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1 Introduction

1.1 Background

Coastal zones encompass coastal seas, estuaries and river catchments. These zones are characterized by heavily urbanized areas where many industrial and economic activities take place. The coastal zones produce and support several products and services from their resources (Masalu, 2007). Besides those services, the coastal zones contain ecosystems such as mangrove forests and coral reefs that are important for coastal protection against storms and the conservation of biodiversity. Especially those coral reefs are seen as important biologically productive and diverse ecosystems (Christie, 2005; Masalu, 2007). Due to increasing population and expansion of industries in coastal zones, degradation of the coastal zones occurs. Here, the pressure at the environment is high with production of wastes and exploitation of natural resources (Artioli et al., 2005; Masalu, 2007). 

Pressures on the coastal zone are direct and indirect (Artiolo et al., 2005). Direct pressures are destructive fishing, land reclamation, etc. Indirect pressures originate from upland areas, because the coastal zones are the ‘final receptors’ of the river water discharging pollutants, nutrients and sediment. Restrepo (2007) mentioned that water quality in river systems plays an important role in the sustainability of coastal aquatic habitats.

The riverine inputs influence the geomorphology and availability of natural resources of the coastal zone. To ensure the sustainable availability of coastal resources the linkages between catchment – coastal processes and systems need to be understood (Salomons, 2005). Thus, environmental pressures at the coastal zone need to be addressed from a system perspective, involving whole catchments (White et al. 2005) .
River catchments are linked together by the behaviour of streams, land use and any disturbance in the hydrological and biotic environment. River catchments are dynamic and vulnerable systems that can change rapidly, especially when exposed to dramatic human impacts. Changes induced by settlement in upstream areas are of particular interest since such impacts can be almost impossible to reverse. 

Several studies conducted in the last decades indicate that land use practices influence erosion and sediment yields. Bother et al. (2006) selected in his study a reef at Hawaii, because this area showed that changes in land use adjacent to the reef had resulted in an increase of erosion and sedimentation to the reef. Also Walling (1999) provide clear evidence of the sensitivity of erosion rates to land use change and related human activity.

In the Philippines, ‘land degradation’ and ‘soil erosion’ are major problems that are linked to the coral reefs (Saastamoinen, 1994). David (1988) stated that for the past fifteen year’s forest areas in the Philippines were decreased annually about 180.000 hectares. The soil erosion, resulted from manipulation and degradation of the river catchments, makes farmers more reliant on chemical fertilizers for sustained yield (David, 1988). However, those actions will have adverse effects for the rivers and the coastal areas. According David (1988) was the sediment discharges of Philippines Rivers whose catchments were subject of anthropogenic impacts exceeding 30 tons per hectare a year. 

With the rapidly growing human population large areas of native forest have been cleared for housing and agricultural activities, particularly rice plantations in South East Asia (Sidle et al., 2006; Fletcher, 1996). In the upland areas, this deforestation often results in landslides causing massive soil erosion (Claessens et al., 2007). Further on, this soil erosion led to sedimentation of waterways and reservoirs, decline in down-stream water quality and finally degradation of coral reefs by the suspended materials.

1.2 Problem definition

This study is focussed on the Sibalom catchment which is located in the province Antique at the island Panay, The Philippines. On the west side of the island Panay (from the north to the south) a mountainous area is located where direct drainage takes place to the coast. Unfortunately with the combined effects of commercial logging (uplands), large scale agriculture, and rapid population growth the last century a minimum amount of forest is left today to sustain the whole ecosystem, including human inhabitats (DENR, 2007). Besides the loss of habitat for many endemic species, are increasing soil erosion, landslides and siltation of the coastal zone major problems nowadays at Panay Island. Managing those problems on catchment scale is necessary to avoid more problems in the near future. 
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 Aim and research questions

In the tropics, where heavily rainstorms occur during rainy season, is water a primary factor of soil erosion. Water has influences on the processes detachment and transport. The factors which influence these sub processes are physical and chemical properties of the soil, energy of the rain (climate conditions), cover management, conservation practices and slope length and steepness (topography) (David, 1988). 

The last decades numerous of erosion studies were done and several models to estimate soil loss were developed. However, most of the traditional models have many limitations in terms of cost, reliability of resulting data and cannot  

provide spatial distribution of soil erosion which makes mapping soil erosion of large areas very difficult (Lu, 2004). The use of available techniques nowadays like remote sensing (RS) and geographical information systems (GIS) makes soil erosion estimation and its spatial distribution feasible with better accuracy in large areas (Milward and Mersey, 1999). 

The aim of this study is to assess catchments land use and to determine catchments erosion sensitivity by taking the above described factors into account by using remote sensing, GIS and fieldwork. Evaluation of the spatial distribution of soil erosion sensitivity is a simple and efficient way to link land use with erosion. Erosion sensitivity can be related to changes in time and space without quantify absolute values. The study is focussed to gain understanding on the physical functioning of the research area. In general, the resulting information can be used by resource managers to guide land use and set priorities for ameliorating problem areas. Before the erosion sensitivity can be estimated it’s important to select an appropriate model, which can be used in combination with remote sensing and GIS and is appropriate on catchment scale.

The main research questions for this study are:

· Which model can be used to determine land use and erosion sensitivity using a GIS based method by using the Sibalom river catchment (fig. 1) as pilot area and RS data?

· How can the model be implemented for the Sibalom River catchment?

· How the erosion sensitivity is spatial distributed over the Sibalom catchment? 

· Are there methods to change the erosion sensitivity in the future and how can this be implemented in the model

1.4 Research approach

So far, no research has ever been conducted along the Antique coast at the island Panay (Philippines) to assess the erosion sensitivity. For this reason several literature and data is gathered by contacting several local institutions and with fieldwork. With the collected data and the available techniques (GIS and RS) erosion sensitivity maps are realized by incorporate the several erosion sub processes (factors). Finally, scenarios with more forest are analysed to recognise erosion sensitivity trends by changing land use forms. Figure 2 shows the basic approach followed in this study.

1.5 Structure of the report

Within the next chapter the Sibalom catchment is described. Several physical facts and the location are given in this chapter. The basics of soil erosion and several soil erosion models are described and compared in chapter 3. An appropriate model is chosen for further analysis of soil erosion in the Sibalom catchment.  Chapter 4 describes how the model can be implemented and which methods are used to derive input data. Also methods to change erosion sensitivity, such as planting trees, are described. The next chapter shows the spatial results of input data and spatial distribution of soil erosion within the Sibalom catchment. Those results are discussed in chapter 6. Final conclusions and recommendations are given in the next chapter
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Physiographic units Sibalom catchment

physiographic description

Alluvial Fans

Beach ridges and swales

Broad Alluvial plains

Highly dissected sedimentary foothills with occasional minor alluvial valleys (foot/sideslopes)

Highly dissected sedimentary foothills with occasional minor alluvial valleys (infilled valleys)

Moderately to highly dissected steep sedimentary hills

Moderately to highly dissected volcanic mountains

River terraces and floodplains

Slightly dissected metamorphic hills with long sideslopes (footslopes)

Slightly dissected metamorphic hills with long sideslopes (sideslopes)


2 Study area

The study area for this study is the catchment of the Sibalom  River. The catchment is located in the province Antique,  Panay at the Philippines (Fig. 3). It is generally bounded by coordinate 10.15 to 11.45 north latitude and 121.45 to 122.18 east longitude. It has an area of approximately 61.125 hectares, which makes this catchment the largest river system of the province Antique. 
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The catchment is generally mountainous, but near the town Sibalom it flows into the lowlands before it enters the sea. The lowland area is characterized by a large drained valley, forming the Sibalom-San Jose plain, where mainly agriculture takes place. Its delta is located between Barangay San Pedro of San Jose and Barangay Sinaja of Belison. The different land uses within the catchment are categorized into forestland and agricultural land. Rice is the main cropped product, numerous rice fields and rice terraces (irrigated or rain fed) are located within the area. The catchment is used by the population as Industrial and municipal water supply, power generation, flood control, fishing, navigation, irrigation and other agricultural purposes. Table 1 shows some (physical) characteristics of the catchment area.
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	Spring
	Southern part of Mt. Tigaytay

	River length
	73.5 kilometers

	Average daily discharge
	20.000 m3

	Elevation ranges
	-10 - 1560 meters

	Slope ranges
	0 (lowlands) - 62% (mountains)

	Geological composition
	Igneous and metamorphic rocks (mountains)

Sand- and limestone (hilly areas)

	Dominated soils
	Alimodian Sandy Clay

Mountain Soils clay

	Climate type (I)
	Dry: Nov – Apr

Wet: May - Oct

	Annual rainfall
	3388.60 mm (station Valderrama)

	Irrigated area (during wet season)
	4200 hectares (7825 farming families)

	Municipalities within catchment
	San Remgio, Sibalom, San Jose, Vaderrama, Patnongon and Belison

	Population (direct impact on catchment)
	185361


3 Soil erosion and appropriate erosion sensitivity models

3.1 Basics of soil erosion

Wind and water are two causes of soil erosion. Water is the primary factor of soil erosion in the tropics (David, 1988). Water influences detachment, transport and deposition processes. Forces that drive these processes are shear stresses generated by raindrop impact and runoff over land surface. Sediment is detached when those forces are applied to the surface soil particles and the resistance of the soil particles to these forces is exceeded. Particles are transported when the lift and drag forces will exceed the frictional forces which holding the particles at place. If sediment available for transport becomes greater than the transport capacity, sediment will accumulate (deposited) at the surface (Toy et al., 2002, p 25). The environmental conditions are of importance during the erosion processes. Those conditions are climate, soil, topography and land use and cover. Rainfall erosivity (climate condition) is the estimate force applied to the soil. The soil has characteristics which determine its erodibility to erosion. Topography refers to the geometry of the surface where important variables are slope length and steepness. The presences of vegetation and/or management practices of the soil also affect the erodibility of the soil. 

