\Z I El' A International Information and

Engineering Technology Association

International Journal of Sustainable Development and

Planning
Vol. 16, No. 7, November, 2021, pp. 1253-1261

Journal homepage: http://iieta.org/journals/ijsdp

Application of Geographic Information Systems and Sediment Routing Methods in Sediment |

Mapping in Krueng Jreu Sub-Watershed, Aceh Province, Indonesia

Check for
updates

Devianti!, Fachruddin®*, Eva Purwati', Dewi Sartika Thamren?, Agustami Sitorus®*

! Department of Agricultural Engineering, Faculty of Agriculture, Syiah Kuala University, Banda Aceh 23111, Indonesia

2 Department of Civil Engineering, Nusa Putra University, Sukabumi 43155, Indonesia

3 Research Center for Appropriate Technology, National Research and Innovation Agency (BRIN), Subang 41213, Indonesia
4 Department of Mechanical Engineering, Nusa Putra University, Sukabumi 43155, Indonesia

Corresponding Author Email: fachruddin@unsyiah.ac.id

https://doi.org/10.18280/ijsdp.160706

ABSTRACT

Received: 11 June 2021
Accepted: 3 September 2021

Keywords:

aceh, agricultural information system,
appropriate technology, erosion, soil and
water engineering

Land management in the Krueng Jreu sub-watershed (Aceh Province, Indonesia) that did not
follow soil and water conservation methods encouraged erosion. This can lead to silting of
rivers or irrigation canals due to sediment deposition. Limited tools were the main reason for
the infrequent measurement and mapping of these sediments in watersheds. Therefore, this
study aims to conduct sedimentary mapping using GIS techniques combined with the sediment
routing method to successfully produce a map of sediment assessment criteria for the Krueng
Jreu sub-watershed area from 2010 to 2019. Rainfall and spatial data from the Krueng Jreu
sub-watershed were analyzed to obtain several parameters of surface runoff, peak discharge,
erodibility, slope, the value of ground cover, and land management. The results show that the
Krueng Jreu sub-watershed was included in the wet climate type. The type of land use
classification of savanna accounted for the most significant runoff, and land use type of open
soil gave the smallest runoff. The maximum erosion found in the secondary dryland forest type
land classification. It was known that the type of secondary dryland forest land use was the

most significant contributor to sediment occurrence in the Krueng Jreu sub-watershed area.

1. INTRODUCTION

A watershed is an ecosystem area limited by topography,
which functions as a place for water catchment, water reserves,
and water distribution. Naturally, watersheds have strategic
functions in the hydrological system and cycle, especially the
upstream watersheds [1-3]. This is mainly related to land use
management as a sub-system that affects water and sediment
dynamics [4].

Watershed management was an activity carried out by the
community (both farmers and the government) and helps
improve land conditions and integrated water supply in
watersheds. However, some watershed management activities
that do not follow soil and water conservation principles will
encourage erosion [5-7]. Sediment due to erosion will have an
impact on the silting of irrigation canals and rivers.

If watershed management was carried out optimally, it
could benefit farming communities, especially in fulfilling
water resources for agriculture [8]. On the other hand,
activities that occur in watersheds can lead to changes in the
watershed ecosystem. For example, changes in land use in the
upstream area can impact the downstream area in the form of
water fluctuations and the content of sediment and other
dissolved substances. A real example was the change in land
use of tropical forests in the upstream side of the river to
become an agricultural area, causing changes in the amount of
water that can be infiltrated into the soil. The surface run-off
will occur by bringing soil particles downstream of the river.
If allowed to drag on, this will cause sedimentation, which
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causes silting of the river on the downstream side of the river
flow.

Land use management consists of biological elements in
vegetation and physical factors such as topography and soil
types. Changes in land use are caused by an increase in
population, climate, agricultural cultivation, and local
government policies that impact land mismatches, causing
degradation of watersheds [9-11]. Ideally, the percentage of
land use management is 30% protected friends and 70%
cultivated area. Unbalanced land use management causes high
erosion, and there will be a high increase in sediment.

