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EROSION HAZARD ANALYSIS IN THE LIMBOTO LAKE
CATCHEMENT AREA, GORONTALO PROVINCE, INDONESIA

Abstract. Damages to the land resources, mainly those happening on drainage basin at Alo, Gorontalo occur in
consequence of degradation of the ground surface layer as hit by raindrops and rainwater flow that carry soil surface.
This issue becomes quite serious due to illegal logging and agricultural land conversion, mostly for maize fields as
one of Gorontalo’s top commodities. The purpose of this tudy is to determine the level of erosion hazard in the
Limboto Lake catchment area. In order to achieve these objectives two methods are used namely the field survey and
documentation. The research material used includes of socio-biogeophysical characteristics of Alo drainage basin
and analyzes the level of soil surface erosion. The result shows that 98.75 percent of erosion hazard is classified into
low to moderate, covering approximately 6,874.721 hectares. Meanwhile, 1.25 percent of the high to extreme level
of erosion hazard are 98.79 hectares wide. This suggests that inappropriate use of land is more likely to increase the
erosion hazard rate.
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Introduction. Preserving conservations sites from threats is quite a duty these days. The treats are
from various illegal activities, such as logging, hunting, kinds of land conversion, mineral exploration and
exploitation, or conflict of land use [1]. It is important to manage land resources in the context of
development in Indonesia years ahead, as now more complex challenges begin to emerge. These
challenges are pressures from local people, land conversions and working shifts, forest degradation and
land damages, and environmental damages and natural disasters. Therefore, a sustainable concept of land
resources management focusing on tackling the challenges needs to be designed and formulated on local,
regional and national scale [2].

Damages to land resources in watersheds are the after effect of loss of soil surface by rain drops and
rainwater’s carrying capacity, eventually creating a critical land zone. It is caused by over exploitations of
productive lands and careless activities towards environment preservation. Some of the main factors to
damage the catchment area are deforestation and cultivation with less or no appliance of soil conservation
principles. As reported by State Ministry of Environment and Forestry, in entire Indonesia, floods in
2006 only affected 124 districts in total. The number increased to 240 districts in 2007. This was
aggravated by pervasive spread of damaged catchment areas over Indonesia and nearly 4.2 percents of
land conversion rate per year [3].

Limboto Lake is a natural lake located in Gorontalo regency, Indonesia. Stretched approximately
3.000 hectares wide, it is the estuary of 5 main rivers, namely Bone Bolango, Alo, Daenaa, Bionga, and
Molamahu River. As an icon of both Gorontalo regency and province, Limboto Lake possesses a
significant role, either as an ecological and hydrological function, or socio-economical support to the
locals [4]. Research on Lake Limboto has been carried out mainly on microfacies and uplift rate of
limestone. There are three limestone microfacies in the slope to toe of slope depositional environment.
While the rate of uplift limestone 0.0669-0.0724 mm/year [5,6].
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Alo drainage basin is among the largest watersheds nearby Limboto Lake catchment area, having an
area of 48.828 hectares, covering 52 percents of Limboto Lake catchment area, making it a benchmark
when analyzing Limboto Lake catchment area entirely. One major quest needs to be solved the tendency
of land functional shift by local people. Most of the locals are farmers. Thus they tend to explore land in
the upstream area ofthe watershed, resulting in gradual deforestation. The forest is cut down then replaced
by farms (mainly maize fields), as an effort of industrial extensification, without scrutiny analysis on the
watershed’s environmental support capacity. There is not enough intensive management and technology
used in maize farms located in a hilly area of the watershed. As mentioned in [7], there was a decrease in
the size of forests in Alo watershed, from 5,587 hectares on 2003 to 4,478 hectares two years later. By
that, Alo watershed has more dry farmland and wide open ground than other sub-watersheds, also, most
lands have a slope of 49.3 percent. On the other hand, farmlands expanded significantly from
1,398 hectares on 2003 to 30,338 hectares on 2005. This might trigger an increase in surface flow rate in
the rainy season, being very prone to erosion. Lihawa then asserted that erosions in Alo were categorized
as heavy ones, rated 190.36 tons/hectares/year or 9,294,695.62 tons/year in total. Meanwhile, as claimed
in [8-10], erosion level of Limboto.