Types of soil erosion by water are mostly described according the space (magnitude, source, location, shape, etc). The major types of water erosion are sheet, (inter)rill, gully, mass movement, stream channel erosion and constructing and mining erosion (David, 1998; Toy et al., 2002, p 72). Sheet and (inter)rill erosion are types that occur on overland flow areas. Sheet erosion is uniform removal of soil from the surface which mostly takes place before the rill erosion begins. Rill erosion progresses to gully erosion, which produce deeply channels. Mass movement is a type of erosion which is mostly associated with huge landslides. Stream channels are part of the landscape and transport the runoff and sediment produced in the uplands to the catchment. Constructing and mining erosion is mostly caused by massive anthropogenic impacts. 

3.2  Literature review: appropriate erosion sensitivity model

Prediction of runoff and soil loss is important for assessing soil erosion hazard and for determining suitable land uses and soil conservation measures for a catchment. There have been numerous models developed in the past to predict both runoff and soil loss at a field or catchment level. Erosion models like USLE (Universal Soil Loss Equation) (Lufafa et al.,2003); RUSLE (Revised Universal Soil Loss Equation) (Milward and Mersy, 1999; Boggs et al., 2001; Lu et al., 2005); WEPP (Water Erosion Prediction Project) (Pandey et al., 2008) and WATEM/SEDEM (spatially distributed sediment transport capacity equation) (Verstraeten, 2006) are used to predict runoff and soil loss.

According to Nearing (2004) are erosion models used in conservation work for three purposes, namely: 

1) to help managers choose suitable conservation practices; 

2) to make erosion survey to understand the problem over a region and track changes in time and; 

3) to regulate activities on the land for the purposes of conservation compliance. 

Nearing (2004) did compare several approaches including the USLE, RUSLE and the WEPP model. The USLE is an empirical model that is developed in the United States during the 1950s and 1960s. It predicts average annual soil loss and not sediment yield. The USLE was upgraded to the RUSLE during the 1990s (Toy and Foster, 1998). RUSLE has the advantage of being based on the same extensive input database (climate, soil, topography and land use parameters) as the USLE, with some extra advantages of process-based computations for time-varying environmental effects. The WEPP model is a process based model. Being a process model it is much more complex then the RUSLE and takes more environmental components into account. Data requirements are huge. Besides, with every new data element comes the opportunity to introduce uncertainty. Because of the limited timeframe of this research, huge data requirements and complex models are avoided. Hoyos (2005), who used the model for a case study in Colombia, mentioned that the attainable data requirements lay under the limitations common in developing countries. According several authors (Lu et al., 2005, Milward and Mersy, 1999, Desmet and Govers, 1996) the RUSLE is the most used method in the world to predict soil erosion, because of its relative simplicity and robustness. Besides, it is possible to combine the RUSLE method with GIS and remote sensing and it provides the potential to estimate soil erosion loss on a cell-by-cell basis (Milward and Mersy, 1999). 
With those advantages and the available case studies which used this method the choice for an appropriate model will be RUSLE (Milward and Mersy, 1999; Boggs et al., 2001; Lu et al., 2005; Hoyos, 2005). This RUSLE represents how climate, topography, soil and land use affect erosion caused by raindrop impact and surface runoff. 

3.3 Model structure RUSLE

The Revised Universal Soil Loss Equation (RUSLE) is developed during the 1990’s  (Toy and Foster, 1998). The model is developed for rill and sheet erosion caused by raindrop impact and surface run off. It is important to understand that soil erosion does not take place only in rill or sheet areas. Especially within large areas several soil erosion types occur. Rill or sheet areas are often linked with transient or permanent channel networks where some parts of the hill slope contribute sediment and others contribute none at all (Wainwright & Mulligan, 2004, p 187). 

The RUSLE equation can be used to calculate soil loss. Results of the calculations can be used to derive estimates of the potential soil loss from the catchment and also to indicate erosion hotspots within it. Within the RUSLE soil erosion is estimated using the following equation (Toy and Foster, 1998):
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A is the estimation of average annual soil loss (t ha-1 yr-1) caused by rill and sheet erosion. Factors R, K, LS, C and P are briefly described below.

Rainfall erosivity factor (R factor)

This factor is a measure of erosivity of rainfall. It is a product of storm kinetic energy and maximum 30-minute intensity (EI30). The annual value of R is the average annual sum of EI30 for storm events during a rainfall record of at least 22 years (Toy and Foster, 1998). The Standard International unit for rainfall erosivity is MJ. mm  ha-1 h-1 yr-1), where MJ stands for Mega Joule.

Soil erodibility factor (K factor)

This factor is the measure of soil erodibility which represents the average soil loss caused by erosive power associated with rainfall and runoff. Many variables influence the erodibility, including particle size, organic material, structure, and permeability. Wischmeier and Smith (1978) realized experimental equations and nomographs to estimate the K factor of soils for the USLE with the so called field plots. To define the K factor in the RUSLE same methods are used (Toy and Foster, 1998). 

The Standard International unit for soil erodibility is t ha h ha-1 MJ-1 mm-1.

The topographic LS factor

The LS factor consists of the slope length (L) and the slope angle or gradient (s). Both of those factors account for the effect of topography on soil erosion. Toy and Foster (1997) defined the slope length factor as the horizontal distance from the origin of overland flow to the point where deposition starts. However, for two or three dimensional situations it should be replaced by the unit contribution area or upslope area (Desmet and Govers, 1996). With incorporation of Digital Elevation Models (DEM) into GIS the L and S factors could be defined and combined to form a single factor (LS).
The cover and management factor (C factor)

This factor represents the effects of vegetation (in forestlands) and management variables (in agricultural land) on soil loss. Its represents the effect of plants, soil covers, soil biomass and soil disturbing activities on soil loss. C factors are usually derived with empirical equations based on ground covers collected in the field (Toy and Foster, 1998).

Support practice factor (P factor)

This is the support or land management practice factor. It represents the effects of support practices, like strip cropping, contouring terracing. The lower this value, how better the conservation practice will be to reduce soil erosion. Areas with no support practice are set to a value of 1.

4 Material and Methods

4.1 Data Preparation

The RUSLE input factors are based on several data layers. The layers which are used to derive those are a digital elevation model (DEM), land use/land cover (LULC) classification, soil map and the precipitation surface. This section describes the techniques used to create these layers. 

4.1.1 Digital elevation model (DEM)

Source

Data concerned elevation is obtained from the Global Land Cover Facility (GLCF). For this study, elevation data obtained by the Shuttle Radar Topography Mission (SRTM) is used. The SRTM obtained elevation data on a near-global scale to generate high-resolution digital topographic database of Earth. The SRTM was conducted in 2000 during an 11-day mission and is spearheaded by the National Geospatial-Intelligence Agency (NGA), NASA, the Italian Space Agency (ASI) and the German Aerospace Center (DLR). 

Details of used SRTM

Several SRTM datasets are available. The characteristics of the used data for this study are shown in table 2. To use SRTM data seamlessly with the Landsat Geocover datasets the GLCF converted the SRTM degrees tiles to WRS-2 tiles. However, Landsat imagery actually taken may have a shift up to 5 Kilometers. Therefore the SRTM UTM dataset was generated with 7.5 Kilometer data buffer around the WRS2 tile by the GLCF. In raw SRTM data some voids could be located. Those voids are mostly three types of topographies, including mountain valleys, water body and sand dunes. For this study the unfilled unfinished version is used. In this version the voids are removed within Arcgis which is described in the next section.

Table 2: characteristics of used SRTM data (http://glcf.umiacs.umd.edu/data/srtm/)
	Raw SRTM data

	Capture resolution (satellite):
	3 arc second

	Pixel resolution:
	90 meter

	Degree tiles:
	1201*1201 pixels

	Geographic projection:
	WGS84

	Conversion

	Scene type:
	WRS-2

	Projection:
	UTM

	SRTM version

	Version:
	Unfilled unfinished

	Path/row:
	114, 53

	Official citation:
	USGS (2004), Shuttle Radar Topography Mission, 3 Arc Second scene WRS-2, SRTM_u03_p114r053, Unfilled Unfinished 2.0, USGS / GLCF, University of Maryland, College Park, Maryland, February 2000.


Pre-processing in GIS

Voids where located in the dataset. Those void pixels are of value -32767. The data served by the GLCF are GeoTIFF files. With ArcGIS tools the TIFF file was transformed to a point file with points located at the centre coordinate of the pixels (convert TIFF to raster, convert raster to points). Within the attribute table of the point file the voids pixels (-32767) were removed. The next step included the transformation from points to TIN. The TIN transformation includes a triangulation algorithm to fill the whole area with values. The last step included the transformation from TIN to raster (convert). The new raster was subtracted from the previous to ensure only void values were changed.