The Krueng Aceh watershed was the main source of water
needs for some communities. The Krueng Aceh watershed has
seven sub-watersheds, namely the Krueng Seulimum, Krueng
Inong, Krueng Khea, Krueng Keumireu, Krueng Jreu, Krueng
Aneuk, and Krueng Aceh Hilir watersheds. According to Zhao
etal. [12], forest damage in upstream areas can cause the water
discharge to fluctuate around 95% of the standard limit. In
addition, the conversion of forest functions that occurs causes
land degradation so that the quality of the soil decreases, which
can cause erosion.

Sediment measurement can be done directly by measuring
soil sediment in the river. However, direct measurement was
sometimes difficult because various things, such as limited
tools, were constrained. Nonetheless, it is important to monitor
an agricultural system to make the right decisions [13, 14].
Therefore, sediment routing was one way to view sediment by
describing the overall biophysics of the watershed in the form
of soil type, land use, and topography [15-17]. Each of these
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biophysics will affect rather than erosion. For example,
increased erosion will cause an increase in sediment.

Estimated sediment routing requires land use maps,
topographic maps, irrigation network maps, and soil type maps,
where the maps are processed using a geographic information
system (GIS). A geographic information system was a tool that
can help process data, analyze data, and display information.
For example, GIS can create a map of sediment distribution in
the watershed and can then be managed according to its
function in the long term. Therefore, this study aims to conduct
sedimentary mapping using GIS techniques combined with the
sediment routing method to successfully produce a map of
sediment assessment criteria for the Krueng Jreu sub-
watershed area from 2010 to 2019.

2. METHODOLOGY

This study uses daily rainfall data for the last ten years
(2010-2019). The rainfall data was used to calculate surface
runoff and peak discharge required as one of the parameters in
calculating erosion using modified universal soil loss equation
(MUSLE) method. This method was first introduced by
Williams [18], who developed the following revised form of
the universal soil loss equation (USLE) [19].

2.1 Surface runoff analysis

Surface runoff is calculated using Eq. (1). The retention
value was calculated using Eq. (2). The curve number (CN)
value was obtained by overlaying land cover maps, soil texture,
and slope so that the land use unit is obtained from the Krueng
Jreu sub-watershed area. CN was a coefficient that reflects
runoff during a given rainfall period. CN coefficients were
generally grouped based on the hydrological properties of the
soil. CN coefficient can be found in research reports [20-22].
After that, the land-use units were grouped based on the
Hydrologic Soil Group (HSG) (values A, B, C, and D) [23].

_(R-028)’ |
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where, Q-surface runoff (mm), R-daily rainfall, S-retention,
CN-curve number.

2.2 Peak discharge analysis

One method to determine peak discharge was to use the
rational method [24-26]. Determining the peak discharge
value with this method (Eq. (3)) was influenced by several
parameters such as concentration-time (Eq. (5)), rainfall
intensity (Eq. (4)), and runoff coefficient.
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where, C-coefficient of runoff, /-maximum rain intensity
(mm/hr), A-area of river basin (km?), Rz,-amount of planned
rainfall for the return period 7-year, f-time of rain
concentration (hr), L-river length (km), S-river slope (%).

Concentration time was needed to determine the length of
rainwater flowing from the upstream to the watershed outlet.
To determine the value of the concentration-time is strongly
influenced by several parameters such as the value of the
river's length and the slope of the river. The length of the river
in the Krueng Jreu sub-watershed is 46.20 km. The river slope
(15.5%) was obtained from the difference between the highest
upstream elevation of the watershed (749 m) and the lowest
downstream elevation of the watershed (32 m) in a ratio of the
length of the river. Determining the value of rain intensity can
be done using the formula from Mononobe based on the daily
rainfall data (mm) contained in Eq. (4). Rain intensity can be
interpreted as heavy rain per unit time. Analysis of rainfall
intensity using the Mononobe method uses time variables of
concentration and maximum monthly rainfall.

