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Abstract 

This paper addresses a multi-criteria analysis approach to agricultural landscape 

planning. The case study was conducted in the Cianjur watershed, West Java, Indonesia, which 

has experienced soil erosion problems in recent years. The planning process consists of erosion 

hazard, land suitability, and economic feasibility analyses. Land resource information was 

developed as a GIS database from topographic maps, Landsat TM images, soil maps, and 

climatic data. Using these data, the universal soil loss equation was applied to erosion hazard 

analysis. In land suitability analysis, the land requirement of plants, and land resources 

characteristics were compared on the basis of Food and Agriculture Organization's land 

suitability evaluation methods. Production cost profiles and price data for each crop were used in 

the economic feasibility analysis. On the basis of the integrated results of the three analyses, 

proposed agro-ecological land-use was planned under which the land-utilization types would not 

cause more than tolerable soil loss, would be at least marginally suitable with regard to land 

resources quality, and would be economically feasible. When compared with current agricultural 

land-use, the proposed agro-ecological land-use would reduce total soil loss in the area by about 

75%, with a reduction in total profit from agricultural production of just 3.1%. 
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Vitae 

1. Introduction 

There is an urgent need in Indonesia for evaluation of agricultural landscapes and 

associated planning, owing to problems faced in recent years in the form of increasing pressures 

on agricultural lands from other uses, coupled with increasing demand for agricultural products 

due to population growth. For example, in 2003, when the population growth rate stood at 1.49% 

year
−1

, Indonesia had to provide agricultural products for 3 million people more than in the 

previous year, in addition to meeting the requirements of the existing population of 210 million. 

However, at the same time 100,000 ha year
−1

 of agricultural land was being converted to non-

agricultural land (Khrisnamurti, 2003). Moreover, some areas were characterized by 

inappropriate agricultural land-use, whereas others were experiencing deforestation due to 

expansion of production fields (Baba et al., 2001). These will lead to both environmental and 

socio-economic problems, including poverty and unsustainable use of land resources (Webster, 

1997, Stevenson and Lee, 2001 and Iwata et al., 2003). 

Competition between different interests for the same land should be resolved through 

selection of the most appropriate land-use. There are three main aspects that need to be taken 

into account when planning for sustainable use of land resources: environmental, economic and 

societal (Miranda, 2001 and van Noordwijk et al., 2001). In difficult scenarios where there are 

complex decision-making considerations and a variety of goals that are sometimes conflicting, 

the use of a multi-criteria analytical approach can be beneficial (Center for International Forestry 

Research, 1999, Antoine et al., 2000 and Phua and Minowa, 2005). Multi-criteria analysis is a 

methodology by which the relative merits of different options can be compared using a range of 

quantitative and qualitative criteria (Center for International Forestry Research, 1999). The 

approach thus can help evaluate transparently a variety of land-use options according to a variety 

of criteria that are measurable and form an assessable basis for decision-making. When planning 
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occurs from the standpoint of a multi-criteria analytical approach seeking the sustainable use of 

land resources in an agricultural landscape, the objective is to identify land uses that are 

ecologically friendly, efficient and profitable, are accepted by society, and meet social needs. 

Although the multi-criteria analysis approach is essential if sustainability is to be 

achieved, application of this approach is not simple. Every area has specific characteristics and 

problems that result in unique demands. As a result, they need specific planning frameworks as 

well. Some areas may experience declines in biodiversity, whereas others may have social 

conflict or suffer from poverty. All require the application of a multi-criteria analytical approach 

in the planning process for sustainable use of land resources, because this approach integrates all 

the analyses and evaluations of all aspects of the problem, although the priorities and focus will 

differ in each case. Svoray et al. (2005) applied this approach to address diminishing biodiversity 

by implementing a multi-criteria analysis that stressed habitat heterogeneity. Previously, Pieterse 

et al. (2002) had used a similar approach to evaluate the ecological function of wetland 

ecosystems. 

The agricultural landscape planning approach was tested in a practical application in the 

Cianjur watershed, West Java, Indonesia, with the object of assuring resource use sustainability 

and addressing current problems. This area was designated a water reservation area by 

Presidential Decree No. 79 issued in 1985 and No. 48 issued in 1989, and then by Cianjur 

District Government Regulation No. 1 issued in 1997. It is also one of West Java's important 

agricultural production centres. Sedimentation in the lower part of the watershed and sharp 

fluctuation in river water levels in this area have been observed in recent years, indicating that 

land resource degradation is occurring, especially with regard to soil and water retention 

functions. It is important that this be addressed, as precipitation is high (average annual rainfall is 

3572 mm), and some areas are steep (1149 ha has a slope of 24–45%) or very steep (189 ha has 

slopes >45%) (Kaswanto et al., 2003 and Saroinsong et al., 2003). 

Previous research has been conducted in the same study area in the form of inventory 

studies and problem analyses under the same research project. For instance, studies have 

addressed the soil conservation-based decision support system (Pertiwi et al., 2001), topographic 

conditions and land-use (Harashina and Takeuchi, 2002 and Harashina et al., 2003a), water 

quality evaluation (Kaswanto et al., 2003), estimation of human-activity-induced nitrogen flows 

(Harashina et al., 2003b), and economical survival strategy (Mugniesyah and Mizuno, 2001). 

Making use of the results of these previous studies, a multi-criteria-based planning model and 

framework that included environmental, economic, and social aspects was developed to support 

agricultural landscape planning and to propose an agro-ecological land-use plan for the Cianjur 

watershed. The objective of this paper is to present the process of agricultural landscape planning 

by a multi-criteria analysis approach, in an environment that has experienced soil erosion 

problems. 

2. Study area 

2.1. General description of study area 
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The Cianjur watershed is located in the central part of West Java, Indonesia (Fig. 1), on 

the east-facing slope of Mount Gede (2958 m), which is a stratovolcano with a broad footslope 

formed by a lahar (volcanic debris flow). The Indonesia Soil and Climate Research Centre 

(Puslitanak) has performed soil observations at 13 units throughout this watershed, as recognized 

on the soil map of Cianjur watershed. On the basis of data derived from these soil observation 

units, four present soil orders were identified, namely Inceptisol, Andisol, Ultisol, and Alfisol 

(Saroinsong et al., 2003); soil nomenclature is based on the U.S. Soil Taxonomy classification 

system (Soil Survey Staff, 1999). Soil texture ranges from heavy clay to coarse sandy loam. 

