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Abstract: The upstream of Ciliwung watershed has a very important role for the economic development in the
downstream area (Jakarta as the capital of the country). One of the main functions is as water catchment areas
and water reserves, as well as water management. The rapid population growth has encouraged the growth of
settlements in the upstream of Ciliwung watershed, which causes the decrement of vegetation space, resulting in
increment of surface water flows in the rain as potential causes of flooding in Jakarta.
This study aims to evaluate the suitability of settlements in the upstream of Ciliwung watershed area by using
GIS (Geographical Information System) with over-lay system through Arc View GIS 3.3 software with geoprocessing facilities.
The analysis showed that the development of existing settlements tend to be out of control, because it is not
only in the corresponding region but also has entered a permanent settlement that is not suitable for residence.
The area of suitable land for settlements in the upstream of Ciliwung watershed is only 19.89% but the existing
settlements have reached 22.65% and even about 10-13% is in the area prone to a very dangerous landslide.
Key words: Ciliwung watershed, water infiltration, spatial plan, residential areas, non-residential areas, run off.

Background
Ciliwung watershed is one of the 5960 watersheds in
Indonesia, which has been designated as a national
strategic area, because it has a very important role
for the development of national economy. Ciliwung
watershed area spreads around 347 km2, which flows
along 117 km through two provinces which are West
Java and special region of Jakarta. Ciliwung watershed
is divided into three parts: the upstream, midstream and
downstream of Ciliwung watershed.
The Upstream section covers an area of 14,860
hectares where it is a mountainous region with
elevations between 300 metres up to 2040 metres above
sea level, with an annual average rainfall of 3636 mm.
*Corresponding Author

In this region it is generally characterized by the fastflowing river, especially during the rainy season, and
the slope above 45% level. It is mostly used as a limited
agricultural and protected area (Center for Ciliwung
Watershed Management, 2003).
The main function of this upstream part is a water
catchment area to protect the underneath area that is
very sensitive to the changes of river flows debit that
give the flooding result. Catchment area is an area
that has a high ability to absorb rain water so that the
water filling from the earth (aquifers) that is useful as
a source of water, water reserves, and flood control.
The middle section which covers 94 km2 is an area of
undulating and hilly surface with elevation variations
between 100 metres and 300 metres above sea level.
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The area is dominated by the level of 2-15% slope,
and an annual rainfall average of 3910 mm (Antoro
and Fahmiza, 2002). While the downstream section of
82 km2 is the widest lowland having topography ramps
with elevation between 0 and 100 metres above sea
level. Most of the areas are with a slope of 0-2%. The
annual average rainfall is 2126 mm. The downstream is
part of Jakarta area, the capital city which is the centre
of the Indonesian government and business.
The watershed is an ecosystem where the organisms
and environmental elements interact with the biophysical
and chemical matter dynamically, constrained by
the limits of natural topography and inside there are
balance of inflow and outflow of material and energy
(Mangundikoro, 1986; Sinukaban, 1994; Ramdhan,
1999).
Hydrological function of a watershed is related to
its ability in terms of: (1) Transmission of water, (2)
Buffer peak rain events, (3) Release of water slowly,
(4) Maintaining water quality, (5) Reducing the land
mass transfer, for example through erosion, (6) Reduce
erosion, and (7) Maintain microclimate.
Utilization of upstream watershed is based on
conservation function to maintain its environmental
condition in order not to be degraded, which among
others can be indicated by the condition of the
watershed land vegetation cover, water quality, the
ability to store water (discharge), and precipitation.
Watershed must have an open space in the form of at
least 30% vegetation (Act No. 26, 2007).
According to Eco Management Center of Java
Region (2012), the use of land in Ciliwung watershed
is distinguished in 11 classes, which are primary,
secondary, mixed gardens, plantations, settlements,
swamps, rice fields, shrubs, open land, moor/fields, and
bodies of water. The land use of Ciliwung watershed is
mostly paddy fields which cover an area of 56,009.44
hectares of agricultural area or covering 63.34%.