2.3 Erosion analysis

Analysis of the amount of erosion in the Krueng Jreu sub-
watershed using Eq. (6) [27]. The coefficient values of soil
erodibility factor (K), cover crops factor (C), soil management
factor (P) for this equation can be obtained from the results of
previous studies [4, 28, 29]. The soil erodibility parameter was
the level of sensitivity of a soil type to erosion. This parameter
was obtained from the soil type map. The erodibility value was
highly dependent on soil characteristics, such as soil texture,
stability of soil aggregates, permeability, organic matter
content. The ground cover factor is the plant cover factor. Soil
management factors are land management factors obtained
from land-use maps. The slope value is a factor obtained from
the topographic map. Slope grade values are presented in
Table 1.

Y =11.8x(QxQ, )" x(KxCxPxLS) (6)

where, Y-total erosion, Q,-peak runoff, K-soil erodibility
factor, C-cover crops factor, P-soil management factor, LS-
slope factor.

Table 1. Slope grade values

Grading Slope grading Description
I 0-8 % Flating land
II 8-15% Sloping land
I 15-25 % Slightly steep land
v 25-40 % Steep land
\Y >40 % Very steep land

Table 2. Soil erosion hazard classification

Grade  Soil losing (tons-hal-year!)  Description
I <15 Very light
Il 16-60 Light
[11 60-180 Medium
v 180-480 Heavy
\Y >480 Very heavy




The calculation of the erosion value using the MUSLE
formula was then classified into five classes, namely very light,
light, medium, heavy, and very heavy [30]. Table 2 shows the
classification of erosion hazard levels.

2.4 Sediment routing method

Sediment is the result of the process of erosion. Soil that
was continuously eroded will settle in one place. Sediment
calculation requires erosion value, sediment routing
coefficient value, concentration-time, and particle diameter
[15-17]. Sediment routing was influenced by all watershed
biophysics, namely land use, slope, soil type, surface runoff,
and peak discharge which have various values. Thus, a
weighted (composite) value is needed to unify the uniformity
by adding the value obtained per unit of land use multiplied by
the area and divided by the area of the sub-watershed. Because
the values obtained are tremendous and too complicated to
calculate manually, the sediment routing coefficient value was
calculated using a solver in Microsoft Excel. Completely this
method was developed by Williams [31] and has been used in
several recent research results such as Brewer et al. [32], who
applied his study in Spain and Greece, Kazezyilmaz-Alhan, et
al. [25], who conducted his study in Poland with precise factor
weight values for each type of land used to provide consistent
sediment values.

The calculation of sediment values using sediment routing
was then classified into five classes, namely very low, low,
medium, high, and very high. The criteria for assessing
sediment load can be seen in Table 3.

Table 3. Sediment assessment criteria

Soil losing (tons-ha-year!) Score Recovery qualification
MS<5 0.50 Very low
5<MS <10 0.75 Low
10 <MS <15 1.00 Medium
15 <MS <20 1.25 High
MS >20 1.50 Very high

2.5 Map delineation

Delineation was the drawing of a temporary boundary line
in an area on a map. Determine the Krueng Jreu Sub-watershed
boundaries on administrative maps, land use maps, soil type
maps, river network maps, and topographic maps using the
QGIS application. Then, clip the river network map,
topographic map, slope map, and land use map to leave the
information on the Krueng Jreu sub-watershed.

2.6 Map overlays

An overlay is done to determine the land map unit
consisting of K, LS, CP values. K, LS, CP values were obtained
from land use maps, soil type maps, and topographic maps
overlaid using the QGIS application.
3. RESULT AND DISCUSSION

3.1 Description of the Krueng Jreu sub-watershed area

(1) Geographical and administrative location
Geographically, Aceh Besar Regency was one of the
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regencies in Aceh Province, which is located between 5°2°—
5°8’ North Latitude and 95°80°-95°88° East Longitude with
an area of 2969 km?. Aceh Besar district consists of 23 sub-
districts and 604 villages. To the north, Aceh Besar Regency
was bordered by the Malacca strait and to the south by Aceh
Jaya Regency. In the west, it was bordered by Pidie Regency
and in the east by the Indian Ocean.

