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ABSTRACT 

A geographically-based framework for landuse 

suitability assessment and land capability classification 

in Ibulao watershed, Philippines was developed and used in 

this study. 

Landuse suitability assessment was based primarily 

on soil erosion, the res'UI ts of which were compared with 

the outcome of suitability assessments based on two land 

classification systems in the Philippines. The Ibulao 

watershed was subdivided into 10-ha cells, and each cell 

was independently evaluated with the aid of a geographic 

information system called MAP. 

The soil erosion rates for each cell were 

estimated using the MUSLE. The surface runoff and peak 

runoff rates were simulated using an infiltration

kinematic routing model, an event-based stochastic 

rainfall duration model, and the CREAMS model. 

The land capability classification was based on 

erosion index representing the inherent soil erodibility 

of a cell computed on the basis of runoff erosivity 

factor, soil erodibility factor, and the slope length

gradient factor. The results of capability classification 

were used to identify the different alternative uses of 

any cell in the watershed. 
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The framework described in this study for landuse 

suitability and land capability classification illustrated 

potentials for applications to the management and 

allocation of land resources in the Philippines. 

An erosion-based landuse assessment and land 

capability classification appears to be a better 

alternative to a slope-based system as far as the 

following are concerned: 

1. identification of landuses which would not 

jeopardize the long term productivity and stability of an 

area; 

2. a more accurate and meaningful land capability 

description and classification; and 

3. making more lands available for various 

alternative uses by using criteria such as soil erosion 

which can easily be manipulated. 
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INTRODUCTION 

The Problem 

Land is a basic resource input to most production 

activities of man. It is a natural resource of many 

alternative and competing uses. It is also one of the 

most, if not the most used, abused, and misused natural 

resources. In many parts of the world, especially in 

developing countries, land is becoming so scarce that the 

more fragile upland areas are looked upon as the last 

frontier for the expansion of agriculture and other land 

uses. As a result, a lot of problems now threaten the 

ecological stability of many uplands allover the world. 

In many upland watersheds of the Philippines, 

excessive deforestation, accelerated soil erosion, flood

ing, and declining productivity are some indicative signs 

of serious management problems. Most notable among these 

problems is the increasing population pressure and migra

tion in the uplands. Latest estimates show that about 14 

million Filipinos live in the upland areas (MNR 1986). 

These are the people who were forced out of the competi

tion to use lowlands to meet their basic needs. As they 

fight for their survival, most of the uplands suffer from 

unsuitable landuses. 

Another problem is the lack of an effective 

landuse planning and allocation scheme. At best, slope 
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and existing landuse are the only criteria used for 

classifying forest lands in the Philippines into either 

forest or alienable and disposable lands. Land capabili

ty and suitability to alternative uses are hardly consid

ered as bases for land classification and allocation of 

upland areas. Landuse allocations are seldom validated 

against physical, biological, and socio-economic proper

ties of the land. The interaction of these land features 

are inadequately recognized which resulted to gaps in 

technology and manpower required for an efficient land 

allocation. 

Effective tools and properly trained personnel in 

the fields of soil erosion and conservation, land 

capability classification, landuse planning and 

allocation are wantonly lacking (David 1985). Although 

the Philippine Bureau of Soils has had a "decent" 

methodology for classifying lands outside the forest 

domain for some time now (PCARR, 1978), a procedure that 

would work well for forest lands needs to be further 

explored. 

compounding these problems are the political 

constraints ranging from excessive bureaucracy to 

inadequate governmental control and regulatory abilities 

to overlapping usually conflicting inter-agency 

functions. 
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One of the Philippine watersheds plagued with 

these problems is the Magat watershed. It is one of the 

largest and most important watersheds in the Philippines, 

yet, its management problams are enormous. Magat 

watershed supports a reservoir built to irrigate more 

than 100,000 hectares of lowland ricefields and generate 

electricity for a 100 year life span. However, due to 

excessive soil erosion resulting from various improper 

landuses, the useful life span of the reservoir is 

threatened to be reduced by 50% unless appropriate 

measures are taken to minimize erosion. 

The Objectives and Approach 

In this study, an attempt was made to help reduce 

the problem of soil erosion by identifying the more 

suitable landuses in Ibulao, a major subwatershed of 

Magat. Generally, a methodology for land capability 

classification and landuse suitability assessment was 

developed and evaluated. The methodology consists mainly 

of soil erosion and surface runoff prediction models 

linked with a Geographic Information System (GIS) 

developed by Tomlin (1986) called MAP (Map Analysis 

Package). 

The MAP was used mainly for extracting 

information from the source maps of the study area. It 

was used to organize and store the data generated from 



the different source maps for further processing as 

required in the predictions of surface runoff and soil 

erosion, and in land capability classification and 

landuse suitability assessment. 
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The soil erosion-surface runoff model consists of 

the Modified Universal Soil Loss Equation (MUSLE) and an 

infiltration-kinematic routing model called the IRS. 

Whenever appropriate, modifications were made on the 

models to make their applications valid to the Philippine 

conditions. However, equations and such other procedures 

as those rela_dd to MUSLE parameter estimation already 

found acceptable to work for the Philippines were 

utilized in this study. 

The prediction models were used to generate the 

surface runoff and soil erosion potentials under the 

different land uses, which are important components of 

the guidelines for land capability classification and 

land use suitability assessment. 

Land capability classification in Ibulao 

watershed was done by mapping lands with similar physical 

and biological features. The land features considered 

include elevation, slope, vegetation, land use, soils, 

and rainfall. As a general guideline, the land 

capability classification guide (LCCG) of the Philippine 

Bureau of Soils (PCARR, 1978) was modified and used. 
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Four major landuses currently practiced in Ibulao 

watershed, namely~ forestry, agriculture, agroforestry, 

and grassland were evaluated in this study. Landuse 

suitability assessment was based primarily on soil 

erosion. Landuse suitability also was evaluated on the 

bases of LCCG and the present legal classification of 

lands in Ibulao watershed. 

The general step-wise procedure used in this 

study was: 

1. Collection, preparation, and organization of 

data into forms acceptable to the GIS and the different 

simulation models used in the study. This included 

digitizing and gridding of various source maps, and 

processing of the digitized maps as required for surface 

runoff and soil erosion estimation, and landuse 

suitability assessment and land capability 

classification~ 

2. Simulation of rainfall duration for Ibulao 

watershed~ 

3. Simulation of the soil moisture for the 

different soil types in Ibulao watershed~ 

4. Simulation of surface runoff for the 

different parts of the Ibulao watershed~ 

5. Estimation of the soil erosion losses from 

the various parts of the watershed~ 

6. suitability assessment of the different 
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landuses in Ibulao watershed; and 

7. Land capability classification for the Ibulao 

watershed. 
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THE STUDY AREA 

Most of the information in this section was 

provided by the National Irrigation Administration (NIA) 

of the Philippines, or cited from the report of a joint 

study of the land resources of Magat watershed by NIA and 

the Philippine Bureau of Soils (NIA 1983). 

Location 

The Magat watershed is located between North 

latitudes 16 05' and 17 01' and East longitudes 120 51' 

and 121 27'. It is more than 300 km northeast of Manila 

and lies within three provinces, namely; Nueva Vizcaya, 

Ifugao and Isabela. The 4,160 km2 watershed is about 45 

km wide and 100 km long. 

The Ibulao watershed is about 64,500-hectare 

subwatershed of Magat located in the northwestern 

quadrant. Almost entirely, Ibulao watershed lies in the 

province of Ifugao. It is the second largest 

subwatershed which drains directly into the Magat 

reservoir (Figure 1). 

Climate 

The Magat watershed generally, has a Type III 

climate which characteristically has no pronounced 

seasons. However, the Ibulao watershed has predominantly 

Type I climate with a dry period from December to April . 
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THE PHILIPPINES 

Figure 21. Location Map Of Ibu1ao Watershed. 
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The annual average rainfall in the study area is 

about 2,200 mm, with a minimum average of 1,900 mm and a 

maximum average of 3,000 rnrn. Heaviest rainfall occur 

during the months of September to November. 

Topography 

The topography of the study site ranges from flat 

to undulating valleys to steep and very rugged hills and 

mountains. The valley areas represent about 11% of the 

total area of the watershed, about 10% are with rolling 

and rugged topography. 

The elevation varies from 100 m above mean sea 

level in the valleys to 2,700 m in the mountainous areas. 

Figures 2. and 3. show the slope map and the elevation 

map, respectively, of Ibulao watershed. 

Soils and Geology 

In the valley areas, the soil series identified 

are Bago clay loam, Bantog clay loam, Maligaya clay loam, 

Penaranda silt loam, Prensa clay loam, Quingua clay loam, 

and San Manuel clay loam. These soils are alluvial in 

origin, acidic to slightly acidic, and are generally 

deficient in phosphorous. 

The soils in gently sloping (3-8%) areas include 

Bago clay loam, Guimbalaon clay loam, Nayon clay loam and 
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Figure 2. Slope Map of Ibulao Watershed. 
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Figure 3. Elevation Map of Ibulao Watershed. 
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Rugao clay loam. These soils have top soil ranging from 

10 to 40 cm deep. In addition, these soils are acidic 

and are deficient in phosphorus. 

Nayon clay loam is the only type of soil 

identified in the moderately sloping (8-15%) areas. This 

soil is well drained, shallow with rock outcrops, 

slightly acidic, and low in phosphorous. 

In areas with 15 to 25 per cent slopes, the soil 

types are Balog clay loam, Faraon clay loam, and Luisiana 

clay loam. These soils are slightly acidic and low in 

phosphorous. 

The soil types in the mountainous areas (>25% 

slope) include Balog clay loam, Faraon clay loam, 

Guimbalaon clay loam, Nayon clay loam, and Rugao clay 

loam. These soils are slightly acidic and are moderately 

susceptible to erosion. 

The soils in the study area are derived from 

sedimentary rocks, which include sandstone, siitstone, 

shalestone, limestone, metarock, and tuffaceous 

materials. In addition, large proportion of soils in 

Ibulao watershed are derived from the weathering of 

andesite. This information was gathered during the 

benchmark inventory of the Magat watershed conducted by 

the National Irrigation Administration (NIA) in 1982. 

Figure 4 is a representation of the different soil 

classes in Ibulao watershed. 
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Figure 4. Soils Map of Ibulao Watershed. 
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Landuse 

Forested areas account for almost 47% of the 

total area (412,303 hal of Magat watershed. primary and 

secondary forests cover about 23% and 24%, respectively. 

The dominant species found in these areas are mostly 

dipterocarps. 

Agricultural areas cover about 13% of the 

watershed. At least 8% of the agricultural lands consist 

of irrigated ricefields, 3% benched terraced, and 1% of 

diversified cropping or agroforestry. The dominant 

agricultural crop is rice. In dryland farming areas, the 

common crops include rice, tobacco, corn, beans, melons, 

sweet potato, mango, citrus, cashew, jackfruit, other 

vegetables, and root crops. 

There is about 156,000 ha, which is around 38% of 

the total area, of open grasslands in the Magat 

watershed. Approximately 18% of these open lands are 

alienable and disposable, based on the 18% slope 

restriction being used by the Philippine Bureau of Forest 

Development (BFD). Around 11% of these grasslands are 

used presently for pastures, 13% are under reforestation 

and afforestation, 9% are under soil conservation and 

rehabilitation projects, and more than 50% are lying 

idle. 
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The latest estimates show that there are at least 

69 ranches operating in the watershed, with at least 

4,200 head of cattle. 

According to the most recent estimate by BFD 

(David 1984), a total of 11,030 ha in Magat watershed are 

under kaingin cultivation. About 8% of the total 

population derive their incomes from kaingin cUltivation. 

The avera~e kaingin farm holding is 1.6 ha, with more 

than three-fourths holding less than 1.0 ha of farm. 

Among the most common crops grown include rice, corn, 

sweet potato, banana, mango, and citrus. Majority of 

these kaingin farms are located in hilly open grasslands. 

Figure 5 illustrates the existing landuses in Ibulao 

watershed. 

Social Features 

Based on the latest estimates by the Philippine 

Bureau of Census and statistics (NIA 1983), Magat 

watershed has a total population of 324,216. 

The population centers in and around the Ibulao 

watershed are Kiangan with 17,481 people, and Banawe with 

a population of 16,247. The average household size is 

about 4.0. 

The 1980 statistics also show that there are at 

least 170,000 members of the labor force in the Magat 

watershed. Around the Ibulao watershed, the labor force 

-----_ .... _.-.. __ .--.----_ ... --.-- ... -
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Figure 5. Existing Landuses in Ibulao Watershed. 
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is about 50,000. The available (unutilized) labor force 

estimated for Magat is close to 7,000. 

The major source of income of households is 

farming. As of 1983, the average household income was 

only about P4,700 ($225), which is below the poverty 

line. 

About 30% of the population in and around the 

Ibulao watershed have no formal education. Only 13% made 

it to high school and 10% to college. These reflects the 

poor delivery of social services, which is prevalent in 

most upland communities in the Philippines primarily due 

to inaccessibility of most upland areas. F~gure 6 shows 

the different communities located in Ibulao watershed. 
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Figure 6. Political Subdivision of Ibulao Watershed. 
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DATA COLLECTION, PREPARATION AND ORGANIZATION 

Data Collection 

All data used in this study, except for the 

climatic and hydrologic information, were generated from 

maps collected from various government agencies of the 

Philippines. The topographic, hypsometric, slope, and 

base maps were provided by the Natural Resources 

Management center (NRMC). The soils, geologic, 

vegetation, land use, demographic, and infrastructural 

maps were obtained from the National Irrigation 

Administration (NIA). The precipitation and streamflow 

data were obtained from the National Water Resources 

Council of the Philippines (NWRCP) and the International 

Rice Research Institute (IRRI). The data used for model 

validations were obtained from the files of the Upland 

Hydroecology Program of the UPLB College of Forestry. 

