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Abstract

In the past few years, forest management unit (KPH) Bogor has experienced many problems, technical,

environmental and social, affecting the company's finances. This condition requires new breakthroughs in the form of
managerial options in managing the forests of KPH Bogor. At present, KPH Bogor has formulated 12 managerial
options. The purpose of this study is to build a spatial model in selecting managerial options at site level. The spatial
models were built based on the score of each land unit which was obtained from expert judgment using an intensity
scale, while weight was obtained using a pairwise comparison, resulting in the following equation: total score = 0.14
(0.06x,+ 0.11x, + 0.09x; + 0.08x, + 0.10yx; + 0.31x, + 0.25x,) + 0.72 (0.08y, + 0.22y, + 0.46y;+ 0.13y,+ 0.12y,)

+0.14 (0.45z, + 0.05z, + 0.44z, + 0.06z,). The resulting total score was then divided into 5 classes using the equal
interval method. The results for each of the managerial options were then aggregated using GIS to create KPH
Bogor's management pattern. In areas where there was an overlap due to the similarity in options, a decision support
system using neighboring similarity spatial analysis was used. This step allowed the spatial model to be built with

many biophysical, social, and economic variables. This spatial model could map 12 types of managerial options at
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site level in the production structuring in KPH Bogor.
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Introduction
Forest preservation is all responsibility, including

kesatuan pengelolaan hutan (KPH) Bogor. KPH is a forest
management unit part of Perhutani (Indonesian state-owned
enterprises in the field of forestry). As a state owned
enterprise in forestry, KPH Bogor is demanded to preserve
the sustainability of forests for the sustainability of the
business. However, in reality, sustainability is far from the
reach of KPH Bogor. At the moment, KPH Bogor is facing
many problems (Perhutani2015):

1 Nearly 50% of KPH Bogor has tenurial problems
(19,836.15 ha out of the 47,991.04 ha under KPH Bogor's
control).

2 Thehigh population in KPH Bogor with their many needs
are the cause for almost all KPH Bogor land to be
cultivated by people.

3 Environmental degradation within KPH Bogor's area has
caused it to be declared as a national strategic area which
needs integrated spatial planning, spatial utilization, and
regulation of spatial utilization.

4 The degradation of the forest class structure causing it to
not be a normal forest which is one criterion for
sustainable forest management as sustainable yield of
stands will be achieved if growth and harvesting takes
place in a balanced manner.

Sustainable yield is used as a basic principle in harvesting
and rely heavily on the results of regulatory system that is
used. To achieve sustainability, forest product regulatory
system should set the intensity of harvesting, harvesting time
intervals, and the magnitude and extent of harvesting
(Seydack 1995).

The condition faced by KPH Bogor requires
breakthroughs in the form of managerial options in KPH
Bogor's forest management. The selection of these
managerial options undoubtedly require the decisions most
appropriate with KPH Bogor. Decision-making in forest
management planning is a complex issue because the
decisions affect many parties (Varma et al. 2000 ; Davis et al.
2001; Mendoza & Martin 2006; Balteiro & Romero 2008;
Ananda & Herath 2009). Therefore, to avoid deterioration in
management decisions, the forest management planning
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should be conducted with consideration of various criteria.

Jaimes et al. (2012) stated that before making a forest

management plan, it is of utmost importance to formulate the

criteria to be used, namely environmental, economic, and
social criteria. The fulfilment of environmental, economic,
and social criteria is also a prerequisite for a sustainable

forest (Davis et al. 2001).

