities in the form of agroforestry have recently appeared in the middle slope [3]. Agricultural land
usually occupies areas from the foot slope [4].

The suspension flow from the upper part of a volcanic watershed with very thick soil conditions is
sensitive to land utilization. The suspension flow dynamics illustrate the flow response to the dynamics
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of the watershed characteristics, one of which is the land use pattern. The suspension flow dynamics are
essential to identify the watershed criticality qualitatively. This approach, however, requires further
development to achieve time and cost-effectiveness, and efficiency [5][6][7]. The suspension flow is
strongly related to soil loss rate and soil fertility deterioration process. It also triggers deposition and
sedimentation, which lead to siltation [8][9][10][11].

The dynamics of the suspension flow characteristics and the change in watershed conditions are
observable during certain rainfall events. The relationship between these two dynamics is explainable
through suspension hydrograph analysis. In a hydrograph, flow discharge and suspension discharge
parameters depict the aforementioned dynamics [12][13][14][15][16][17][18][19]. These dynamics are
associated with the balance system between rainfall as the input, infiltration, and soil water storage in a
watershed area [18][20][21][22][23]. The suspension flow dynamics presented in the suspension
hydrograph’s response demonstrate any changes in rain input, infiltration, and soil water storage.

The studies of flow suspension dynamics under the land use of agroforestry have been reported to be
optimal enough to control the formation of suspension flow [18][24][25][26][27][28]. However, they
do not deal with the physical characteristics of watersheds and landscapes covered with homogeneous
agroforestry as crucial watershed areas. Furthermore, the studies of flow and suspension flow dynamics
in volcanic watersheds have so far taken place in watershed areas with varied land use patterns along
with other geophysical conditions that involve many assumptions or generalizations. Therefore, the
results of studies based on this assumption generalization pose a potential bias toward the real states in
the field.

This research aims to involve a key area approach particularly for a watershed with small area
coverage and homogeneous agroforestry and geophysical conditions. This approach enables planning
the watershed’s physical characteristics in a more detailed and uniform manner to create a study that
approximates the actual conditions in the field. Also, it can make a study applicable to volcanic
watersheds with similar characteristics. The study of flow suspension dynamics in volcanic watersheds
with agroforestry covers the following problems: the corresponding responses of flow and suspension,
the time lag between rain events and the initial formation of suspension flow, and the grain size of the
suspension during the flow.

2. Material and Methods

This study used a key area method. With a large area of £300 ha (0.03 km?), Bompon Watershed was
designated as the key area because its land utilization was agroforestry, mainly in the volcanic foot slope
area. It is a volcanic watershed on the borders of Magelang Regency, Purworejo Regency, and
Wonosobo Regency, Central Java (Figure 1). It lies between 9163200 mN - 916400 mN and 396300
mE - 397800 mE with an elevation between 377 and 539 m above sea level. Unevenly distributed rainfall
with an annual average of 2,214.5 mm typifies its climatic characteristics. Bompon Watershed is located
in the transition zone between the material deposition zones of the Tertiary and Quaternary Volcanoes
on the foot slope of Sumbing Volcano. It experiences a volcanic intrusion that causes an intensive
alteration process on the bedrocks. The intensive alteration and weathering processes result in a soil
layer with a thickness of over 10 meters, which is categorized as super thick soil
[24][25][26][27][28][29]. The vegetation cover is in the form of agroforestry, i.e., land use with diverse
plant types like durian, coconut, green cottonwood, mahogany, Albizia chinensis, rosewood, Gnetum
gnemon, Lansium dookoo, Lansium domesticum cv. Kokossan, jackfruit, bamboo, banana, Salacca
zalacca, turmeric, Javanese turmeric, and cardamom. At the base of the tree stands, there are plants
attached to the ground surface, namely grass and aromatic ginger. The vegetation cover is dense (478.78
trees/m?), with a wide canopy spanning between 1-12 meters. The height variation of the vegetation
stands forms a plant layering structure (multilayer canopy).