[image: image16.emf]With the new pre-processed SRTM data layer the catchment of the Sibalom was derived. With the Spatial Analyst tools (Hydrology) within ArcGIS flow accumulation and flow direction were derived from the SRTM data to derive the catchment (catchment) area. This new layer was set as mask to derive the DEM for the sibalom catchment from the SRTM data layer (path114/row53). Figure 4 shows the DEM of the catchment. The elevation levels within the area vary between -10 and 1561 meters above sea level.
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4.1.2 Land use and land cover classification

For the classification purposes of this study, the terms land use and land cover (LULC) have been combined as one entity for the description of the landscape within the area of this study. It should be noted that while land use and land cover are recognized as separate entities more detailed and finer levels of inquiry will be needed to use separate measures and by using classification schemes. To classify the study area in several LULC types Landsat Images are used (Bottomley, 2000).
Source 

Like the elevation data, the used Landsat imagery data is obtained from the GLCF. Since 1972 Landsat imagery is available from six subsequently operated satellites, LANDSAT 1 to 7. These satellites are a major component of NASA’s Earth observation program. The available Landsat collection provided by GLCF is designed to compliment overall project goals of distributing a global, multi-temporal, multi-spectral and multi-resolution range of imagery appropriate for land cover analysis.

Details of used Landsat image

A Landsat Enhanced Thematic Mapper (ETM+) scene of the study area taken at 30 July 2001 (most recent year which was available) is used. The ETM+ sensor supplies high resolution visible, infrared imagery and thermal imagery. Details of the used image are shown in table 3. All served data from GLCF is orthorectified, or in other words corrected for terrain displacement and errors in image geometry.
Table 3: characteristics of used Landsat image (http://glcf.umiacs.umd.edu/data/landsat/)

	Satellite
	L 7

	Sensor
	ETM+ multi spectral

	Pixel resolution
	30 meter

	Projection
	UTM

	Datum
	WGS84

	Path/row
	115/52

	Processing
	Orthorectified

	Spectral Range (band 1,2, 3, 4, 5 and 7)
	0,450 – 2,35 µm

	Official citation
	NASA Landsat Program, 2001, Landsat ETM+ scene elp115r052_7t20010730, Orthorectified, USGS, Sioux Falls, 10/26/2003.


Pre-processing of image

Satellite L7 consists of 7 bands. Except of band 6 (thermal band, 120m) all pixel resolutions are 30 meters. All bands were downloaded as separate files. The bands 1 to 5 and band 7 were stacked in one raster image. The thermal band was not used as it gives no information on landuse and landcover, furthermore it is of low detail (120m) compared with the other bands (30m) (Marther, 2004).

The downloaded bands covered the area of 115/52. Within ArcGis a project area was created with an area of 2657 km2. This area was extracted from the full scene. This project area was larger than the original study area (sibalom catchment), because this would be easier for the fieldwork in the next phase.The created Landsat image of the project area was set to UTM zone 51.

Finally, the Landsat image was checked with ground control locations. Some main roads within the project area were recorded with GPS. The image and the ground truth were similar enough (error < 10m i.e. within one pixel) and rubber sheeting was not necessary. 

The Classification procedure

The basics of the classification procedure are shown in figure 5. Before classification can take place a classification scheme need to be developed. With local knowledge (DENR), official realized land classification schemes (Anderson et al., 1976), a recently realized LULC map from the province Leyte (The Philippines) and some field trips a first impression of the general LULC types was made. LULC types as closed forest, open canopy, grassland, pasture land, rice field, rice terrace, riverbed and annual cropping were distinguished. 
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To classify the Landsat image in several LULC types ground truth data was needed. During a period of three weeks (February/March 2008) several field surveys were made. Employees of the municipal San Jose, DENR and Process Foundation San Jose were joining those surveys. With GPS device (Garmin eTrex) several LULC types within the project area were recorded and soil samples were collected from all points. The purpose of the ground truth data is to use those as testing or training data. In total there were 128 points recorded. Some of those points were recorded in Luzon_1911, which is the general coordinate system in The Philippines. Those points were transformed into the WGS1984 projection to use them in the Landsat image.

With the obtained ground truth data a classification process took place within ERDAS. Although there were 128 points recorded, this was obviously not enough to use them for both testing and training data. To assess the classification with an accuracy assessment at least 300 point were needed to use as training data to have an overall accuracy of 75% (Verelst et al., 2008). For this reason the training data was pure based of the author’s knowledge and experiences in the field. 

The classification process was based on supervised classification. Supervised classification is based on signatures which are based on ground truth data or expert knowledge. Signatures were created for the several LULC types. Several band combinations were used, such as false colour (4,3, 2), true colour (3,2,1), and NDVI (box 1) to identify the LULC types. However, not all distinguished LULC types could by identified. The reason for this is that the Landsat image is made during rain season and the field surveys were done during dry season. Especially during rain season is rice the major tilled crop. Rice is cropped on irrigated field or terraces with higher elevation levels. During dry season most of terraces are not used for rice, but are bare, grazed (pasture), cropped with annual crops or are covered by grass. Even the dry gravel beds along the river which were recorded are not visible in the Landsat image. To avoid the complexity of season based LULC, the classification scheme was simplified and some types were aggregated. For every LULC were AOI (signatures) created (minimum amount of two) to perform the supervised classification. Table 4 shows the different LULC classes. 
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	LULC
	Remarks

	Forest
	Closed forest

	Rice field
	Flat areas in lowlands

	Rice terrace
	Located at slopes at higher elevation levels then rice fields

	Bare land
	Combination of some bare riverbeds and bare mountain tops

	Grassland
	Combination of pasture and grassland on mountains

	Bushland
	Low vegetation

	Inland water
	Closely related to rice fields, but is heavily irrigated 

	Clouds
	Removed in a later stadium

	Shadow
	Removed in a later stadium

	River
	Removed in a later stadium


[image: image21.jpg]LS Sibalom catchment

Ls factor
Value
High : 529.053

Low :0.0774315

024 8 12 16
S — m— Kilometers.




[image: image22.emf]0.096511989831924438 - 1454.7994823290865

1454.7994823290865 - 7127.4971025390478

7127.4971025390478 - 12800.194722749009

12800.194722749009 - 18472.89234295897

18472.89234295897 - 24145.589963168932

24145.589963168932 - 29818.287583378893

29818.287583378893 - 35490.985203588854

35490.985203588854 - 41163.682823798816

41163.682823798816 - 46836.380444008777

46836.380444008777 - 52509.078064218738

52509.078064218738 - 58181.7756844287

58181.7756844287 - 63854.473304638661

63854.473304638661 - 69527.170924848615

69527.170924848615 - 1643125.25

Histogram of RUSLE K method 3: Field = VALUE

500,000

450,000

400,000

350,000

300,000

250,000

200,000

150,000

100,000

50,000

0

With the created class signatures a maximum likelihood supervised classification was performed. The resulted classification image was smoothened to remove single pixel LULC classes using a majority moving window operation (9x9 window) in ERDAS. The testing data set was used to perform the accuracy assessment. Because of the removal of some first distinguished LULC types (like open canopy) the data set consisted only of 112 points. The accuracy assessment showed that the classification image produced an overall Kappa value of 0.4487. Finally, the Sibalom catchment layer (created from DEM data, see previous section) was set as mask to derive LULC map for the Sibalom catchment. Figure 6 shows the LULC map.

River, clouds and shadows were distinguished in the classification process. The cloud cover in the catchment area was approximate 5.4 %. River, clouds and shadows are all not points of interest for the analysis of erosion sensivity with RUSLE model. Those were manually delineated and excluded from analysis in a later stadium (see paragraph 4.2.4)

Photographs of the seven LULC classes (excluding river, shadow and clouds) are presented in figure 7.
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4.1.3 The precipitation surface

Climate stations measuring precipitation in the study area are extremely scarce. Three gauging stations are located in the study area, namely Solong, Tipuluan and Nasuli (Fig. 3; Solong(1), Tipuluan(2) and Nasuli(3)). Two times a day amounts of precipitation are recorded at the stations (8 am and 5 pm) by the National Irrigation Office (NIO). Data concern those stations from the last ten year was provided by the NIO. After analyzing the data it became clear that only the years 2006 and 2007 were mostly (January 2006 was missing) complete for all three stations. After recording the diameters of the stations during field trips, the daily, monthly, and yearly averages were calculated for the two years Table 5 shows the annual rainfall (in mm) and figure 8 shows one of the stations (Tipuluan). 
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	2006
	3508

	2007
	2950

	Solong

	2006
	2848

	2007
	1532

	Nasuli

	2006
	2829

	2007
	1820
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Another rain dataset was provided by the DENR (2007). Monthly rainfall averages for the years 1956 until 1986 are recorded at one station near the Sibalom catchment. Table 6 shows the annual rainfall (in mm) data for those years. For incomplete records no annual value is calculated. The dataset is recorded at one station (Valderrama) which is located north of the Sibalom catchment (Fig. 3; Valderrama(4)). 