The managerial options were obtained from Perhutani
through the mechanism of focum group discussion (FGD)
which was attended by experts from Perhutani and
academicians from Bogor Agricultural University. The
managerial options is a form of alternative management
actions include the types of plants and how management that
allows it to be developed in the region Perhutani management
unit. The managerial options for forest production
structuring were:

1 Pinetrees are managed by solely Perhutani.

2 Pinetrees with tourism managed by solely Perhutani.

3 Pine trees with forage fodder PLDT (pemanfaatan lahan
di bawah tegakan). PLDT is the term by Perhutani for use
of land below tree stands. PLDT are collaboratively
managed by Perhutani and the community using the input
(role) sharing and output (harvest) sharing mechanism.
This option should be done with the new mechanism, in
which the forward intensity Perhutani management
should be improved, and sharing the results of which are
usually carried out without success, changed to sharing
input (role) and sharing output (results). In this
mechanism, people not only considered to play a role in
plant PLDT, but also major crops. So that people also get
the results not only of PLDT, but also of pine trees.
Because the performance refers to who gets what,
everyone has different interests that can lead to conflict.
Performance should be able to answer the question which
one is more beneficial cooperation with the A models than
model B (Schmid 2004). Therefore before making this
option sharing mechanism input and sharing output
should be clear beforehand.

4  Pine trees with herbs and cash crops PLDT. It is pine trees
with use of land below tree stands for herbs such as
lemongrass, galangal, and cash crops like corn, rice, and
beans are collaboratively managed by Perhutani and the
community using the input sharing and output sharing
mechanism.

5 Pine trees with herbs and cash crops PLDT with tourism,
managed by Perhutani and the community using the input
sharing and output sharing mechanism.

6 pine trees with coffee PLDT are collaboratively managed
by Perhutani and the community using the input sharing
and output sharing mechanism.

7 Pine trees with coffee PLDT and tourism are
collaboratively managed by Perhutani and the
community using the input sharing and output sharing
mechanism.

8 Mixed forests in production forest are wood-producing
trees such as mahogany, umbrella trees (Maesopsis
eminii), rasamala, and are managed solely by Perhutani.

9 Mixed forests with tourism managed by solely
Perhutani.

10 Mixed forests, multi purpose tree species (MPTS) with
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herb and cash crops PLDT are collaboratively managed

by Perhutani and the community using the input (role)

sharing and output (harvest) sharing mechanism.

11 Mixed forests, MPTS, coffee PLDT are managed by
Perhutani and the community using the input (role)
sharing and output (harvest) sharing mechanism.

12 Mixed forests, MPTS, coffee PLDT, with tourism are
managed by Perhutani and the community using the input
(role) sharing and output (harvest) sharing mechanism.
KPH Bogor not only requires a decision form the

management option, but it also requires a decision on the
location, where the management option will be executed or
implemented. The spatial model can be used to make the
decision making alternative managerial options
management options, for each plot.

In general, a model is defined as a simplification of the
real world. Jaya (2012) stated that in geomatics, GIS spatial
models include a group of processes run on spatial data to
produce information which is usually spatial information in
the form of a map. The results of the modeling could be used
for making a decision, to conduct scientific research, or to
provide general information. Several author have proposed
spatial modeling that integration of GIS with based on multi
criteria analysis for many advantages like forest
management and ecological modeling (Guiqina et al. 2009;
Guoba et al. 2010; Guoqing et al. 2011; Shang et al. 2012;
Malekmohammadi & Blouchi 2014; Purwanto et al. 2015;
Sulistiyono et al. 2015; Wijaya et al. 2015). The modeling
spatial approach offers several for different land uses, by
combining different objectives and criteria. Spatial modeling
in selecting managerial options for production structuring at
KPH Bogor can also be built based on existing criteria. With
the spatial modeling in selecting managerial options, it will
facilitate the decision-makers in selecting management
options more quickly, in order to make decisions in forest
management.

The advantage of using GIS is it is able to process and
present more and broader data. In addition, the data are
presented spatially, making it easier to present the
information pertaining to a certain area, thus making
decision-making an easier task (Kangas et al. 2005). Based
on the description above, the purpose of this study was to
construct a spatial model for selecting site-level managerial
options which include multiple criteria, namely the
economic, social, and environmental criteria for the forest
production structuring in KPH Bogor.