The study used a key area method, which was carried out by measuring the suspension flow at the
gully outlet; this measurement produced 436 suspension data. The suspension flow was measured at
every rain event in the field and in the laboratory. The characteristics of the crop in the rain catchment
area were recorded in detail during the field survey. In addition, the characteristics of the channels
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converging toward the gully system were observed in the field survey. These data were presented in
tables and graphs (suspension hydrograph) to describe the causal relationship between rain phenomena
and suspension flows.

The suspension flow analysis was built based on rainfall and water level data. The rainfall data
included the dynamics of rain depth, intensity, and duration at the initial formation of the suspension
flow. The suspension was analyzed using the filtration method, which produced suspension weight and
concentration data. The suspension discharge was obtained by multiplying the concentration of the
suspensions by flow discharge, as Strand (1982) proposed in [30]. The flow discharge obtained for each
water level observed at the outlet of a stream gauge with broad-crested weir was calculated using the
Weir discharge equation [31].
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Figure 1. The Location of Key Areas in the Study Site and the
Geomorphological Unit Conditions in Bompon Watershed.

143



\
CIVENSE

%

3. Result and Discussion

Civil and Environmental Science Journal
Vol. 4, No. 2, pp. 141-153, 2021

3.1. The correspondence pattern between flow discharge and suspension discharge

During the rain events, the dynamics of the suspension flow showed correspondence patterns
between flow discharge and suspension discharge in the rising and falling phases. At the rising stage,
an increase in flow discharge was accompanied by a rise in the suspension discharge and vice versa, a
decrease in flow discharge was followed by a decline in the suspension discharge (Figure 2). At the peak
condition, three correspondence patterns between the flow discharge and the suspension discharge were
identified. Namely, (1) the peak flow discharge corresponded to the peak suspension discharge, (2) the
peak flow discharge preceded the peak suspension discharge, and (2) the peak flow discharge occurred
after the peak suspension discharge.