Although the first dataset is gathered from three places in the study area, the timeframe of 2 years is relatively short. The second timeframe of 23 years is useful, but those data is only gathered at one location and is not located within the catchment. 
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	Year
	Annual
	Year
	Annual
	Year
	Annual
	Year
	Annual

	1956
	4750
	1964
	3486
	1972
	3151
	1980
	Imcomplete

	1957
	3839
	1965
	3600
	1973
	2734
	1981
	Imcomplete

	1958
	2594
	1966
	3325
	1974
	3479
	1982
	Imcomplete

	1959
	2918
	1967
	4513
	1975
	2945
	1983
	Imcomplete

	1960
	3553
	1968
	3657
	1976
	3356
	1984
	1946

	1961
	3452
	1969
	3958
	1977
	3617
	1985
	3152

	1962
	3097
	1970
	3576
	1978
	Imcomplete
	1986
	Imcomplete

	1963
	2920
	1971
	4501
	1979
	Imcomplete
	
	


4.1.4 Soil surface

Data conform soils of the project area were collected by the DENR and the Agricultural Office. Soil maps with different scales (1. 10.000 and 1.25.000) from the province of Antique were available. However, proper descriptions with soil characteristics were not available. 

Eusoils (European Commission - DG Joint Research Centre) is an online database were several soil maps are provided all over Asia. A soil map of the whole island Panay with the scale of 1.250,000 was found in Jpeg format (Selvaradjou et al., 2005). 

The image was imported into ArcGis and the province of Antique was clipped from the full scene. The georeferencing was done in 2 steps. In the first step, the latitudes and longitudes as indicated on the scanned map were used. As accuracy was still low (>500m) the scanned map was additionally georeferenced using the LANDSAT image as basemap yielding a final RMS error of 85m (22 points used). The spatial reference was set at UTM zone 51. The next step was the digitizing the contour lines of the clipped soil map in ArcGis on a fixed scale of 1:25,000. Finally the Sibalom catchment layer (created from DEM data) was used as mask to generate the soil map for the Sibalom catchment. The legend provided by the original Jpeg image gives several physical descriptions of the classes. The produced map of the Sibalom catchment represents the physiographic description of the classes and is shown in figure 9. A proper legend with all soil characteristics is given in appendix I. 
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4.2 Input factor generation

The generation of the input factors LS, R, K, C and P are described in this paragraph. The layers described in the previous paragraph and several techniques are used to derive those input factors.

4.2.1 R factor

Calculation and estimation methods for the R factor

The rainfall erosivity (R) is the potential power of raindrops to detach soil particles from soil mass. Within the RUSLE (and USLE) the R factor accounts for the erosive power of rainfall and runoff. The R-factor was derived by Wischmeier in 1959 (Wischmeier and Smith, 1978) who found with research data that the erosive power of the rain was statistically best related to the total storm kinetic energy (E) multiplied by the maximum 30-minute storm intensity (I30). The storm kinetic energy (E) of a unit rainfall amount depends on sizes and terminal velocities of its raindrops. The total storm energy depends on the intensities at which rainfall occurred and the precipitation amount that occurred at each intensity. The R factor is the sum of individual storm EI30 values for a year averaged over a time period at least longer than 20 years and where intensities are greater than 12.5 mm per 30 mins (Wischmeier and Smith, 1978; Toy and Foster, 1998). 

Because meteorological stations do not measure the kinetic energy of a storm, empirical relationships were established to relate kinetic energy and other available rain characteristics such as rainfall intensity (Wischmeier and Smith, 1978; Brown and Foster, 1987; Van Dijk et al., 2002). However, to analyze intensities of individual rainstorms automatic rain gauge stations are required. Since this information is mostly not available in developing countries, different replacement equations have been proposed over time for the estimation of the R factor. 

Renard and Freimund (1994) described several methods to estimate the R-factor from monthly precipitation data. Those methods are based on relations between calculated R values from the empirical relationships and more readily available types of precipitation (monthly or annual). The Fournier index is an R-factor estimate relation which is developed during the 1950’s and is based on the monthly and annual rainfall. Arnolodus (Renard and Freimund, 1994) modified this index with R values obtained from several rain stations in Morocco (from  r2 0.55 to 0.83)  in 1977. This revised index (F) is based on the average monthly (Pi, 1 ≤ i ≤ 12) and the average annual precipitation (P);

[image: image3.emf]      (4.1)
This revised index (4.1) is based on R-values and climate conditions in Morocco. Arnoldus concluded that relations obtained using the modified Fournier index should be applied only to locations within homogenous climate regions. By using this index in other regions in the world a regression analysis need to be carried out between R values and the Fournier indices. Shamshad et al. (2007) showed a regression analysis between the monthly EI30 values and the Fournier indices assuming a non-linear relationship. The coefficient of determination varied between 0.77 and 0.98. The rain data used for those regression analyze was obtained from rain stations located in Malaysia. For this study it is assumed that Malaysia has similar weather conditions (the tropics with rainy and dry season) as the Philippines. The regression equation for monthly EI30 values that was developed by Shamshad et al. (2007) is given below. Where C is the revised Fournier index (F) from formula 4.1;

    (4.2)
Estimating R factors for the study area

With equation 4.1 the monthly revised index (F) values are calculated for both rain data sets (paragraph 4.1.3). Although equation 4.1 is based on the average monthly rainfall per year, equation 4.2 is used to calculate monthly EI30 values. For this reason equation 4.1 is adapted and F values are calculated for every month separately. With equation 4.2 monthly EI30 values are calculated with the monthly F values. For every year the monthly EI30 values are summed up and averaged over the time period of the datasets. 

The R values should be estimated for rainstorms with intensities greater than 12.5 mm for 30 minutes (Wischmeier and Smith, 1978; Toy and Foster, 1998). However, this is not done for this study. The time steps between measuring amounts of precipitation are 15 and 9 hours (8 am and 5 pm) and not every 30 minutes. This makes it impossible to define breakpoints in time.

Spatial distribution of R values in the study area

Dataset 1 consists of three R values (Tipuluan, Solong and Nasuli). Although there are more values available than in dataset 2 (Valderrama), the time period is relatively short (2 years) to estimate/calculate accurate R values (minimum of 20 years). The spatial distribution of the R values was derived using the interpolating technique Inverse Distance Weighted (IDW) within ArcGis. This interpolating technique was based on a weighted average of the R values from the nearest known points and controlled by variable search radius. Those weights were based on the reciprocal of distance to the nearest points and raised to a power of 2. The interpolation process was only based on three points, basically located in the center of the study area. After qualitative visual inspection it was decided not use any interpolating techniques with only three points. Another solution was searched in the relation between rain and elevation. Milward and Mersey (1999) stated that elevation can influence erosivity. If there a relation could be found between rain and elevation the spatial distribution could be based on elevation levels (from DEM). However, after plotting the R values and their elevation levels (including Valderrama) a coefficient of determination (r2) of 0.008 was found.

Based on the findings on dataset 1 it was decided to use the R value derived from data set 2 as the only input for the RUSLE. This scenario consists of only one value (station Valderrama), resulting in one equal R value for the whole study area based on a long time period (24 years). Appendix II shows the calculation sheet of the R factor.

4.2.2 K factor

Calculation methods for the K factor

This factor is related to the effects of rainfall, runoff and infiltration on soil loss, accounting for the influences of soil properties on soil loss during storm events (Toy and Foster, 1998). Like in the USLE the K factor in the RUSLE is defined based on many physical and chemical properties. Those soil properties or parameters are percent silt, percent sand, percent clay, organic matter, soil structure, and permeability (Wischmeier and Smith, 1978; Toy and Foster, 1998). Often, the K factor is estimated with equation provided by Wischmeier and Smith (1978);
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Where M = (%silt + %sand)*(100 - %clay); OM = organic material; P = permeability class; and S = structure class. 

During field surveys several soil samples were collected with the intension to analyze those in the laboratory. However, limited available time was the reason not to do this. Soil characteristics of several soils were obtained by David (1988). Although those soil samples were collected in other parts of the Philippines, the values were representative of most Philippine soils (Table 7). David (1988) calculated for all soil types represented in the table K values with the simplified equation of Wischmeier and Mannering;
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Where OM = organic matter; S = %sand; C = clay ratio = %clay/(%sand+%silt); and Si = %silt/100.

K factors for the study area.

Soil textures of the several soils within the study area were obtained from the legend of the Panay soil map (Appendix I). The percentages silt, clay, sand and organic material were obtained from table 7. With those data and equations 4.3 and 4.4 K values for four scenarios were calculated. To calculate the K values the following steps were made:

1) The legend of the Panay soil map indicated the presence of a primary soil layer and in some cases a secondary layer for every physiographic unit (See fig. 9 and appendix I). Most layers consisted several soil textures (e.g. sand, sandy loam etc). Separate K values were calculated for every soil texture.

2) To taken into account the several textures in each layer (primary and secondary) a method of allocating weight to each texture was implemented (Milward and Mersey, 1999). Under conditions where a secondary texture exists the calculated K value (step 1) was assigned a 33.3% weight with the primary texture receiving 66.7%.

3) In some cases the physiographic unit was divided in several facets. Percentages of the facets within the physiographic unit were given in the legend. Those percentages were taken into account to calculate the facet K values from the K values of step 2. The percentages of the facets ‘footslopes’, ‘sideslopes’ and ‘crests/ridges’ within the physiographic unit ‘Moderately to highly dissected volcanic mountains’ were respectively 10, 40 and 50%. The calculated K values for those facets with the given percentages did differ a lot, especially those between footslopes and crests/ridges (10 fold). A solution for this problem could be found in separating the facets according elevation levels. However, the legend did not show elevation levels of the different facets, which makes it impossible to divide the facets in separate entities and no adjustment was conducted for the calculated K values.