Lake catchment area has met the number of 9,902,588.12 tons/year. As per 2006, the area ofthe lake
has shrunk into less than 3,000 hectares, with an average depth of 2.5 meters. The shrinkage occurred as a
result of illegal logging and agricultural land conversions to maize fields. [4,10] also blamed the existence
of water hyacinth, causing lake sedimentation and also damaging ecosystems of the lake. With that in
mind, there is a bigger probability that flood might happen in high rainfall. It is worsened by the high rate
of air humidity in Gorontalo, having 80.17 percents on average. The maximum rainfall with 24 rainy days
is in December [3]. This evidence is enough as a proofofurgency to conserve Limboto Lake to reduce the
rate of lake degradation. Hence, one needs to conduct a study on the level of erosion hazard on Limboto
Lake catchment area.

Research Method. The research took place in Alo drainage basin, Tibawa District, Gorontalo
Regency, Gorontalo Province, precisely at the west of Limboto District. Tibawa District is at the longitude
of 122046°56” - 122053’47”E and latitude of 00045°51” - 00a39°14”N. Alo river is a river with most
sediment deposits of 124.83 tons/hectares flowing to Limboto Lake. Alo drainage basin covers six
villages, namely Datahu, lloponu, Buhu, Isimu Utara, Labanu, and Motilango village, all under the
administration of Tibawa District. This is shown in figure 1 as follows:

Figure 1- Map of Alo drainage basin
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Data Collection. This study encompasses socio-biogeophysical characters of Alo watershed and
involves the rate of surface erosion and tolerable erosion rate. Field observation and documentation were
conducted to collect data of slope length and area, land use by the locals, varieties of plants, conservations
completed, sufficient depth of soil, soil color and texture, land cover, and soil sampling.

The main climate data of the research are rainfall and air temperature. Data of rainfall are obtained
from four rainfall stations, i.e., the meteorological station of Djalaluddin Airport, Alo station, Kwandang
station, and Biyonga station. The obtained data then are converted into isohyetal map and rain erosivity
map to acquire data of spatial rainfall and erosivity spread. The mock approach is preferred to extract data
ofthe air temperature obtained from the meteorological station at Djalaludin Airport of Gorontalo.

Data Analysis. A descriptive analysis is performed to break down and present data of environmental
condition of and land use in Alo watershed in forms of the table. The spatial and ecological approach is
undergone by using Geographical Information System (GIS) to observe the spatial spread of
environmental situation of the watershed, i.e., the condition of the hillside, soil, land use, socio-economy,
and culture. The impact of actual land use towards erosion and land degradation is measured by
comparison ratio of real soil erosion value (A) and tolerable soil erosion (T). Actual land use will not
trigger land degradation if A < T, and vice versa. The impact is then classified into three categories, safe
(A<), unsafe (T<A<2T), and highly unsafe (A<2T).The data gathered is then set as a benchmark to
measure erosion hazard rate. The parameters of measurement are the value of erosion rate and soil solum.
The rate of erosion hazard is then arranged based on five criteria of level: extremely low, low, moderate,
high, and extremely high [11].

Research Results and Discussion. Erosion Level. Erosion is a process of movement of the soil or
its parts from a place to another by natural media [12]. There is a parametric model to predict the rate of
erosion of a plot of a land developed by [13-14] called Universal Soil Loss Equation (USLE). The next
step is to interpolate calculations result of every rain station by EI130 to gather rain erosivity value of every
land unit by ArcView 3.3 software, to be then overlapped by a map ofa land unit.