Table 1. The suspension conditions during the flows in each rain event

Peak Peak
Rain intensity suspension Peak runoff suspension Type
No Rain events Number of data concentration  discharge Qp . tQp and
(mm/hour) discharge Qsp
Cp (L/s) (/) tQsp
(g/L) ¢
1 2 3 5 6 7 11
1 18 February 2017 4 8.94 0.0711 13.2745 0.9432 tQp=tQsp
2 20 February 2017 10 8.88 0.2989 14.3273 4.2820 tQp>tQsp
3 21 February 2017-1 7 5.14 0.0016 8.4806 0.0136 tQp<tQsp
4 21 February 2017-2 9 4.44 0.0259 8.4806 0.2197 tQp=tQsp
5 22 February 2017 6 6.86 0.0252 8.0463 0.2025 tQp<tQsp
6 23 February 2017 2 1.80 0.0081 7.2035 0.0586 tQp=tQsp
7 25 February 2017 28 10.71 0.9894 28.4727 28.1720 tQp=tQsp
8 27 February 2017 2 4.40 0.0147 7.2035 0.1057 tQp=tQsp
9 28 February 2017 25 19.55 2.3453 43.5071 102.0355 tQp=tQsp
10 01 March 2017 2 6.60 0.1560 8.4806 1.3230 tQp=tQsp
11 01 March 2017-2 31 29.25 3.0703 129.9952 399.1225 tQp=tQsp
12 02 March 2017 34 22.34 1.9138 106.7442 204.2839 tQp=tQsp
13 05 March 2017 13 12.74 0.5655 39.5293 1.9314 tQp>tQsp
14 07 March 2017 11 27.16 0.3209 25.0950 8.0522 tQp>tQsp
15 18 March 2017 15 25.34 0.6623 18.8337 12.4739 tQp=tQsp
16 25 March 2017 10 16.80 0.9541 18.8337 17.9699 tQp=tQsp
17 26 March 2017 28 36.39 2.8932 142.2171 411.4681 tQp=tQsp
18 5 April 2017 39 75.08 2.7803 316.0675 878.7592 tQp<tQsp
19 6 April 2017 23 26.45 0.8329 118.1667 98.4224 tQp<tQsp
20 18 April 2017 13 29.18 0.9152 32.0076 29.2937 tQp=tQsp
21 19 January 2018 3 10.58 0.1120 10.7772 1.2066 tQp<tQsp
22 20 January 2018 7 3.45 0.8137 11.7526 9.5627 tQp=tQsp
23 21 January 2018 9 5.64 0.1742 8.4806 1.4773 tQp>tQsp
24 23 January 2018 2 4.60 0.2566 6.3958 1.6410 tQp=tQsp
25 24 January 2018-1 5 1.80 0.1519 10.7772 1.6368 tQp>tQsp
26 24 January 2018-2 21 9.60 2.1257 65.4142 139.0481 tQp=tQsp
27 24 January 2018-3 4 2.52 0.2945 10.7772 3.1741 tQp=tQsp
28 24 January 2018-4 4 3.84 0.2765 10.7772 2.9798 tQp<tQsp
29 26 January 2018 3 3.75 0.0553 14.3273 0.7918 tQp>tQsp
30 29 January 2018 3 7.80 0.1513 9.3745 1.4187 tQp=tQsp
31 31 January 2018-1 5 21.42 0.6379 8.4806 5.4094 tQp=tQsp
32 31 January 2018-2 6 16.80 0.1665 8.4806 1.4118 tQp<tQsp
33 1 February 2018 7 22.14 1.2545 14.8651 18.6486 tQp=tQsp
34 4 February 2018-1 5 20.88 0.7136 11.2610 8.0355 tQp=tQsp
35 4 February 2018-2 14 17.28 1.1217 51.8768 58.1903 tQp<tQsp
36 08 February 2018 5 12.48 4.7086 21.2571 100.0904 tQp=tQsp
37 13 Februri 2018 21 45.12 2.7227 115.8493 315.4219 tQp=tQsp
38 23 February 2018 12 38.40 0.9552 47.6241 45.4924 tQp>tQsp
39 24 February 2018 5 16.56 0.8113 13.2745 10.7700 tQp=tQsp
40 07 March 2018 11 15.10 2.2446 32.0076 71.8442 tQp=tQsp
41 08 March 2018 16 49.69 3.7600 106.7442 401.3581 tQp=tQsp
Total 480
Min. 2 1.80 0.0016 6.3958 0.0136 0.4500
Mean 12 17.26 1.0330 41.1108 82.8962 431
Max. 39 75.08 4.7086 316.0675 878.7592 18.7692
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In general, the peak conditions showed a corresponding pattern between the peak flow discharge and
the peak suspension discharge. Out of the 41 rain events observed in the field, (1) the peak flow
discharge corresponded to the peak suspension discharge in 26 events, (2) the peak flow discharge
preceded the peak suspension discharge in 7 events, and (3) the peak flow discharge occurred after the

peak suspension discharge in 8 events (Table 1).

The flow discharge condition substantially affects the suspension discharge; therefore, it determines
the correspondence shape patterns generated by the peak flow discharge and the peak suspension
discharge. The influence of flow discharge on suspension discharge is as reported in [32] [33] and [34].
The dynamics of runoff discharge are part of the balance system between the dynamics of rain input,
infiltration capacity, and soil water storage [13]. The rain input triggers the formation of suspension
flow that follows the dynamics of flow (runoff) formation when infiltration capacity and soil water

storage are exceeded [12][14][15][35][36].
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Figure 2. The types in the correspondence patterns of the peak suspension discharge and the
peak flow discharge during the flows in each and several rain events (Rain event No. 11 in of
the tQp=tQsp; Rain event No. 2 in of the tQp>tQsp; and Rain even No 19, in of the tQp<tQsp