4) Finally, the K values of the different facets were summed up.

[image: image33.jpg]2008 02 19



An example calculation including the four steps is given in table 8. The K values in this example are calculated according equation 4.4.

Some described layers consisted of soil texture such as sand, stone and gravel. As shown in table 7, no values for those textures are given. Stone and gravel were excluded in the calculations. It was assumed that those textures had no direct influences in the surface soil erosion, because they were mostly not found at surface levels. Percentages silt, clay and sand for texture sand were estimated from the international soil texture triangle (fig. 10) at respectively 3, 2 and 95%. Organic material was estimated at 2.4% (related to loamy fine sand).
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	Physiographic description
	Facets
	% Facets
	Texture(2 layers) 
	K value step 1
	K value step 2
	K value step 3
	K value step 4

	Beach ridges and swales
	Beach ridges
	70
	Loamy sand 
	0.07
	1*0.07 = 0.07
	0.7*0.07 = 0.05
	

	
	Swales
	30
	Sandy loam over loamy sand 

	
	
	
	Sandy loam
	0.3
	(0.3*0.667)+(0.07*0.333) = 0.22
	0.3*0.22 =0.07
	0.05+0.07 = 0.12

	
	
	
	Loamy sand
	0.07
	
	
	


Soil options1 and 2

Here, equation 4.4 was used. Table 7 shows for same soil textures different values. Especially the percentages organic material (OM) differs between same soil textures. Option 1 is calculated with the lowest OM value and option 2 is calculated with the highest OM value. Not the Ph values in table 7, but the Ph values given in the legend of the Panay soil map were used for the calculation. This to have more comparability with option 3 and 4 which are more based on data of the legend.

Soil options Scenario 3 and 4

Here, equation 4.3 is used. Option 3 is calculated with the lowest OM values and option 4 with the highest. Permeability classes (rapid is 1 and slow is 5) are based on descriptions within the legend of the Panay soil map (See appendix I). However, for some layers no descriptions were given and those were estimated. Structure classes (very fine granular is 1 and blocky, platy or massive is 4) are estimated with descriptions from the soil survey guideline (Anonymous, 1960)
4.2.3 LS factor

Calculation methods for the LS factor

When slope length increases, erosion will increase as well (Wischmeier and Smith, 1978; Toy and Foster, 1998). As shown in figure 11, slope length is the horizontal distance from the origin of overland flow to the point where the deposit starts (Toy and Foster, 1998). However, in a real two or three dimensional situation soil loss does not really depend on the distance to the divide or upslope border in the field, but on the upslope drainage area per unit of contour length contributing to that point (Desmet and Govers, 1996).The upslope drainage area per unit of contour length is strongly affected by flow convergence and divergence and especially in highly mountainous terrain are those patterns complicated. USLE2D (Desment and Govers, 1996) is a program which takes the upslope drainage area per unit contour length into account to calculate the LS factor. This program provides a number of options with respect to selecting a hydrological flow routing algorithm to calculate the contributing area and a slope length and steepness algorithm. For this study the USLE2D program is used which was online provided by the University Leuven (Belquim).
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To determine the contributing area distinction can be made between three flow algorithms. The single flow algorithm transfers all matter from the source cell to a single cell down slope. The multiple flow algorithms divide the matter flow out of a cell over several receiving cells. The flux decomposition algorithms are based on the decomposition of the flux vector. The vector has a magnitude equal to the upslope area to be distributed. It’s increased with increasing grid cell, and is directed according to the aspect direction of the source cell. This vector is split into its two ordinal components. The magnitude of each component is proportional to the sine or cosine of the aspect of the source cell. Divide the contributing area of the cell by the effective contour length gives the unit upslope area (Desment and Govers, 1996). The flux decomposition has the ability to switch from the multiple flow algoritm to single flow when encountering sharp concavities with the DEM surface (Milward and Mersey, 1999).The success of flow routing algorithm depends upon its ability to estimate pixel values with high upslope area in locations of flow canalization(Desment and Govers, 1996). Milward and Mersey (1999) compared the several algorithms by overlaying those with catchment tributaries. They indicated that the flux decomposition map was mostly approximated with the existing the stream networks. Based on their findings and the similarity in study areas (highly mountainous with complicated patterns of flow convergence and divergence) the flux decomposition algorithm was also used in this study.

To calculate LS within USLE2D the compartments slope length (L) and steepness (S) should be calculated separately. For this study the L factor is calculated according the equation of Foster and Wischmeier. However, this equation is based on the slope length. With the new flux decomposition method for two or three dimensional situations this slope length is replaced for the unit contributing area for the slope length. Hereby considered that each of the grid cells within the DEM are slope segments having uniform slope (Desment and Govers, 1996). By using values for cell outlet and inlet into the equation solves the slope length component;





(4.5)
Where L= is the slope length factor for the cell with coordinates (i, j);  A​​​I,j-out​ =contributing area at the outlet of the grid cell with coordinates(i, j) (m​2); A​​I,j-in=contributing area at the inlet of the grid cell with coordinates(i, j) (m2  m​​-1); and m = slope length exponent of the RUSLE S factor.
Within USLE2D there are several algorithms options to calculate the slope steepness factor (S). Milward and Mersey (1999) used the Nearing equation to describe the influences of slope steepness, see formula 4.6. 







(4.6)
Where ( = the slope angle degrees of the cell for which the LS-factor is determined. 

Hoyos (2005) who used the RUSLE for a mountains area in Colombia used USLE2D as well for the calculation of the LS factor. She mentioned that Nearing’s slope steepness function which was developed with data from slopes up to 55% was considered a better fit than the RUSLE algorithm, which was developed from slopes up to 25%.However, some areas in the study area are steeper than 55%. The maximum slope angle in the study area consists of 62.5 % (DENR, 2007). Milward and Mersey (1999) were facing the same problem. After analyzing those areas it revealed that the majority of those areas were forest. They stated that the forest areas were good soil stabilizing areas and had high rainfall interception properties and were therefore less sensitive for erosion. After analyzing the areas with steeper areas than 55% in the study area it revealed that also those areas were mostly forest (according figure 6) and it was assumed that using the Nearing equation is acceptable.

LS factors for the study area 

With the above described methods (algorithms) and the two data input files (in IDRISI) the USLE2D program calculated the LS values for the Sibalom catchment. However, the output was given in IDRISI format, which not could be used in ArcGis. With a function in the USLE2D program the IDRISI output could be converted into Surfer format. This surfer format was imported into ERDAS software (image 8.7) and exported as an image. This final image could be imported in ArcGis. However, with the first results of the calculation of LS values with USLE2D unrealistically high LS values were given at the edge of the catchment. To avoid those high values a buffer of 450 meters was created around the DEM input file. New LS values were calculated with USLE2D. After the transformations of the output format the catchment area was extracted within ArcGis and more realistic values were found at the edges. 
4.2.4 C factor

Calculation methods for the C factor

The C factor or cover management factor is the effect of vegetation cover on soil erodibility. Within the RUSLE (and the USLE) this factor is defined as the soil loss ratio (SLR) of land, which is cropped under special conditions (e.g. rice paddys) to soil loss from clean tilled, continuous fallow (Wischmeier and Smith, 1978; Toy and Foster, 1998). Several processes should be taken into account to derive this ratio. The C factor is subdivided into 5 separate sub-factors, including prior land use, canopy cover, surface cover, surface roughness and soil moisture Toy and Foster (1998). C factors in the RUSLE could be time-invariant and time-variant. Time variant option is used when conditions during the year will change. Rain seasons will have impact on the cropping conditions and the C values should be calculated with the average SLR weighted by distribution of rainfall EI30 during the year. Within the study area the cropping conditions for unirrigated farmlands between rainy and dry season are totally different. During rainy season all rice terraces are rain fed and rice is cropped, while in dry season those areas have tally different covering conditions. 

The five sub-factors could be obtained by field surveys (collected in sample plots) and with the yearly crop rotation schemes and harvest stages the C factors could be derived (Milward and Mersey, 1999). However, during this study no field surveys were done and agencies like Agricultural offices were not contacted or informed, because of the time consuming with will go along with this method. Another method to obtain C values is described by Lu et al. (2003, 2004) that was based on the fraction images from spectral mixture analysis (SMA) of a Landsat ETM+ image. They assumed that abundant vegetation cover associated with complex stand structures results in less erosion loss. Fractions as shade, green vegetation and soil are taken into account. Although this could be an accurate method to estimate C values, it is very computer intensive and with LULC heterogeneity within the catchment it’s very difficult to use this method. Another method was found in Van der Knijff et al. (2000) who showed a positive correlation between the NDVI index and the C factor. However, this relation was based on vegetation cover and erosivity in Europe (Italy). Weather and vegetation conditions (such as rice fields) between Europe and Asia could not be compared because low NDVI values can be expected in wet rice fields compromising NDVI/C correlation. 