The second largest land use is an area of mixed
farms covering 16.873.05 hectares or 19.08% of land
followed with rice field area of 5,613.21 ha or 6.35
%. Among the three Ciliwung basin areas (upstream,
midstream and downstream), the upstream has the most
important ecological functions, because this part is a
water catchment area, as well as water management
(water providers, and flood control). Damage to this
section will give a serious impact on the bottom,
especially floods in the rainy season and drought in the
dry season, so that will affect the economic and social
activity, especially in the downstream (Jakarta as the
capital city of the country).
Geographical condition of the majority of the
upstream of Ciliwung watershed is land with a slope of
above 40% and a very cool air. The width composition
and slope level of Ciliwung watershed in upstream area
are shown in Table 1.
Table 1: Width composition and slope level of the
upstream of Ciliwung watershed
No.
1
2
3
4
5
6

Slope level (%)
0-3
3-8
8-15
15-25
25-40
>40

Width (%)
8.47
13.91
11.73
9.78
25.99
40.12

Source: Center for Ciliwung Watershed Management
(2003).
Table 1 shows that the major (40.12%) area of the
upstream of Ciliwung watershed is in the slope at a
level above 40%. This region has a very large potential
for erosion (Table 2) and the management should pay
attention to the principles of land conservation, both
vegetative and civil engineering.

Table 2: Level of erosion of the upstream of Ciliwung watershed
No.
1
2
3

Level of erosion
0
I
II

4
5

III
IV
Total

Classifications
Not dangerous
Less dangerous
Sufficient
(fairly dangerous)
Dangerous
Very dangerous

Source: Center for Ciliwung Watershed Management (2000).

Width (acres)
2,983.09
3,375.35
4,115.37

Percentage (%)
20.05
22.69
27.66

1,517.54
2,884.65
14,876

10.21
19.39
100.00
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In accordance with the General Spatial Plan
(Spatial 2005-2025), land reserved for non-agricultural
cultivation, agriculture and industry in the entire area
of Ciliwung watershed (upstream, midstream and
downstream) is only 19,845 hectares. However, research
results of the Indonesian Institute of Sciences (LIPI,
2007) showed that in the last 10 years it has increased
to 22,929 hectares, or increased by more than 3,000
hectares and the settlements have increased to 20%,
while the arable land decreased 37%.
Particularly in the upstream of Ciliwung watershed,
the development of settlements had been increasing up
to five times during 15 years, from 3.96% in 1992 to
20.17% in 2007, and the settlement also has been built
in the protected area (Syartini et al., 2007), which causes
shrinkage of land in the protected area by 20%, and
serious degradation, as well as an increase in marginal
lands (Sabar, 2008), increased erosion (Qodariah et al.,
2008), increased run-off (Sawiyo, 2009) and landslides
and water quality (Taufik et al., 2008; Fahrudin et al.,
2009).
One of the factors causing the said degradation is the
change of land use that does not fit to the upstream of
Ciliwung watershed area (Irianto, 2007; Fahrudin, 2007;
Arif Jaya, 2008; Lukman, 2010). Incompatible land uses
according to Weng (2004) and LOI (2008) is the cause
of the upstream of Ciliwung watershed degradation.
Land conversion generally occurs in the use of forest
land for plantation and farming areas, plantation areas
into agricultural lands and settlements or agricultural
areas into residential and industrial uses.
One of the indicators that gives the result of
degradation in the upstream of Ciliwung watershed is
the gap between the water precipitation between rainy
season and dry season, and at this time the gap is
expected to reach 300 times BPLHD (Environmental
Management Agency of Jakarta, 2012), as it also
increased the surface flow (run-off) at the time of
rainy season that caused severe flooding in Jakarta
(2003, 2007, 2010 and 2012) with the water’s height
of 50-450 cm and number of massive loss. In 2012
the total economic loss caused by the floods in Jakarta
has reached to Rp 20 trillion, BPLHD (Environmental
Management Agency of Jakarta, 2013).
After the implementation of regional autonomy
(Regulation no 32/2000), the management of natural
resources in the watershed is then done fragmented.
Each of these regions manages own natural resources
(NR) in respective area. Natural resources management
is often not matched by conservation efforts and
does not make the conservation as a priority activity
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(Ekawati, 2007). If this condition is allowed to continue,
the upstream of Ciliwung watershed will be degraded,
thus giving, as a result, more serious negative impacts
such as floods and droughts in the future.
Based on the above objective condition, the main
problem faced by the current upstream of Ciliwung
watershed is to increase the land cover (the decrement
of vegetation space) due to the growth of settlements,
the flow of surface water (run off) is increased when it
rains and it is the potential major flooding in the rainy
season and drought in the dry season in the downstream
region.
This study aims to evaluate the deviation of
alignment or changes in the use of land at the upstream
of Ciliwung watershed, due to the development
of settlements, agriculture and industry, using GIS
approach (Geographical Information System).