types)
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The response of runoff and suspension flow formation dynamics is identifiable by suspension
hydrograph analysis. Hydrograph analysis illustrates the fluctuating movement of suspension flow
following the dynamics of the rainfall characteristics [16][17][18][19]. Figure 2 shows that at the
beginning of a rain event, the rain intensity and duration are still low, and, therefore, the flow discharge
tends to be small. As the rain intensity and duration increase, the flow discharge and the peak suspension
flow rise. Increased suspension flow discharge occurs because sediment production by raindrops and
scouring (erosion) by water flows on the ground surface also increases. Increased suspension discharge
at the same time as high flow discharge is caused by adequate suspension transport energy. At the
recession stage, the rain intensity decreases and, therefore, the flow discharge declines. Decreased flow
discharge reduces suspension production and sediment transport energy; accordingly, the suspension
discharge becomes lower.

3.2. The time lag of the suspension flow formation

The time lag from rain events to the initial formation of suspension flow at the outlet varies widely
(Table 2). It ranges between 4 and 55 minutes with an average of 17.7 minutes and a standard deviation
of = 13 minutes. A high standard deviation indicates that the time lag from the beginning of the
suspension flow formation and the rain events to the time at which the flows reach the outlet is highly
diverse. In this research, the time lag of the initial formation of suspension flow is controlled by the
response of the highly complex watershed condition, which includes the dynamics of the intensity and
duration of the previous rain events, the channel’s base flow, the intensity dynamics of the occurring
rain event. The statistical analysis results from the correlation test showed that the causal factors with
significant correlation coefficients were rain intensity (0.381) and runoff discharge (0.443), whose
significance levels were 0.05 and 0.001, respectively. The other factors, namely the dynamics of the
time lag, the maximum intensity and duration of the previous rain events, and the base flow condition
of the channel, had weak influence with insignificant correlation coefficients.

This study generally revealed different time lags from rain events to the initial formation of the
suspension flow as a combination of the dynamics of the intensity and duration of previous rain events,
the state of the channel’s base flow, and the intensity dynamics of the occurring rainfall. At the beginning
of the suspension flow formation, the rain intensity ranged from 1.2 to 97.2 mm/hour with an average
of 15.6 mm/hour. The lowest rain intensity to initiate the formation of the suspension flow was 1.2
mm/hour with a time lag of 8-10 minutes. At the beginning of the suspension flow formation, the highest
rain intensity was 97.2 mm/hour, with a time lag of 24 minutes. Low rain intensity with a shorter time
lag is possible when the previous rainfall has high intensity and long duration. The base flow is present
at the channel during the occurring rain event (events no. 15 and 17). In rain events no. 15 and 17, the
lowest rain intensity (1.2 mm/hour) resulted in shorter time lags, i.e., 8 minutes and 10 minutes,
respectively, when the previous rain events had high intensities, i.e., 39.6 mm/hour and 32.4 mm/hour,
and long durations, i.e., 90 minutes and 120 minutes, respectively.