Inceptisol forms alluvium on floodplain, some as well-drained volcanic soil in steep middleland, 

and some as poorly drained volcanic soil in flat-lowland of the watershed. The Andisol is a well-

drained and fertile volcanic soil covering the mountainous areas in the upper part of the 

watershed. Ultisol accounts for the smallest proportion of the study area (<10%) and is 

composed of fairly poorly drained, infertile volcanic soil located in the middleland, with a high 

aluminium content. The area with the shallowest soil depth (62 cm) belongs to Alfisol soil, a 

moderately drained and highly fertile soil found in the middleland of the watershed. 

 

Full-size image (150K) 

Fig. 1. Location of study area: (a) Citarum watershed; (b) Cianjur watershed. 

 

This area is a typical rural volcanic footslope landscape frequently found in Java. Dry 

fields dominate on the footslope upland, and paddy fields on the lowland. A vast tea plantation is 

located on the side of Mount Gede, other areas not covered by the plantation are dry fields. 

Agroforestry is practised in places across the entire area, as mixed garden (Kebun campuran) or 

forest garden (Talun) land uses. Mixed garden refers to land where perennial crops, mostly trees, 

are planted, and under which annual crops are cultivated (Karyono, 1990). Forest garden refers 

to land that is not cultivated or extensively maintained, although it is harvested, usually for wood 

and firewood. Cianjur City is a major urban centre with a population of 140,000, and is located 

in the central part of the area. The study area is a typical example of an area subjected to rapid 

urbanization and land development for resort villas. The latter has occurred because the area is 

easily accessible from large cities such as Jakarta and Bandung via a highway that runs through 

the area. 

The planning area for this study was bio-physically determined by watershed delineation 

(van Noordwijk et al., 2001). Total area is 5935 ha with elevations ranging from 275 to 2863 m 

above sea level. 

2.2. Land-utilization types definition in this study 
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Land-utilization in the study area varies, in terms of the type of plants used as main crops, 

the cultivation patterns and land management practices. Eight categories of land-utilization type 

were developed (for definitions of each land-utilization-type name, see Table 1). The eight land-

utilization types are the dominant land uses in the study area. The spatial distribution of land-

utilization types under the current agricultural land-use is shown in Fig. 2. 

Table 1.  

Land-utilization-type definitions 

Land-utilization 

type 
Description 

Main crops 

 
Cropping system 

  

English or 

local name 

 

Latin name 

 
 

Paddy field 1 Paddy field 
Local rice 

cultivar 
Oryza sativa L. Monoculture 

Paddy field 2 Paddy field Cultivar R64 Oryza sativa L. Monoculture 

Tea plantation Tea cultivation Tea Camellia sinensis L. Monoculture 

Vegetable dry 

field 

Highland 

vegetables, dry field 
Carrot Daucus carota Rotation 

  
Scallion 

Allium ascalonicum 

auct.  

Starchy crop dry 

field 

Mixed starchy crop, 

dry field 
Corn Zea mays L. Rotation 

  
Cassava 

Manihot esculenta 

Crantz.  

Mixed garden 1 
Agroforest system, 

mixed garden 
Jackfruit 

Artocarpus integra 

Merr. 

Intercropping and 

rotation 

  
Mahogany Swietenia mahogani 

 

  
Umbrella tree 

Maesopsis eminii 

Engl.  

  
Tea Camellia sinensis L. 
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Land-utilization 

type 
Description 

Main crops 

 
Cropping system 

  

English or 

local name 

 

Latin name 

 
 

  
Broccoli 

Brassica oleracea 

var. asparagoides  

  
Banana 

Musa paradisiaca 

L.  

  
Cassava 

Manihot esculenta 

Crantz.  

Mixed garden 2 
Agroforest system, 

mixed garden 
Coconut Cocos nucifera L. 

Intercropping and 

rotation 

  
Mahogany Swietenia mahogani 

 

  
Rambutan 

Nephelium 

lappaceum L.  

  
Bamboo Bambusa spp. 

 

  
Cassava 

Manihot esculenta 

Crantz.  

  
Banana 

Musa paradisiaca 

L.  

Forest garden 
Agroforest system, 

forest garden 
Bamboo Bambusa spp. Intercropping 

  
Umbrella tree 

Maesopsis eminii 

Engl.  

  
Mahogany Swietenia mahogani 
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Fig. 2. Current agricultural land-use map. 

 

 

 

 

 

 

3. Materials and methods 

3.1. Framework of study scheme 

The study framework emphasized the importance of planning based on an area's specific 

demand and problem, which in the case of this area is soil and watershed conservation (Fig. 3). 

The proposed planning process consists of erosion hazard analysis, land suitability analysis, and 

economic feasibility analysis. The results of these analyses were integrated into the proposed 

agro-ecological land-use, which was proposed as the final study output. Each land-use in 

proposed agro-ecological land-use was to be ecologically suitable, economically feasible, and 

address the existing tendency toward soil erosion and sedimentation. 

 

 
Full-size image (51K) 

Fig. 3. Framework of the study. 

 

3.2. Data source and land resources data developing 

Sources of land resources information that were used in developing the GIS database 

were: topographic map of Salabintana and digital topographic maps of Cugenang and Cianjur 

published in 1999 by Indonesia National Coordination Agency for Survey and Mapping 

(BAKOSURTANAL) with a scales of 1:25,000, Landsat TM image acquired on December 22, 

2001, soil map published in 1986 by Indonesia Soil and Agroclimate Research Centre with a 

scale of 1:50,000, and climatic data during 1991–2001 sourced from Climatology and 

Meteorology Bureau of Cianjur District. Data on each plant's land requirements were obtained 

from the results of the Land Resource Evaluation and Planning Project and it complements 

studies undertaken by the Ministry of Agriculture, Indonesia. Data on farming system including 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2#fig3
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6V91-4JW7WM5-1&_image=fig3&_ba=3&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5885&_issn=01692046&_pii=S0169204606000661&view=c&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=abc324f8d54498fac3b7817cc5649c42
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6V91-4JW7WM5-1&_image=fig3&_ba=3&_user=6763742&_coverDate=01/15/2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5885&_issn=01692046&_pii=S0169204606000661&view=c&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=abc324f8d54498fac3b7817cc5649c42


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-
1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_doca
nchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_versio
n=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2 

cost and yield, and product price for 2001 were derived from the Agricultural Bureau of Cianjur 

District Government. 

The process for developing the land resources data used in the three analyses mentioned 

above is briefly described in Fig. 4. 