David (1988) compared in his study several studies which were conducted in the Philippines concerning soil loss. With his collected published and unpublished data he estimated for the more common cover conditions in the Philippines soil loss rates and did express them in C values. The described cover conditions by David (1988) are mostly similar with the classified LULC types for this study. With those findings it was decided to use those estimated C values provided by David (1988).

C factors for the study area

The cover conditions which are described by David (1988) are very detailed. By picking C values for the several LULC types in the study area some assumptions were made. Forest is by David (1988) distinguished into primary and secondary forest with values respectively 0.001 and 0.003. The LULC map does not distinguish lowland (which is mostly secondary forest) and upland forest (primary). An average C value is calculated for the LULC type forest. Inland water in the LULC map are irrigated rice fields during the time when the Landsat image was made. Because no values for this LULC type are given by David (1988) it is assumed that those have the same value as the rice field. 

Rice terraces do also have the value of 0.15. Although during dry season those areas are mostly bare, grazed or are used for annual cropping (such as corn, peanut etc), most erosion takes place during rainy season when those areas are used for rice production. Grassland is by David (1988) divided into 9 types where values varying between 0.007 and 0.9. LULC grassland types are mostly the ones which could be found on mountain tops where deforesting took place in the past. David (1988) described this type as ‘Imperata or themeda  grasslands, well established and undisturbed, with shrub’. Bush land is not separate described by David (1988). For this LULC type a value is taken with the land cover description as ‘second growth forest with patches of shrubs and plantation crops of 5 years or more’. Table 9 is showing the C values for the different LULC types. Photographs of the different LULC types are shown in figure 7. The C values were linked with the LULC map (fig. 6) in ArcGis. The LULC types ‘clouds’, ‘shadow’ and ‘river’ were excluded from analysis by giving those no C values.
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	Forest
	0.002  

	Rice field
	0.15

	Rice terrace
	0.15

	Bare land
	1

	Grassland
	0.007

	Bush land
	0.006

	Inland water
	0.15 


4.2.5 P factor

Methods for deriving the P factor

The P factor is the support or land management practice factor. The effect of support practices, like strip cropping; contouring terracing is represented with this factor. If there are no support practices the P factor is set to a value of 1 (Milward and Mersy, 1999; Boggs et al., 2001; Hoyos, 2005). However, if there are good conservation practices, which will reduce soil erosion, the P factor will be < 1. 

Rice terraces are within the Sibalom catchment very common. This practice could be seen as a conservation practice which will reduce erosion. David (1988) showed that P values for terracing are correlated with the percentage slope and provided approximate P values for terracing practices. Table 10 shows the P values for terrace practices which are used for this study (David, 1988).

P factors for the study area

To derive the P values within the Sibalom catchment several steps took place within ArcGis. The first step included the derivation of slope rise (%) from the DEM (fig. 4). Secondly, the slope (%) was reclassified according the P values showed in table 10. The third step included the reclassification of the LULC map (fig. 6) according ‘rice terrace’ or ‘no rice terrace’. The rice terrace layer was set as mask and the reclassified P values from the slope (%) were extracted from the full scene. All rice terraces within the catchment were labeled with a P value which was classified according slope (%). Finally, all no ‘rice terrace’ areas were labeled with a P value of 1.


	Slope (%)
	P value

	1-2
	0.12

	3-8
	0.10

	9-12
	0.12

	13-16
	0.14

	17-20
	0.16

	21-25
	0.18

	>25
	0.20


4.3 Future plans to minimize soil erosion


In the Philippines lots of forest is vanishing due to illegally cutting. Within the Sibalom catchment are the effects of illegally cutting immense (DENR, 2007). Forest can be seen as major natural obstructions against soil erosion. The roots of the trees hold the soil together, preventing soil from eroding. Besides, a tree reduces the speed of flowing water there by reducing the erosion. By cutting down forest in the uplands, the free flowing water (after heavily rainfall) can cause massive landslides which cause destroying effects downstream. To avoid such problems in the near future, plans are made by the DENR. Within a few years threes should be planted in all areas with a slope higher than 18 % and/or an elevation level higher than 1000 meters (DENR, 2007) 

To indicate what the effects will be in erosion sensitivity within the Sibalom catchment, the plans are implemented in the RUSLE model. Within ArcGis the planned forest areas (slope => 18% or elevation =>1000 meters) were selected. By planting trees within the catchment two RUSLE factors will change, namely the C and the P factor. The new forest areas were given a C value of 0.002 (Table 10). The K factor is taking the rice terraces into account. However, by planting trees (forest) the P values for the new areas will be adapted to a value of 1. 

Finally, just to give an indication of the influence of forest, RUSLE is run with the assumption that the total Sibalom catchment consist of forest (C = 0.002 and P = 1).

5 Results

5.1 Input factors

The RUSLE model consists of five input factors, namely the R, K, LS, C and P factor. The values of those factors within the Sibalom catchment are described and showed below.

For the R factor one value is calculated. This value is based on raindata from rain gauging station Valderrama. For the whole Sibalom catchment a R value of 13647 MJ mm ha− 1 h− 1 year−1 is calculated (see Appendix II)

The values (in t ha h ha-1 MJ-1 mm-1) of the K factor are calculated for four options for every physiographic unit (fig. 9). The K values for the four options are shown in table 11.


	Physiographic unit
	Option 1
	Option 2
	Option 3
	Option 4

	beach ridges and swales (1)


	0.12
	0.10
	0.44
	0.43

	Broad Alluvial plains (2)


	0.28
	0.17
	0.25
	0.17

	Alluvial Fans (3)


	0.34
	0.18
	0.39
	0.24

	River terraces and floodplains (4)


	0.15
	0.11
	0.52
	0.48

	Highly dissected sedimentary foothills with occasional minor alluvial valleys (5)


	0.28
	0.15
	0.21
	0.16

	Highly dissected sedimentary foothills with occasional minor alluvial valleys (6)


	0.30
	0.20
	0.23
	0.16

	Moderately to highly dissected steep sedimentary hills (7)


	0.26
	0.13
	0.21
	0.16

	slightly dissected metamorphic hills with long sideslopes (8)


	0.28
	0.17
	0.27
	0.2

	slightly dissected metamorphic hills with long sideslopes (9)


	0.31
	0.21


	0.27
	0.17

	Moderately to highly dissected volcanic Mountains (10)


	0.29
	0.14
	0.31
	0.18

	Total
	2.61
	1.56
	3.1
	2.35


Option 1 and 2 are calculated according equation 4.3 where 1 is calculated with the lowest organic material percentage and 2 with the highest. Option 3 and 4 are calculated according equation 4.4 where 3 is calculated with the lowest organic material percentage and 4 with the highest. Higher organic material gives a lower K value because they are less susceptible to erosion. Low K values are calculated for options 1 and 2, and high values calculated for options 3 and 4. Figure 12 (A) shows the spatial distribution of the K values for option 3 when they are added at the soil map (fig. 9) in ArcGis. 

The LS factor for the Sibalom catchment is derived with the program USLE2D. Figure 12 (B) shows the spatial distribution of the LS factor within the catchment. High values up to 529 are found in the mountainous areas (great slopes) within the catchment. Low values of 0.077 are found close to the Sibalom river (and its gullies) and in the lowlands near the coast were the Sibalom river flows into the sea. The LS surface replicated the local drainage network as well as the slope gradient.

The C factor is derived according the LULC map (fig. 6) of the Sibalom catchment. Figure 12 (C) shows the spatial distribution of the C factor within the catchment. Clouds, shadow and river are not included within this factor. Heterogeneity within the figure is caused by the heterogeneity of LULC map (fig. 6). 

The spatial distribution within the Sibalom catchment of the P factor is shown in figure 12 (D). In this study this factor depends on rice terraces with a certain slope (%) range. Because of the small differences in slope ranges and the heterogeneity in slope rise within the area it’s difficult to visualize a clear spatial distribution of the P factor for rice terraces. However, within the figure, rice terraces and no rice terraces are clearly distinguished. For the latter counts that no supporting practices are present to avoid soil erosion and a P value of 1 is given.  





5.2 Soil loss according RUSLE within the Sibalom catchment

RUSLE (Eq. 3.1) was run within GIS. Mean annual soil losses (t ha-1 yr-1) are calculated with the four different soil (K) options. Table 12 shows the results. The highest mean annual soil loss is calculated with soil option 3. Table 11 shows that low organic material gives high K values because they are susceptible to erosion. Cumulative are the K values in table 11 for option 3 higher than the others. Consequently, multiplying high K factors with the other RUSLE input factors will give high results.


	RUSLE type
	Mean annual soil loss (t ha-1 yr-1)

	RUSLE with K factor option 1
	3970.25

	RUSLE with K factor option 2
	2083.61

	RUSLE with K factor option 3
	4291.15

	RUSLE with K factor option 4
	2855.49


The spatial distribution of soil loss within the catchment according soil option 3 is shown in figure 14 (Maps of soil loss calculated with the other soil options can be found in Appendix III). Amounts of soil loss in forest areas in the north and east part of the catchment and in the lowlands areas (yellow) are relatively less compared with some areas in the center (blue and red). In general forests are regarded as being the best guard against erosion which is taking into account within the C factor. In the lowlands, where not much forest is located, can be the low LS factor the 

explaining factor which is responsible for the relatively less soil loss in this area. Although the amounts of soil loss are extreme high within the legend of figure 14, most of the pixel values are located in the first class, see figure 15.