With high rainfall intensity of 22.14 mm/hours, the time lag was wide (slow) because the previous
rainfall had low intensity and short duration and the base flow in the occurring rain event was low (event
no. 33). In the event no. 33, the rain intensity was 97.2 mm/hour, but it had a long time lag, i.e., 24
minutes, because of the low intensity (7.2 mm/hour) and short duration (15 minutes) of the previous
rainfall. The time lag of the initial formation of suspension flow also varied even when the rain fell with
the same intensity. In several observations (events no. 9, 16, 34), the rain intensities were equal (2.4
mm/hour). However, the previous rain events had different intensities, i.e., 6 mm/hour, 4.8 mm/hour,
and 97.2 mm/hour, and different durations, i.e., 256 minutes, 75 minutes, and 83 minutes, respectively,
indicating different time lags, i.e., 10 minutes, 5 minutes, and 27 minutes, respectively. Events no. 15
and 17 also had equal rain intensities, i.e., 1.2 mm/hour. However, the rain events preceding them had
different intensities, i.e., 39.6 mm/hour and 32.4 mm/hour, and different durations, i.e., 90 minutes and
120 minutes, which also resulted in different time lags, i.e., 8 minutes and 5 minutes.
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Table 2. The dynamics of the aspects of previous rain events, occurring rain events, and the formation of suspension runoff
No. Rain events Previous rain events Occurring rain events Suspension flow events
Rain The time lag
intensity Rain betyv(_ee_n the
Timelagto  Max. rain Rain Rain at' th? depth at |n|t!al Base . Runoff  Suspension
. . ; . . beginning formation of flow Suspension flow . -
No. Rain events previous intensity depth duration the - - discharge  discharge
. . of - suspension flow condition events
rain (hour)  (mm/hour) (mm) (minute) . initial (L/s) (gram/s)
suspension flow anq flow (mm)
flow reaching outlet
(mm/hour) (minutes)

1 2 3 4 5 6 7 8 9 10 11 12 13
1 16/02/2017 21 1.2 2.1 15 2.6 4.2 - 35 Not formed - -
2 17/02/2017 24 3.6 5.1 15 1.2 0.3 - 35 Not formed - -
3 18/02/2017 18 1.2 0.3 15 15.6 9.6 10 32 Formed 11.75 0.08
4 19/02/2017 27 4.8 15.6 45 2.4 15 - 5 Not formed - -
5 20/02/2017 23 24 15 15 20.4 24.6 55 25 Formed 7.2 0.33
6 21/02/2017 (1) 14 20.4 24.6 95 10.8 6 10 22 Formed 7.2 0.45
7 21/02/2017 (2) 10 10.8 6 30 16.6 18.3 20 25 Formed 7.2 0.04
8 22/02/2017 24 16.6 18.3 120 6 14.7 37 25 Formed 7.2 0.19
9 23/02/2017 11 6 14.7 256 2.4 15 10 25 Formed 7.2 0.06
10 24/02/2017 33 2.4 15 30 4.8 45 - 19 Not formed - -
11 25/02/2017 16 9.6 8.7 135 14.4 24.9 28 22  Formed 7.2 0.04
12 26/02/2017 18 14.4 24.9 225 4.8 45 12 05 Not formed - -
13 27/02/2017 20 4.8 45 90 7.2 4.8 8 25 Formed 7.2 0.11
14 28/02/2017 13 7.2 4.8 60 6 15 14 25 Formed 8.48 0.52
15 01/03/2017 (1) 15 39.6 255 90 1.2 0.3 10 25 Formed 8.48 1.32
16 01/03/2017 (2) 2 4.8 6 75 2.4 0.6 5 25 Formed 8.48 1.87
17 02/03/2017 20 324 51.3 120 1.2 1.2 8 30 Formed 8.48 0.99
18 04/03/2017 40 33.6 36 105 2.4 1.8 - 25 Not formed - -
19 05/03/2017 28 2.4 2.4 45 2.7 10.8 4 35 Formed 13.27 2.08
20 06/03/2017 24 21.6 9.9 60 28.4 1.4 - 01 Not formed - -
21 07/03/2017 23 26.4 6.9 15 49.2 12.3 14 30 Formed 10.78 1.27
22 14/03/2017 (1) 72 12 4.8 15 6 15 - 5 Not formed - -

Continued to the next page
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Table 2 (continued)