 

 

Full-size image (53K) 

Fig. 4. Data sources and data extraction and processing for analyses. S1: most suitable, S2: 

moderately suitable, S3: marginally suitable, LUT: land-utilization type, LS: slope length and 

steepness factor, Cm: cropping and management factor, Cp: conservation control practice factor, 

K: soil erodibility factor, R: rainfall-runoff erosivity factor, TSL: tolerable soil loss. 

 

The Salabintana topographic map was input to GIS format by manual digitization and 

entry of attributes. This map and two other topographic maps already in digital form were 

merged into one topographic map covering the watershed. This was subsequently used to extract 

contour and land-use data. A digital elevation model generated from contour data through 

interpolation was utilized to calculate and classify slope classes, from which a slope steepness 

map was made. 

In the land-use mapping using Landsat TM images covering the watershed, a supervised 

Maximum Likelihood classification was applied, since previous studies (Liu et al., 2002 and 

Dean and Smith, 2003) had confirmed that this was the most suitable and powerful classification 

method. In initial process of classification, land-use data extracted from the topographic map 

were used for referencing. The classification procedure was performed until it produced a land 

cover classified image with an overall Landsat classification accuracy of 80%; the accuracy 

value refers to the degree of correspondence between classification and reality, was tested by 

ground-truthing and interviews (Liu et al., 2002 and Dean and Smith, 2003). The current 

agricultural land-use map (Fig. 2), which includes land-utilization-type information, was made 

by interpreting the land cover classified image, supplemented by ground-truthing and data from 

interviews. 

The digital soil map was constructed by manually digitizing the boundaries over digital 

images of the soil map and inputting all attributes, such as soil texture and soil depth. 

A climatic map that shows rainfall, temperature and humidity was built using data from 

meteorological stations in the Cianjur watershed. The rainfall data were used in the subsequent 
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erosion hazard analysis and (together with temperature and humidity information) were also used 

in land suitability analysis. 

3.3. Erosion hazard analysis 

3.3.1. Estimated soil loss 

Estimated annual soil loss was computed by using the universal soil loss equation by 

Wischmeier and Smith (1965, 1978) expressed as: 

ESL=R×K×LS×Cm×Cp 

where estimated soil loss (ESL) is estimated average annual soil loss (t ha
−1

 year
−1

). The 

parameters used in this equation are as follows: 

1. R is a rainfall-runoff erosivity factor (MJ mm ha
−1

 h
−1

 year
−1

). The factor was calculated using 

rainfall data in digitized climatic map by the equation: 

 
where EI30 is a total storm energy times a maximum 30 min intensity. 

2. K is a soil erodibility factor (t ha h ha
−1

 MJ
−1

 mm
−1

). The soil erodibility factor was calculated 

on the basis of the soil types and their characteristics (such as texture, soil depth, structure, 

organic matter, and permeability), derived from digitized soil map, by the equation (Hammer, 

1981 and Ministry of Forestry, 1998): 

K={1.292[2.1M
1.14

(10
−4

)(12−a)+(3.258b−2)+2.5(c−3)]} 

where M is a percentage of silt and fine sand, a is percentage of organic mineral, b an aggregate 

class, and c is a permeability class. 

3. LS is a slope length and steepness factor (dimensionless), where L is slope length factor and S 

is slope steepness factor. An equation used by the Indonesia Ministry of Forestry (Ministry of 

Forestry, 1998) to calculate L was applied: 

 
where X is slope length, which is identified as the distance from the point of origin of the runoff 

to the point where the slope steepness decreases sufficiently to cause deposition or to the point 

where runoff enters a well-defined channel. X can be measured using the GIS function on a 

digital elevation model of the watershed. An equation used by the Indonesia Ministry of Forestry 

(Ministry of Forestry, 1998) to calculate S was applied: 

 
where s is percentage of slope steepness, which is obtained from digital slope map. 

The value of the LS factor was made by multiplying L and S. 
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4. Cm is a cropping and management factor (dimensionless). Cm values obtained from field 

experiments in Indonesia under different specific land uses are available (Ministry of Forestry, 

1998). The values were chosen on the basis of crop type and method of tillage of each land-

utilization type. 

5. Cp is a conservation (specifically erosion) control practice factor (dimensionless). Similarly to 

the Cm factor, values for this factor for several kinds of conservation control usually practiced in 

Indonesia are available (Ministry of Forestry, 1998). The values were selected on the basis of the 

applied conservation control practices. 

Estimated soil loss calculation was under consultation with the Indonesia Soil and Climate 

Research Centre. 

3.3.2. Tolerable soil loss 

Tolerable soil loss was also calculated by using Hammer equation (Hammer, 1981): 

 
where TSL is tolerable soil loss (t ha

−1
), De effective soil depth (cm), Fd soil depth factor, BI soil 

volume mass (g cm
−3

), and T is time of use, in this case determined as 100 years. Parameters 

used in the equation were derived from the soil map. 

Estimated soil loss and tolerable soil loss were then compared to analyze the erosion hazard 

under the current agricultural land-use as an analytical basis for watershed management 

(Paningbatan, 2001). On the basis of the results of the analysis, the degree of soil loss severity 

was categorized into four classes: (1) low soil loss, if estimated soil loss is equal to or less than 

tolerable soil loss; (2) medium soil loss, if estimated soil loss is more than tolerable soil loss and 

up to 100 t ha
−1

 year
−1

; (3) high soil loss, if estimated soil loss is more than 100 and up to 

200 t ha
−1

 year
–1

; (4) very high soil loss, if estimated soil loss is more than 200 t ha
−1

 year
−1

. 

3.4. Land suitability analysis 

Land suitability evaluation method developed by Food and Agriculture Organization 

(Food and Agriculture Organization, 1993) was adopted, which compares each plant's land 

requirements and land resources characteristics, considering the most critical limiting factor. 

Factors that were evaluated in the comparison process were: (1) radiation regime, including 

duration of daylight; (2) temperature regime, including annual mean temperature and maximum 

and minimum temperatures; (3) water availability, which was evaluated from precipitation and 

other available sources; (4) air humidity, including annual mean relative humidity and maximum 

and minimum relative humidity; (5) root development support, including soil drainage, soil 

texture and effective soil depth; (6) nutrient retention, including alkali saturation and pH; (7) 

flood risk, including flood duration and flood frequency; (8) potential mechanism for erosion, 

which was evaluated by micro-topographic form. The values for the above factors that were 

required by each plant for growth and production (land requirements), and the values for the 

same factors that were provided by the land resources (land qualities) in the study area were 
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analyzed. The former were provided by the Ministry of Agriculture, Indonesia, which obtained 

the data under the Land Resource Evaluation and Planning Project and its complementary studies 

(Djaenuddin et al., 1994 and Djaenuddin et al., 2000), and the latter were derived from soil and 

climatic data. The four suitability classes derived from the analysis for each plant were: most 

suitable, moderately suitable, marginally suitable and not suitable. The data analysis process is 

briefly shown in schematic form in Fig. 5. 
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Fig. 5. Land suitability analysis scheme. 