Methods
Study site This study was conducted at Bagian Kesatuan
Pemangkuan Hutan (BKPH) Bogor and Jonggol. BKPH is
forest management unit division of KPH Bogor. BKPH
Bogor consists of 3 resort pemangkuan hutan (RPH) which
is resort forest management, namely: Babakan Madang,
Cipamingkis, and Cipayung. BKPH Jonggol consists of 3
RPH, namely: Gunung Karang, Tinggar Jaya, and Cariu.
Administratively, BKPH Bogor and Jonggol currently on
administrative area of Bogor and Cianjur, West Java
Province, Indonesia.

One of the problems facing by KPH Bogor is high
tenurial problem. That is why Perhutani has been identifying
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Figure 1 Study site.

and classifying problems of tenurial into 4 stratifications.
First strata is strata A, which point to activities of the
utilization of forest area in the region Perhutani illegally
without intending to have the land (the intensity of cultivation
are seasonal). Strata B, point to activities of the utilization of
forest area in the region Perhutani illegally without intending
to have the land, but the intensity of cultivation are
throughout the year. Strata C, stand for activities of the
utilization of forest area in the region Perhutani illegally and
intending to have the land, but did not have any ownership
documents. The last is strata D, which refers to activities of
the utilization of forest area in the region Perhutani illegally
and intending to have the land, and have accompanied with a
proof of ownership documents (Perhutani 2012). Based on
the above description, the handling of the strata of A and B is
certainly easier to do than the C and D. Handling the C and D
strata is more difficult because it needs the legal process.
Therefore in this study, the area of tenurial strata C and D are
removed from the study research. Area of this study is
4,619.146 ha.

Material and equipment The equipment used consisted of
field observation tools such as a GPS receivers and cameras.
The equipment for interviews was stationery and a recorder,
whereas the analytical tool was a laptop with ArcGIS 10.1,
Erdas 9.1, and Mec.Excell. The materials used were
questionnaires, landsat images 8 OLI (Operational Land
Image/Thermal Infrared Sensor) and SRTM (Shuttle Radar
Topography Mission) 1 Arc Second Global which was
obtained from http://earthexplorer.usgs.gov/ for analysis of
land cover and contour.

Data collection In constructing a spatial model data in the
form of managerial options and the criteria used as variables
in the creation of the model are required. The data were
spatial and textual data obtained from Perhutani and Citarum
Ciliwung River Basin Management Station. Criteria
identification is also needed for constructing the spatial
model for choosing managerial options. The criteria included
the economic, environmental, and social criteria (multi-

criteria analysis) which were made into variables in the
model construction (Table 1).

Model formulation The spatial model was constructed
based on the score and weight obtained from both qualitative
and quantitative data. The score for each land unit was
obtained from expert judgment using an intensity scale,
while the weight was obtained from the pairwise
comparison. Therefore a spatial model for selecting site-
level managerial options which include multiple criteria on
the weighting factors and the value of the score on each
variable may be stated with mathematical equations
(weighted linear combination) as shown in Equation /1] :

Y =A(a,x, t+a,x,+.a,x,)+B(b.y, + b.y,t.b.y,)+

n S,

C(c,.z, + ¢,.z,+ ..c,.7,) [1]

n*“n

Note: Y =total score, A= weight of environmental criteria, B
= weight of economic criteria, C = weight of social criteria,
a, a,, ..., a, = weight of environmental variables, b,, b,, ..., b

weight of economic variables, c,, c,, ..., c,= weight of social
variables, x,, X,, ..., X, = score of environmental variables, y,,
Ys, ..., ¥, = score of economic variables, z,, Z,, ..., Z, = score of

social variables.