Methodology
Data Collections
Analyzed data in this study is in the form of primary
data, which is taken by recording the coordinates of the
land cover in the field using GPS. Checking points (49)
are determined by purposive. The secondary data are
obtained from various official sources, especially from
BIG (Geospatial Information Agency), BPDAS (Center
for Ciliwung Watershed Management), and Bogor local
government. Secondary data are needed such as:
1. Image data sheets 1209-141 and 1209-142 with a
scale of 1:100,000
2. The scale of soil of 1:250,000
3. Spatial plan of Bogor Regency in 2005-2025 with
a scale of 1:100,000
4. Citra Landsat ETM 2006 path/row 71120650.6520060627
5. Location permits with a scale of 1:100,000
6. Natural conservation index
Methods of Analysis
Analysis is conducted to determine: (1) the suitability
of the settlement area and (2) evaluation of the
settlement area. Analysis to assess the suitability of
the settlement area is done by first determining: (a)
The criteria for the settlements/locations that are
in the cultivated region, using the Regulation No.
26/2008—the upstream Ciliwung watershed is the
area of water and soil conservation that should be
protected. The analysis parameters are the type of
soil, rainfall, slope, river banks, altitude and status of
forest; (b) Criteria for the settlements’ location should
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be safe from natural disasters, the parameters analyzed
were prone to landslides, according to the Regulation
No. 26/2008; and (c) Criteria of settlements based on
residential neighbourhoods, the parameters used are
the altitude (<1000 m) and slope (0-15%), according to
the urban settlements planning guidelines (Ministry of
Public Works, 1979). In general, there are five stages of
settlement land suitability analysis, which are:
1. Phase I, using the parameters of slope, rainfall and
soil type with three regional groups:
		a. Cultivation area with a score of ≤124
b. Buffer area for cultivation non-residential or
agricultural cultivation with a score of 125-175
		c. Protected area with a score above 175.
2. Phase II, using the slope parameter:
		 • Cultivation area if ≤15% with soil type regosol, litosol
• Protected area if >15% with soil type of organosol.
3. Phase III, using river banks parameter of 50 m left
and right:
		 • Cultivation area if ≥50 m
		 • Protected area if <50 m
4. Stage IV, using forest status parameter:
		 • Protected forest, conservation forest, production
forest and non-forest production
5. Phase V, using the altitude parameter:
		 • Cultivation area if <2000 m above sea level,
		 • Protected area if ≥2000 m above sea level.
The residential area evaluation is conducted to
analyze the alignment or deviations occur between: (a)
the suitability of the area for settlement with RTRW
(Spatial Plan), (b) the suitability of residential areas
with existing land cover in 2006; (c) general spatial
plan with land cover in 2006; and (d) land cover land
in 2006 with Spatial Plan and suitability of the area
for settlement.
Analysis method uses Arc View GIS 3.3 with the
help of geoprocessing facility. The determination of the
reference system (coordinate, the projection and datum)
uses the Word Geodetic System (WGS) 1984 with the
48 UTM projection. The image data were classified
into five types of dry lands, wet lands, tea plantations,
settlements and dense vegetation. The classification
method used is a supervised one using band 5 (red),
band 4 (green) and band 2 (blue) (Weng, 2002).
The level of accuracy is measured using the error
matrix (Lillesand and Kiefer, 2000). The level of
accuracy is based on the value of overall accuracy and
Khat (K) statistic as follows:
Overall Accuracy =

∑ X ii
× 100%
N

where N is number of the whole sample and Σ Xii is
total of column sample diagonal.
Khat (K) Statistics =

N (∑ X ii (∑ X i + ∑ X + i )
−

2

N − ∑( X i + ⋅ ∑ X +i )

where X+i is total of ith column sample; Xi+—total of
jth column sample; N—total samples; and Σ Xii—total
of column sample diagonal.