 

 

3.5. Economic feasibility analysis 

Economic feasibility of land-utilization type in this study was evaluated from its cost–

benefit ratio, which was calculated as: 

 
where R is revenue which is calculated as production (kg) × price (Rp kg

−1
), C cost (Rp), and Rp 

is Indonesian rupiah. 

The cost–benefit ratio is thus a function of the total crop production, price and cost. Cost 

refers to all cash outputs (for seed, fertilizer, pesticides and herbicides, and land rent value), and 

labour (for breeding, field preparation, planting, fertilizing, pesticide and herbicide application, 

and other maintenance practices, such as watering or weeding, until harvest occurs). If the value 

of the cost–benefit ratio exceeds one, it is assumed that the land-utilization type will provide a 

good return, with benefits exceeding costs (Miranda, 2001). In addition, the benefit itself is also 

compared; the higher the benefit, the more preferred the land-utilization type. The results of this 

analysis were used to compare and select land-utilization type, and to evaluate the effectiveness 

of costs they have and how much money farmers could earn to support their daily lives. 

Cost and harvest/production data and product price data for 2001 were derived from the 

Agricultural Bureau of Cianjur District Government. The economic feasibility analysis presented 

here has a disadvantage in the estimation of revenue, particularly for proposed agro-ecological 

land-use. Because of limitations in the availability of detailed data, estimates of revenue for 

proposed agro-ecological land-use still use the average production data for every land-utilization 

type under current agricultural land-use. Such estimates neglect the fact that, because of 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2#bib8
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2#bib9
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2#fig5
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6V91-4JW7WM5-1&_image=fig5&_ba=5&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5885&_issn=01692046&_pii=S0169204606000661&view=c&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=464ce0aafe8f0d8b77679178333c0d49
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2#fig5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2#fig5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2#bib27
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6V91-4JW7WM5-1&_image=fig5&_ba=5&_user=6763742&_coverDate=01/15/2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5885&_issn=01692046&_pii=S0169204606000661&view=c&_acct=C000070526&_version=1&_urlVersion=0&_userid=6763742&md5=464ce0aafe8f0d8b77679178333c0d49
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6V91-4JW7WM5-1&_mathId=mml7&_user=6763742&_cdi=5885&_pii=S0169204606000661&_rdoc=1&_issn=01692046&_acct=C000070526&_version=1&_userid=6763742&md5=1c40a59c74cbe08f1a14891a47d8fa49


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V91-4JW7WM5-
1&_user=6763742&_coverDate=01%2F15%2F2007&_rdoc=1&_fmt=high&_orig=search&_sort=d&_doca
nchor=&view=c&_searchStrId=1360701156&_rerunOrigin=scholar.google&_acct=C000070526&_versio
n=1&_urlVersion=0&_userid=6763742&md5=3f5df19aae1c76d76ecd4121970d62f2 

conversion of land-utilization types, the land suitability classes for proposed agro-ecological 

land-use, on average, may be different from those for current agricultural land-use. The use of 

different land suitability classes would thus result in differences in yield: use of more suitable 

land-utilization types would increase the yield (Food and Agriculture Organization, 1993 and 

Tomar et al., 1996). The disadvantage, then, is that estimates of the benefits of the proposed 

agro-ecological land-use may be affected. 

 

 

3.6. Planning process model 

The planning process model was composed of three analyses and utilized a step-by-step 

approach to select the appropriate land-utilization types and to plan the proposed agro-ecological 

land-use (Fig. 6). Three analyses were ordered, on the basis of their importance relative to 

problem-solving in the study area. Prevention of soil loss is the most important problem to solve 

in this case. The use of land management practices that are suitable for watershed land resources 

thus preventing watershed function degradation is the secondary aim. Thus, the planning model 

is a sequential decision-making process that begins with erosion hazard analysis as the first filter, 

followed by land suitability analysis and then economic feasibility analysis. Erosion hazard is a 

crucial filter, because erosion factors (with the exception of cropping and management factors 

and conservation control practice factors) are uncontrollable variables under most conditions. 
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Fig. 6. Planning process model. LUT: land-utilization type, ESL: estimated soil loss, TSL: 

tolerable soil loss, S1: most suitable, S2: moderately suitable, S3: marginally suitable, NS: not 

suitable, B/C: cost–benefit ratio. 

 

Land-utilization types were selected for every land unit of the watershed simultaneously 

through a process of filtering and selection, assisted by GIS. Where estimated soil loss did not 

exceed tolerable soil loss, the existing land-utilization type was further evaluated through land 

suitability analysis. If the erosion hazard analysis revealed that the estimated soil loss of the 

current land-utilization type on a certain land unit exceeded the tolerable soil loss, alternatives 

for improving land management practices were considered. If these were either not possible or 

failed to reduce estimated soil loss to a tolerable level, other potential land-utilization types were 
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evaluated to replace the current one. Several land-utilization types might pass the erosion hazard 

analysis and then be subject to land suitability analysis. If a land-utilization type were 

categorized as not suitable, the procedure was to search for a new potential land-utilization type. 

If several alternative land-utilization types were suitable (most suitable, moderately suitable or 

marginally suitable) for the same land unit, the more suitable land-utilization type was selected 

for subsequent economic feasibility analysis. In brief, the most suitable land-utilization type was 

preferred over the moderately suitable one, and so on. Only those land-utilization types that 

fulfilled the requirement of benefits outweighing costs were compared according to the benefits 

they offered. The most favourable land-utilization types from the standpoint of economic 

feasibility were those with the highest benefits. If the analysis revealed that the land-utilization 

types that were suitable from the standpoint of land characteristics did not have good benefit 

profiles, alternatives land-utilization types that had the same or lower suitability classification 

were considered (as long as the suitability class ≠ not suitable). If no alternatives were found, the 

process began anew. Only land-utilization types that passed the three analyses were proposed as 

better alternative land-utilization types in proposed agro-ecological land-use. After the three 

analyses, proposed agro-ecological land-use was supplemented by consideration of social aspects 

and constraints, or the current state of the agricultural infrastructure, as appropriate. 