n

Scoring method The class criteria (Table 1) were used as a
variable to obtain the score for each managerial option. Each
variable was given 1 (as the lowest score) to 3 (as the
highest). One was given if a variable was an obstacle or was
not suitable for the chosen option. Three was given if a
variable supported the chosen option. An example is the
option where pine is managed by Perhutani, the scores given
based on the altitude variable (msal) are as follows: (a)
Altitude class < 500 msal was given a score of 1 because at
thet altitude pine does not grow well, (b) Altitude class
>1,000 msal was given a score of 2 because pine can still
reach optimum growth at an altitude of 1,700 msal, but the
resin decreases. The higher the altitude, the lower the
temperature gets. The average decrease in temperature
according to altitude in Indonesia is 5 to 6°C every 1,000 m
(Siswamartana et al. 2002; Handoko 1995 in Rusdiana &
Amalia 2012). Further altitude class of 500—1,000 msal was
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Criteria Variables unit Level
Altitude® (m. asl.) <500 500-1000 > 1000 - -
Area slope® (%) 0-8 8-15 15-25 25-40 40
2;11:V1all, glrel birlovlznnfore;sti andosol, laterit, rle;igosoll,
. Type of soil ® - P1anosol, gray Latosol SO, NON CACIS o imosol, podsol, 0807,
Environmental hidroworf, laterita brown, odsolik organosol,
ground water mediteran p renzina
Depth of solum™* cm <30 30-60 > 60 - -
Rocks*® (%) 0.01 0.01-0.1 >0.1 - -
High conservation
value forest (HCVF) - not HCVF area HCVF area - - -
Erosion rate® ton/ha/year <15 15-60 60-180 180—480 > 480
. ) special purpose pine trees mixed forests not good for
Forest class district district district production vacant lot
Type of plant® - SAP producing plant mixed forests nothing - -
Economic Tourism potential © - potential area not thf;r;;(;tentlal - - -
Accessibility © - Easily difficult - - -
Labor availability © - Easily difficult - - -
Theft intensity ¢ - Nothing low high - -
Inttensn}f (1f (;}ntmg fglclen ) Nothing low high ) )
Social rees into firewoo rroushout
Cultivation intensity - Nothing low t rou}g]e;)rut the - -
Grazing intensity® - Nothing low high - -

‘Hardjowigeno and Widiatmika (2007); "Pertanian (1981); ‘Perhutani (2015); ‘Konsorsium Revisi HCV Toolkit Indonesia (2008); ‘Wischmeirand Smith (1978).

given a score of 3 because at this altitude pine reaches its
optimum growth. This was how the score for each class
criteria for each managerial option was determined.

The weight method Weight was determined pairwise
comparison with the analytic hierarchy process (AHP)
method. The AHP is a theory of measurement through
pairwise comparisons and relies on the judgements of experts
to derive priority scales (Saaty 2008). The calculation of the
weights, done with steps as follows:

1 Developing a pair wise comparison matrix for each
criterion. A scale of numbers to make comparisons, that
indicates how important or dominant one element to
another element which they are compared, namely: 1
(equal importance), 3 (moderate importance of 1 factor
over another), 5 (strong or essential importance), 7 (very
strong importance), 9 (extreme importance), while
2,4,6,8 values for inverse comparison.

2 Normalizing the resulting matrix.

3 Averaging the values in each row to get the corresponding
rating.

4 Calculating and checking the consistency ratio. The
purpose for doing this is to make sure that the original
preference ratings were consistent. Because it will be
hard to get a consistent comparison results matrix, when
using many variables. Calculating and checking the
consistency ratio, done with steps as follows: (1)
calculate the consistency measure (Amaks = T ), (2)
calculate the consistency index (CI) with the following
equation: CI = *== (3) calculate the consistency ratio

(CR) with the following equation : CR= § , where RI

(Random Index) = 1.98(n-2)/n, CR magnitude smaller

than 0.1 (10%) means that the original preference ratings
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were consistent (Jaya2012).

Obtain the land suitability map for one managerial
option. The results of the score and weight were then
recalculated in a weighted linear combination. The result
was the total score which would be divided into 5 classes
using the equal interval method as shown as Equation /27/:

Maximum score — Minimum score /2]

Equalinterval =
The number of classes

The suitability of each class for the chosen option was stated
using the following values: very suitable (if the total score
was <1.40), unsuitable (if the total score was between
1.40—1.79), fairly suitable (if the total score was between
1.80-2.19), suitable if the total score was between
(2.20—2.59), and very suitable (if the total score was >2.60).