5.3 Soil loss per LULC type

With the spatial distribution of soil loss within the Sibalom catchment it is possible to define how much soil loss takes place within each LULC type. This is done with the function zonal statistics (spatial analyst) within GIS.

The Sibalom catchment is an area of approximately 66540 hectares (665.4 km2). Because of the delineation of clouds, shadow, river and the small part at the west side of the catchment (which should be sea, see statement figure 12) the total area of figure 14 is smaller, namely 60870 hectares (608.7 km2). The area distribution of the LULC types within the catchment (fig. 14) is shown in figure 15. LULC type forest strikes the largest area within the catchment, namely 38% which corresponds with approximately 23160 hectares. Although forest strikes the largest area, the mean annual soil loss is the lowest of all LULC types, namely 294 t ha-1 yr-1, see figure 16. For bare land the opposite occurs. Only 3 % (1790 ha) of the total catchment consist of bare land, while the mean annual soil loss is much higher (153393  t ha-1 yr-1 ) than the other LULC types. Much more soil erosion takes place within LULC type bare land than within forest. Also for LULC type inland water the mean annual soil loss (10173  t ha-1 yr-1 ) is relatively high compared with the area (9%) within the catchment. 

Figure 15 and 16 are based on the results of figure 14 which is based on K values from option 3.



5.4 Scenario analysis

5.4.1 Planting trees by the DENR

Plans are made by the DENR to plant trees at locations with a slope higher than 18% and/or an elevation level higher than 1000 meter. Figure 17 shows the spatial distribution of the planned forest within the Sibalom catchment (fig 6 shows forest in the actual situation). Table 

13 shows the mean annual soil loss for the four different soil (K) options. The new planned forest has positive influence on the mean annual soil loss. The mean annual soil losses are lower compared with table 12. Figure 18 shows the spatial distribution of soil loss for soil option 3. The total forest area strikes 60 % (39924 ha) of the total area in figure 18 (excluding clouds, shadow and river), while in the actual situation it’s 38% (23160 ha, see figure 15). By planting 16764 hectares (39924 ha minus 23160 ha) extra forest within the catchment, the mean annual soil loss will decrease with 2676,85 t ha-1 yr-1 for soil option 3.




	RUSLE type
	Mean annual soil loss (t ha-1 yr-1)

	RUSLE with K factor option 1
	1460.22

	RUSLE with K factor option 2
	830.57

	RUSLE with K factor option 3
	1615.30

	RUSLE with K factor option 4
	1161.49



5.4.2 Forest covers the whole Sibalom catchment

To indicate what will be the soil loss when forest covers the total catchment (100%) area, the C and P factors are changed to respectively 0.002 and 1 for the whole area. Table 14 shows the mean annual soil loss for the four soil (K) options. Compared with the actual situation and the situation where forest will be planted by the DENR is the mean actual soil loss (erosion) in this case much lower. Figure 19 shows the spatial distribution of soil loss of soil (K) option 3. Within the uplands more soil erosion is taking place than within the lowlands, because of higher LS values (higher slope gradient within the uplands). Here, the values of the pixels are more equally distributed than within the actual situation, see figure 20.


	RUSLE type
	Mean annual soil loss (t ha-1 yr-1)

	RUSLE with K factor option 1
	2.18

	RUSLE with K factor option 2
	1.14

	RUSLE with K factor option 3
	2.33

	RUSLE with K factor option 4
	1.47





6 Discussion

6.1 Model results

Soil erosion within the Sibalom catchment varies spatially. In general, soil erosion increases with annual rainfall, slope and land use with open vegetation. Low soil erosion values are found in the lowlands and within the uplands where lots of forest is located. In general, forests are regarded as being the best guard against erosion. In the lowlands, where not much forest is located, are probably the low slope gradients responsible for the relatively less soil loss in this area. Although LULC type forest strikes the largest area within the catchment (38%), the soil erosion within this LULC type is lower than all other LULC types. Soil loss within LULC type bare land is higher than all other LULC types, while only 3% of the catchment consists of bare land. One method to reduce soil erosion in the catchment is to reforest areas. Results show that by planting trees at locations where slope => 18 and/or elevation >= 1000 meters (which is planned by the DENR) less soil erosion will take place. If the entire catchment is covered by forest the mean annual soil erosion would be 0.05% of its present value, while this is 37.6% for the situation when the DENR will plant trees (based on results with K values soil option 3). 

A maximum permissible rate of erosion, at which soil fertility can be maintained over 20 to 25 years and over which agriculturists should be concerned, is cited as the soil loss tolerance value of 10 t ha-1 yr-1(Morgan, 1995 in Milward and Mersey, 1999 & Hoyos, 2005). Within the Sibalom catchment the soil loss at most places is much higher. While 25% consist of agriculture land (rice terraces and rice fields), only 1.76% of the catchments area was below the tolerance value of 10 t ha-1 yr-1 (with K values soil option 3), see figure 21. When forest is planted by the DENR the percentages lower than the tolerance value are a little higher, but still low. When forest covers the whole catchment, a large percentage of the catchment (99%) is lower than 10 t ha-1 yr-1. Milward and Mersey (1999) and Hoyos (2005), who also assessed soil erosion with RUSLE in a tropical mountainous catchment, compared their results with the tolerance value as well. Respectively 87% (in wet season) and 70% was below the tolerance value in those cases. Within the Sibalom catchment the tolerance value is very low compared with some maximum soil loss values calculated within the Sibalom catchment (up to 1643125.25 for K option 3). Morgan (1995) mentioned that the tolerance value varies depending on factors such as the rate of soil formation and effects of erosion on soil productivity. Probably, within the Sibalom catchment other circumstances exist compared with situations from where the tolerance value is derived. However, the extreme differences between tolerance value and the maximum soil loss values could also indicate, that there a possibility exists, that the situation in the Sibalom catchment is critical. 

6.2 Importance of input factors

By adapting input factors, soil loss in several scenarios can be calculated with RUSLE. The soil loss patterns for several scenarios should indicate which factors are more or less influential and under what conditions. The effects of input factors on the spatial distribution of soil loss for the scenarios are described below.

· The R factor consists of one value. The influence of rain on soil loss does not vary spatially and temporally within the model. This means that the R factor has no influence on the resulting spatial patterns of soil erosion for the different scenarios. In reality, however, rainfall varies spatially and temporally. It is possible that in mountains area more rain will fall compared with the lowlands. The R factor within the Sibalom catchment is based on measurements from one rain gauging station in a mountains region outside the Sibalom catchment (fig. 3). By giving the whole Sibalom catchment this factor value, overestimation or underestimation could occur. In the tropics, seasons are distinguished in dry and wet (rain) season. Especially during heavily rainfall events in wet season large proportion of soil loss can take place. The temporally distinguishing in dry and wet season is made by several researchers who worked with RUSLE in the tropics (Milward and Mersely, 1999; Hoyos, 2005; Shamshad et al., 2007). However, because of the limited amount of raindata (only one station) and time which was available to conduct this study no temporally distinguishing is made. It should be kept in mind that the modeled rainfall situation in this study is a simplification and that in reality other spatially and temporally situations occurs when interpreting the values predicted by RUSLE

· The effect of erodibility is shown by calculating soil loss for the four different soil options. Higher organic material gives a lower K value because they are less susceptible to erosion. Soil option 3 is calculated with low organic material and shows the highest values. Consequently, soil option 3 gives the highest soil loss results and can be seen as worst case scenario. Although clear gradient lines distinguish the K values (fig. 12A) it is difficult to see spatial differences in results caused by different K values.

· The LS surface can be reflected to the spatial distribution of soil loss. Figure 14 shows that in the lowlands the soil loss is comparable with some forest areas in the uplands where the soil loss is relatively less. While in forest areas low C factor values are responsible for respectively less soil loss, is this compensated with respectively low LS values in the lowlands. Figure 19 shows that soil loss in the uplands (north) is higher and more variable then within the lowlands. In this case, only the LS factor is variable (even the K factor consists of one value within this area, see fig. 12A) and high LS values gives high results in the uplands. Moreover, it is possible that although greater vegetation cover in forests protects soil from direct impact of precipitation, the steep, long slopes result in greater soil erosion compared with active agriculture in the lowlands on more gentle slopes.

· The C factor is important in areas under forest where it minimized the effect of topography. Multiplying the low C values for forest with the other input factors will give low results compared with high C values which are appointed to bare land areas. The C factor value is adapted at places where trees will be planted in the future. Results show that less soil loss will take place by planting trees. However, the differences in soil loss between the forest scenarios cannot directly explained by the C factor. The P factor plays also a role. Rice terrace are seen within the RUSLE methodology as practices which reduce erosion. By changing the rice terraces in forest the C values will be lower, (which gives low results) but the P values will be higher (which gives high results). However, the factor of change for the C factor is in most pixels much higher (for example from 0.15 (rice terrace) to 0.002 (forest)) than the P factor (for example from 0.14 to 1). This explains that the amount of soil loss will decrease by planting more trees.