Data Preparation and Organization 

One of the considerations in data preparation was 

the unit desired for land capability classification and 

landuse suitability assessment. The general idea was to 

subdivide the Ibulao Watershed into smaller units, so as 

to achieve a higher degree of accuracy in the quantitative 

description of the area. 

In estimating soil erosion, for example, an 
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estimate which was generated as the sum of the estimates 

for each subunit of a watershed would be more accurate 

than an estimate generated for the whole watershed. The 

accuracy decreases as the size of unit for which an 

estimate is made increases; this is because of the fact 

that as the size of an area increases, the geographic 

characteristics represented by an est:imate becomes less 

meaningful as a result of averaging such characteristics 

for the total area. To preserve the meaning of geographic 

characteristics, it is therefore necessary to subdivide a 

large area into smaller units. 

Increase in the number of estimations to be done 

is one of the trade-offs for accuracy achieved by 

subdividing large areas into smaller sUbunits. To cope 

with this problem, GIS was used in this study. 

The GIS 

In recent years, GIS has been defined in several 

ways. It has been defined as a powerful set of tools for 

collecting, storing and retrieving, transforming, and 

displaying real world spatial information (Burrough, 

1986). Another definition describes GIS as an internally 

referenced, automated spatial information system (Berry, 

1986). Parker (1988) defined GIS as a technology for 

storing, analyzing, and displaying spatial, as well as 

non-spatial data. While there is yet no consensus on what 
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exactly GIS means, a common denominator a~ong various 

definitions is noticeable. That is, GIS is capable of 

processing spatial or geographically-based information. 

Also, four major GIS operations commonly can be observed, 

namely: data input subsystem: data storage/retrieval 

subsystem: data manipulation and analysis subsystem: and 

data reporting subsystem. Marble and Amundson (1988) 

described each of these sUbsystems. 

Data input subsystem involves collection of 

spatial data from sources like existing maps, satellite 

imageries, and aerial photos. Data storage and retrieval 

subsystem deals with the organization of spatial data into 

forms which allow quick retrieval for manipulation, 

analysis, or display. Data in GIS could be represented in 

either raster (grid cell) or vector (line) format. Raster 

format is more advantageous than vectors in representing 

spatial conditions defined in terms of area or polygons. 

However, if spatial conditions are defined as lines or 

edges, vector format is more appropriate. Data 

manipulation and analysis subsystem performs such 

functions as transformation of database into a desired 

output overlay, and parameter estimation for some external 

analytic models. 

Essentially, GIS can be applied to any activity 

where spatial considerations are important. It has found 

many uses in natural resources management, economics and 
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marketing, urban and regional planning, engineering, and 

military planning. 

Berry and Sailor (1987) described the use of a 

generalized GIS for analyzing spatial considerations of 

the u.S. Soil Coservation Service Curve Number (SCSCN) 

technique of predicting storm runoff volume and peak 

timing. They reported that the model reasonably predicts 

waterflow and that volume and peak discharge increase as 

the size of watershed subunits decreases. 

Gilliland and Potter (1987) developed a GIS based 

model for predicting nonpoint source pollution potential. 

They basically linked SCSCN, a modification of the 

Universal Soil Loss Equation (USLE) and a simple loading 

function for the prediction of bacterial densities in 

runoff, to the raster geographic information system for 

mapping (RGISM). 

An application of GIS to natural resource modeling 

was illustrated by Johnston (1987) in developing a land 

management mouel for a Canadian timber company. In his 

model, a resource allocation map was generated by 

synthesizing models on visual quality, landscape ecology, 

potential natural vegetation, fire management, wind 

management, and timber production and economics. A vector 

based digitizer called ODYSSEY, and MAP was used in this 

model. 
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Lupien et. ale (1987) described how network 

analysis could be linked with GIS to create flow models 

for streets, waterways, and power lines. They showed how 

GIS makes possible the interactive graphical 

implementations of path finding and allocation procedures 

in generating flow models which are easy to interpret. 

A fire behavior prediction system was integrated 

with MAP to simulate the actual spread of fire over a 

digital elevation model (Vasconcelos, 1988). The model 

called FIREMAP also predicts fireline intensity, heat per 

unit area, effective windspeed, flame length, and 

direction of maximum spread. 

A procedure for aquatic resource evaluation using 

GIS was described by Welch and Remillard (1988). In their 

study, a GIS package called pMAP was used to assess water 

quality and the distribution of aquatic macrophytes in 

relation to such environmental factors as dissolved 

oxygen, BOD, and turbidity. 

Warren et. ale (1989) developed an erosion based 

land classification system for military installations 

using GIS. The system is a combination of USLE and GRASS 

(Geographical Resources Analysis Support System) designed 

to generate soil erodibility maps. 

Innovative applications of GIS in many other areas 

of research and management continue to emerge as 

developments in computer technology explode. Gimblett 
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(1989) described the prospects of the evolving 

applications of GIS to perception research modeling, and 

dynamic modeling. He emphasized that once fully 

developed, perception research modeling in a GIS 

environment will vastly improve the quality of graphical 

simulations. While dynamic modeling in GIS will provide 

flexibility for interactive monitoring of changes in a 

dynamic system over time. 

As shown in the previous discussion, there is a 

number of GIS that can be used for many varying purposes. 

In this study, MAP was chosen because of its availability, 

and raster based capability of processing spatial data. 

All the source maps were digitized using AutoCAD 

(Raker and Rice, 1989). Digitizing is a process where 

points or locations on a map is represented by cartesian 

coordinates and are stored in a file for further 

processing. 

After digitizing, the stored maps or overlays were 

gridded. In this process, each overlay was subdivided 

into 10-hectare cells (approximately 316 m X 316 m). The 

CADGRID software was used for gridding the overlays. 
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SIMULATION OF RAINFALL 

Rainfall modeling has become an important part of 

many watershed oriented models as well as process oriented 

models for several reasons. The primary reason for this 

is the absence of sufficient long term data needed to 

enable any rainfall related hydrologic process modeling to 

account for the highly uncertain extreme events. And even 

if historic data exists, using it for simulation takes the 

weak assumption that rainfall events repeat itself. 

Most of the rainfall models developed can be 

classified either as empirical or stochastic. Examples of 

empirical models are those derived using regression 

analysis. 

The major weakness of empirical models is the 

little ability to capture the variability in rainfall 

occurrence and variability through time. stochastic 

models, where elements of uncertainty and randomness are 

considered, are more likely to perform better than 

empirical models in rainfall modeling. 

The underlying assumption in stochastic analysis is 

that hydrologic events are part of the stationary process, 

the statistical features of which remains the same over 

time. Hence, any data simulated by a model using 

properties of a particular historical data set will have 
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statistical properties similar to the original data 

(Linsley, et. al., 1982). 

Rainfall models developed in recent times are 

mostly based on autoregressive and Markov chain methods of 

generating time series of rainfall. In addition, most of 

the models were developed for only a specific region. 

Fogel and Duckstein (1969) developed a summer 

convective storm model. In describing the rainfall 

process, two random variables, namely rainfall amount per 

event and interarrival time between events, were used. 

Each random variable was fitted to a theoretical 

probability distribution curve generated using parameters 

estimated from the historical data. 

An event-based stochastic model was developed for 

simulating runoff producing rainfall from summer type 

rainfall storms (Fogel, et. al., 1971; and Duckstein, et. 

al., 1972). In an event-based model, a rai~fall event is 

considered as an intermittent stochastic process. The 

amount of rainfall per event and the number of events per 

season are the two random variables used to describe the 

rainfall process in this model. 

Shah (1985) reported satisfactory results in 

using the event-based model developed by Fogel, et ale 

(1971) for simulating rainfall amounts for a watershed in 

Pakistan. He also used it for estimating the duration of 

simulated rainfall events. 
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Arnold, et. ale (1987) and later Nicks and Lane 

(1989) described the method for estimating the duration of 

simulated precipitation events. It is based on the 

assumption that duration of storm events is related 

exponentially to mean monthly duration of events. 

Duration is given by: 

where 

D = 4.607 / [-2 In(l-rl)] (1) 

D duration of events (hr) 

rl dimensionless parameter from a gamma 

distribution of the 3D-minute monthly average 

precipitation amounts. 

The Simulation Procedure 

The two precipitation variables of interest in 

this study were; rainfall amount per event (mm) and 

rainfall duration (hr). Daily rainfall records from 1976 

to 1988 were available from Lagawe station located near 

the center of the study area. For purposes of surface 

runoff and soil erosion predictions, actual rainfall 

amount data were used. 

Rainfall duration records, however, are not 

available. 'l'o generate this variable, a simulation model 

patterned after the event based stochastic model developed 

by Fogel, et. al. (1971) was used in this study. 

originally, the model was developed to simulate summer 
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thunderstorms in Arizona. Its most important assumption 

is that summer storms are independent and that only one 

event occurs per day. In this study, similar assumptions 

were made. 

The general idea behind the simulation procedure 

is to be able to fit a theoretical distribution to the 

rainfall duration data using parameters obtained from 

available records by method of moments (Benjamin and 

Cornell, 1970). The process is completed by simulating 

rainfall duration using the Monte Carlo procedure. 

Data Analysis 

The absence of rainfall duration records in the 

study area prompted the collection of such records from an 

alternate station. The IRRI weather station at Los Banos, 

which is about 350 km south of the Ibulao watershed, was 

selected on the bases of similarity of climatic patterns 

to the study site, and good long standing weather records. 

A total of seven years of rainfall amount and 

duration records was obtained from IRRI station. The set 

of data was the subject of statistical analysis which 

formed the basis for simulating the duration of every 

single rainfall event in Ibulao Watershed. 

A rainfall event was defined as any single day 

with at least 0.50 mm of rainfall. It was assumed for 
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example, that five consecutive rainy days consist of five 

independent rainy events. 

Before theoretical distributions could be fitted 

into the duration record, the historical data were 

analyzed statistically. Specifically, the duration 

records were divided into more or less statistically 

homogeneous groups. The rainfall data set was subdivided 

into groups of homogeneous rainfall size classes, based on 

the intuition that duration varies with rainfall amount. 

Initially, the rainfall data were grouped into nine 

different classes, which were tested statistically for 

homogeneity. These groups were: 

Group 1 - 0.10 to 2.50 mm 

Group 2 - 2.51 to 5.00 mm 

Group 3 - 5.01 to 10.00 mm 

Group 4 - 10.01 to 15.00 mm 

Group 5 - 15.01 to 20.00 mm 

Group 6 - 20.01 to 30.00 mm 

Group 7 - 30.01 to 50.00 rom 

Group 8 - 50.01 to 100.00 mm 

Group 9 - above 100.00 mm 

The statistical grouping of rainfall size classes 

was based on the principle that if the theoretical 

distribution of any two or more rainfall size classes come 

from the same population, their respective means also come 

from the same population. Thus, test hypotheses about the 
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means of rainfall size classes were formulated. The two

·tailed Student "t" test was used to determine which size 

classes belong to the same group (Bethea et al.,1975). 

were: 

The null (Ho) and alternative (Ha) hypotheses 

Ho 

Ha 

(2) 

(3 ) 

where ml and m2 are the population means for class 1 and 

class 2 , respectively. 

The test statistic (t) and the degree of freedom 

(df) are: 

t [xl-x2-(ml-m2 )J / [(s12/nl)+(s22/n2]0.5 (4) 

° 
sample means 

nI' n2 = sample sizes 

A 0.05 probability level was used in this study. 

A computer program called FREQ.FOR was written in FORTRAN 

77 to do this statistical test and analysis. 

The final grouping of size classes was based 

primarily on homogeneity. However, as in the case of 

class 3 and 4, the simulation was done separately inspite 
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of their homogeneity, because by doing so better estimates 

of duration were obtained. 

Fitting Theoretical Distributions 

There is a number of theoretical probability 

distributions used to describe rainfall and other 

hydrologic processes. Notable examples are the binomial, 

poisson, geometric, exponential, triangular, and gamma 

distributions (Haan, 1982; and Law and Kelton, 1982). 

Theoretical distributions are important in 

describing the behaviors of the precipitation process. 

Once known and fitted to the actual data, values within 

and outside the range of the available data can be 

generated with certain degree of accuracy (Law and Kelton, 

1982). 

To test which distribution fits best to the data, 

a number of tests, such as Chi-square test and the 

Kolmogorov and smirnov (KS) test can be used (Haan, 1982). 

In this study, the KS test was used. 

The KS test is based on the concept of maximum 

absolute difference (MAD) between the cumulative 

distribution function (CDF) of the actual data and the 

theoretical distribution. If MAD is equal to or greater 

than a critical value, the hypothesized theoretical 

distribution is rejected. 
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Listed below is the stepwise procedure used in 

fitting theoretical distributions to the different groups 

of actual duration data: 

1. Preparation of the actual frequency 

distribution tables - Program FREQUENC was used to 

classify the rainfall duration data for each group 

identified into 30-minute class intervals. It also was 

used to compute for the actual probability distribution 

function (POF) and the COF for each group (Appendix 1). 

2. computation of the mean duration (m), scale 

factor (L), and shape factor(K) for each group. 

3. Assumption or specification of a theoretical 

distribution to be tested - Geometric, exponential, and 

gamma distribution were tested in this study. 