Managerial option selection mapping The results for each
managerial option were then aggregated using GIS to
produce KPH Bogor's management pattern. The steps taken
were by overlaying the entire land suitability map for each
managerial option for production structuring with the
Perhutani plot map. Then the most suitable option for each
spatial unit was selected. If in one spatial unit there was one
option that was very suitable and one that was suitable, this is
automatically chosen. If there were any obstacles in this
phase, for example there is an overlap because in the same
area there are options with the same level of suitability (for
example in one spatial unit there was a match at “fairly
suitable at option 1” and “fairly suitable at option 3”), the
decision support system was conducted with similarity with
neighbor spatial analysis. In spatial units with 2 or 3 options
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Figure 2 Stage of construction spatial modeling in selecting managerial options.

with the same suitability, what is noted was the the chosen
option in the closest spatial unit. The chosen option in that
spatial unit was the most dominant option in the adjacent
area. This phase was conducted using GIS. The managerial
option modeling phase can be seen in Figure 2.

Verification of managerial options with the level of
erosion Given KPH Bogor is the area "Bopunjur”, then his
role as protection functions are concerned. Therefore, the
managerial option selected is verified by attrition rate is
calculated from the condition of land cover with the
assumption that these options have been successfully
implemented. The purpose of verification to see if the
selected managerial option can reduce the rate of erosion in
the region or vice versa. The equation used in predicting
erosion was based on the Universal Soil Loss Equation
(USLE) method (Wischmeir & Smith 1978; Nagaraju et al.
2011), as shown as Equation /3.

EA=RxKxLsxCp

[3]

Note: EA = erosion rate, R = erosivity, K = erodibility, LS =
length and slope, C = land use factor, P = soil conservation
factor.

Results and Discussion

Scoring The production arrangement area in BKPH Bogor
and Jonggol had land units with different biophysical, social,
and economic characteristics. Based on the altitude, the study

site varied between 250 msal—1,675 msal, and the area slope
was also varied from flat (0-8%) to steep (>40%). The
dominant soil type was grumosol, latosol, and podsol. The
depth of solum also varied, from shallow (<30 c¢cm) to deep
(>60 cm).The HCV criteria at BKPH Bogor and Jonggol was
within the protected forest class, while in the production
arrangement there was no HCVF. From the erosion
prediction which was analyzed from the land cover and 2015
precipitation data, the study site had prone and highly prone
to erosion areas which covered 4.01% (185.28 ha) of the total
production area being arranged, which was 4,619.15 ha. The
social and economic characteristics of the study site were
also varied when seen from the forest class, types of plants
growing during observation (in 2015), whether there was
tourism potential, the managerial accessibility, and labor.
This was also the case in theft, cutting fallen trees into
firewood, cultivation, and grazing intensity.