Results and Discussion
Suitability Analysis Regions for Settlement
Based on the criteria given for the settlement, the result
of the analysis using GIS (Geographic Information
Systems) (Ligtenberg et al., 2004; Syartinilia et al.,
2006) to the image data, we obtained the degree of
suitability of land use in the area of the upstream of
Ciliwung watershed as shown in Table 3.
Table 3: Land use suitability of the upstream of
Ciliwung watershed
No.
1

2

Suitability region
for settlement
Cultivation area
(settlement and nonsettlement)
Protected area
Total

Width (acres)

(%)

6,439.89

43.29

8,436.47
14,876.37

56.71
100.00

Table 3 shows that the majority (56.71%) of the
upstream of Ciliwung watershed is the protected area,
and the rest (43.29%) is for cultivation. By adding a
safety criteria for settlements, the result of such analysis
is shown in Table 4.
Table 4 shows that after the safe parameters entering
the settlements, area in residential zone becomes
17.38%, the remaining 5.78% occupies less suitable
zone for settlement, while area which is unsuitable for
settlement becomes 76.84%, covering 20.13% in nonagricultural cultivation zone and 56.71% located in the
protected zone. This shows that there is approximately
20.13% residential area that is unsuitable based on the
safety criteria from disaster.
Based on the criteria, the settlement zone should lie
at an altitude <1000 m above sea level and with a slope
of 0-8%, while the appropriate zone rather lies at an
altitude <1000 m above sea level and with a slope of
8-15%. If the criteria of settlements neighbourhood is
added for the analysis in Table 4, the settlements area
decreased to 3.27%, and it occurs to the increment of
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Table 4: Suitability of settlement area of the upstream
of Ciliwung watershed (by adding a safety
criteria for settlements)
No.

Suitability of land use
for settlement
Settlement area
a. Suitable zone for
settlement
b. Less suitable zone for
settlement
Non-suitable area for
settlement
a. Non-agricultural
cultivation zone
b. Protected zone
Total

1

2

Width
(acres)

(%)

Table 5: Suitability of settlement area of the upstream
of Ciliwung watershed (by adding the criteria of
settlements neighbourhood)
No.
1

2,585.30

17.38

860.47

5.78
2

2,994.12
8,437.47
14,876.37

20.13
56.71
100

settlement in the area that is unsuitable for residence in
the non-residential cultivation zone at 2.52% and in the
protected zone at 0.75%, as shown in Table 5.
Table 5 shows that the more stringent criteria of
the settlement would be more shrinks for the suitable
residential zone, and it means that the development of
settlements on the non-settlement zone will increase.
According to Purwanto (2008), it is estimated that
there are 3000 big houses (villas) and more than 50,000
houses have been built in this region.
Based on the criteria of altitude, the upstream of
Ciliwung watershed is divided into three: the upper
part (>1000 m from sea level), the middle (500-1000
m above sea level) and the lower (<500 m above sea
level), and so the 98.36% zone is suitable for settlement
and somewhat it is more appropriate for the settlement
in the middle part.
As for the area that is unsuitable for residential
purpose, 75.26% is located at the top with hilly steep

Suitability of land use
for settlement
Settlement area
a. Suitable zone for
settlement
b. Less suitable zone for
settlement
Non-suitable area for
settlement
a. Agricultural
cultivation zone
b. Protected zone
Total

Width
(acres)

(%)

1,580.80

10.63

1,378.13

9.26

3,369.82
8,547.62
14,876.37

22.65
57.46
100

morphological condition, and with a very steep slope
of 25-40% (>40%), with a height of 1000-2875 m
above sea level, with a andosol soil type sensitive to
the erosion and landslides during heavy rainfall, this is
based on the analysis of Tables 4 and 5 and as a whole
can be seen in Table 6.
Table 6 shows that the 98.32% area for suitable
settlement is located in the middle of the upstream of
Ciliwung watershed, and the remaining is located at the
bottom, while the upper part is unsuitable for settlement
area. On the contrary, the majority of the protected zone
that is unsuitable for settlements (75.26%) is on top of
upstream of Ciliwung watershed, and 23.34% located in
the middle part and only 1.40% located at the bottom.
The overlay result towards the settlement area with
spatial plan of Bogor regency (2005-2025) is shown
in Figure 1.

Table 6: Suitability of settlement area of the upstream of Ciliwung watershed (upper, middle and lower)
Locations

Suitable zone for settlement

Unsuitable zone for settlement

Suitable zone

Less suitable zone

		

acres

%

acres

%

acres

%

acres

%

Lower
Midlle
Upper

26.58
1,554.22
0.00

1.68
98.32
0.00

187.93
1,190.20
0.00

13.64
86.36
0.00

487.16
2,062.40
80.25

14.46
61.20
24.34

119.53
1,995.25
6,432.85

1.40
3.34
75.26

Total

1,580.80

100.00

1,378.13

100.00

3.369.82

100.00

8,547.62

100.00

% to upstream
Ciliwung
watersed

10.63

9.26

Agricultural cultivation zone

22.65

Protected zone

57.46
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houses (villas) and restaurants, only 40% have the
permit currently and the rest of 60% do not have the
permits.