One of the challenges in applying the multi-criteria analysis approach is that, for success 

in implementation, it must involve the participation of stakeholders (Marsh, 1997, Stevenson and 

Lee, 2001 and Thomas, 2002). In the case of this study, the stakeholders are the inhabitants 

(almost entirely farmers) and the government. The evaluation methods and filtering sequence 

could be easily accepted by government, because they are in accordance with government policy 

on both conservation and agricultural development. The task in this study was to obtain farmer 

acceptance and engage participation, because among the local people there was only a moderate 

level of understanding of the interrelated environmental problem, and even a poor level of 

willingness to share management investment (Gunawan et al., 2003). The evaluation methods 

and filtering sequence might be accepted, provided that the farmers could put the results into 

practice and not have to spend large amounts of money on the proposed agro-ecological land-use 

implementation. In relation to the task, stakeholder perceptions, willingness and abilities were 

thus recognized, improved, and balanced, and then finally accommodated in the course of the 

study. This stakeholder participation involvement is reflected in the planning process model as 

follows: (1) the set of alternatives to be evaluated was stakeholder-oriented. It included land-

utilization types with which local people were familiar and that had yielded good results. (2) 

Farmers were familiar with all the land-utilization types except paddy field and tea plantation 

which require special attention about cultivation practices for farmers who did not practice them 

before. However, no change in paddy field use, and no conversion of the farmers’ land to tea 

plantation was suggested; thus the re-education cost for these two land-utilization types were 

assumed to be low, and the capitalization for, and cost of changing practices were assumed to be 

zero. There was also an understanding that the re-education cost would become a government 

responsibility as part of the government agricultural program's budget; thus it was separated from 

the cost–benefit calculation. (3) Moreover, there was a phase for the consideration of social 

aspects and constraints before the proposal of land-utilization types and agro-ecological land-use 

mapping. 
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Because the focus was on agricultural land-use planning, it was assumed that land-

utilization types of the preservation forest and settlement area were static. 

4. Results 

4.1. Erosion hazard analysis 

Comparison between estimated soil loss and tolerable soil loss generated an erosion 

hazard map of the Cianjur watershed, based on current agricultural land-use (Fig. 7), that 

identified the erosion hazard area where intolerable soil loss was predicted. This area was 

grouped into four classes that indicated how urgently management was needed. Estimated soil 

loss for the watershed under current agricultural land-use ranged from 0 (in flat forest areas) to 

344 t ha
−1

 year
−1

 (in very steep areas of Vegetable dry fields); tolerable soil loss ranged from 25 

to 60 t ha
−1

 year
−1

. Although no significant erosion (estimated soil loss < tolerable soil loss) was 

predicted in 4416 ha (74%) of the watershed area, estimated soil loss was predicted to exceed 

tolerable soil loss on 1219 ha (26% of the watershed area); in some areas (covering 466 ha, 

mostly utilized as Vegetable dry field) estimated soil loss was very high (>200 t ha
−1

 year
−1

). The 

relationship between land-utilization type and estimated soil loss in current agricultural land-use 

is summarized in Table 2, particularly for current agricultural land-use. The results indicate that 

practiced Vegetable dry field and Starchy crop dry field urgently required better land 

management practices in terms of cropping and management factor and conservation control 

practice factor. 
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Fig. 7. Erosion hazard map. ESL: estimated soil loss and TSL: tolerable soil loss. 

 

 

Table 2.  

Relationship between land-utilization type, estimated soil loss and tolerable soil loss in current 

agricultural land-use 

Land-utilization 

type 

 

Range of estimated soil loss 

(t ha−1 year−1) 

 

Range of tolerable soil loss 

(t ha−1 year−1) 

 

Paddy field 1 0.6–78.0 43–60 
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Land-utilization 

type 

 

Range of estimated soil loss 

(t ha−1 year−1) 

 

Range of tolerable soil loss 

(t ha−1 year−1) 

 

Paddy field 2 0.5–26.1 36–50 

Tea plantation 4.9–167.3 35–45 

Vegetable dry field 12.8–344.2 25–50 

Starchy crop dry 

field 
12.8–341.9 35–50 

Mixed garden 1 4.1–184.7 25–40 

Mixed garden 2 3.9–164.9 35–43 

Forest garden 0.1–85.5 25–38 

 

 

 

In cases where the current land-utilization type caused significant soil loss, land management 

practice improvements and land-utilization-type conversions were considered that could reduce 

soil loss. The following measures are listed in order, starting with the most preferred measure, 

according to the convenience of application: (1) alteration of the cropping and management 

factor through adoption of a minimum tillage system. (2) Alteration of the conservation control 

practice factor through better conservation control practices. For instance, an irregular strip 

planting system should be changed to a contour planting (strip planting across the slope) and 

hedgerow system. (3) Land-utilization-type conversion or alteration of the slope length and 

steepness factor by terracing; both of these last two options are last choices, considering the high 

investment and potential social constraints. 

4.2. Land suitability analysis 

Only land-utilization types that fulfilled the erosion hazard analysis criteria (estimated 

soil loss must be ≤tolerable soil loss) were subject to land suitability analysis (Fig. 6). This 

analysis phase produced suitability maps that showed the distribution of most suitable, 

moderately suitable, marginally suitable and not suitable classes for main plants in all evaluated 

land-utilization types. The distribution of land suitability classes under current land-utilization 

types is presented in Table 3, which is based on the results of the land suitability analysis. The 

climate and soil factors in some lowland areas were especially suitable for trees (Mixed garden 1, 

Mixed garden 2, and Forest garden) and for paddy cultivation (Paddy field 1 and Paddy field 2). 

Tea has a small tolerance interval to achieve good growth and production, and only some areas 

on the slopes of Mount Gede were ranked as most suitable and moderately suitable. The climate 

and most soil factors in some highland areas were suitable or moderately suitable for Vegetable 
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dry field plants. Slope steepness was a limiting factor, however, so improvements in land 

management practices are essential. 

Table 3.  

Areas of land suitability classes under current agricultural land-use 

 

Land suitability class 

 

 

Most 

suitable 

 

Moderately 

suitable 

 

Marginally 

suitable 

 

Not 

suitable 

 

Area (ha) 2611 509 490 241 

Percentage by total agricultural 

land area (%) 
67.8 13. 2 12.7 6. 2 

 

 

 

On the basis of this analysis, the existing land-utilization types that are suitable, the more 

suitable the better, were selected from the options of land-utilization type that have passed 

erosion hazard analysis for the subsequent economic feasibility analysis. 