Alo watershed has C, D, and E climate type with rain intensity of 1,100-1,400 mm/year. It determines
the power of raindrops toward the ground, a number of raindrops, rain spread area, and rate of soil
erodibility. The highest rate of erosivity in Alo watershed is 1,102,000 tons-m ha_lcm_loccurring on a land
unit of structural hills of granite rocks (S1IVPt) with an area of 5.4 hectares, with class 1V slope steepness
and land use of shrubs. Concurrently, the lowest rate of erosivity, 47,000 tons-m ha-1 cm-I, took place on
unit S1IPt with an area of 165.24 hectares.

Prediction of Soil Surface Erosion. here are three groups of erosion rate; group | with A value more
than 100 tons/hectare/year, group Il having A value of 10-100 tons/hectare/year, and group IIl with less
than 100 tons/hectare/year of value. All land units of karst hills have a value below 10 ton/hectare/year.
The erosion rate is low, owing to low rate of rain erosivity.

Measurement of Tolerable Erosion Rate (T) and Erosion Hazard Rate (EHR). The result of
which is presented in table 1. According to table 1, five land units are included in extremely unsafe
category, by reason of A value more than T value those are: D1IIIPt (89.599 tons/halyear), S1I11IPt
(21.244 tons/halyear), S1IVB (67.652 tons/halyear), S1IVPt (102.608 tons/hal/year), and S1VPc
(40.456 tons/halyear).

The parameters can help when determining five levels of erosion hazard; extremely low, low,
moderate, high, and extremely high. The result is shown in table 2. The table shows that four land units,
D1IlIPt (89.599 ton/hal/year), D1VPc (15.657 ton/halyear), S1IVB (67.652 ton/hal/year), and S1IVPt
(102.608 ton/halyear) are in the critical zone. These units are scoring high to extremely high EHR value.
This results from the slope steepness and CP value as the key factors. In particular, land unit D1IVPt is in
class IV steepness. However, its use as dry farmland makes it under bad caretaking and accordingly has
CP value of 0.007. Besides, soil solum of the unit is shallow, only 35 cm, by that, the actual erosion
exceeds tolerable erosion rate. Further, figure 2 displays spread map of EHR in Alo drainage basin.
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Table 1- Calculation of tolerable erosion rate and conservation need