4. Generation of the POP and the COP of the 

specified theoretical distribution - The COP for geometric 

distribution was generated using the following closed form 

equation: 

COP 1 - (1_p)x 

where 

P 1 / m 

x = rainfall duration 

Por exponential distribution, the COP was 

calculated as follows: 

COP = 1 - e-Px 

( 5) 

(6 ) 

The POP for gamma distribution was evaluated as 
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PDF (7) 

where 

G(k) (K-1) ! gamma function of K 

L = m / s2 

Gamma distribution has no simple closed form 

equation to evaluate directly the CDF values. Instead, an 

algorithm to generate random variables from a gamma 

distribution as described by Law and Kelton (1982), was 

used. Function GAMMA in Appendix 1 contains the detailed 

procedure of this algorithm. 

5. Evaluation of the MAD between the actual and 

the theoretical CDF, which usually occurs, within the 

first few intervals. 

6. Determination of the critical value (C) using 

the equation (Benjamin and Cornell, 1970): 

C = 1.36 / nO. 5 ( 8) 

where 

n = sample size 

7. comparison between the MAD and C value - If MAD 

was less than the C, the distribution being tested was 

accepted to fit the actual data in any particular group or 

class. Otherwise, the theoretical distribution was 

rejected. 

8. If the distribution was rejected, another one 

was specified and the whole process was repeated from step 
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(3) until a distribution was found to fit the actual data 

in a given group or class. 

9. After all the distributions were tested and not 

one found to fit the actual data, truncation and fixing of 

the actual data was done. For example, the first class 

interval of group 2 was truncated from the actual data set 

and then the process was repeated from (2) until a 

distribution was found. The truncated interval then was 

assumed to have a uniform distribution. 

10. If after step (9) no distribution was found, 

the uniform distribution was assumed. The distribution 

function of a uniform distribution is: 

where 

CDF (x - a) / (b - a) 

a = location parameter (minimum value) 

b - a scale parameter 

b maximum value 

(9) 

By inverse transform method the duration variable 

(x) was generated by: 

x = a + (b -a)U (10) 

where 

U random number 

simulation of Rainfall Duration 

Program RAINGEN, written in FORTRAN 77, was used 

to simUlate the rainfall duration (Appendix 1). To 
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simulate the rainfall duration for each event in a 

particular group, the theoretical distribution found best 

fitted to that group was used with the Monte Carlo 

procedure. Monte Carlo procedure generally is defined as 

any simulation procedure involving an element of chance or 

the use of random numbers (Benjamin and Cornell, 1970). 

Por example, using random numbers U(l,O) in solving 

stochastic or deterministic problems not significantly 

affected by time is a Monte Carlo procedure (Law and 

Kelton, 1982). 

In general, this procedure involved the following 

steps: 

1. Generation of a uniformly distributed random 

number between ° and 1 ; 

2. Setting that random number equal to the CDP 

equation for the distribution; and 

3. Evaluation of the inverse transform of the 

probability distribution by solving the CDP equation for 

the random number it represents. 

Results and Discussion 

The t-test revealed that all groups except 4, 5 

and 6 are nonhomogeneous. This finding was expected, as 

the rainfall patterns in Ibulao watershed is 
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characteristically monsoonal (long duration, medium to 

high intensity) during the wet season, and convectional 

(short duration, high intensity) during summer months. 

The number of groups finally was reduced to 8 after groups 

5 and 6 were combined. 

Table 1 shows the different parameters used for 

fitting theoretical distribution to each group. The 

shifted gamma distribution was fitted to groups 1 and 2 . 

For groups 3, 4, and 5 and 6, the gamma distribution was 

fitted. The uniform distribution was assumed for groups 

7, 8, and 9 after the gamma, exponential and geometric 

distribution failed to fit into either the ~ctual or the 

shifted actual duration record. It also was assumed that 

the distribution of the truncated classes of groups 1 and 

2 is uniform. 

A comparison of the actual and simulated rainfall 

durations showed that the duration of rainfall was 

satisfactorily simulated by the fitted distributions 

(Table 2). Although the regression analysis resulted to 

an undesirably low R2 value, the closeness of the means 

and standard deviations of the actual and simulated 

duration indicated that the duration are being simulated 

under the same distribution. Figure 7 shows an example of 

the CDF functions of the simulated and observed duration. 
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Table 1. Parameters and Distributions Used for Simulating 
Rainfall Duration in Ibulao Watershed. 

Group Freq. Mean Variance L K Fitted 
no. (n) Duration distibution 

(hr) 

1 511 0.374 0.333 0.048 0.025 shifted 
gamma 

2 179 0.808 0.697 1.296 1.170 shifted 
gamma 

3 179 1. 368 1.428 0.995 1.428 gamma 

4 86 1.655 2.631 0.815 1. 748 gamma 

5-6 139 2.796 4.945 0.565 1. 581 gamma 

7 64 3.409 4.791 0.712 2.426 uniform 

8 41 6.622 19.165 0.346 2.288 uniform 

9 18 12.556 50.466 0.249 3.124 uniform 
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Table 2. Actual and Simulated Rainfall Duration Parameters 
for IRRI station. 

Mean Standard deviation 
Group 

no. Actual Estimate %Diff. Actual Estimate %Diff. 

1 0.374 0.333 12.31 0.253 0.173 46.58 

2 0.903 0.808 11.76 0.835 0.712 17.28 

3 1.421 1. 368 3.87 1.195 1.093 9.33 

4 2.144 1.655 29.55 1.622 1.421 14.14 

5-6 2.796 2.220 25.95 2.237 1. 731 29.23 

7 3.409 3.809 10.5 2.189 2.450 -10.65 

8 6.622 6.380 3.79 4.378 3.291 33.03 

9 12.556 12.689 1.05 7.104 6.612 7.44 

----_.-----_._----



>. 
u 
c 
C1) 
:;:j 

co 
C1) 

1-1 
rz. 
C1) 

> 
-< 
.L1 
I'(! 

..... 
C1) 

a: 

0.4 ~----------------------------------I 

0.35 -

0.3 -

Q.25 -

r:::::--: 
'. 

..... " . 

..... ..... .. 

" ',' 

'" , " 

•. J '\ .... .. 

V<:::, ::~ .... :: v 
t:·::··:·::: 

...•....• :~:~: , 

9.2 /, ';:: :~ '~:"k:" / , ., ...... '\. "1' 
.J /. ,,/ ". "",- .......... . .••. "', 

o 15 1 ,.,,' ./ ..... ,.... . ./..... . ., ....... 
r:::-

. -'.'-, .. 
-.... 
", 

Actual Rainfall Duratl.on -

Simulated Rainfall Duration 

r,T7I 
lL:.....LJ 

ISS] 

<;> .s 8 10 0.5 1.5 2.5 3.5 4.5 

Rainfall Duration (hr) 

Figure 7. Relative Frequency of the Actual and Simulated 
Rainfall Duration, Class Size 3, IRRI Station. 

\J1 
N 



53 

SIMULATION OF SOIL MOISTURE 

Soil moisture was estimated using the hydrology 

component of the CREAMS (a field scale model for Chemical, 

Runoff, and Erosion from Agricultural Management Systems) 

model (Knisel, 1980). The CREAMS is a physically based 

daily simulation model which can estimate runoff, erosion 

and sediment transport, plant nutrient and pesticide yield 

from field-sized areas. The main Leasons for using CREAMS 

in simulating soil moisture are its capability to 

calculate the daily water balance (including soil 

moisture) and the availability of the required inputs. 

The hydrology component consists of infiltration 

or rainfall excess computation, evapotranspiration and 

soil water routing, and percolation. 

Estimation of Rainfall Excess 

The model has two options for estimating rainfall 

excess. One uses the SCS curve number model, when only 

daily rainfall data is available (Smith and Williams, 

1980). The other uses an infiltration based model, when 

hourly or breakpoint rainfall data are available. In this 

study, the SCS curve number model was used. 

The SCS runoff equation is: 

Q = (P - 0.2S)2 / (P + 0.8S) (11) 

where 
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Q daily runoff ( in) 

p daily rainfall (in) 

S retention parameter (in) 

and 

S Smx (UL - SM) / UL (12) 

Smx (1000 / CNr ) - 10 (13) 

SM soil water content in the root zone 

UL upper limit of soil water storage in the 

root zone 

CNr = curve number for soil moisture condition r 

An estimate of CNrI can be obtained for any area 

using SCS references (McCuen, 1982; and USDA-SCS, 1972). 

The CNr is related to CNrr values by the following 

equation: 

CNr -16.91 + 1.348 CNrr - 0.01379(CNrr )2 

+0.0001177(CNrr )3 (14) 

To account for the effects of variations in soil 

moisture through the soil profile, the retention parameter 

is depth-weighted as: 

where 

S = Smx [1.0 -

N number of soil storage layers 

Wi weighting factor 

(15) 



55 

Wi 1.016 [e-4 . 16 (Di-l)/RD _e- 4 . 16 (Di/RD)] (16) 

D = depth to the bottom of storage i (in) 

Evapotranspiration and Soil Water Routing 

To compute the potential evapotranspiration, 

CREAMS uses the following equations, based on the work of 

Ritchie (1972): 

Eo = (1.28 s Ho) / (s + g) (17) 

where 

Eo potential evapotranspiration 

s = slope of the saturation vapor pressure curve 

at mean air temperature 

s = (5304 / T2) e(21.255 - 5304/T) (18) 

T daily temperature (degrees Kelvin) 

Ho net solar radiation 

(1 - h) (R) / 58.3 (19) 

R daily solar radiation (langleys) 

h albedo for solar radiation 

g psychrometric constant 

Soil Evaporation 

Evaporation from the soil is predicted as follows: 

where 

E = E e-0 . 4LA1 
so 0 

Eso potential soil surface evaporation 

(20) 



LA! = leaf area index (the ratio of the plant 

leaves area to the soil surface area) 
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The actual soil evaporation is computed in two 

stages. The first stage evaporation is limited only by 

the energy supply at the surface, thus it is equal to 

potential evaporation. When accumulated evaporation 

exceeds the upper limit U, stage two evaporation occurs. 

The stage one upper limit U, is: 

where 

where 

U = 9 (a - 3)°·42 (21) 

a = soil evaporation parameter dependent on soil 

water transmission characteristics (ranges 

from 3.3 to 5.5 mm / dO. 5 ). A value of 3.3 

for sands, 3.5 for clays, and 4.5 for loamy 

soils are recommended (Ritchie, 1972) 

The second stage evaporation is computed by 

(22) 

Es soil evaporation for day t 

t = number of days since stage two evaporation 

began 



Plant Transpiration 

The following equation is used to estimate 

transpiration : 

( Eo ) ( LAI) / 3 if 0 < LAI < 3 

if LAI > 3 
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(23) 

If soil moisture is limited, plant evaporation is adjusted 

as follows : 

RpL = (Ep) (SM) / 0.25 FC if SM < 0.25FC (24) 

where 

EpL transpiration reduced by limited soil 

moisture, SM 

FC field capacity of the soil 

Percolation 

A soil storage routing technique is used to 

predict percolation in CREAMS (Smith and Williams, 1980). 

The root zone which usually is assumed to be 3 feet, is 

divided into seven routing layers. The equation is: 

0 c (F + ST/dt) if (F+ST/dt»FC (25) 

where 

F infiltration or inflow rate 

ST storage volume 

c = storage coefficient 

c = 2 dt / (2t + dt) (26) 

t travel time through a storage 
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t (SM - FC) / rc (27) 

dt routing interval (1 day) 

rc saturated conductivity 

To account for ET losses in each layer due to 

plant consumption the following water-use rate equation is 

used : 

where 

u u e-4.16RD 
o 

u water-use rate by the crop at depth, RD 

(28) 

Uo water-use rate at the surface determined for 

the root depth each day 

Model Inputs 

There are basically two major inputs to the 

hydrology component of CREAMS, climatic data and hydrology 

parameters. 

Actual rainfall data from Ibulao watershed for 

1976 and 1980 were used in simulating the daily soil 

moisture. However, due to the unavailability of monthly 

average air temperature and solar radiation, values from 

the Florida station was used. 

Hydrology Parameter Estimation 

The major hydrology parameters required are 

drainage area, effective saturated conductivity (rc )' 
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fraction of pore space filled at capacity (FUL) , fraction 

of available water content that is filled at the start of 

simulation (~ST), soil evaporation parameter (CONA), soil 

porosity (PaRaS), wilting point (BR15), initial 

abstraction coefficient (0.2), condition II SCS curve 

number, slope (%), ratio of watershed length to width 

(WLW), maximum rooting depth (RD), total soil water 

storage for each of the seven soil storages (UL), and the 

leaf area index (AREA). 

Effective saturated conductivity. The different 

soils in the site were classified according to the SCS 

hydrologic groupings. The corresponding conductivity 

values suggested by Musgrave (1955) then were picked out. 

Other related parameters. The FUL, BST, CONA, 

paRaS, and BR15 were estimated using the tabulated values 

of mean physical properties of major USDA soil texture 

classes presented by smith and Williams (1980). 

Condition II curve number. The curve numbers were 

estimated using the values published by Rawls and 

Richardson (1983). 

Slope. The slope was obtained from the slope map 

of Ibulao watershed. 

Ratio of watershed length to width. The value of 

this parameter was estimated to be equal to 1.0, since the 

areas of interest are squared cells. 
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Maximum rooting depth. The maximum rooting depth 

was 610 mm (24 in) for clay, clay loam, and silty clay 

loam soils. For sandy soils, the maximum rooting depth 

was 380 mm (15 in). Both values are the average depths 

for the whole watershed. 