· The P factor is important for rice terraces in this study. Rice terraces with gentle slopes have lower P values compared with rice terraces at steep slopes. All other land use areas are appointed with higher P values. In this sense is forest (with value 1) more sensitive for soil loss than rice terraces. However, this is not traceable within the results. When the whole area is covered with forest, less soil loss erosion will takes place compared with the situation when rice terraces are located within the area (table 12 & 14). As mentioned, the C factor has more influence on soil loss than the P factor within the scenarios. Finally, the spatially differences caused by the P factor in figure 14 are difficult to indicate because of the heterogeneity of P values at rice terraces (fig. 12D)

6.3 Uncertainties and assumptions in the derivation of input factors

The soil loss calculations are based on the input factors. Those input factors are based on several datasets from different sources such as DEM, soilmap, climate data en remote sensing data. Different data sources may have different data formats, spatial resolution, quality and projections. Uncertainties regarding data sources may introduce uncertainties in the derivation of input factors and by multiplying input factors introduce larger uncertainties in soil loss estimations. The main uncertainties and assumptions during the input derivation process are described below.

· An uncertainty factor in the classification process (section 4.1.2) is time. The Landsat image is made during wet season in 2001, while the ground truth data was obtained during dry season in 2008. It is possible that within seven years land use patterns will change. Furthermore, during wet season is rice the major tilled crop. During dry season most terraces are not used for rice, but are bare, grazed, cropped with annual crops or are covered by grass. This makes it difficult to realize a LULC map which is up to date and can be seen as the ‘actual situation’.
· Another uncertainty in the classification process is the amount of ground truth data. To reach an overall accuracy of 75% at least 300 points are necessary (Verelst et al., 2008). Within the Sibalom catchment only 128 points were recorded. While normally the ground truth data is used for both training and testing data, in this study the ground truth data is only used as testing data. The training was pure based on the author’s knowledge and experiences in the field. Finally, the accuracy assessment showed an overall Kappa value of 0.4487 for the realized LULC map. Although this relatively low accuracy, the map is further used for analysis. 
· The C and P factor are derived from the LULC map. Uncertainties in the LULC map will give uncertainties in the C and P factors. 

· Another uncertainty factor is the R factor. It’s difficult to derive realistic spatial rainfall patterns with only one rain gauging station. Besides, the used station is not located within the catchment area. Furthermore, it is questionable if the used dataset (1956-1986) is not too outdated. Again, it is questionable if this rain dataset can represent the actual situation. Accuracy of the R factor surface would greatly improve if data points were more numerous and located throughout the site.

· The soil map (fig. 9) is based on a soil image provided in the Eusoils databse (Selvaradjou et al., 2005) The georeferencing process showed a final RMS error of 85 meters which was assumed as acceptable. The created soil map (fig. 9) showed definite boundaries between classes. However, it should be kept in mind that in reality the boundaries of soil classes could be gradual transitions.

· During the derivation of K values from the soil map several assumptions were made (section 4.2.2). Not for all described soil textures physical characteristics were available. Estimations with the International soil texture triangle were made to overcome this problem. Furthermore, some textures (stone and gravel) were excluded from analysis with the assumption that those textures had no direct influences in the surface soil erosion because they were mostly not found at surface levels. 

· The chosen cell size would also affect the accuracy of model predictions. The cell size of the DEM data was 90 meters, while the cell size of the Landsat data was 30 meters. Because of small land use patches and the heterogeneity of land use forms within the Sibalom catchment the cell size of 30 meter was selected for the RUSLE analysis. However, it is still questionable if the 30 meter pixel size is small enough with all the small land use patches within the area.
6.4 Using the model 

A critical note, before using the RUSLE model, is to understand that environment modelling is based on simplifications of reality. Environmental systems are mostly complex systems with lots of uncertainties. The results obtained during this study are not verified with realistic field or reference data. Several researchers intended to do so by field assessment of actual erosion, measure sediment yield or with other studies from similar regions (Del Mar Lopez et al., 1998; Milward and Mersey, 1999; Boggs et al., 2001). Those validation practices are not based on comparing absolute soil loss values but on relative potential erosion causing areas. Because of limited time no validation of soil loss results took place during this study. However, in spite of this, the realized soil loss map(s) could be valuable planning aids for managers in the Sibalom catchment. The map(s) can be easily used by local personnel to compare and prioritize areas and implement conservation measures. With the GIS database it’s easy to indentify LULC types which are extreme sensitive to soil loss, like bare land. Use of GIS with the RUSLE model also lends itself to examining the effects of land use changes or conservation measures by adjusting C and P values. A user can run different scenarios and compare the impacts of different slopes, LULC types, soils and management on soil erosion. It will help implement the best management practices for erosion control. While the social costs and benefits of different land use changes must be considered separately, these observations demonstrate the need to have spatially explicit information on soil erosion. 
7 Conclusion and recommadations.

To use RUSLE in a GIS environment with remote sensing data provides a powerful tool to map and evaluate the spatial distribution of soil loss for different land use forms. This study provides an approach for the evaluation of soil loss within the Sibalom catchment which is located in the Philippines. The methods described in this study describe how the input factors are derived and implemented in the Sibalom catchment. The derived input factors do effect the resulting spatial distribution of soil loss. The model results show that different LULC types will have effect on the amount of soil loss. More forest within the area will lead to less soil loss. The relationships between soil loss and the different land use forms are valuable and useful for managing and planning land use that will avoid land degradation. However, as discussed before there have been many difficulties in the derivation of input factors. Many assumptions were made to overcome the complexity and uncertainty in environmental systems. To create more accuracy in the model results some recommendations for further study are necessary. First, to upgrade the accuracy of the LULC map, from which factors C and P are derived, more ground truth data is necessary. Besides, more research is necessary to indicate the effects of climate conditions on LULC types. Maybe it’s necessary to create two LULC maps depended on wet and dry seasons. Further, more distributed rain data is necessary. It is preferable if more rain gauging stations were located within the catchment. Finally, Its important to understand that the results are not evaluated or validated with reference data. More research is necessary to evaluate and validate those results. Some methods to do so are described in section 6.4
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Appendix

Appendix I
Characteristics of soils within the Sibalom catchment.

Appendix II
R factor calculation with raindata from station Valderrama

Appendix III
Spatial distribution Soil loss Sibalom catchment with K factor options 1, 2 and 4



Figure 1: Sibalom river (source: Google earth)











Figure 2: flowchart basic research approach
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Geographical Information system: Mapping Land use forms within the project area 





Erosion sensitivity map with model ‘X’
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Figure 3: location Sibalom catchment





Table 1: characteristics Sibalom catchment (source: DENR, 2007)





A = R * K * LS * C * P  				(3.1)





Figure 4: DEM Sibalom catchment





Figure 5: Classification procedure





NDVI


The NDVI (Normalised Difference Vegetation Index) is calculated with the red and the near infrared (NIR) band of the Landsat image.


The NDVI is positively correlated with the amount of green biomass. Its value varies between -1 and 1, where low values can be found at water, bare soil and built-up areas.





NDVI  =   NIR – RED


	  NIR + RED











Box 1: explaination NDVI





Table 4: LULC classes





Figure 6: LULC classes  Sibalom catchment





Figure 7: Photographs of LULC classes. (1: overview, 2: forest, 3: rice field, 4: rice terrace, 5: bare land, 6: grassland, 7: bushland and 8: inland water)








Table 5: annual rainfall stations Tipuluan, Slong and Nasuli (2006, 2007)





Figure 8: gauging 


station Tipuluan





Table 6: annual rainfall Valderrama (1956-1986)





Figure 9:Physiographic units  Sibalom catchment





K = 2.1 * 10-6 * M1.14 * (12-OM) + 0.0325 *(P-2) + 0.025 * (S-3)			(4.3)





K = [(0,043)*(pH)+ 0.62/OM + 0.0082*S - 0.0062*C ]  * Si				(4.4)





Table 7: characteristics of various Philippine soils (David, 1988)





Figure 10: International soil texture triangle





Table 8: example calculation K values





Figure 11: Slope length





Table 9: C values different LULC types.





Table 10: P values terracing practices





Table 11: calculated K values
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Figure 12: Input factors RUSLE Sibalom catchment. Values for factor C and P are higher than they should be, respectively factor 1000 and 100. This is taking into account in the soil loss calculations (RUSLE), by dividing the results with a factor 1000 and 100. Maps B, C and D are based on the catchment derivation within ArcGis (paragraph 4.1.1). The resulted catchment area showed that some of the flowing water into the sea was included in the derivation (overestimation). Map A is not realized according the catchment area and shows a clear cut off at the coast. By multiplying Map A with the other factors (what RUSLE does) the soil loss within the original catchment area will be calculated. 











Table 12: mean annual soil loss





Figure 14: Spatial distribution Soil loss Sibalom catchment with K factor option 3





Figure 15: pixel histogram Soil loss with K factor option 3





Figure 15: area LULC type (%) within the Sibalom catchment.





Figure 16: Mean annual soil loss per LULC type within Sibalom catchment.





Figure 17: Planned forest by the DENR





Figure 18: Spatial distribution soil loss with K factor option 3 with planned forest by the DENR





Table 13: mean annual soil loss





Table 13: mean annual soil loss with planned DENR forest





Table 14: mean annual soil loss while forest covers the whole catchment





Figure 20: pixel histogram Soil loss with K factor option 3 while forest covers the Total area





Figure 19: Spatial distribution Soil loss Sibalom catchment with K factor option 3 while forest covers the total area





Figure 21: Soil loss tolerance within Sibalom catchment.
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