Figure 1: Suitable area for settlement based on spatial
plan of Bogor Regency (2005-2025).

However, the development of the existing settlements
has partially entered the protected area of the upstream
of Ciliwung watershed, which means it has been
occupying the forbidden region as shown in Figure 2.

Figure 2: Existing settlements in the upstream
of Ciliwung watershed.

One of the factors that encourages the development
of settlements in the upstream of Ciliwung watershed
is the lack of control system of licensing and law
enforcement. From 3000 buildings in the form of big

Evaluation of Settlement Region
The analysis result shows the differences in the location
and allocation of the settlement area between the results
of regional suitability for settlement with RTRW in
Bogor Regency in 2025 as follows:
1. The allocation of settlement which is located in the
residential area (suitable and less suitable) reaches
69.56% of area, and the remaining of 17.66% is in
the cultivated area of non-residential and 12.78%
in the protected area.
2. The designation for non-residential area is located in
residential areas (appropriate and less appropriate)
reaches 20.27%, and the remaining of 60.41%
located in the cultivated area of non-residential and
19.32% in protected area.
3. The allocation for protected area is about 99.98%
and it is suitable in the protected area.
The whole analysis result is shown in Table 7.
The results of the analysis in Table 7 show that
there is an obvious discrepancy in the 2005-2025
spatial harmony between land suitability criteria based
on settlements with the allotment of residential land
according to the settlement criteria and the allocation
area for residence which is 30.44%; even the part of
12.78% is located in protected area. This fact will
encourage licensors to issue permits for settlement in
non-residential area; thus many villas and restaurants
are built in this non-residential zone.
The condition of land cover can be used to detect the
use of space. The results of the analysis of the alignment
between the existing land cover with the alignment of
settlement area based on Spatial in 2005-2025 shows
the classification of existing settlements as follows:

Table 7: Suitability of settlement area based on spatial plan of Bogor Regency (2005-2025) in the
upstream of Ciliwung watershed
Suitable zone for settlement

		

Suitable zone (%)
a. Settlement
b. Non-settlement
1. Agricultural zone
2. Protected zone

Less suitable zone (%)

Unsuitable zone for settlement
Non-cultivation zone (%)

Protected zone (%)

45.08

24.48

17.66

12.78

5.11
0

15.16
0

60.41
0.02

19.32
99.98
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1. In accordance with spatial plan and according to
the area for settlement (25.45%).
2. In accordance with spatial plan but unsuitable for
residential area (35.30%).
3. Not in accordance with spatial plan and unsuitable
with the settlement area (16.75%).
4. Not in accordance with spatial but incompatible
with the residential area (22.50%).
The classification of the above analysis result
confirmed that the designation of settlements on spatial
plan of Bogor Regency (2005-2025) has encouraged
the diversion of land use in the upstream of Ciliwung
watershed against land’s appropriation. The impact has
been felt most in the last 10 years by the increment of
erosion and the surface water flows. This shows that the
water discharge (debit) in Ciliwung river during rainy
and dry season reaches 300 times.
The development of residential area should also
regard the natural conservation index (NCI), so that
the allocation of land for settlement is not located in
the area which is ideal for water conservation. The
analysis result using the index (NCI) shows that the
majority (94.55%) of region with NCI is very high
in the protected zone, while the classification of NCI
is on high rate of 70% located in unsuitable zone for
settlement, with the details: 40.80% is in the protected
zone and the remaining of 29.12% in the cultivation area
of non-residential like in the agriculture and plantation
areas. While for the area suitable for residence is 2.69%
with middle NCI, 14.38% with high NCI and only
0.43% located in NCI most high area, the remaining
of about 82.5% located in low NCI. The analysis result
also shows that the region of upstream of Ciliwung
watershed, especially the top area that has very high
natural conservation index, should be maintained
into catchment area and water reserves, to the area
underneath. The analysis results are shown in Table 8.

Table 8 shows that the region of upstream of
Ciliwung watershed—both middle conservation index,
high or very high—is dominated by the unsuitable zone
for settlement; even with very high natural conservation
index of 94.55% it is a protected zone. It is clear that
the region upstream of Ciliwung watershed should be
retained as a protected area and water reserves and not
residential area.
Based on the criteria of landslides potential, the
analysis result of spatial plan of Bogor (2005-2025)
shows that there is a settlement area in the landslides
hazard and very dangerous level as follows:
(a) Settlement zone located in area prone to landslide
dangerous classification is 18.78%.
(b) Settlement zone located in area prone to landslides
very dangerous classification is 10.82%.