Soil water storage. For each of the seven soil 

storages, the total soil water storage was estimated using 

the following: 

where 

Ul 1 (POROS - BR15) RD / 36.0 (29) 

(POROS - BR15) RD * 0.14 

(POROS - BR15) RD / 6.0 

UL1 storage of the top most layer 

UL2 storage of the next 5 lower layers 

UL3 = storage of the lowest layer 

(30) 

(31) 

Leaf area index. The leaf area index was 

estimated using repeated trial runs of the model. For 

each simulation run, initial values were assumed and 

adjusted accordingly, after satisfactory monthly and 

annual runoff values were simulated. The LAI values 

represent the average values for an area (cell) of 

particular soil class which may have more than one type of 

vegetative cover. 



61 

Model Testing and Evaluation 

Before simulation of soil.moisture at Ibulao 

watershed, the model was tested for validity of simulating 

soil moisture under Philippine conditions using available 

data from Makiling watershed and Dallao catchment. The 

validity of the model was judged on the basis of how well 

it approximated the actual runoff volume, instead of the 

actual soil moisture data which are not available. 

The Makiling watershed is approximately 350 km 

south of Ibulao watershed. It was chosen for validation 

mainly because of its similarities to Ibulao in terms of 

climatic patterns. Like Ibulao, Makiling is dry during 

the months of November to April and rainy the rest of the 

year. 

One rainy season of surface runoff and erosion 

plot data are available from four different upland 

cropping systems in Makiling watershed. The surface 

runoff and erosion data were collected from 4 m * 2 m 

plots in 1980 (Cruz, 1982). 

Table 3 shows the quantitative description of the 

cropping systems in Makiling watershed. In model testing, 

the surface runoff data from cropping system A were used. 

The Dallao catchment is located south of the 

Ibulao watershed within the same river basin and climatic 

regime. One rainy season of catchment runoff and erosion 

also is available from Dallao catchment. The runoff data 
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Table 3. Average Plot Characteristics of the Cropping 
Systems in Makiling Watershed. 

Cropping system 
Characteristic 

A B C D 

Soil texture silty silt silt silty 
clay loam loam loam clay loam 

Bulk density(g/cm3) 1.13 0.98 1.06 1.00 

Average Sc (%) 
Before planting 20.0 20.0 20.0 50.0 
Growing season 30.0 30.0 30.0 40.0 
After harvest 20.0 10.0 20.0 40 .. 4 

Average Cc (%) 
Before planting 30.0 30.0 30.0 50.0 
Growing season 40.0 40.0 40.0 50.0 
After harvest 30.0 25.0 30.0 30.0 

Average slope(%) 80.0 80.0 80.0 80.0 

Overland flow 
length (m) 4.0 4.0 4.0 4.0 

Overland flow 
width (m) 2.0 2.0 2.0 2.0 

Surface 
roughness 3.0 2.0 3.0 2.0 
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were collected using a H-flume, while an automatic pump 

sediment sampler was used to collect the sediment data 

(Hydraulics Research, 1985). 

The vegetation cover of Dallao catchment is 

predominantly 10-years old or younger forest trees 

including Leucaena ~ucocephala, and Tectona grandis 

interspersed with patches of Imperata cylindrica. The 

soil is generally of the gravely clay loam type. 

Following is a quantitative description of the 

Dallao catchment: 

Length - 800 m 

width - 720 m 

Drainage Area - 26.5 ha 

Average Slope of 
Main Channel - 8.5 % 

Average Length of 
Overland Flow - 630 m 

Average Slope of 
Overland Flow Areas - 29.8 % 

Simulation of Soil Moisture 

Ibulao watershed was subdivided into units 

according to major soil texture classes. Four soil 

texture classes were identified, namely; clay soils, clay 

loam, silty clay loam, and sandy soils. 

For each of the soil classes, the soil moisture 

was simulated for 1976 and 1980 separately using the 

hydrology component of CREAMS. From the water balance 
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output, the average soil water (in/in) was extracted and 

converted to SM (%) using the equation 

SM = (SW / POROS) 100 (32) 

where 

SW average soil water 

Results and Discussion 

Tables 4 and 5 show that the model satisfactorily 

approximates the actual runoff volume from the Makiling 

watershed and the Dallao catchment. The R2 values 

obtained from the regression analysis of simulated and 

actual runoff values were relatively high at about 0.75 . 

The season total simulated runoff was relatively close to 

the actual, although not all the monthly runoff correlated 

well (Table 6). At 5% level of significance, the y

intercept and slope of the regression lines were found to 

be not significantly different from 0.0 and 1.0, 

respectively, using the procedure described by Benjamin 

and Cornell (1970). 

In most cases, the runoff was overestimated by the 

model. A possible explanation for this is the inability 

of the SCS curve number technique to account for the 

varying effects of the intensity, duration, and 

distribution of rainfall from place to place (Smith and 

Williams, 1980). Other possible sources of prediction 

errors include the incomplete description of the soils, 
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Table 4. Observed and CREAMS Simulated Surface Runoff from 
Cropping System A at Makiling Watershed. 

Date Observed Runoff Simulated Runoff 
1980 (rom) (rom) 

7/17 23.50 22.30 
7/25 62.62 66.55 
8/09 4.50 3.56 
8/12 4.00 1.02 
8/16 3.85 28.10 
8/23 1. 75 1. 27 
8/26 6.43 7.37 
9/01 23.40 0.00 
9/03 21.30 1. 78 
9/08 1.00 2.29 
9/15 0.50 8.13 
9/16 12.68 4.32 
9/18 6.96 4.06 
9/24 0.50 0.00 

10/01 10.35 0.25 
10/05 1. 33 0.00 
10/13 0.50 0.00 
10/22 1.00 1.52 
10/26 0.50 0.00 
11/03 1. 76 0.00 
11/05 65.84 60.20 
11/06 24.86 42.93 
11/10 0.00 1.27 
11/12 13.75 22.10 
11/14 1. 75 0.76 
12/04 1.65 0.00 
12/14 1.11 0.00 

Mean 11. 01 10.36 
Var 287.70 331. 70 

Regression output: 
Constant 0.0748 
Std Err of Y Est 9.3376 
R Squared 0.7566 
No. of Observations 27 
Degrees of Freedom 25 

X Coefficient(s) 0.9340 
Std Err of Coef. 0.1059 

---- ---- -.--... -. - - - .. 
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Observed and CREAMS Simulated Surface Runoff from 
the Dallao Catchment. 

Date Observed runoff Simulated 
1985 

4/23 
4/27 
5/26 
6/19 
6/21 
6/28 
7/09 
7/15 
7/18 
7/25 
7/26 
7/27 
8/05 
8/06 
8/08 
8/28 
8/29 
9/01 
9/06 
9/08 
9/12 
9/14 
9/19 
9/21 
9/26 

10/05 
10/29 

Mean 
Var 

(rom) (mm) 

1.60 2.79 
0.50 0.51 
0.16 0.00 
0.01 0.00 
3.60 9.40 
1. 70 5.59 
0.01 0.00 
0.50 0.51 
8.80 10.67 
1.00 3.56 
2.40 0.25 
7.30 6.35 
7.10 11.94 

33.70 51. 31 
3.60 16.00 
0.40 0.25 

29.60 18.54 
1.50 3.56 
2.80 6.86 
1. 70 3.81 
2.00 1.02 
0.20 0.00 
1.80 3.56 

17.40 16.00 
0.20 0.00 
0.04 0.00 
0.01 0.00 

4.801 6.388 
71.574 107.850 

Regression 
Constant 
Std Err of Y Est 
R Squared 

output: 
1.1630 
4.9940 

= 0.7859 
27 No. of Observations 

Degrees of Freedom 25 

X Coefficient(s) 
Std Err of Coef. 

1.088 
0.113 

runoff 



Table 6. Observed and CREAMS Simulated Monthly Surface 
Runoff from Makiling Watershed and Dallao 
Catchment. 

Makiling 1980 Dallao 1985 

Month Observed Predicted Observed Predicted 
(mm) (rom) (rom) (rom) 

Apr 2.10 3.30 

May 0.16 0.00 

Jun 5.31 15.00 

Jul 86.12 88.85 20.01 21. 30 

Aug 17.53 41. 32 74.40 77.50 

Sep 66.34 20.60 25.80 34.70 

Oct 13.68 1. 77 0.05 0.00 

Nov 107.96 127.26 

Dec 2.76 0.00 

Total 294.39 279.80 127.83 153.80 

67 
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which could have resulted to inadequate representation of 

the actual movement and distribution of soil moisture. In 

addition, the lack of information on planting and tillage 

dates, the use of average temperature and solar radiation 

instead of the actual daily values, and the rainfall and 

runoff data collection, are possible sources of prediction 

errors. 

Since the seasonal, monthly, and event simulation 

of runoff in Makiling watershed and Dallao catchment was 

satisfactory using CREAMS, it was assumed that the same 

model could provide a valid approximation of soil moisture 

in Ibulao watershed. The soil moisture simulated by CREAMS 

in this section is used as an input to the surface runoff 

model. 
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SIMULATION OF SURFACE RUNOFF 

Surface runoff can be computed by subtracting 

interception, evapotranspiration, depression storage, and 

infiltration losses from total rainfall; hence it is known 

as the rainfall excess. Each of these losses could be 

modeled independently and then linked together to estimate 

rainfall excess. In some cases, all these losses could be 

lumped together in one model to generate rainfall excess. 

And still in some instances, like in this study, all 

losses are ignored and only infiltration is used to 

estimate rainfall excess. 

Infiltration commonly is defined as the process by 

which water enters the soil through the surface. The 

amount of water that can infiltrate into the soil is 

limited by its absorption ability, defined as the 

infiltration capacity or infiltrability (Hillel, 1971). 

Rubin (1966) described infiltration process as a 

two-phase process: the pre-ponding and the post-ponding 

infiltration. Pre-ponding infiltration occurs when the 

rainfall intensity is less than the infiltration capacity. 

Ponding infiltration begins when the rainfall intensity 

starts to exceed the infiltration capacity, at which time 

the surface runoff starts to build up on the saturated 

soil surface. 

The factors influencing the infiltration capacity 

of the soil are: rainfall intensity and time from the 
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beginning of rainfall; antecedent soil moisture; condition 

of soil surface including cover conditions; saturated 

hydraulic conductivity; and soil profile conditions 

(Horton, 1945; and Hillel, 1980). 

Two major groups of infiltration models have been 

developed through the years: the empirical and the 

physically based models. Empirical models, such as the 

one described by Horton (1940), represents infiltration 

rate as a decreasing function from an initial maximum to a 

final minimum value. The parameters of empirical models 

usually have little physical significance or relationship 

to the physical world. Also, empirical models are not 

capable of predicting ponding time. 

Physically based models of infiltration, such as 

those developed by Green and Ampt (1911) and by Philip 

(1969), are based on theories and principles governing 

soil physics. As such, these models can be more 

appropriate to represent the infiltration processes and, 

hence, provide better values for rainfall excess 

computation. 

A lot of physically based models developed later 

were based on the Green and Ampt equation. Childs and 

Bybordi (1969) applied it to the stratified soils 

infiltration, while Bouwer (1969) used it to model 

infiltration for soils of nonuniform initial soil 

moisture. Then, Mein and Larson (1973) modified the Green 
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and Arnpt model to calculate infiltration into uniform 

soils under steady rainfall, while James and Larson (1976) 

and Chu (1978) used it for similar soil but under 

unsteady rain. 

In this study, the Green and Arnpt equation, as 

modified by Mein and Larson (1973), was used to estimate 

the rainfall excess from each cell in Ibulao watershed. 

The volume and velocity of surface runoff at any 

point along a plane is influenced mostly by the amount and 

rate of rainfall excess, surface roughness, and slope. 

Based on the interplay of these factors Horton (1945) 

described the following types of overland flow on natural 

land surfaces. 

Pure laminar flow occurs usually on smooth, 

unchanging surfaces. Pure turbulent flow and mixed 

laminar-turbulent flows occur on surfaces with vegetation 

or where depression storages are present. Surge flows are 

flows characterized by irregular waves caused by debris 

and mud dams produced during active surface erosion. 

Lastly, rain wave trains consisting of uniformly spaced 

waves, in which all the runoff is concentrated, usually 

occur under high intensity storms. 

An important key to a successful simulation of 

overland flow processes is the sufficient representation 

of the actual surface conditions and the processes 

involved. By nature, land surfaces are mostly irregular, 
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giving rise to complex, mostly unsteady, nonuniform, and 

multidimensional flow processes. Most models in use today 

are still one dimensional, with kinematic wave models as 

probably the most promising as far as accurate 

representation of the real world processes is concerned. 

Kinematic wave modeling is an approximation of dynamic 

wave modeling (Lopes, 1987). Dynamic wave modeling 

represents one dimensional , unsteady, shallow water waves 

and consists of a continuity and a momentum equation under 

a predefined initial and boundary conditions. 

A major assumption underlying the kinematic wave 

approximation is that the bed slope or the land slope in 

the momentum equation is equal to the friction slope 

(Eggert, 1987). Consequently, the continuity equation, 

which is a uniform flow equation, describes the kinematic 

wave model. 

Under many simple cases, analytical solutions to 

kinematic wave equations could be derived directly. But 

in some cases, such as when there is a rapid change in 

lateral inflow rates, numerical methods like the method of 

characteristics (Eagleson, 1970) are useful. Other 

numerical techniques of solving the kinematic wave 

equations have been reported by Brakensiek (1967), Cunge 

(1969), and Li et ale (1975). 