Land unit  Area (hectare)  Erosion rate (ton/year) T (ton/halyear) A (ton/ha/year) Need of Conservation
D21B 76.36 10,698 0.475 0.140 Conservation not needed
D1llIB 31.82 38,841 0.19 1221 Conservation needed
D1llIPc 77.77 164,024 0.15 2.109 Conservation needed
D1IlIPt 4.08 365,114 0.2 89.599 Conservation needed
D1lIPc 154.83 10,698 0.3 0.069 Conservation not needed
D1lIPt 49.09 164,024 0.09 3.341 Conservation needed
D2Ipc 486.63 10,698 05 0.022 Conservation not needed
D2Ipm 27.78 365,114 0.09 13.144 Conservation needed
D2lpt 301.32 20,771 05 0.069 Conservation not needed
D1IvVB 252.30 38,841 0.45 0.154 Conservation not needed
D1IVPc 548.75 351,420 05 0.640 Conservation needed
D1IVPt 30.99 100,821 04 3.253 Conservation not needed
D1VvB 9.26 145,105 0.225 15.679 Conservation needed
D1VPc 35.36 553,680 0.285 15.657 Conservation needed
Fllpk 58.14 25,745 0.255 0.443 Conservation needed
K2IB 59.19 42,604 0.24 0.720 Conservation needed
K1lIB 63.58 19,490 0.045 0.307 Conservation needed
K1llIPc 98.75 19,490 0.21 0.197 Conservation needed
K2lpk 52.00 42,604 0.27 0.819 Conservation needed
K2lpm 3.60 2,835 0.27 0.788 Conservation needed
K1IvVB 118.19 19,490 05 0.165 Conservation not needed
K1IVPc 101.36 231,824 0.105 2.287 Conservation needed
S31B 153.20 461,999 0.2 3.016 Conservation needed
SiliB 23161 461,999 0.18 1.995 Conservation needed
S1iB 57.18 461,999 0.33 8.080 Conservation needed
S1iPc 424.00 461,999 0.11 1.090 Conservation needed
S1I1IPt 17.19 365,114 0.225 21.244 Conservation needed
S1lIPc 312.08 149,705 0.11 0.480 Conservation needed
S3lpc 1,010.54 1700,510 0.195 1.683 Conservation needed
S3lpm 15.86 100,865 0.12 6.360 Conservation needed
S3lpt 165.24 107,252 0.18 0.649 Conservation not needed
S1IvB 6.83 461,999 0.06 67.652 Conservation needed
S1IVPc 600.53 149,705 0.08 0.249 Conservation needed
S1IVPt 5.40 554,494 0.09 102.608 Conservation needed
S1vB 67.20 461,999 0.075 6.875 Conservation needed
S1VPc 47.12 1,906,223 0.035 40.456 Conservation needed
S4B 255.00 460,730 0.2 1.807 Conservation needed
S2111B 201.46 610,514 0.135 3.031 Conservation needed
S2lllPc 439.54 100,865 0.255 0.229 Conservation not needed
S4lpc 126.55 100,865 0.425 0.797 Conservation needed
S2IvB 24.73 461,999 0.15 18.682 Conservation needed
S2IVPc 138.27 461,999 0.15 3.341 Conservation needed
S2vVB 3291 461,999 0.075 14.037 Conservation needed
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Table 2 - Erosion hazard rate at Alo watershed

Land unit Soil solum EHL
D2IB % Extremely Low
D1lIB % Extremely Low
D1llIPc I& Extremely Low
D1llIPt 100 High

D1I1Pc 100 Extremely Low
D1IIPt 30 Extremely Low
D2IPc 100 Extremely Low
D2IPm 45 Low

D2IPt 100 Extremely Low
D1IvB 0 Extremely Low
D1IVPc 60 Low

D1IVPt 80 Low

D1vB IE Moderate
D1VPc %5 High

F1IPk 8 Extremely Low
K2IB 80 Extremely Low
K1l1B 45 Moderate
K1I11Pc 70 Moderate
K2IPk 0 Extremely Low
K2IPm %20 Extremely Low
K1lvB 100 Moderate
K1IVPc 3H Moderate

S1iB 100 Low

S111B 60 Low

S1111B IE Low

S1ilPc IE Low

S1I1IPt IE Moderate
SilPc 55 Extremely Low
S3IPc 65 Moderate
S3IPm 60 Low

S3IPt 60 Low

S1IvB 30 High

S1IVPc 40 Extremely Low
S1IVPt 45 Extremely High
S1VB 75 Low

S1VPc 3H High

S4B 40 Moderate
S2111B 45 Moderate
S211IPc 85 Low

S4IPc 85 Low

S21VB 16 Moderate
S2IVPc Ie) Low

S2VB IE Low
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Figure 2 - Map of Erosion Hazard Rate in Alo drainage basin

It shows that 98.75 percents of land units (a total of 6,874.21 hectares) in Alo watershed are in
classified as extremely low to moderate. The remaining 1.25 percents are in high - extremely high rate.
The maximum erosion hazard rate of Alo basin takes place in some land units. In total, land units
categorized in extremely low hazard rate have accumulated area 0f 2.200.53 ha, those in the low category
have a total 0f 2,776.64 ha, unit in the moderate class have 1,896.99 hectares, units in high and extremely
high have a total area 0f 93.86 and 5.50 hectares in order. The analysis of erosion hazard spread points out
that inappropriate land use in Alo watershed has brought the land capacity to the limit, if not taken care of,
it will eventually increase the hazard rate.