These diverse data need to be standardized through the
granting of a score. Domiri (2012) stated that giving the
value of the score is to standardize the independent variables
of a different unit and its characteristics being equal, so it can
be used together to create thematic information. Each land
unit with those different characteristics had different scores
based on the available options. Each unit of land was then
recalculated using a weighted linear combination (Equation
[1] to obtain the land suitability map for each managerial
option. Table 2 is an example of the results awarding score on
Pine trees are managed by solely Perhutani option.
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Criteria Variables Level Score
<500 1.00
Altitude 500-1000 3.00
>1000 2.00
0-8% 3.00
8—15% 3.00
Area slope 15-25% 2.62
25-40% 2.00
>40 % 1.00
. Latosol (slightly sensitive) 2.00
Type of soil Grumosol, podsolik (sensitive) 1.26
Shallow (<30 cm ) 1.00
Environmental Depth of solum Medium (30—60 cm) 2.00
Very deep (> 60 cm) 3.00
Slight (0.01 % ) 3.00
Rocks Medium (0.01-0.1 %) 2.00
Stony ¢ 0.1 %) 1.00
Not HCVF area 3.00
HCVF area HCVF area 1.00
Very low (< 15ton ha™! year™) 3.00
Low (15-60 ton ha year") 3.00
Erosion rate Medium (60—180 ton ha™! year™) 2.00
High (180-480 ton ha' year™) 1.26
Very high (> 480 ton ha' year') 1.00
Special purpose district 2.00
Pine trees district 3.00
Forest class Mixed forests district 1.00
Not good forproduction 1.00
Vacant lot 3.00
Nothing 3.00
. Type of plant SAP producing plant 3.00
Economic Rimba lain 1.00
. . Tourism potential area 2.00
Tourism potential .
Not the potential area 1.26
Accessibility g?zfl'gul ¢ i’gg
o Easily 3.00
Labor availability Difficult 1.00
Nothing 3.00
Theft intensity Low 2.00
High 1.00
Nothing 3.00
Intensity of cutting fallen trees into firewood Low 2.00
. High 1.00
Social Nothing 3.00
Cultivation intensity Low 2.00
Throughout the year 1.00
Nothing 3.00
Grazing intensity Low 2.00
High 1.00

Weight Each variable had a level of interest. The level of
interest was quantified into scoring and weight in the
construction of the managerial option selection spatial
model. The results of the weighting were calculated using
pairwise comparison with the AHP method (Table 3). In
production forest arrangement, the economic criteria are the
most important, which accounts for 72% but also observes
the environmental and social criteria environment which are
equally important at 14%.

The spatial model was constructed based on the score and
weight obtained from both qualitative and quantitative data.
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Therefor the relationship between managerial option
selection based on the spatial analysis of multi criteria with
weighting factors in Table 3 and the values of the score on
each variable can be described by the following
mathematical equation (weighted linear combination) as
shown as Equation /4]:
Total score = 0.14(0.06score x, + O0.llscore x, + 0.09score x, +
0.08score_x,+0.10score_x;+0.31score_x,+0.25score_X,)+
0.72(0.08score_y, + 0.22score_y, + 0.46score y, +

0.13score y, + 0.12score y,) + 0.14(0.45score z, +
0.05score_z,+0.44score_z,+0.06score_z,) [4]
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Table 3 The weight of criteria and variables used in the spatial model

Managerial options Total area (ha) %

Pine trees are managed by solely Perhutani 154.74 3.35
Pine trees with tourism managed by solely Perhutani 57.78 1.25
Pine trees with forage fodder PLDT 97.67 2.11
Pine trees with herbs and cash crops PLDT 807.78 17.49
Pine trees with herbs and cash crops PLDT with tourism 49.82 1.08
Pine trees with coffee PLDT 990.73 21.45
Pine trees with coffee PLDT with tourism 527.73 11.42
Mixed forests are managed solely by Perhutani 61.50 1.33
Mixed forests with tourism managed by solely Perhutani 19.00 0.41
Mixed forests, MPTS, with herbs and cash crops PLDT 473.44 10.25
Mixed forests, MPTS, with coffee PLDT 1,355.59 29.35
Mixed forests, MPTS, with coffee PLDT with tourism 23.36 0.51

Total 4,619.10 100.00
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Obtain the land suitability map for one managerial
option Each land unit with those different characteristics
had different scores based on the available options. Each unit
of land was then recalculated using a weighted linear
combination Equation /7] to obtain the land suitability map
for one managerial option. In the same way, be mapped the
suitability of land for 12 managerial option. The Figure 3 is
one of land suitability map option 1, namely Pine trees are
managed by solely Perhutani.