Examples of kinematic wave models are the 

different kinematic routing models described by Henderson 



and Wooding (1964), Woolhiser and Liggett (1967), and 

Eagleson (1970). These models used kinematic wave 

equations which are based on broad, uniform sheet flow 

assumptions. Wooding (1965), and Kibler and Woolhiser 

(1970) described kinematic wave models to simulate 

unsteady flows with sheet and concentrated rill flow. 
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Kinematic wave routing refers to the modeling of 

the downslope movement of rainfall excess along a plane 

using kinematic wave equations which will be discussed 

later (Linsley et al., 1982). It requires that the 

channel cross sections, slopes, and surface roughness be 

defined before the runoff from any point along the plane 

could be calculated. 

In this study, the kinematic wave routing was used 

in modeling the overland flow movement of the rainfall 

excess in each of the cells in Ibulao watershed. 

A program called IRSX, which is a modified version 

of the IRS9 model developed by stone and Shirley (1985), 

was used to simulate the surface runoff from each cell. 

The program was chosen on the bases of applicability to 

the study area in terms of availability of input data and 

validity of simulation results. 

The IRS 

Program IRS is basically an infiltration -

kinematic routing program developed as part of the USDA 
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Water Erosion Prediction Project (WEPP). It calculates 

the rainfall excess using the Green and Aropt equation, as 

modified by Mein and Larson (1973), given a constant or 

variable rainfall rate. It then calculates the runoff 

hydrograph at the end of a single plane by solving the 

kinematic wave equation using the method of 

characteristics. 

The IRS was developed originally to have three 

options which allows the user to simulate either the 

infiltration and overland flow, or the infiltration only, 

or overland flow only. The program can be executed 

interactively or with file inputs for a sin~le plane at a 

time for one or more rain events. To permit continuous 

simulation of annual overland flow for a number of planes 

or cells, the input-output structure of the IRS was 

modified. Hence, with IRSX the surface runoff for the 

Ibulao watershed was simulated. 

Rainfall Excess Calculation 

In calculation of the rainfall excess for 

unsteady rainfall, IRS uses a solution of the Green and 

Ampt equation described by Chu (1978). The basic 

assumption in this solution is that infiltration comes 

from a ponded surface into a deep homogeneous soil 

uniformly saturated. It is assumed further that water 

travels down the soil profile as "piston" flow, with an 
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abrupt division between the wetted soil above and the 

drier soil below (Skaggs and Khaleel, 1982). 

Under a steady rainfall, the excess rainfall is 

calculated using the Green and Aropt equation, as modified 

by Mein and Larson (1973). The modifications allow the 

Green and Ampt equation to estimate the time to ponding, 

which is important in describing the two-phase 

infiltration process under steady rainfall. The 

infiltration rate before ponding is equal to the rate of 

rainfall. As soon as ponding occurs, the infiltration 

rate decreases until the rate approaches a constant value 

or the final infiltration rate assuming time is not 

limiting. 

Following is a representation of the Green and 

Ampt equation, as described by Rawls et al. (1989), and 

Stone (1985). 

The general form of the Green and Ampt equation 

for cumulative infiltration depth is: 

where 

Ks t = F - ns In (l+F/Ns) 

Ks saturated hydraulic conductivity 

(rnrn/hr) 

t time (hr) 

F cumulative infiltration (mm) 

NS 

NS 

effective matric potential (mm) 

(n - Se) Sf 

---- --- -----

(33) 

(34) 



n = effective porosity 

Se relative effective saturation or 

soil water content (rom/mm) 

Sf average wetting front capillary 

potential (rom) 
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An expression of infiltration rate, f, is obtained 

by differentiating Eq. 33, shown as: 

f = Ks (1 + Ns/F) 

Time to ponding, tp, is the time when the 

infiltration rate equals the rainfall rate and is 

calculated by: 

where 

tp = {[(Ks Sf)/(r-Ks)] - P(i-l) + 

R(i-l)}/{r(i-l) + tr(i-l)} 

r = rainfall intensity (mm/hr) 

P cumulative rainfall (mm) 

R cumulative rainfall excess (mm) 

i-I previous time interval 

tr rainfall time (hr) 

(35) 

(36) 

The accumulated infiltration depth after the time 

to ponding is calculated by solving Eq. 33, using a Newton 

Raphson iteration (Marquardt, 1963). The infiltration 

rate is approximated as a step function shown as: 

f(i-l) = [F(i)-F(i-l)]/[t(i)-t(i-l)] (37) 

At the end of a time interval, it is noted that the 

rainfall rate is greater than infiltration if ponding 
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occurs within that time interval of rainfall intensity 

distribution, or: 

r(i-1) > f(i-1) Ks(1-Ns/F(i) (38) 

after rearranging, 

F(i) > KsNs / [r(i-1) - Ks] (39) 

Equation 6.7 was used by Chu (1978) to calculate 

ponding indicator, Cu, by: 

Cu = pi - Ri - [(KsNs)/{r(i-1)-Ks}] (40) 

If Cu is positive, ponding occurred before the end 

of the interval and no ponding occurred if Cu is negative. 

To determine the end of ponding Chu developed the 

following indicator, Cp 

Cp = pi -Fi - Ri (41) 

The rainfall excess rate is then calculated as: 

Ri 0 if 0 < t < tp 
(42) 

Ri r(i-1) - f(i-1) if t > tp 

Infiltration Input Requirements 

There are two major groups of inputs required to 

calculate infiltration using the IRS: the climatic data 

and the parameter input. 

Climatic Data 

Rainfall amount, duration, and intensity are 

needed to run IRS for infiltration estimation. Actual 

rainfall data from Ibulao watershed for 1976 and 1980 was 
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used. The corresponding rainfall duration was simulated, 

as described in rainfall duration simulation section. 

Estimation of Infiltration Parameters 

To be able to use the Green and Ampt equation for 

calculation of infiltration, the following parameters are 

needed: available porosity (n-Se), wetting front capillary 

potential (Sf), and hydraulic conductivity (Ks). The IRS 

has two options for parameter inputs to the Green and Arnpt 

equation: user supplied or program estimated. Ideally, 

these parameters should be derived from measured hydraulic 

conductivity and water retention functions. However, a 

more attractive and easier way is to estimate these 

parameters from commonly available soil properties like 

texture, bulk density, organic matter, and clay 

mineralogy. 

A good illustration of this approach is the work 

of Rawls et al. (1982), wherein over 1,300 soils in 32 US 

states were analyzed to draw the relationships of commonly 

available soil dat'a to water retention characteristics and 

saturated hydraulic conductivity of the soil. One of the 

more important outcomes of their study is the estimation 

of the mean hydraulic properties of the 11 USDA soil 

texture classes. 

In IRS, the Sf and Ks were estimated based on the 

work of Rawls et al. (1982) and was used in this study. 
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The soil texture must be specified to enable IRS to 

estimate the appropriate Ks and Sf values. Table 7 shows 

the different Ks and Sf values used in this study. The 

infiltration parameters were estimated on the basis of the 

average soil properties within the primary tillage zone for 

cultivated areas and within the top 0.1 m of the soil for 

rangelands. For other landuses, such as forest and 

agroforestry areas, the average soil properties of the top 

0.5 m of the soil was used. 

Saturated conductivity. The values for Ks were 

modified to account for the effects of surface and canopy 

cover on infiltration (Stone et al.,1989). The 

modifications were based on the tentative relationships 

derived from rainfall simulator data from Arizona and 

Nevada. The modified saturated conductivity, Ksm, is 

represented as: 

where 

Ksm = Ks eO.009Sc eO.0105Cc 

Sc surface cover (%) 

Cc canopy cover (%) 

(43) 

Surface Cover. The Sc is defined as rock fragments 

greater than 5 mm in diameter, vegetation litter, and 

vegetation mass such as exposed roots on ground surface 

(Stone et al., 1989). Due to insufficient data, surface 

cover was estimated by repeated trial runs of the IRS. 

---------------~- ~ --~ ~~---~ 
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Table 7. Average Hydraulic Properti.es of 12 Soil Texture 
Classes (Rawls et al., 1982). 

KS Sf 
Soil Texture (mm/hr) (mm) 

sand 118.0 49.0 

loamy sand 30.0 63.0 

sandy loam 11.0 90.0 

loam 6.5 110.0 

silt loam 3.4 173.0 

silt 2.5 190.0 

sandy clay loam 1.5 214.0 

clay loam 1.0 210.0 

silty clay loam 0.9 253.0 

sandy clay 0.6 260.0 

silty clay 0.5 288.0 

clay 0.4 310.0 
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Initially, the runoff for the period when the soil was 

bare was simulated. When it was ascertained that IRS 

satisfactorily simulates the surface runoff from bare 

soil, the average Sc was then estimated for each crop or 

land use. For landuse with no available data for testing, 

the values for Sc were assul!led. 

canopy cover. The Cc is defined as any vegetation 

material which are above ground surface. Like Sc, canopy 

cover for each of the landuses in Ibulao watershed was 

estimated by repeated trial runs of IRS (Table 8). 

wetting front capillary potential. The Sf values 

always were modified during every simulation run to 

account for the effects of soil water content and soil 

porosity on the wetting front potential. Equation 34 

shows how Sf is modified for soil water content and 

porosity. 

Effective soil water content. The Se was 

estimated using the hydrology component of the CREAMS 

model (Knisel, 1980), as described in the section on 

simulation of soil moisture. 

Surface Runoff Calculation 

The amount of surface runoff coming out of a given 

cell is estimated by routing the rainfall excess through 

the cell. In IRS the kinematic routing procedure was 

used. It assumes that the rainfall excess travels as a 

broad, uniform, sheet flow. The kinematic wave equations 



82 

Table 8. Average Cover Properties of the Different 
Landuses in Ibulao Watershed. 

Sc Cc 
Landuse (%) (%) 

forest 

mossy 50.0 80.0 

closed canopy 50.0 80.0 

open canopy 50.0 80.0 

rice terr/padd 40.0 60.0 

grassland 70.0 10.0 

diverse crops 40.0 20.0 

novegetated 1.0 1.0 

residential 20.0 20.0 

mainstream 1.0 1.0 
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used to calculate the local mean surface runoff depth at 

any point on the plane (stone et al., 1989) are: 

and 

where 

(dh I dt) + (dq I dx) = r - f = v (44) 

q alpha * hm 

Eq. 44 the continuity equation 

Eq. 45 = the momentum equation 

h local surface runoff depth (m) 

t time (s) 

q discharge per unit width of the 

plane (m/s) 

(45) 

x = distance down the plane, also the length of 

a cell (m) 

r = rainfall intensity (m/s) 

f infiltration rate (m/s) 

v = rainfall excess rate (m/s) also called 

the lateral inflow component 

alpha 

m 

Chezy depth-discharge coefficient 

depth-discharge exponent (1.5) 

The initial and boundary conditions are: 

h(x,O) = h(O,t) = ° 
Equations 44 and 45 can be solved analytically by 

the methods of characteristics (Crandall, 1956; and 

Eagleson, 1970) and would result in: 

dhldt = vet) (46) 

-------------------- ----~--------- -- ------
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and 

dx/dt = alpha * m * h(t)m-l (47) 

Equation 46 defines the characteristic or locus of 

discontinuity in space-time coordinates. Dividing Eq. 46 

by Eq. 47 would give: 

dh/dx = vet) / [alpha*m*h(t)m-1 (48) 

In general, Eq. 46 and 47 are solved first for 

those characteristics starting everywhere on the plane at 

time zero. When the characteristic which begins at the 

top reaches the end of the plane, the depth of flow is 

calculated by using the characteristics beginning at the 

top at times greater than zero (stone et al., 1989). 

The final solution has two unrealistic properties: 

partial equilibrium hydrograph and infinite runoff 

duration. Partial equilibrium hydro graph occurs when the 

rainfall excess has ended, but the limiting characteristic 

has not yet reach the end of the plane. So, between the 

time when rainfall excess ends and the time the limiting 

characteristic reaches the end of the plane, the 

hydrograph levels off. The infinite duration of runoff is 

due to the assumption that the hydro graph ends when 95% of 

the rainfall excess has been routed. 

Surface Runoff Input Requirements 

Rainfall excess data and the hydrograph parameters 

(which include the slope of the plane, Chezy coefficient, 
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and the depth-discharge exponent) are necessary for 

surface runoff and peak runoff calculations. The rainfall 

excess data is estimated by the infiltration component of 

the IRS. 

Hydrograph Parameter Estimation 

Slope. The slope is extracted from the slope map 

of the Ibulao watershed (Figure 2). 

Depth-discharge exponent, m. Horner and Jens 

(1945) suggested that a value of 2.0 for m usually is 

appropriate for natural land surfaces. However, in this 

study the default value of 1.5 was assumed. 

Depth-discharge coefficient, alpha.' This 

parameter was estimated by: 

alpha = c * sO.5 

where 

c = Chezy coefficient 

s = slope of the plane (m/m) 

(49) 

On the basis of surface cover conditions, the 

values for c were assumed to be 2.5 for forested areas, 

3.25 for areas covered with grasses, and 9.2 for 

cultivated and bare areas. 

Model Testing and Validation 

Due to the absence of actual surface runoff data 

from Ibulao watershed, the model IRS was validated using 

the observed runoff data from the Makiling watershed and 



the Dallao catchment, as described in soil moisture 

simulation section. 
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The IRS was used to simulate the surface runoff 

from the four different cropping systems in Makiling 

watershed and from the Dallao catchment. The quantitative 

description of Makiling watershed and Dallao catchment, 

together with IRS parameters are given in the section on 

soil moisture simulation. The simulation results from 

both areas then were statistically analyzed. 