The Krueng Jreu sub-watershed was one of the sub-
watersheds in the Krueng Aceh watershed, located in the
Indrapuri sub-district, Aceh Besar district (Figure 1). The
Krueng Jreu sub-watershed was located between 5°12°29.5”
to 5°23°57.5” north latitude and 95°21°49” to 95°30°45.2” east
longitude with an area of 23194.98 ha. The length of the main
river is 46.20 km, with a slope of 15.5%.
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Figure 1. Krueng Jreu Sub-watershed map

(2) Soil type Krueng Jreu sub-watershed

There were five soil types in the Krueng Jreu sub-watershed:
alluvial, latosol, brown podzolic complex, podzol and lithosols,
and red-yellow podzolic. The distribution of soil types in the
Krueng Jreu watershed can be seen in Table 4. Each soil type
has a different erodibility value, which shows the ability of the
soil to resist erosion. The higher the erodibility value, the
easier the soil is to erode. Based on the erodibility value, the
types of easily eroded soil are latosols and brown podzolic
complexes, and lithosols. The percentage of soil types that are
easily eroded is 53.98%, while the types of soils that were not
easily eroded are alluvial, red-yellow podzolic, and lithosols.
The percentage of soil types not easily eroded was 46.02%.
According to Jiang et al. [33], the Krueng Jreu sub-watershed
generally has moderate to good ability to resist erosion based
on the type of soil.



Table 4. Soil type area of Krueng Jreu sub-watershed

Soil type Erodibility Area (ha) © erfff/:')tage
Alluvial 0.19 1.26 0.01
Latosol 0.31 26.25 0.11

Brown podzolic
complexes, and 0.27 1249491 53.87
lithosols

Lithosols 0.16 9097.51 39.22

Red-yellow podzolic 0.17 1575.05 6.79

(3) Land use Krueng Jreu sub-watershed

Table 5. Land use management classification Krueng Jreu
sub-watershed

Land use Cover crop Percentage
management value Area (ha) (%)
Protected area
Primary dryland 0.0005 1583.30 6.83
forest
Secondary dryland 0.1 10976.46 47.32
forest
Water body 0.001 40.64 0.18
Cultivation area
Residential areas 0.2 30.77 0.13
Dryland farming 0.02 605.41 2.61
Mixed dryland 0.02 462.71 1.99
Farming
savanna 0.012 5193.56 22.39
Rice field 0.005 381.83 1.65
Shrubs 0.04 3900.21 16.81
Open land 0.5 20.09 0.09

Land use in the Krueng Jreu sub-watershed was classified
into two areas: protected areas and cultivated areas. Protected
areas consist of land uses such as primary forest, secondary
forest, and water bodies. The cultivation area consists of
dryland agriculture, rice fields, shrubs, and open land.
Comparison of the percentage of space for each land use
(Table 5) describes land use management related to cover
crops with different crop coefficients and soil management,
affecting the amount of erosion and sedimentation. Protected
areas have a percentage of 54.32% and cultivation areas of
45.68%. This shows that protected forest areas still dominate
the land use in the Krueng Jreu sub-watershed area. The most
significant percentage of land use in protected areas was

secondary dryland forest of 47.32%, and the smallest was
water bodies of 0.18%. Meanwhile, the most important
cultivated area land use was savanna of 22.39%, and the
smallest was open land of 0.09%.

(4) Sloping land in Krueng Jreu sub-watershed

The Krueng Jreu sub-watershed was divided into five
categories of land slope classes ranging from flat to very steep,
with the area and percentage of each class presented in Table
6. Flat slope types generally have a sloping surface relief with
an area of 5519.55 ha (23.80%). This area was an area used as
land for agricultural development and urban development. The
type of sloping slope with an area of 8238.64 ha (35.52%)
where the area with this condition was suitable as a location
for plantation cultivation development. A slightly steep slope
with an area of 745.81 ha (3.22%) was a primary dryland forest
area. The steep slope of 2353.91 ha (10.15%) was a hilly area
with primary dryland forest. Finally, the very steep area with
an area of 6337.07 ha (27.32%) was a protected forest area.