The managerial option selection mapping The resulting
suitability maps for all the managerial options were then
aggregated to create the managerial option pattern at BKPH
Bogor and Jonggol. The steps were overlaying all the land
suitability maps for each managerial option for production
structuring. Because in this study there were numerous
options, there were overlaps between areas with similar
option; therefore, in these areas automated option selection
could not be conducted. To overcome this obstacle, the

decision support system using neighboring similarity spatial
analysis. For spatial units with two or three similar suitability
options, the chosen option in the closest neighboring unit is
noted. The chosen option in that spatial unit is the one most
dominant in the adjacent area. This step was conducted using
GIS. Using the spatial model that had been built, the
managerial option suitability map which is presented in
Figure 4 was constructed. (The results of the spatial model in
the form of managerial option pattern) and Table 4
(managerial options based on size).
In structuring productivity, the 3 most common options
were:
1 Mixed forest MPTS with a coffee PLDT covering an area
0f1355.59ha (29.35 %).
2 Pine with coffee PLDT covering an area of 990.73 ha
(21.45%).
3 Pine with herbs and cash crops PLDT covering an area of
807.78 ha (17.489 %).
The chosen option was dominated by PLDT plants that
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Figure 3 Land suitability map for pine trees is managed by solely Perhutani option.
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Figure 4 The results of the spatial model in the form of managerial option pattern.
Table 4 Managerial options based on total area.
Criteria Weight of criteria Variables Weight of variables
Altitude (x,) 0.06
Area s lope (x,) 0.11
Type of soil (x,) 0.09
Environmental 0.14 Depth of solum (x,) 0.08
Rock (x,) 0.10
High conservation value forest area (x;) 0.31
Erosion rate (x,) 0.25
1.00
Forest class (y,) 0.08
Type of plant (y,) 0.22
Economic 0.72 Tourism potential (y,) 0.46
Accessibility (y,) 0.13
Labor availability (y;) 0.12
1.00
Theft intensity (z,) 0.45
Social 0.14 Inter.lsitx of .cuttin'g fallen trees into firewood (z,) 0.05
Cultivation intensity (z,) 0.44
Forest class (z,) 0.06
1.00

involved the community. Theoretically, if the PLDT is well
managed, this activity is basically an effort to return the
ecological forest function (Mustofa 2011). Knowledge about
the suitability of the type PLDT with the conditions of land,
needed to mitigate the effects of damage to the environment,
because PLDT in KPH Bogor originally performed by people
without going through legal procedures, so the selection of
plant species dependent on the whims PLDT surrounding
communities without regard to environmental damage.
Mustafa (2011) found that plants grown on PLDT area,
need to consider the type for production structuring and
protected structuring, plant size and condition of forest land,
especially the slope. PLDT for the production structuring
should be a plant that does not interfere with the growth of
tree stands, but also not cause landslides. Differently for
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protected structuring, that plants grown on PLDT area,
should not consider with the growth of tree stands, but
especially for forest preservation, and the plants need to be
introduced the suitable plant that can boost the economy of
farmers, easy maintenance, and also has a market and
economically profitable.

Verification of managerial options with the level of
erosion Managerial options with a predicted rate of erosion
of managerial options, if the managerial option selected is
successfully applied was calculated using the equation
USLE, where the land use factor adapted to the selected
option can be seen in Table 5.

Table 5 can explain that the study site had prone to
erosion areas which covered 23.83 ha and highly prone to
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Figure 5 Pine with herbs and cash crops PLDT at KPH Bogor.

Table 5 Managerial options based on the rate of erotion

Rate of erotion calculated from the condition of land cover with

. . the assumption that these options have been successfully Total area
Managerial options implemented (ton ha' year™) (ha)
Very low Low Medium High Very high