4.3. Economic feasibility analysis 

All land-utilization types that passed the erosion hazard and land suitability criteria had a 

cost–benefit ratio >1, although the profits realised varied. Among the alternative potential land-

utilization types for given areas, the land-utilization type with the best benefit was preferred 

(Table 4). For example, Paddy field 1 was harvested only twice each year but had a higher cost–

benefit ratio than Paddy field 2 which was harvested three times a year, because of its higher 

price. Vegetable dry field also had a high crop price, but the highly intensive management 

resulted in a large production cost, which reduced the cost–benefit ratio, even though the benefit 

was still high overall. Tea plantation areas were in a production period with low cost 

requirements and a resultant high cost–benefit ratio. Mixed garden 1, Mixed garden 2, and Forest 

garden were lower in benefit and showed a slow initial return, although total cost was also lower. 

Table 4.  

Results of the economic feasibility analysis 
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Land-

utilization 

type 

 

Cost 

(Rpa ha−1 year−1) 

 

Revenue 

(production × price) 

(Rp ha−1 y−1) 

 

Benefit 

(Rp ha−1 y−1) 

 

Cost–

benefit 

ratio 

 

Paddy field 1 6174000 21600000 15426000 2.5 

Paddy field 2 6809400 15000000 8190600 1.2 

Tea plantation 12446000 95601900 83155900 6.7 

Vegetable dry 

field 
29750000 61608500 31858500 1.1 

Starchy crop 

dry field 
7395900 20400000 13004100 1.8 

Mixed garden 

1 
3125400 8027350 4901950 1.7 

Mixed garden 

2 
2311800 8172000 5860200 2.5 

Forest garden 738000 2799000 2061000 2.8 

a
 Indonesian rupiah (US$ 1 = Rp 9500 at time of study). 

 

 

4.4. Proposed agro-ecological land-use 

On the basis of the results of the three analyses, agro-ecological land-use was proposed 

that is suitable and feasible for the Cianjur watershed, with tolerable erosion impacts (Fig. 8). 

The land-utilization types in the proposed agro-ecological land-use did not differ from the 

current agricultural land-use; the difference is only in spatial distribution and area. The proposed 

agro-ecological land-use consists of eight land-utilization-type groups (Table 5), as follows. 

(1) Paddy field 1 and Paddy field 2 (1997 ha). Paddy fields were located primarily in the lower 

part of the watershed, where the slope was less than 8%. Some were in steeper areas but already 

terraced. In general, the proposed agro-ecological land-use retained the land-utilization type of 

Paddy field for those areas currently in use as Paddy fields, as these land-utilization types would 

not cause severe erosion, and had already been proven suitable in the areas where they were 

already established. In addition, the cultivation technology was well known and the terrace and 

irrigation structure already constructed. Although no areas currently in use as Paddy field areas 

were proposed for other uses, 301 ha of Paddy field 2 was proposed to be changed to Paddy field 

1 because of better profits (Table 4). 
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(2) Tea plantation (403 ha). It was proposed that 48 ha (10.8%) of the current Tea plantation 

area be converted into Mixed garden 2 because of the intolerable soil loss that might occur under 

this land-utilization type. No expansion of the plantation was proposed, even if only to substitute 

for the lost area. The main reason for this is that only limited land was suitable for this land-

utilization type. It was noted that the cost–benefit ratio of a new plantation in the short term 

would be much lower than that of a plantation in the production stage. The other reason was 

related to specific land tenure and management requirements. The areas suitable for tea, apart 

from the existing plantation, belong to individual farmers and not to the corporation that owns 

the existing plantation. Tea requires particular management after harvesting, and the product is 

sold through a specific trade chain. These factors make conversion of land to tea growing 

unfavorable for individual farmers, as they do not want to feel bounded by authority. 

(3) Vegetable dry field (280 ha). The factor limiting expansion of this land-utilization type was 

the steep slopes usually found in the upland areas, as Vegetable dry field might cause severe soil 

erosion in steep areas with heavy rainfall. For this reason, in spite of good profits, some areas 

currently under Vegetable dry field were converted to Mixed garden 1 and Mixed garden 2 in the 

proposed agro-ecological land-use. The other existing areas could be continued as Vegetable dry 

field, but with improved land management practices, such as terracing and barrier hedging. 

(4) Starchy crop dry field (280 ha). In order to reduce soil erosion, 66 ha now in Starchy crop dry 

field where severe erosion was predicted were converted to Mixed garden 2 in the proposed plan. 

(5) Mixed garden 1, Mixed garden 2, and Forest garden (914 ha). These land-utilization types 

should be applied in areas where the erosion hazard is high and careful land management 

practices are needed. The proposed agro-ecological land-use suggests that these land-utilization 

types be applied in some parts of Gede Pangrango Mount, Puntang Hill (Fig. 1 and Fig. 8), and 

steep areas along rivers located on volcanic slopes. 

 

 

Full-size image (54K) 

Fig. 8. Proposed agro-ecological land-use map. 

 

 

Table 5.  

Areas of land-utilization types (LUT) under the current agricultural land uses and the proposed 

agro-ecological land-use 
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Current 
Proposed 

 

 

Padd

y 

field 

1 

 

Padd

y field 

2 

 

Tea 

plantatio

n 

 

Vegetab

le dry 

field 

 

Starch

y crop 

dry 

field 

 

Mixed 

garde

n 1 

 

Mixed 

garde

n 2 

 

Forest 

garde

n 

 

Total 

area 

of 

curre

nt 

LUT 

 

Paddy field 1 

1381 

(82%

) 

301 

(18%) 
– – – – – – 1682 

Paddy field 2 – 

315 

(100

%) 

[34] 

– – – – – – 315 

Tea 

plantation 
– – 

403 

(89.4%) 

[390] 

– – – 

48 

(10.6

%) 

– 451 

Vegetable 

dry field 
– 

17 

(2.8%

) 

– 

240 

(39.1%) 

[231] 

50 

(8.1%) 

181 

(29.5

%) 

126 

(20.5

%) 

– 614 

Starchy crop 

dry field 
– – – – 

230 

(77.7%

) [213] 

– 

66 

(22.3

%) 

– 296 

Mixed 

garden 1 
– – – – – 

97 

(58.1

%) 

[23] 

70 

(41.9

%) 

– 167 

Mixed 

garden 2 
– – – – – – 

164 

(100%

) [19] 

– 164 

Forest garden – – – – – – 

36 

(22.2

%) 

126 

(77.8

%) 

[13] 

162 

Total area of 

proposed 
1381 633 403 240 280 278 510 126 3861 
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y crop 

dry 

field 
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garde

n 1 

 

Mixed 

garde

n 2 

 

Forest 

garde

n 

 

Total 

area 

of 
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Values shown are area in hectares (percentage of total current area) [area to be improved by 

cropping and management factor and conservation control practice factor]. 