1 2 3 4 5 6 7 8 9 10 11 12 13
23 14/03/2017 (2) 2 6 2.1 15 2.4 15 - 5 Not formed - -
24 14/03/2017 (3) 1 9.6 12.9 60 2.4 2.4 - 5 Not formed - -
25 17/03/2017 48 28 21.3 75 2.4 2.2 - 32 Not formed - -
26 18/03/2017 17 4.8 2.4 90 28.8 7.2 39 - Formed 1.58 1.41
27 20/03/2017 21 40.8 57 150 4.8 1.8 - - Not formed - -
28 24/03/2017 72 18 6.9 45 2.4 15 - 22 Not formed - -
29 25/03/2017 16 2.4 2.4 30 5.1 20.4 10 15 Formed 4.54 0.54
30 26/03/2017 11 30 42 120 9.6 38.4 14 15 Formed 4.54 0.94
31 04/04/2017 (1) 15 2.4 19.8 75 8.4 2.4 - - Not formed - -
32 04/04/2017 (2) 8 8.4 3.1 15 7.2 1.8 - - Not formed - -
33 05/04/2017 19 7.2 5.7 15 97.2 24.3 24 15 Formed 18.83 11.13
34 06/04/2017 19 97.2 74.4 83 2.4 0.6 27 15 Formed 4.54 0.38
35 17/04/2017 120 2.4 1.2 15 16.8 5.4 - - Not formed - -
36 18/04/2017 17 16.8 5.4 15 22.8 5.7 12 - _Formed 0.55 0.02

Mean 24.5 15.3 14.8 68.7 11.7 7.4 17.7 21 7.7 1.2
Max. 120 97.2 74.4 256 97.2 38.4 55 35 18.83 11.13
Min. 1 1.2 0.3 15 1.2 0.3 4 01 0.55 0.02
Sdev. 22.6 18.2 17.6 58.6 17.9 9.1 13.0 10 4.0 2.4

Source: Field data processing (2017)
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This study argued that the time lag of the initial formation of the suspension flow was influenced
dynamically by a combination of factors, including the intensity and duration of previous rain events,
the intensity of the occurring rainfall, and the base flow of the channel. The combination of these factors
significantly controls the initial formation of suspension flow and is supported by the concept of flow
formation mechanism. The flow formation mechanism explains that a flow forms when the soil surface
receives rain input and absorbs water vertically into the soils by infiltration and percolation. As well as
when these processes affect the initial humidity status of the soil surface [36], make the soil water-
saturated, and form runoff on the soil surface in the event of excess rainfall [24][22][35].

This study provides the time lag between the initial formation of suspension flow and rain event,
which tends to be longer (17.7 minutes) in a volcanic watershed with super thick soils and land cover in
the form of agroforestry. The super thick soil in the volcanic watershed has a high clay content (> 50%),
and it can bind and store more water; therefore, suspension flow takes a longer time to form [40]. The
plant root density under the agroforestry practices is beneficial in initiating the formation of fractures
and secondary soil pores to increase infiltration and soil water storage capacity. Soil conditions with
high infiltration and soil water storage capacity can slow down the process of runoff (flow) formation
that carries suspension on the surface, as previously reported by [16][37]. According to [38], soil
permeability reflects soil infiltration capacity. The permeability of the super thick soils in the study area
ranged from 0.0259 cm/hour to 80.0759 cm/hour with an average of 0.4492 cm/hour (slow). Slow soil
permeability triggers a faster formation of suspension flow on the soil surface. In line with [39], the
combination of initial water content and infiltration affects the initial infiltration rate. When the need to
reach the initial soil moisture content is higher, the lower the initial infiltration rate. Suspension flow
forms when rain input exceeds infiltration capacity; in other words, the formation of suspension flow is
highly dependent on the fulfillment of infiltration capacity.

The time lag between the suspension flow formation and rain event in this research was wide (17.7
minutes). The wide time lag proves that the vegetation roots in agroforestry land use, which create
fractures and soil pores, can increase water absorption in infiltration and soil water storage capacity. The
super thick soil condition with high infiltration capacity and large soil water storage in the volcanic
watershed can store more water and slow the formation of suspension flow.