Simulation of Surface Runoff 

Surface runoff from each individual cell were 

simulated independently from each other. No linkage was 

established between cells and hence, the surface runoff 

estimated for each cell was only the amount of runoff 

coming from within the cell without contribution from 

adjoining cells. This is a simplification of the actual 

runoff process which nevertheless, was sufficient to meet 

the need for a relative measure of runoff potential given 

the limited data available from Ibulao watershed. 

To avoid redundant computer simulation of runoff 

for cells of similar attributes, the rasterized 

information on slope, soil texture, and landuse were 

summarized. The 21 original soil classes were 

reclassified into 6 classes on the basis of soil texture. 

Landuse also was reclassified into 6 classes by combining 
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all forest types (mossy, closed canopy, and open canopy) 

into one class, and mainstream and nonvegetated areas into 

another. The distinct combinations of the six soil 

classes, six landuse classes, and six slope classes then 

were identified. 

Surface runoff for each of the 216 distinct cells 

identified in Ibulao watershed was simulated for a wet 

(1976) and a dry (1980) year using the IRSX program. The 

average annual soil erosion for each cell was calculated 

as the average of the soil erosion simulated for 1976 and 

1980. The surface runoff potentials for each cell in 

Ibulao watershed then was mapped out using the MAP. 

Results and Discussion 

The simulated surface runoff from Makiling 

watershed and Dallao catchment correlated well with the 

observed data (Tables 9 - 13). An average R2 value of 

greater than 0.90 was obtained from the regression 

analysis of the simulated versus actual runoff data after 

culling out at most three outliers from the data points. 

Using 5% l~vel of significance, the y-intercept and slope 

of the regression equations were not significantly 

different from 0.0 and 1.0, respectively. 

An overestimation of the surface runoff was 

observed for croppings A and D for smaller events, and 

underestimation was noted for bigger events. The 
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Table 9. Observed and Simulated Surface Runoff from cropping 
A at Makiling Watershed. 

Rainfall 
(mm) 

90.2 
115.0 

51.0 
75.0 
25.4 
21.0 
38.6 
26.0 
31.8 
40.0 
29.4 
29.0 
14.0 
33.0 
20.2 
16.4 
40.4 
20.4 
19.0 

108.0 
60.0 
18.8 

Mean 
Variance 

Observed 
runoff 

(mm) 

56.0 
67.1 
20.5 
34.1 
2.6 
9.6 
6.2 

16.9 
0.8 

23.8 
15.5 
14.4 

0.8 
10.4 

3.8 
0.8 

15.9 
4.3 
6.4 

55.3 
29.8 
11.6 

18.47 
348.71 

Regression output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

0.119 
2.341 
0.985 

22 
20 

0.973 
0.027 

Predicted 
runoff 

(mm) 

56.1 
64.2 
18.1 
34.3 
0.0 

10.1 
7.8 

13 .8 
1.2 

20.2 
18.8 
14.2 
0.6 
9.0 
3.1 
0.0 

21. 3 
5.8 
4.7 

52.0 
32.9 
9.7 

18.09 
335.17 
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Table 10. Observed and Simulated Surface Runoff from Cropping 
B at Makiling Watershed. 

Rainfall 
(mm) 

115.0 
51.0 
75.0 
25.4 
21.0 
38.6 
26.0 
24.2 
31. 8 
40.0 
29.4 
29.0 
14.0 
33.0 
20.4 
19.0 

108.0 
87.2 
60.0 
18.8 
22.5 

Mean 
Variance 

Observed 
runoff 

(mm) 

13.6 
3.3 
4.0 
1.5 
0.1 
2.7 
4.8 
4.1 
1.1 
2.8 
7.2 
6.1 
0.6 
4.5 
0.6 
0.4 

25.0 
39.4 
10.2 

0.3 
8.3 

6.7 
85.3 

Regression output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

-0.337 
1.516 
0.973 

21 
19 

0.937 
0.036 

Predicted 
runoff 

(mm) 

12.0 
3.4 
3.9 
0.0 
0.0 
2.6 
3.1 
4.1 
0.0 
2.9 
8.3 
3.1 
0.0 
0.0 
0.3 
0.2 

23.3 
36.8 
10.6 

3.5 
6.6 

5.9 
76.9 
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Observed and Simulated Surface Runoff from Cropping 
C at Makiling Watershed. 

Rainfall Observed 
(mm) runoff 

(rom) 

90.2 20.6 
115.0 23.3 
51.0 3.0 
25.4 4.4 
75.0 4.5 
21.0 0.8 
38.6 5.9 
31.8 5.2 
40.0 1.8 
29.4 8.7 
29.0 5.1 
14.0 0.4 
33.0 5.1 
20.2 0.4 
40.4 1.5 
20.4 0.9 
19.0 0.3 

108.0 71.0 
87.2 12.7 
18.8 2.4 
22.5 4.6 

Mean 8.7 
Variance 231.0 

Regression Output: 
Constant 
std Err of Y Est 
R squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
std Err of Coef. 

-0.530 
= 2.086 

0.982 
21 
19 

0.954 
0.030 

Predicted 
runoff 

(mm) 

19.4 
25.2 
0.0 
0.0 
6.7 
0.0 
2.6 
5.1 
1.9 

10.7 
3.1 
0.0 
0.0 
0.3 
2.3 
0.0 
0.0 

66.0 
12.3 

2.1 
5.3 

7.8 
214.1 
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Table 12. Observed and Simulated Surface Runoff from Cropping 
D at Makiling watershed. 

Rainfall 
(mm) 

51.0 
25.4 
75.0 
21.0 
38.6 
26.0 
24.2 
31.8 
40.0 
29.4 
29.0 
14.0 
33.0 
20.2 
40.4 
19.0 

108.0 
87.2 
60.0 
18.8 
33.1 
36.8 

Mean 
Variance 

Regression 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

Observed 
runoff 

(mm) 

12.1 
1.5 
2.9 
2.0 
9.8 

11.0 
11.2 
0.5 

13.3 
15.2 
10.2 
0.2 
7.6 
7.1 
3.2 
1.9 

63.2 
17.9 
27.1 
3.5 
1.7 
1.8 

10.2 
177.6 

Output: 
= 1.002 
= 1. 732 
= 0.982 
= 22 
= 20 

= 0.909 
= 0.028 

Predicted 
runoff 

(mm) 

12.5 
0.0 
2.4 
3.3 

10.6 
10.8 
12.5 
1.0 

14.4 
17.6 
9.9 
0.3 
6.3 
4.5 
4.8 
2.1 

55.7 
18.9 
29.3 
5.7 
1.6 
2.3 

10.3 
149.5 
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Table 13. Observed and Simulated Surface Runoff from Dallao 
Catchment. 

Rainfall Observed 
(mm) runoff 

(rom) 

38.4 1.60 
20.6 0.50 
22.7 0.20 
67.3 4.70 
8.3 0.01 

54.6 3.60 
45.7 1. 70 

9.4 0.01 
25.9 0.50 
54.4 8.80 
39.2 1.00 
17.2 2.40 
33.2 7.30 
45.5 7.10 
88.5 33.70 
44.2 3.60 
29.4 0.40 
68.0 29.60 
29.2 1.50 

165.5 48.20 
35.7 2.80 
23.0 1. 70 
18.7 0.20 
8.5 0.20 

30.1 1.80 
45.5 17.40 
10.5 0.20 
15.5 0.04 

2.1 0.01 
160.0 37.10 
115.4 32.20 
11. 8 0.01 

Mean 7.82 
Variance 167.35 

Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 
X Coefficient(s) 
Std Err of Coef. 

-0.033 
1.559 
0.985 

32 
30 

0.951 
0.021 

Predicted 
runoff 

(mm) 

1.40 
0.30 
1.50 
4.10 
0.00 
3.80 
1.30 
0.00 
0.40 
9.60 
1.10 
2.00 
7.80 
9.40 

28.40 
3.50 
0.70 

24.10 
0.00 

46.10 
1.10 
2.00 
0.20 
0.00 
0.40 

14.80 
0.20 
0.20 
0.00 

39.50 
32.70 
0.09 

7.40 
153.52 
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overestimation could be due to an overestimation of the 

antecedent soil moisture, which could allow surface runoff 

build up earlier than the actual. It also is likely that 

the soils in croppings A and D have greater conductivity 

than what was accounted for by the model. In contrast, 

during larger events, the conductivity of the soils might 

have been less than what was represented in the simulation 

model. Another possible explanation is the use of constant 

rainfall intensity instead of the actual variable intensity 

for each rainfall event. The average intensity could have 

been significantly lower than the actual intensity of 

larger events which resulted to significantly lower 

simulated surface runoff values. 

The simulated surface runoff volumes for croppings 

Band C, and for Dallao catchment generally were 

underestimated. This also could be the result of a gross 

underestimation of the antecedent soil moisture and/or an 

overestimation of the soil conductivity. These conditions 

are possible because of the inadequate data describing the 

various hydraulic properties of the soil and the different 

related hydrologic processes. An example is the absence of 

actual data on conductivity and clay mineralogy. The use 

of conductivity values derived under u.s. conditions could 

have misrepresented the actual conductivity values in the 

study site. It could have been that the amount of swelling 

clay minerals in the area is larger than where the values 
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were derived hence, should have been represented by a lower 

conductivity values as swelling clay minerals clog the soil 

pores upon wetting and saturation. 

Shown in Figure 8 is the average annual surface 

runoff potential in Ibulao watershed. Tables 14 - 17 

summarize the area covered by runoff classes under varying 

slope, soil, elevation, and landuse classes. 

Almost 50% of Ibulao watershed yields about 200 to 

300 mm of runoff per year. These areas mostly are under 

forest cover, the same areas where the least surface runoff 

values were estimated. The largest runoff values were 

estimated in nonvegetated, grasslands, and residential 

areas. The terraced areas have estimated runoff between 

200 and 300 mm per year. 

It also was observed that the highest runoff were 

estimated for clayey soils and the least runoff values were 

noted to occur in sandy soils. In clay loam soils, which 

is the predominant soil class in Ibulao, runoff commonly 

was estimated between 200 and 500 mm a year. 
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LEGEND 

1 - 200 mm - ~~~~~~~~~~ 
I'",,~~~~f. 

601 - 800 mm -

201 - 300 mm - 801 - 1000 mm -

301 400 mm - 1001 1200 mm - ~iii!i!i!:!:~ ...................... ........... 

401 - 500 mm - Bn > 1200 mm -

501 - 600 mm - • Figure 8. Average Annual Surface Runoff Potential of 
Ibulao Watershed. 
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Table 14. Runoff Classes Coverage Under Different Slope 
Classes in Ibulao Watershed. (The values 
represent the number of 10 ha cells). 

Runoff Slope Class 
class (mm) 

1 2 3 4 5 6 TOTAL 

0.1-200 62 14 31 17 14 138 

201-300 3 54 174 735 2561 3527 

301-400 18 2 85 264 143 728 1240 

401-500 36 3 158 86 99 323 705 

501-600 21 22 12 229 31 69 384 

601-800 20 3 22 3 48 96 

801-1000 13 12 16 6 42 89 

1001-1200 2 73 85 54 26 240 

above 1200 15 4 2 8 29 

TOTAL 190 27 415 909 1088 3819 6448 
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Table 15. Runoff Classes Coverage Under Different 
Elevation Classes in Ibulao Watershed. (The 
values represent the number of 10 ha cells). 

Runoff Elevation Class 
class (mm) 

1 2 3 4 5 6 TOTAL 

0.1-200 124 14 138 

201-300 75 788 1364 1070 221 9 3527 

301-400 403 474 149 165 49 1240 

401-500 322 167 153 63 705 

501-600 58 242 84 384 

601-800 45 51 96 

801-1000 63 26 89 

1001-1200 173 67 240 

above 1200 22 7 29 

TOTAL 1285 1836 1750 1298 270 9 6448 
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Table 16. Runoff Classes Coverage Under Different Landuse 
Classes in Ibulao Watershed. (The values repre-
sent the number of 10 ha cells). 

Runoff Landuse class 
class (mm) 

1 2 3 4 5 6 7 8 9 TOTAL 

0.1-200 5 10 19 18 41 45 138 

201-300 178 264 2227 858 3527 

301-400 43 684 513 1240 

401-500 276 350 79 705 

501-600 384 384 

601-800 14 22 8 36 16 96 

801-1000 29 27· 33 89 

1001-1200 15 225 240 

above 120 19 3 7 29 

TOTAL 178 264 2289 707 1278 1497 95 39 101 6448 
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Table 17. Runoff Classes Coverage Under Different Soil 
Classes in Ibulao Watershed. (The values represent 
the number of 10 ha cells). 

Runoff Soil Class 
class (mm) 

1 2 4 5 8 9 TOTAL 

0.1-200 138 138 

201-300 217 3310 3527 

301-400 2 513 684 41 1240 

401-500 31 350 276 48 705 

501-600 188 196 384 

601-800 28 30 24 14 96 

801-1000 9 50 29 1 89 

1001-1200 240 240 

above 1200 29 29 

TOTAL 140 68 1348 4294 312 286 6448 

---~--.-- .. ,. -,- . 
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SIMULATION OF SOIL EROSION 

Soil erosion commonly is defined as the dynamic 

process of detaching, transporting, and depositing soil 

particles from one area to another. Soil detachment and 

transport could be due either to the action of wind, any 

applied mechanical force, or water. In many parts of the 

world, like the Philippines, water erosion is the most 

prevalent type of soil erosion, which is the main interest 

in this study. 