Discussion
Based on the analysis result for the suitability of the
region shows that for large area of ideal settlement the
upstream of Ciliwung watershed is only 19.89%, and
most of the rest (80.11%) is unsuitable for settlement.
But in reality, there is 35.30% which is in accordance
with the spatial but not according to the suitability of
land for settlement.
This shows that 15.41% of settlement is out of the
suitable zone for residential purpose according to the
height, slope and safety zone area against the disaster.
Even based on the analysis result of landslide prone
settlement area in the upstream of Ciliwung watershed
part, 10.82% occupies the area prone to landslides
with very dangerous classification. This means that
the settlement in the area prone to landslides not only
violates the land use but also has a very high risk of
danger.

Table 8: Appropriateness between suitable area for settlement and natural conservation index (NCI)
Suitable area

Natural Conservation Index (NCI)

for settlement
1. Suitable zone
2. Less suitable
zone
3. Unsuitable zone
a. Agricultural zone
b. Protected zone
Total

Middle

High

Very high

acres

%

acres

%

acres

%

34.26

2.69

1325.58

14.38

18.30

0.43

46.82

3.68

1448.33

15.70

85.64

2.00

473.06
717.20

37.21
56.41

2684.43
3761.35

29.12
40.80

129.68
4040.98

3.02
94.55

1271.34

100.00

9219.69

100.00

4274.60

100.00
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Due to the occurrence of irregularities in land
use because of the lack of permits system and law
enforcement, it is visible that 40% of the existing
buildings (villas and restaurants) do not have permission.
Besides, it is also the weakness of spatial plan of Bogor
Regency (2005-2025) which has allocated part of the
settlement area in the upsteam of Ciliwung watershed,
particularly in the non-residential zone. Regulation
No. 26 of year 2007 on spatial planning has expressly
put the upstream of Ciliwung watershed as one of the
strategic areas that must be protected, and land use
must be in accordance with the provisions, due to very
serious impact on economic growth and environmental
damage to the region underneath, especially Jakarta as
the capital city of Indonesia.
To restore settlement construction only in the
appropriate zone, there are things that must be taken
care of: (1) Law enforcement, with sealing and
dismantle buildings located in non-residential areas, (2)
Supervision of the construction of settlements or other
buildings in the field by involving community leaders
around; (3) Stop all settlement and villas construction
permits in a protected zone, and (4) Review the
spatial plan of Bogor Regency (2005-2025) giving the
allocation of settlements in the protected zones and
areas prone to landslides.
The upstream watershed ecosystem is generally
seen as a rural ecosystem consisting of four major
components, which are villages, rice fields, rivers and
forests. The interaction of these four components will
affect the output to be produced, such as water; in this
case the river, in the form of discharge (water debit)
and water quality. Village is a central component in
watershed management, among others, due to the human
factor in it. The population growth is resulting pressure
in the upstream of Ciliwung watershed area. The limited
job opportunities and community skills often cause
encroachment in protected area in the upstream of
Ciliwung watershed.
This leads to an increase in surface run off, erosion
and sediment loads that impact on the water quality
and the occurrence of fluctuations in river discharge
during the dry season and the rainy season. Therefore,
efforts to restore the upstream of Ciliwung watershed as
water catchment area cannot be separated from efforts
to improve the income and welfare of the community
and involve the community in its management. Besides,
it is also necessary to replant in the border <50 metres
either side of the forming ridges (levees) to hold water
and erosion during the rainy season.

Conclusion
The development of settlements in the upstream of
Ciliwung watershed that is uncontrolled has been
the cause of the decrease in the water absorption
capacity during the rainy season thereby increasing the
potential run off into downstream flooding. Residential
development has entered the unsuitable area for
settlements located in the protected zone (57.46%)
and cultivated zone of agriculture (22.65%) and even
some have entered the region very prone to landslides.
This is due to the unsuitability between spatial plan
of Bogor regency (2005-2025) with settlement criteria
and lack of permits system and law enforcement. To
ensure the upstream of Ciliwung watershed area as
water catchment field, it is necessary to do: (1) law
enforcement, (2) relocation (demolition of existing
buildings), (3) stop the permitting of development
in the area of upstream of Ciliwung watershed, (4)
increasing the income of the surrounding community by
developing cottage industries based on local resources,
and (5) community involvement in the management of
the upstream of Ciliwung watershed.
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