3.3. The characteristics of the grain size of the suspension

The results presented in Table 1 show that the suspension level at the peak suspension flow discharge
has a concentration ranging from 0.0016 g/L to 4.71 g/L with an average of 1.03 g/L. The most negligible
suspension concentration was 0.0016 g/L, which occurred in the event no. 2 with a peak runoff discharge
of 8.48 L/s. The highest suspension concentration was 4.71 g/L, which happened in rain event no. 36
with a peak runoff discharge of 21.26 L/s. In general, the study shows that the peak flow discharge
influences the suspension level, i.e., low peak flow discharge has a small suspension concentration. In
contrast, high peak flow discharge has a large suspension concentration. The situation in which peak
flow discharge affects suspension content is in line with the results of previous studies, including the
correlation between suspension’s grain size and flow conditions, namely flow discharge and rate
[41][42].

In the study area, the grain size of the suspension in the suspension flow is dominated by clay fraction.
The dominant clay fraction corresponds to the clay fraction found in the surface soil layer in the volcanic
watershed area. The grain size of the suspension was grouped according to the percentages of the clay,
silt, and sand fractions whose granular scales are <0.002 mm, 0.002-0.02 mm, and 0.02-2 mm,
respectively. The grain size of the suspension at the rising stage had the following mean percentages:
2% sand, 26% silt, and 73% clay. At the recession stage, the grain size of the suspension was composed
of the following mean percentages: 3% sand, 28% silt, and 69% clay. The fraction of the surface soil
layer consisted of the following mean percentages: 2% sand, 26% silt, and 73% clay. During the flow
events, the clay-sized suspension fraction showed a decrease from 73% at the rising stage to 69% at the
falling phase.
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Meanwhile, the sand-sized suspension increased from 2% to 3%, and the silt-sized suspension also
increased from 26% to 29%. The increases in the sand and silt-sized fractions and the decline in clay-
sized grain in the suspension during the flow events not only indicate different levels of transportability
between the sand, silt, and clay-sized suspension but also demonstrate an increase in the transportation
of sediment originating in the channel during the flow events. Clay fractions are mostly transported in
the rising phase when flow discharge is low because clay has a very small and delicate size that is more
easily suspended and transported. Meanwhile, the silt and sand-sized fractions are mostly carried in the
recession phase when flow discharge accumulates and becomes larger. Silt and sand are larger and
coarser so that their disaggregation and transportation processes require stronger flow discharge energy
and more prolonged time [43][44][45]. The increased silt and sand contents in the suspension during the
flow events indicate that the increased flow discharge can trigger intensive soil disaggregation and
sediment transport. This research argues that significant accumulation of flow discharge prompts
intensive suspension transport and flow in a volcanic watershed area, which occurs not only on soils
with clay content but also on sand and silt fractions.

4. Conclusions

During the rain events, the dynamics of the suspension flow showed correspondence patterns
between flow discharge and suspension discharge in the rising and falling phases. At the peak condition,
there are three relationship patterns between the peak flow discharge and the peak suspension discharge,
namely (1) the peak flow discharge corresponds to the peak suspension discharge, (2) the peak flow
discharge precedes the peak suspension discharge, and (3) the peak flow discharge occurs after the peak
suspension discharge.

The time lag from rain events to the formation of suspension flow ranges from 4 minutes to 55
minutes, with an average of 17.7 minutes. The wide time lag proves that the vegetation roots in
agroforestry land use, which create fractures and soil pores, can increase water absorption in infiltration
and soil water storage capacity. The peak suspension content varies between 0.0016 g/L and 4.71 g/L
with an average of 1.03 g/L. The grain size of the suspension is mainly from clay fraction with a range
of 71% to 76%, and the average is 73% in the rising phase. Furthermore, the recession phase ranges
between 68% and 71%, with an average of 69%. Silt and sand fractions in the suspension are averagely
26% and 2% in the rising phase and 28% and 3% at the recession phase.
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