 

On the whole, a total of 488 ha (12.7%) was proposed for conversion to other land-

utilization types, and 923 ha (24% of total agricultural land) was kept in the same land-utilization 

type, but with changes in terms of cropping management and conservation control practices. 

Possible improvements included conversion of the strip planting system to contour line, 

minimum tillage, and hedgerow systems (Agus et al., 1997 and Crasswell et al., 1997). 

Comparison between current agricultural land-use and proposed agro-ecological land-use 

is summarized in Table 5. The proposed agro-ecological land-use would reduce the area's total 

soil loss by about 75%, and the current maximum erosion of 344 t ha
−1

 year
−1

 would become 

60 t ha
−1

 year
−1

. In terms of land suitability, the proposed agro-ecological land-use is also 

expected to eliminate the not suitable-class land-utilization type, which currently covers 6.2% of 

the total agricultural land, and to increase the most suitable and moderately suitable-class land-

utilization type. However, the total benefit from agricultural production would decrease by 3.1% 

(Table 6). 

Table 6.  

General comparison between current agricultural land-use and proposed agro-ecological land-use 

 

Current agricultural land-

use 

 

Proposed agro-ecological land-

use 

 

Erosion 

 Total (t year−1) 7.9 × 105 2.0 × 105 
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Current agricultural land-

use 

 

Proposed agro-ecological land-

use 

 

 Average (t ha−1 year−1) 205 50.8 

 Maximum (t ha−1 year−1) 344 60 

Land suitability (%) 

 S1 67.8 69.4 

 S2 13.2 19.2 

 S3 12.7 11.4 

 NS 6. 2 0 

Benefit 

 Total (million year−1) Rpa 88906 Rp 86144 

 Average 

(million ha−1 year−1) 
Rp 23 Rp 22 

S1: most suitable, S2: moderately suitable, S3: marginally suitable, NS: not suitable. 

a
 Indonesian rupiah (US$ 1 = Rp 9500 at time of study). 

 

 

 

 

 

 

 

5. Discussion 

5.1. Planning process 

Instead of using a pairwise comparison method or rating method in setting up the criteria 

for choosing land-utilization types for every land unit of the watershed, the presented planning 

process applies a sequential decision-making model, including a filtering and selection process, 

to adopt a multi-criteria analysis approach. This planning process is efficient and facilitates 

prioritization of the most prominent criterion. The filtering and selection process acts as a sieving 

function to eliminate the need to further consider alternatives that are unfit according to earlier 
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criteria. Its application in this study thus eliminated the risk that a land-utilization type that 

clearly might have caused erosion to a certain land unit might have become an option along with 

the safe ones. The planning process still flexibly evaluated various alternatives and provided the 

chance to have profitable land-utilization types, but it did not compromise on erosion-risky land-

utilization types, or, later, on unsuitable land characteristics. Meanwhile, by using a pairwise 

comparison method and a rating method, scores for all criteria are assigned quantitatively and 

qualitatively, respectively, so that the more important criterion is weighted more heavily than the 

less important one (Center for International Forestry Research, 1999 and Phua and Minowa, 

2005). However, for example from the standpoint of this case, there is still a chance that a risky 

land-utilization type could be perceived in a similar way to one that may not cause erosion. It is 

even possible that the risky land-utilization type could be chosen if it had high scores for land 

suitability and cost–benefit analysis because the total of each weighting multiplied by the score 

was high. 

The contribution of data availability to selection of the evaluation method is outlined 

below. Process-based models such as the water erosion prediction project (WEPP) model, the 

European soil erosion (EUROSEM) model, and the Griffith University Erosion System Template 

(GUEST) model are now still much less efficient than empirical models with local parameters 

(Fistikoglu and Harmancioglu, 2002 and Verbist et al., 2002). Because little satisfactory 

validation is available, these models were not considered further for application to the study. 

Empirical models give more options, because they provide simple equations and broadly 

documented derivation of the factors required. The universal soil loss equation (USLE) 

(Wischmeier and Smith, 1965, 1978), revised USLE (RUSLE) (Renard et al., 1997), modified 

USLE (MUSLE) (William, 1975) and Morgan, Morgan and Finney (MMF) model (Morgan et 

al., 1984) are examples of such empirical models used to calculate soil loss. However, 

weaknesses in their application have also been reported. At a large scale, the accuracy of USLE, 

MMF, and WEPP decreases rapidly and the absolute soil loss cannot be obtained with a 

sufficient degree of confidence (Verbist et al., 2002 and Amore et al., 2004). Moreover, USLE, 

RUSLE, and MUSLE do not account for gully and channel erosion. USLE cannot deal with 

deposition, which is not the case for RUSLE and MUSLE. Use of RUSLE in West Java, as 

conducted by van Dijk et al. (2002), where our study area is located, resulted in unrealistic soil 

erosion estimation. 

Despite its disadvantages, USLE was finally chosen for use in the erosion risk analysis 

for the following reasons. USLE–GIS integration is well documented (Jain et al., 2001 and 

Fistikoglu and Harmancioglu, 2002). Application of USLE is still sufficient for estimating soil 

loss rates and obtaining a relative ranking of soil loss risk when accurate parameter values are 

used (Pertiwi et al., 2001 and Erskine et al., 2002). These results suggested that USLE would be 

reliable in generating classes of erosion hazard to provide information about the adequacy of 

conservation throughout the study area and the urgency of treating a given area to prevent 

erosion. In the case of the study area, the data required by more recent models were deficient. In 

contrast, USLE has been used as a conservation evaluation tool throughout Indonesia, especially 

by the Ministry of Agriculture and Ministry of Forestry. As a result, values for USLE parameters 

were adequate to permit the use of this model. 
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Stakeholder involvement before final decision-making is very valuable for generating 

decision support for implementation, as it provides insights into social values and constraints 

(Center for International Forestry Research, 1999). However, reacting only to local decisions in 

agricultural landscape management may have no underlying ecological advantage and 

involvement itself does not mean total accommodation of stakeholders’ wishes. Besides, 

stakeholders’ opinions may change and improve through learning and understanding during the 

planning process (Center for International Forestry Research, 1999, Stevenson and Lee, 2001, 

Thomas, 2002 and Gunawan et al., 2003). The planning model development and planning 

process involves interactions and understanding among stakeholders. It is a learning process both 

for scientific groups, including proposed agro-ecological land-use planners, and for stakeholders 

(Gunawan et al., 2003 and Mizuno and Mugniesyah, 2003). Participation is accommodated in the 

proposed agro-ecological land-use on the condition that there is improved understanding and 

improved acknowledgment of stakeholders. 