Water erosion over land surfaces is the product of 

the raindrop impact and surface runoff. Raindrops cause 

splash erosion upon impact on the soil surface, while 

overland flow can cause further soil detachment by 

scouring and facilitate the transport of detached soil 

particles. The extent to which rain and surface runoff 

influence the surface (which is actually sheet and rill) 

erosion depends upon the interactions of such factors as 

rainfall and runoff energy, soil factors, slope factors, 

area geometry, vegetative factors, and human factor. 

For many years, analysis and evaluation of the 

interrelationships of surface soil erosion factors have 

been the subject of many studies, as the measurement of 

soil erosion become more critical to many natural resource 

management and conservation decision making. 
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Soil erosion modeling is probably one of the best 

alternatives to direct measurement of soil erosion which 

so often is very tedious and expensive. One of the 

earliest attempts to model soil erosion was made by Zingg 

(1940). In his model, soil erosion was represented by the 

interaction of slope and a parameter lumping the effects 

of rainfall, soil factors, and cover management factors. 

Later, Ellison (1945) developed a model where 

splash erosion was expressed as a function of rainfall 

intensity, raindrop diameter, and soil factors. Then, a 

model known as the slope-practice equation or the Musgrave 

equation was developed by a group of scientists led by 

Musgrave (1947). This model is a representation of sheet 

erosion process, taking into account the individual 

influence of rainfall, slope, vegetation, and soil 

properties. 

Similar to the Musgrave equation, smith and Whitt 

(1947) developed a linear sheet erosion model for claypan 

soils of Missouri. The model is of the form: 

where 

A = C K L S P 

A average annual sheet erosion loss 

C average annual rotation soil loss from 

plots 

K soil factor 

LS slope length and steepness factor 

(50) 



P conservation practice factor 

Van Doren and Bartelli (1956) represented soil 

loss for Illinois soils as: 
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A = f(T,S,L,P,K,I,E,R,M) (51) 

where 

T observed soil loss 

S slope gradient factor 

L slope length factor 

P practice effectiveness factor 

K soil erodibility 

I derived from the intensity and frequency 

of 30-minute rainfall 

E previous erosion 

R rotation effectiveness 

M management factor 

Based on various factors similar to those in Eqs. 

50 and 51, a more widely applicable sheet erosion model 

was developed by Wischmeier (1959), which would later be 

known as the Universal Soil Loss Equation or USLE. 

The USLE is an empirical, deterministic, and 

lumped surface soil erosion model developed using 

regression analysis involving more than 10,000 plot years 

of actual runoff and soil erosion data (Wischmeier and 

Smith, 1965). About 1,000 plot years of data generated 

using rainfall simulators was used later in improving the 

USLE (Wischmeier and smith, 1978). 

---------------_ .. ----_.- . -' 



where 

The Universal Soil Loss Equation is 

A = R K L S C P 

A = average annual soil loss per unit area, 

(Mg/ha) 

R = rainfall erosivity factor specific for a 

location 

K = soil erodibility factor 

L = slope length factor 

S = slope gradient factor 

C = cover and management factor 

P conservation practice factor 
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(52) 

The L, S, C, and P factors are all dimensionless 

parameters. 

until today, USLE still is the most widely used 

model in the world for the estimation of soil erosion. 

Through the years, it has been modified in many ways and 

in many places to make it more applicable in areas and 

situations, where it cannot be used in its original form. 

The USLE, for example, was modified by Onstad and 

Foster (1975) by changing the rainfall erosivity factor to 

account for both rainfall and runoff effects. This 

modification enhanced the capability of USLE to simulate 

erosion loss for a single storm event. 

Williams (1975) modified the USLE by replacing the 

rainfall erosivity factor by a runoff factor which 



104 

incorporate the effects of rainfall, runoff volume, arid 

the peak runoff rate for a single event upon soil erosion. 

This modified USLE or MOSLE as it is more commonly known, 

also is capable of simulating soil loss on event by event 

basis. 

In several existing watershed erosion models, USLE 

has been used in numerous ways. 

In ACTMO (Agricultural Chemical Transport MOdel), 

USLE was used in the erosion and transport component 

(Frere et al., 1975). The USLE was the modified version 

of Foster et al. (1977), which accounts for both the 

rainfall and runoff detachment and transport processes. 

Beasely et al. (1980) developed a large watershed 

model called ANSWERS (Areal Nonpoint Source Watershed 

Environment Response simulation), to simulate runoff and 

soil erosion. In this model a modification of USLE was 

used in estimating soil erosion from a watershed 

subdivided into grid cells. 

In CREAMS, a modification of USLE was incorporated 

in the erosion component for evaluating the interrill 

detachment (Knisel, 1980). 

The AGNPS AGricultural Nonpoint Source pollution 

model) is another runoff and erosion simulation model that 

utilizes USLE (Young et al., 1986). The model predicts 

runoff volume and peak rate, eroded and delivered 

sediment, and nitrogen, phosphorus, and chemical oxygen 
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demand in the runoff and sediment for a single storm for 

all points in a watershed. The USLE was modified to 

include slope shape factors to account for the effects of 

convex and concave slopes on soil erosion. 

In spite of the continued widespread use of USLE, 

processed based mathematical modeling of erosion continues 

to move forward. Lopes (1987) described a process based 

model as a symbolic mathematical representation of an 

idealized situation with the important physical properties 

of the real system. 

Process based modeling approach have some 

advantages over models developed through regression 

analysis (like the USLE) for estimating temporally and 

spatially varying erosion rates (Foster, 1982). Processed 

based models represent the erosion processes more 

accurately. It can be applied to more complex soil 

surfaces and soil characteristics. The model can be 

extrapolated more accurately to different areas. And, it 

can be used more accurately for event based erosion 

simulation. 

There are two basic approaches to process based 

erosion modeling. One approach assumes a steady state 

erosion process, and the other approach describes the more 

important features of the erosion process without steady 

state assumption. Examples of steady state erosion models 

--_ .. __ ... _._-_ ......... . 
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are those developed by Meyer and Wischmeier (1969), Meyer 

et ale (1983), and Rose (1985). 

The second approach uses empirical relationships 

for detachment by rainfall and shear stress and a steady 

state sediment transport capacity function. It uses the 

kinematic wave approximation to the dynamic flow equations 

to drive the hydraulics of the erosion process; hence, the 

models developed are known also as kinematic wave models. 

The models developed by Lane and Shirley (1982), Croley 

(1982), singh (1983, and Lopes (1987), are examples of 

kinematic wave models for estimating soil erosion. 

Conceptually, the process based erosion models are 

more sound than empirical models like USLE. However, due 

to the difficulties of collecting the input data required 

by most process base erosion models in addition to their 

complex mechanics, empirical models are still more 

attractive to use to estimate the actual soil erosion. 

Soil Erosion Model 

In this study, the MUSLE was used for estimating 

the soil erosion losses from each of th~ cells in Ibulao 

watershed. The MUSLE is a modification of the USLE where 

the rainfall erosivity factor has been replaced with 

runoff factor (Williams, 1975). The modification was 

based on the inherent influence of rainfall on runoff 

volume and peak flows, and the significant amount of 

erosion caused by runoff in addition to splash erosion. 
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Several studies on the applications of the MUSLE 

in different locations reported good soil erosion 

estimation results (Onstad and Foster, 1975; Foster et 

al., 1977; Williams and Berndt, 1977; Foster et al., 1980; 

and Shah, 1985). 

The advantages of using the MUSLE for soil loss 

estimation are: an increase in accuracy of erosion 

estimates because runoff generally explains more variation 

in soil erosion than rainfall; need for sediment delivery 

ratios in estimating sediment yield is eliminated because 

runoff energy factor represents both detachment and 

transporting energy; and it is applicable to event based 

simulation (Williams, 1982). 

The MUSLE is represented as follows 

SE 11.8 (q * Q)0.56 K L S C P (53) 

where 

SE sediment yield (Mg/ha) 

q peak flow (m3/s) 

Q surface runoff (m3 ) 

KLSCP are as defined in Eq. 52 

Evaluation of MOSLE Parameters 

Runoff factor. The runoff factor was evaluated in 

terms of the total surface runoff volume and the peak 
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runoff rate from a given cell. The section on surface 

runoff simulation describes the simulation of surface 

runoff and peak runoff rate. 

Soil erodibility factor. According to the results 

of several studies, the K factor is generally a function 

of the interacting soil physical and chemical properties. 

Wischmeier and Mannering (1969) studied the relationship 

of K factor to the particle size distribution, organic 

matter content, pH, structure, bulk density, porosity, 

aggregation, and chemical properties of the parent 

materials. They found that K is explained mostly by 

particle size distribution and organic matter content. 

Young and Mutchler (1977) reported that particle 

size distribution, aggregation, bulk density, dispersion 

ratio, and montmorillionite content explained 90% of the 

variations in K values for 13 Minnesota soils. 

In the Philippines, Marquez (1980) found that soil 

erodibility is related inversely to water stable 

aggregates, hydraulic conductivity, bulk density, and 

carbon to nitrogen ratio. 

The K factor usually is evaluated using tables or 

nomographs of K based on percent silt and fine sand, 

percent sand, percent organic matter, soil structure, and 

permeability (Wischmeier and Smith, 1978). In this study, 

the K factor was evaluated using the equation described by 

David (1985). The value of K was evaluated as: 
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K (0.043H+0.62/0M+0.0082Sa-0.0062C)Si (54) 

where 

H soil pH 

OM percent organic matter 

Sa percent sand 

C clay fraction 

si silt fraction 

Table 18 shows the different K values for the 

different soil classes in Ibulao watershed. 

Slope length - gradient factor. In areas where 

the predominant erosion process is runoff transport, the 

effects of slope factors are more profound .. Studies of 

Zingg (1940), smith and witt (1947), Musgrave (1947), 

smith and Wischmeier (1957), and Madarcos (1985) generally 

show that the total soil loss over an area is proportional 

to slope raised to some power. 

For example, Smith and witt (1947) presented: 

where 

RE = 0.10 + 0.21 S4/3 

RE relative soil loss to unity loss 

from a slope (S) of 3% 

(55) 

smith and Wischmeier (1957) represented slope 

factor as: 

E = 0.43 + 0.030S + 0.04S2 (56) 

where 

----- ------- ---..... _.- . 
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Table 18. Average Soil Properties and Estimated K Factor 
for the Different Soils In Ibulao. 

Soil %Sand %Silt %Clay %OM pH K 
class 

1 90.0 5.0 5.0 0.60 6.5 0.06946 

2 60.0 13.0 27.0 0.85 6.0 0.19211 

3 27.7 28.8 40.3 5.23 6.0 0.17314 

4 21. 7 34.8 40.8 4.92 5.5 0.18720 

5 11.6 26.9 54.9 2.40 5.9 0.16252 

6 19.0 39.6 37.2 5.60 6.2 0.21020 



E total soil loss (t/ac) 

S slope of the area (%) 
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Due to the difficulty of measuring slope 

accurately over a large area, slope usually are evaluated 

as tile average- slope of a given area. 

Slope length has similar effects as slope gradient 

on soil erosion. Zingg (1940) reported that soil loss per 

unit area varied as the 0.6 power of slope length. 

Smith and Wischmeier (1957) developed an L factor 

equation of the form: 

L (x / 22.13) m (57) 

where 

x = slope length (m) 

m an exponent dependent upon slope grade 

Bayotlang (1978) reported that on bare soils, the 

soil erosion increases by 1.87 times while on vegetated 

grounds, soil erosion increases by only 0.5 times. 

In this study, the slope length-gradient factor 

for each cell was estimated by modifying the equations 

used by Williams and Berndt (1972). Slope length for each 

cell was computed by: 

L = 0.5 At / Lc (58) 

where 

At area of a cell (km2 ) 

Lc = length of a cell (km) 
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The combined slope length-gradient factor was 

estimated as: 

where 

LS 4.705(L/22.13)m (0.0076+0.0053S+ 

0.00076S2 ) 

m 0.5 

m = 0.4 

m 

m 

0.3 

0.2 

if S > 5 

if 5 > S > 3 

if 3 > S > 1 

if S < 1 

(59) 

Table 19 shows the estimated LS factors for the 

different slope classes in Ibulao watershed. 

Crop management factor. The C factor is 

considered to be the one reost important factor of the USLE 

(Foster, 1982). It is a factor which consolidates the 

effects of many important subfactors like canopy cover, 

plant roots, organic matter content, onsite storage, and 

tillage practices (Dissmeyer and Foster, 1980). 

Relatively good estimates of soil erosion were obtained 

when the C factor (evaluated by multiplying the values of 

the different subfactors) was validated in 39 research 

watersheds in the eastern u.s. 

A number of tabulated values of C has been 

published mostly for seasonal/annual field crops and 



Table 19. Average Values of Land S Factors in Ibulao 
Watershed. 

Slope Average Slope 
class slope length m L LS 

(%) (m) 

1 1.50 316.0 0.3 0.15823 0.00924 

2 5.50 316.0 0.5 0.15823 0.02377 

3 11.50 316.0 0.5 0.15823 0.06726 

4 20.00 316.0 0.5 0.15823 0.16614 

5 32.50 316.0 0.5 0.15823 0.39092 

6 70.00 316.0 0.5 0.15823 1.63220 

----------- ----------- ---- -
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rangelands (Wischmeier, 1974; Wischmeier and Smith, 1978; 

and Kent et al., 1980). 

In this study, the C factor for the forested areas 

was evaluated using the procedure described by Dissmeyer 

and Foster (1980). In the absence of sufficient data, 

however, only bare soil and canopy cover were considered 

in the evaluation. It was assumed that the average bare 

soil in Ibulao forest is 10% and that 90% of the bare soil 

is under an average of I-meter high canopy cover. The 

resulting C value is 0.001 . 