Table 6. Slope area of the Krueng Jreu sub-watershed

Sloping land fs;;’tl(’)i Area (ha) Per:(()e/l:)tage
F(%‘;nfgé;‘:)d 04 551955 23.80
S(lgﬁj:ligslozr;d 14 8238.64 35.52
Shﬁl Ly S /S‘nd 31 745.81 322
(;;g/‘zp f&i) 68 235391 10.15
Very steep land (>40%) 9.5 6337.07 27.32

(5) Rainfall in area Krueng Jreu sub-watershed

The rainfall data used in this analysis is monthly rainfall
data for ten years from 2010-2019, which was obtained from
the Meteorology, Climatology and Geophysics Agency
(BMKG) Indrapuri Station in Banda Aceh (Table 7).
According to BMKG (2011), the climate type in this area can
be determined using the Schmidt-Ferguson classification. The
average wet and dry months in this sub-watershed are 0.5
month and 9.4 month, respectively. Therefore, according to
the Schmidt-Ferguson climate classification, the Krueng Jreu
sub-watershed area belongs to the wet climate type.

Table 7. Monthly rainfall data

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des
2010 39.0 24.0 442 58.0 75.5 35.0 41.7 60.0 30.0 49.5 69.4 37.4
2011 87.2 40.8 54.5 47.6 13.7 9.4 45.7 15.8 44.0 60.9 77.2 79.5
2012 89.0 51.0 63.5 55.0 25.6 7.2 17.0 25.1 31.7 39.5 162.0 65.5
2013 63.0 355 66.2 57.0 60.7 33.0 23.0 11.2 77.3 272 50.0 78.0
2014 245 28.5 19.4 55.7 77.0 329 8.5 21.6 56.3 53.5 125.7 119.3
2015 89.0 5.9 27.6 57.9 60.4 5.4 21.8 7.8 30.5 38.2 63.4 113.0
2016 48.0 55.9 40.0 45.5 35.0 17.0 13.0 37.8 8.6 50.9 95.9 31.6
2017 84.0 25.0 64.5 62.0 40.8 23.8 10.7 16.0 55.0 57.3 96.3 914
2018 235 21.6 21.7 42.7 343 14.4 15.4 14.5 28.6 335 67.9 53.1
2019 33.8 27.0 21.1 103.4 41.0 345 60.5 24.0 21.5 74.2 73.4 35.0

(6) Surface runoff Krueng Jreu sub-watershed

Runoff was a critical element in the water cycle and one of
the causes of erosion. The amount of surface runoff in the
Krueng Jreu sub-watershed in the last ten years is presented in
Figure 2. The highest runoff occurred in 2012 at 27455.93 mm,

and the lowest runoff occurred in 2018 at 14185.74 mm. In
2012 there was an increase in runoff in the Krueng Jreu sub-
watershed by 17.49% from the average runoff from 2010 to
2019. However, there was a significant decrease in runoff in
2018 of 47.81% from the previous year's runoff. The increase



and decrease in surface runoff for ten years are caused by high
and low rainfall and land-use factors. Heavy rainfall will
potentially increase the volume of water that will be present
on the ground surface. Some that can enter the soil (infiltration)
will become groundwater, and most of it will flow as surface
run-off. Land use will act as a factor that can increase
infiltration into the soil so that the surface runoff can be
smaller.
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Figure 2. Runoff in Krueng Jreu sub-watershed

The amount of surface runoff in various land uses presented
in Figure 3. Savanna land use contributes to the most
significant increase in runoff of 6726 mm/year. In addition,
bushland/shrub contributed about 6168 mm/year. The smallest
runoff occurs on open land of 329 mm/year, followed by land
use for settlement, which was 339 mm/year. The curve
numbers rainfall and soil type conditions influenced the
fluctuation in surface runoff in various land uses.

201020112012 20132014 201520162017 2018 2019
Year

30000
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20000
15000
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Runoff (mm)

B Primary dryland forest
Residential areas

B Secondary dryland forest
Dryland farming

H Mixed Dryland Farming M Savanna
M Rice field B Shrubs
M Open land W Water body

Figure 3. Surface runoff at various land uses in Krueng Jreu
sub-watershed

3.2 Estimation of peak discharge by rational method

(1) Time of concentration

The results of the analysis that the concentration-time of this
sub-watershed is 2.57 hr. This means that the time required for
rainwater to flow from the furthest point (upstream) of the sub-
watershed to the output of the sub-watershed (downstream)
was 2.57 hr.