Application of such a planning process to other areas that are under threat or subject to 

watershed function degradation, especially by soil erosion, is easily implemented because of the 

similarity of criteria and the relative importance of each criterion. Conversely, planning for areas 

with different problems or plan objectives requires adjustments. For example, in areas facing 

biodiversity threats, criteria may need to be changed to find ones suitable for use in 

environmental impact analysis. In other cases, filters may need to be rearranged and different 

filtering sequences used. For example, in areas that lack environmental problems but where 

poverty is an issue, the analysis should include a greater focus on socioeconomic factors, and 

socio-economic analysis would need to be placed first. 

5.2. Proposed agro-ecological land-use 

The current agricultural development policy for the Cianjur District, as in other regions in 

Indonesia, tends to be strongly based on government administrative area – for example by sub-

district or village – rather than on delineation by ecological characteristics. Even though such 

administrative-area-based plans are easy to generate, unfortunately they are generalized and 

carry risks in terms of land resource use and management faults (van Noordwijk et al., 2001 and 

Stevenson and Lee, 2001). The plan for the proposed agro-ecological land-use helps local 

government, as the management authority, to make agricultural development policies that are 

more environmentally and socioeconomically oriented. 

Land-use conversion may contribute strongly to land-use problem-solving. In the 

proposed agro-ecological land-use, the type of land-utilization conversion, compared with the 

current agricultural land-use, accounts for 57% of the total soil loss reduction. Land-use 

conversion is sometimes inevitable, in this case mainly to deal with very steep slopes, and in 

other cases in relation to, for example, generating habitat continuity (Svoray et al., 2005). 

However, improvements in land management practices without land-utilization-type change 

should be considered, as they can also be useful and may be more readily accepted. Studies 

conducted by Agus et al. (1997) and Crasswell et al. (1997) revealed that the use of appropriate 

agronomic practices is preferable whenever possible, because they will effectively stop erosion 

with low cost. In the proposed agro-ecological land-use, improvements in cropping and 
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management factors and in conservation control practice factors (without land-utilization-type 

change) contributed 43% of the total soil loss reduction. This result indicates the importance of 

improvements in land management practices (in this case, particularly by means of agronomic 

practices that are useful in erosion control) under the same land-use, as well as of land-use 

conversion. 

The land-use conversion and land-management practice improvements suggested in the 

proposed agro-ecological land-use could not be easily implemented in reality because of 

socioeconomic constraints. Convincing farmers to change the land-utilization type or to improve 

land management practices on their land is difficult, because of increased costs or reduced 

income. However, the results of this study indicate the potential for greatly reducing soil loss 

while reducing economic benefits by only 3%; this is assumed to be the opportunity cost of the 

proposed agro-ecological land-use. Moreover, this benefit reduction is misleading, because the 

revenue in the proposed agro-ecological land-use does not assess the change in production – 

most likely an increase – caused by the improved land suitability. Incentives or subsidies by local 

government may be alternatives that would support implementation of the proposed agro-

ecological land-use. The strategies and management activities based on the plan should also be 

discussed and elaborated by local inhabitants, government, and other stakeholders before being 

implemented (Marsh, 1997, Franco et al., 2001 and Stevenson and Lee, 2001). 

6. Conclusion 

The planning model is assertive in sieving a set of alternatives by its filtering and 

selection process, but it still accommodates both the most important interests and less important 

ones. It avoids complexity in setting priorities and helps to focus on the most important 

objective. When planning under conditions of urgency as a result of a threat, or when there is a 

distinct order of importance in the planning objectives, this approach is suggested as helpful and 

efficient. However, essential requirements must be met before the model is applied: the sequence 

of priorities must be made clear and the model must respond effectively to the problem. 

Although this planning model adopted a multi-criteria analysis approach, the variables 

used are simple and utilize commonly available data. For a more comprehensive framework or a 

more detailed plan (e.g., on a farm scale), the model in this study should be enhanced by adding 

more variables to the analysis. 

During the planning model development and planning process, there were a wide range 

of considerations in selecting and applying the evaluation method or tool used for filtering. In the 

study presented here, the most important criterion was the effectiveness of the evaluation method 

in making an assessment appropriate to the objective of planning. The other criterion is data 

availability and the model's parameters, which may limit the application of certain methods 

under local conditions. An additional consideration is the compatibility between the evaluation 

method and the scale of the planning area (in this case, the watershed in our study). When the 

planning area is large, ease of evaluation by GIS is also a valuable criterion for overcoming the 

complexity of any spatial analysis work. In the planning process presented here, it was possible 
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to integrate the evaluation methods with GIS, enabling the multi-criteria analysis to work 

simultaneously on all land units in the watershed. 

In the planning of the proposed agro-ecological land-use for the watershed, improvement 

of land resource management practices under the same land-use was revealed to have good 

potential in helping to overcome soil erosion problems, as did land-use conversion. 

Because it was based on the specific characteristics and problems of the Cianjur 

watershed, this planning model should not be instantly applied to other areas, but should first be 

adjusted to meet local issues and needs. In a situation where the problem or objective is different, 

there is need to change or input more criteria or re-arrange the filtering sequence. 

The products of this study, including the land resources-based map, erosion hazard map, 

and the proposed agro-ecological land-use, could be used to compose agricultural development 

strategies. The classification of areas experiencing erosion into three classes – moderate soil loss, 

high soil loss, and very high soil loss – is intended to provide information more clearly to both 

farmers and government. Surely all classes except the ―no erosion‖ class require similar, precise 

action. However, these actions seem difficult to implement simultaneously. Obtaining detailed 

information about the distribution of areas that are experiencing low soil loss, those that are 

experiencing medium soil loss, and those that are experiencing high soil loss helps government 

to set up proper strategies in accordance with the urgency of the management that needs to be 

implemented. 

This study has clarified the application of the multi-criteria analysis approach to land-use 

planning. It provides options for agricultural landscape planning in environments that are 

experiencing soil erosion problems. 
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