Pine trees are managed by solely Perhutani 39.52 110.09 3.49 1.55 0.09 154.74
Pine trees with tourism managed by solely Perhutani 53.55 4.23 - - - 57.78
Pine trees with forage fodder PLDT 27.47 70.13 0.06 - - 97.67
Pine trees with herbs and cash crops PLDT 772.04 34.44 1.30 - - 807.78
Pine trees with herbs and cash crops PLDT 46.27 3.39 0.16 - - 49.82
Pine trees with coffee PLDT 480.55 486.76 22.57 0.84 - 990.73
Pine trees with coffee PLDT with tourism 198.95 277.70 32.73 17.11 1.24 527.73
Mixed forests are managed solely by Perhutani 15.86 41.95 3.07 0.63 - 61.50
Mixed forests with tourism managed by solely Perhutani 18.12 0.87 - - - 19.00
Mixed forests, MPTS, with herbs and cash crops PLDT 53.04 417.50 2.76 0.13 - 473.44
Mixed forests, MPTS, with coffee PLDT 618.06 710.10 21.43 3.56 2.45 1,355.59
Mixed forests, MPTS, with coffee PLDT with tourism 21.76 1.60 - - - 23.36

Total 2,345.19 2,158.76 87.59 23.83 3.78 4,619.15

erosion areas which covered 3.78 ha, with assuming a
managerial option selected is successfully applied. While at
the same area, the erosion prediction which was analyzed
from the land cover and 2015 precipitation data, the study site
had prone to erosion areas which covered 171.65 ha and
highly prone to erosion areas which covered 13.631 ha. That
is mean the pattern of managerial options is environmentally
feasible, because if managerial options successfully
implemented, can reduce the prone to erosion areas at 147.82
ha, and highly prone to erosion areas at 9.85 ha.

The study site also had prone to erosion areas and highly
prone to erosion areas, persist despite managerial option is
implemented. This is because the unit land at study site has
characteristics very steep slopes, high rainfall, and soil
vulnerable to erosion. Accordance with the opinion of
Wischmeir and Smith (1978) that the rate of erosion is
influenced by the number of multiplication factor, namely
R(erosivity), K (erodibility), LS (length and slope), Cp (land

use factor, and soil conservation techniques).

On the managerial options that remain prone to erosion
areas and highly prone to erosion areas, need extra attention
and treatment. On the management options needs to be done
soil conservation measures. Soil conservation techniques can
be done with a variety of treatments, both with civil
engineering, vegetative, or chemical. Soil conservation
techniques also do not need a single, but it can be a
combination of various measures, so as a whole can provide
good soil conservation effect. Some examples of
conservation techniques that can be done is to create channels
patio, terrace ridge, terrace credit, gully control (plug gully,
gully drop, drop structure), the protection of the river springs
(Hardjowigeno & Widiatmika 2007).

This model shows the potential of GIS-based to help
optimize and speed up planning procedures, to support
decision making. GIS based model allows to integrate
information in a systemic way, can then be used to produce
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visual output that can be measured and georeferenced , so as
to facilitate decision-making (Kangas et al. 2005; Ananda &
Herath 2009; Jaimes et al. 2012). Keep in mind that to
construct a spatial model, closely related to decision making
that should pay attention to the various practical
considerations the following: selection of the desired local,
minority interest, national policy, barriers such as land tenure,
availability of data, environmental standard, and
practicability. It is also necessary to pay attention the
implementation of the agency's potential, the cost and
availability of funds (Hardjowigeno & Widiatmika 2007).

This model provided land productivity because the
chosen options did not only consist of one main vegetation,
but there was the PLDT system which consisted of a variety
of plants. This model also could reduce social conflict with
the community because the chosen options involved the
community and stakeholders.

Conclusion

The spatial model in the selection of the managerial option
at site level at KPH Bogor could be built. This model was not
only built on various biophysical criteria but also involved
social and economic criteria. The spatial model that was built
was able to map 12 types of managerial options at site level in
production structuring at KPH Bogor. Patterns of managerial
options is social feasible, because as selected option involves
the community and stakeholders. The pattern of managerial
options is also environmentally feasible, because if
managerial options successfully implemented, can reduce the
prone to erosion areas at 147.82 ha, and highly prone to
erosion areas at 9.85 ha. The results of the research can be
used by KPH Bogor management, as a basis for decision
making in determining its forest management plan.
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