(2) Rainfall intensity

The results of the analysis of rain intensity can be seen in
Figure 4. The highest rainfall intensity occurred in 2012,
1324.65 mm/hr, and the lowest rainfall intensity occurred in
2018, which was 228.61 mm/hr. The higher the maximum
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rainfall, the higher the intensity of the rain. The decrease and
increase in rainfall intensity are influenced by the high or low
maximum rain.

(3) Runoff coefficient of Krueng Jreu sub-watershed

Each land use in the Krueng Jreu sub-watershed has a
different runoff coefficient (Table 8). For example, the largest
runoff coefficient value was found in land use for settlements.
The runoff coefficient on land use was 0.06. This means that
60% of the rainwater in the area will runoff, and only 40% will
enter the ground. Due to various land use types in the Krueng
Jreu sub-watershed area, a runoff coefficient of 5% was
obtained, which means that 95% of the water will enter the soil
when it rains.
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Figure 4. Rainfall intensity in Krueng Jreu sub-watershed

Table 8. Krueng Jreu sub-watershed runoff coefficient

Land use Runoff Area C*A
management coefficient-(C) (ha)-(4)
Primary dryland 0.02 158345  31.67
forest
Secondary dryland 0.03 10956.54  328.70
forest
Residential areas 0.60 30.77 18.46
Dryland farming 0.10 605.40 60.54
Mixed Dryland 0.10 401.00 40.10
Farming
Savanna 0.07 5192.93 363.51
Rice field 0.15 385.83 57.87
Shrubs 0.07 3978.27 278.48
Open land 0.20 20.15 4.03
Water body 0.05 40.64 2.03

(4) Peak discharge of the Krueng Jreu watershed

The results of the analysis of peak discharge using the
rational method in the Krueng Jreu sub-watershed in the period
of 10 years from 2010 to 2019 were presented in Figure 5. The
highest peak discharge occurred in 2012, which was 4365.24
m?¥/s and the lowest peak discharge occurred in 2018, which
was equal to 753.37 m¥/s. It can be seen that there was a
significant increase in peak discharge in 2012, which was 3.45
times greater than in the previous year. However, in 2013 there
was a decrease in a peak discharge of 76.82% from the
previous year. One of these peak discharge fluctuations was
influenced by the intensity of the rain, which if the rainfall
intensity were low, the peak discharge produced would be
small (vice versa).

3.3 Krueng Jreu sub-watershed erosion

Erosion in the period 2010 to 2019 in the Krueng Jrue sub-
watershed is presented in Figure 6. The largest erosion in the



Krueng Jreu sub-watershed was 611044.72 tons which
occurred in 2012. The smallest erosion in this sub-watershed
occurred in 2018 of 157831.63 tons. The largest erosion in
2012 was known to be 1.84 times greater than the 10-year
average. In addition, the smallest erosion in 2018 is known to
be 47.52% less than the average erosion in the last ten years.
Another phenomenon related to erosion in the Krueng Jreu
sub-watershed was rainfall that was not significantly different
(between 2012 and 2013) but provides a significant amount of
erosion. This is due to the greater rainfall intensity in 2012,
which resulted in a lot of loose soil being carried away by
rainwater. In addition, according to several research results
[34-36], erosion fluctuations were generally influenced by
surface runoff, peak discharge, soil erodibility, sloping land,
cover crops, and land management.
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Figure 5. Peak discharge in Krueng Jreu sub-watershed
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Figure 6. Total soil erosion Krueng Jreu sub-watershed
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Figure 7. Erosion at various land uses in Krueng Jreu sub-
watershed
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The amount of erosion in various land uses in the Krueng
Jreu sub-watershed was presented in Figure 7. In general, in
the Krueng Jreu sub-watershed, there was an increase in
erosion due to land use for other purposes, from 240563.28
tons in 2010 to 611044.72 tons in 2012. Erosion The highest
occurred in the land classification of secondary dryland forest,
followed by shrub and savanna land type classification. The
lowest erosion occurred in the water body type land
classification and land use for rice fields. Erosion fluctuations
in various types of land use were not only caused by the use of
the land itself. Still, they can also be caused by the different
areas of each land type classification, factors of cover crops,
type of tillage, sloping land, and type of soil.