Conclusion. Slope length and its steepness are the key factors to contribute the value of erosion rate
on a given land unit. 32 of 43 units of lands in Alo watershed have a value that exceeds tolerable erosion
rate, by that, such actions of land conservation are needed. It mostly occurred on structural hills with class
I1, 1V, and V slope steepness. The land units categorized in extremely low hazard rate have an overall
area of 2,200.53 ha, while those in the low category are 2,776.64 hectares in total. Also, land units in the
moderate class have atotal of 1,896.99 ha, and units included in high and extremely high are of 93.86 and
5.50 hectares in order. The result of analysis asserts that improper land use is more likely to trigger an
increase ofthe erosion level hazard.

Sunarty Suly Eraku, Aang Panji Permana
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NMMBOTO K011, TOPOHTANO, NHAOHE3NA AVMMATbIHAAT bl 3PO3NA LAY LWH TANQAY

Sunarty Suly Eraku, Aang Panji Permana
YHusepcuteT Herepu, "opoHTano, ugoHesuna
AHANN3 ONACHOCTW 2PO3WN B OBJTACTU O3EPA NTMMBOTO, TOPOHTANO, HOOHE3NA

AHHOTauus. lMoBpexaeHWs 3eMeNibHbIX PECYPCOB, B OCHOBHOM T€, KOTOPble MPOMCXOAAT B BOAOCGOPHOM
GacceiiHe B Ano, COpOHTaNo, MPOMUCXOAAT B pe3y/bTaTe ferpagauun noBepxXHOCTHOTO CNOsi TPYHTa B pesynbTaTe
nonagaHns A0X[eBbIX Kanenb W MoToKa [O0X[eBOi BoAbl, Hecylleiics Mo MOBEPXHOCTM MOYBbl. ATa npobrema
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CTAHOBMTCS [4OBO/IbHO CEPbe3HONM M3-3a HEe3aKOHHbIX PYOOK AepeBbEB U MepeyCcTPOMCTBA CEeTbCKOXO03SMCTBEHHbIX
3eMeflb, B OCHOBHOM N5 KYKYPY3HbIX NOMeN, Kak 04HOM0 M3 rNaBHbIX TOBapHbLIX NPOLYKTOB [[OpOHTaO.

Llenbto faHHOro MCCnefoBaHUA SBAAETCA OnpedeneHWe YPOBHS 3PO3MOHHOW OMacHoOCTW B BOAOCOGOPHOM
bacceiiHe o03epa JlMM60TO. 1N [OCTMDKEHWA 3TUX Leneid MCNOMb3ykTCs fABa METofa, & MMEHHO MO/eBoe
obcrnefoBaHMe UM LOKyMeHTauus. Mcnonb3yemble — MaTepuanbl  UCCNefoBaHWA  BK/IOYAKOT  COLMANbHO-
6roreomsnyeckre xapakTepucTukn BogocbopHoro 6acceitHa Ano 1M aHann3 YpoBHS 3P0O3UM NMOBEPXHOCTY MOYBbI.
Pe3ynbTaT nokasbiBaeT, 4To 98,75% o0MacHOCTM 3po3uM KnaccuduumpyeTcs Kak 0T c€naboil [0 YMepeHHOM,
oxBaTblBas NpubAn3nTensHo 6 874 721 ra. B 10 e Bpemsa, 1,25 npoueHTa OT BbICOKOW A0 KpaiHeih CTeneHw
3P03MOHHOI OMAaCHOCTM UMEIT WNpUHY 98,79 ra. TO rOBOPUT O TOM, UTO HEHaa/eXallee UCMob30BaHME 3eMN C
60nbLUeli BEPOATHOCTLIO YBEIMUMBAET PUCK 3PO3UN.

KntoueBble cnoBa: 0nacHOCTb 3po3unu, 03epo JInm60To, Ano, MopoHTano.
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