3.4 Total sedimentation in Krueng Jreu sub-watershed

Based on the amount of erosion and river morphology, the
sediment routing coefficient for the Krueng Jreu sub-
watershed area from 2010 to 2019 was -0.25. Sediment erosion
in the Krueng Jreu sub-watershed in the period 2010 to 2019
was presented in Figure 8. The highest sediment in the Krueng
Jreu sub-watershed occurred in 2012 of 488757.02 tons, and
the lowest sedimentation occurred in 2018 of 130014.46 tons.
The analysis results show that almost the same rainfall in 2012
and 2017 resulted in significantly different sediment values.
This may be due to one of the reasons for the different rainfall
intensities that year. Rain intensity in 2012 was known at
1324.65 mm/hr, and in 2017 was known at 468.09 mm/hr. This
difference in intensity resulted in different peak discharges
resulting in other erosion in the two years.
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Figure 8. Sedimentation in Krueng Jreu sub-watershed

The relationship between sediment and various land uses in
the Krueng Jreu sub-watershed was presented in Figure 9. The
highest sedimentation occurs in the land use classification of
secondary dryland forest, followed by shrubs and savanna.
The lowest sediment occurs in the land use classification for
water bodies and then followed by land use for rice fields. It
can be seen that there was an increase in sediment in the use
of secondary dryland forest land in 2012 by 2.10 times greater
than in the previous year. This sediment fluctuation was
influenced by erosion factors that occur in the land-use area.

The assessment map of the sediment load criteria at the
beginning and end of the study year was presented in Figure
10. The sediment criteria that occurred in the Krueng Jreu sub-
watershed in 2010 can be classified into low, very low, very
high, and high. Whereas in 2019, the sediment criteria changed
to low, very low, and very high. The difference in sediment



load criteria was due to differences in sediment produced in
various land uses from 2010 to 2019.
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Figure 9. Sedimen pada berbagai penggunaan lahan
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Figure 10. Map of sediment assessment criteria for (a) 2010,
and (b) 2019

4. CONCLUSIONS

Sedimentation mapping using GIS techniques combined
with the sediment routing method has succeeded in producing
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a map of sediment assessment criteria for the Krueng Jreu sub-
watershed area from 2010 to 2019. It can be seen that the
Krueng Jreu sub-watershed was included in the wet climate
type (Schmidt-Ferguson climate classification). The highest
rainfall intensity was known to occur in 2012 (1324.65 mm/hr)
and the lowest in 2018 (228.61 mm/hr). The maximum and
minimum peak discharges in the Krueng Jreu sub-watershed
area respectively occurred in 2012 (4365.24 m?/s), 2018
(753.37 m?/s). The maximum and minimum runoff in 2012-
2019 occurred in 2012 (27455.93 mm), 2018 (14185.74 mm).
The type of land use classification of savanna accounted for
the most considerable runoff (6726 mm/year). The smallest
runoff occurred in the use of open soil (329 mm/year). The
maximum and minimum erosion in the Krueng Jreu sub-
watershed is 611044.72 tons (2012), 157831.63 tons (2018).
The highest erosion occurred in the land classification of
secondary dryland forest, and the lowest erosion was found in
the water body type land classification. The most increased
sediment in the Krueng Jreu sub-watershed occurred in 2012
(488757.02 tons), and the lowest sedimentation occurred in
2018 (130014.46 tons). The type of land use of the secondary
dryland forest was the most significant contributor to sediment
occurrence in the Krueng Jreu sub-watershed area. Based on
this research study, the authors suggest that secondary dryland
forest land use should be reduced and prioritize land use for
cultivation with plant species with deep roots and a wider
canopy.
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