For grassland areas, the C value was estimated at 

0.15, assuming an average canopy height of 2 meters and 

about 30% of cover at ground surface (Wischmeier, 1974). 

The C factors for both the cultivated areas 

(including diversified cropping or agroforestry) and 

ricefields (paddies and bench terraced areas) was obtained 

from the works of David (1984) with soil erosion 

estimation in Magat River Basin. A value of 0.007 was 

used for ricefields and 0.20 was used for cultivated 

areas. 

A C value of 0.20 was assumed for the residential 

areas, inasmuch as many of the residential houses are 

within farmlands and most have some kind of backyard 

farming. 

The C factor for nonvegetated areas was estimated 

at 0.50 based on the values of Wischmeier (1974). 
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Conservation practice factor. The P factor 

represents the effects of conservation practices, such as 

contouring, stripcropping, terracing, and buffer strips, 

on soil erosion. It usually is evaluated from the 

observed erosion data by taking the ratio of erosion loss 

from an area with a given conservation practice to the 

soil loss from a similar area without the conservation 

practice. 

The only significant conservation practice 

identified in Ibu1ao watershed was terracing. Using the 

values recommended by Wischmeier and Smith (1965), the P 

factor for terraced areas was estimated at 0.95. To 

account for the effects of steeper slopes in the study 

area, the maximum value of P for contouring was used. 

Model Testing and Validation 

The MUSLE model was tested for validity under 

Philippine conditions by using the available soil erosion 

plot data from four different cropping systems in Makiling 

watershed. It also was tested using catchment erosion 

data from Dallao catchment. Table 20 shows the different 

MUSLE parameter values used for the Makiling watershed 

cropping systems and the Da11ao catchment. 

The simulated soil erosion losses for the test 

areas were compared with the actual erosion data. 

Regression analyses were made to determine how well the 

model estimates the actual erosion. The means and the 
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Table 20. Average MUSLE Parameter Values for the Makiling 
Watershed and Dallao Catchment. 

Makiling Dallao 

Parameter A B C D 

Soil silty silt silt silty silty 
texture clay loam loam loam clay clay loam 

% OM 5.7200 6.6000 6.2000 5.8700 5.0700 

Average 
soil pH 5.7400 6.0200 5.9600 5.8100 5.9000 

Average K 0.1211 0.2750 0.2777 0.1212 0.2800 

Average 
slope l!, 

0 80.0000 80.0000 80.0000 80.0000 29.8000 

Flow 
length m 4.0000 4.0000 4.0000 4.0000 630.000 

Average LS 0.0053 0.0053 0.0053 0.0053 0.3855 

Average C 0.0039 0.0236 0.0035 0.0030 0.0325 

Average P 0.2000 0.2000 0.2000 0.5000 1.0000 



117 

standard deviations for both the simulated and the actual 

erosion also were calculated and compared. 

simulation of Soil Erosion 

Soil erosion was estimated for each cell in Ibulao 

watershed using the MUSLE described earlier. From each 

cell, the soil erosion for the wet and dry year was 

estimated. The mean annual soil erosion then was 

calculated by taking the average of the wet and dry year 

estimates. 

Figure 9 shows a schematic diagram of the 

different processes/operations performed in simulating 

soil erosion. 

Results and Discussion 

The results of soil erosion model testing are 

summarized in Tables 21 - 25. Generally, soil erosion 

from the Makiling watershed and Dallao catchment were 

estimated satisfactorily. Except for Cropping A, R2 

values of better than 0.75 were obtained from the 

regression analyses of simulated versus actual soil 

erosion. The y-intercept and slope of regression 

equations of Cropping B, C, and D were not significantly 

different from 0.0 and 1.0, respectively, at 5% alpha 

level which was not the case for Cropping A and Dallao 

catchment. The poor significance test results observed 

for Cropping A and Dallao catchment could be due to the 

------.----------_. ------.-.------- -- . 
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- create derived maps 
(soils, slope, el~va
tion, landuse maps) 

~-----4- classify the Ibulao 
watershed into cells 
of homogenous soil, 
slope, and landuse 
features 

- estimate soil erosion 
from each cell 

- create output over
lays (surface runoff 
and soil erosion maps) 

~----~- evaluate suitability 
of landuse for each 
cell based on present 
legal land classifica
tion, LCCG, and soil 
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Figure 9. Schematic Representation of the Generation and Flow 
of Information in this Study. 
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Table 21. Observed and Simulated Soil Erosion from cropping 
A at Makiling Watershed. 

Rainfall 
(rom) 

51.0 
25.4 
21.0 
38.6 
26.0 
31.8 
40.0 
29.4 
29.0 
14.0 
33.0 
20.2 
40.4 
19.0 

108.0 
18.8 

Mean 
Variance 

Observed 
erosion 

(t/ha) 

0.0434 
0.0017 
0.0095 
0.0049 
0.0163 
0.0153 
0.2026 
0.1167 
0.0410 
0.0019 
0.0015 
0.0013 
0.0245 
0.0119 
0.0721 
0.0129 

0.0361 
0.0028 

Regression output: 
constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
std Err of Coef. 

Predicted 
erosion 
(t/ha) 

0.050 
0.043 
0.291 

16 
= 14 

0.486 
0.203 

0.0645 
0.0026 
0.0470 
0.0279 
0.1346 
0.0051 
0.1069 
0.1257 
0.0880 
0.0080 
0.0364 
0.0271 
0.1348 
0.0427 
0.1318 
0.0898 

0.0671 
0.0022 
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Table 22. Observed and Simulated Soil Erosion from cropping 
B at Makiling watershed. 

Rainfall 
(mm) 

115.0 
51.0 
75.0 
25.4 
21.0 
38.6 
26.0 
24.2 
31.8 
40.0 
29.4 
29.0 
14.0 
33.0 
20.4 
19.0 

108.0 
87.2 
60.0 
18.8 
22.5 

Mean 
Variance 

Observed 
erosion 
(t/ha) 

0.01568 
0.00600 
0.00198 
0.00573 
0.00310 
0.00506 
0.01299 
0.00908 
0.00343 
0.00868 
0.00588 
0.01163 
0.00073 
0.00248 
0.00203 
0.01045 
0.06331 
0.04156 
0.03375 
0.00918 
0.01323 

0.012661 
0.000226 

Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

Predicted 
erosion 
(t/ha) 

0.03040 
0.00652 
0.00197 
0.00000 
0.00000 
0.00740 
0.01207 
0.01687 
0.00000 
0.00826 
0.02852 
0.01547 
0.00000 
0.00000 
0.00286 
0.00168 
0.07006 
0.05072 
0.01874 
0.00421 
0.02942 

0.014532 
0.000327 

0.0011 
0.0089 
0.7817 

21 
19 

1.0633 
0.1289 
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Table 23. Observed and Simulated Soil Erosion from cropping c 
at Makiling Watershed. 

Rainfall 
(rom) 

90.2 
115.0 

51.0 
75.0 
38.6 
31.8 
40.0 
29.4 
29.0 
14.0 
20.2 
40.4 
19.0 

108.0 
87.2 
18.8 
22.5 
36.8 

Mean 
Variance 

Observed 
erosion 
(t/ha) 

0.05840 
0.05844 
0.00740 
0.00289 
0.00531 
0.00315 
0.03055 
0.01948 
0.03293 
0.00093 
0.00228 
0.00221 
0.00499 
0.02469 
0.20200 
0.04511 
0.00563 
0.04669 

0.03072 
0.00211 

Regression Output: 
constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

Predicted 

0.0041 
= 0.0214 
= 0.8615 

18 
16 

1. 0932 
0.1096 

erosion 
(t/ha) 

0.03913 
0.09524 
0.00000 
0.01175 
0.01157 
0.00991 
0.04794 
0.03508 
0.04205 
0.00000 
0.00377 
0.00719 
0.00000 
0.07593 
0.23144 
0.04729 
0.01980 
0.00000 

0.03767 
0.00293 
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Table 24. Observed and Simulated Soil Erosion from cropping 
D at Makiling Watershed. 

Rainfall 
(mm) 

Observed 
erosion 

115.0 
51.0 
75.0 
21.0 
38.6 
26.0 
24.2 
40.0 
29.4 
29.0 
14.0 
33.0 
20.2 
40.4 
20.4 
19.0 

108.0 
60.0 
22.5 
36.8 

Mean 
Variance 

(t/ha) 

0.01161 
0.00139 
0.00105 
0.00445 
0.00844 
0.01105 
0.01029 
0.01063 
0.01158 
0.01013 
0.00105 
0.00330 
0.00253 
0.00045 
0.00093 
0.00089 
0.00086 
0.14175 
0.00281 
0.04416 

0.01397 
0.00095 

Regression Output: 
constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

Predicted 

0.0013 
0.0062 
0.9533 

20 
18 

0.8606 
0.0449 

erosion 
(t/ha) 

0.01368 
0.00144 
0.00243 
0.00381 
0.00990 
0.01754 
0.01561 
0.01249 
0.02148 
0.01169 
0.00136 
0.00247 
0.00143 
0.00029 
0.00049 
0.00062 
0.00062 
0.12781 
0.00322 
0.01797 

0.01332 
0.00074 
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Observed and Simulated Soil Erosion from the Dallao 
Catchment. 

Observed 
Rain erosion 
(rom) (t/ha) 

45.7 0.00018 
17.2 0.00413 
33.2 0.01676 
45.5 0.00361 
88.5 0.01757 

165.5 0.00122 
35.7 0.00231 
30.1 0.00041 
45.5 0.00519 
10.5 0.00006 
28.9 0.00014 
46.9 0.00215 

56.46 0.10976 
54.69 0.05950 

120.55 0.33936 

Mean 0.03749 
Variance 0.00736 

Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefficient(s) 
Std Err of Coef. 

Predicted 
erosion 

0.00618 
0.00977 
0.83727 

15 
13 

0.24048 
0.02940 

(t/ha) 

0.00029 
0.00480 
0.02808 
0.00325 
0.01274 
0.00163 
0.00325 
0.00014 
0.00680 
0.00002 
0.00070 
0.00211 
0.03787 
0.04541 
0.08087 

0.01520 
0.00051 
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inadequate number of sample points observed and simulated. 

Nevertheless, it was observed that in Cropping A and in 

Dallao catchment, the means and variances were 

consistently close as was the case for all the other 

Croppings. 

The underestimation of soil erosion could be the 

result of the insufficiency of information needed for the 

evaluation of USLE parameters. Abstractions in various 

erosion subprocesses could have resulted from the 

inadequate data used in the description and representation 

of such subprocesses. The lack of information on 

cUltivation and weeding applications, for example, could 

have resulted to an underestimation of the C factor, 

leading to an underestimation of the total soil erosiciri 

loss .. 

Another possible source of error in estimating 

soil loss is the runoff prediction. As mentioned in the 

surface runoff simulation section, the surface runoff were 

in some cases underestimated especially for larger 

rainfall events, which is not infrequent in the study 

area. 

Figure 10 shows the average annual soil erosion 

of Ibulao watershed. The highest erosion losses were 

observed in steeper slopes, nonvegetated, and cultivated 

areas. More discussions on the estimated soil erosion in 

Ibulao is given in the next section. 
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LANDUSE SUITABILITY ASSESSMENT 

Landuse suitability assessment is defined here as 

the rating of the impacts of a given landuse on the 

productivity of a given cell. The impacts of landuse on 

each cell was evaluated mainly on the basis of soil 

erosion, as estimated in soil erosion simulation section. 

Four major landuses in Ibulao watershed were assessed: 

forestry, agriculture, agroforestry, and grazing. 

Forestry is defined here as a landuse consisting 

of the maintenance primary and secondary forests and 

reforestation areas which are unsuitable for any other 

kinds of uses. At present, there are at least 195,000 ha 

of lands remaining in the Magat watershed under forest 

cover, of which 27,310 ha are found in Ibulao watershed. 

Most of these forested areas have an average slope of 25% 

or more with generally rugged topography. 

The predominant species in Ibulao forest areas 

belong to the Dipterocarp family. In reforestation sites 

the more common species are Eucalyptus camaldulensis, 

Pterocarpus indicus, swietenia macrophylla, Mangifera 

indica, and Coffea ~ 

Agriculture is defined as a landuse consisting of 

intensively cultivated crops. Irrigated and rainfed paddy 

rice, irrigated and rainfed terraced rice, and diversified 

crops of corn and vegetables are considered here as 

agricultural landuses. 
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Agroforestry is defined as a landuse type 

consisting of a combination of forest and agricultural 

crops (including livestock) in the same unit of land 

either simultaneously or sequentially (Revilla 1979; 

Ffolliott and Thames 1983; Vergara 1985). Agroforestry 

also is referred to here as diversified cropping. The 

primary objectives behind agroforestry is to help provide 

for the pressing and diverse needs of the population, 

especially the forest occupants, maintain and/or improve 

the productivity of lands, and minimize the ecological 

degradation of an area. 

Agroforestry exists in many different forms. 

Vergara (1982, 1985) and Ffolliott and Thames (1983) 

enumerated and described some of the most common and basic 

types of agroforestry. In this study, combination of the 

forest and agricultural crops previously described are 

common in the study area. 

Grazing or grassland is defined to include 

areas on which grasses and shrubs have been established 

regardless of whether the area is used for grazing or not. 

Imperata cylindrica and Themeda triandra are the most 

dominant grass species in the study site. Grasslands in 

the study area came about as a result of clearing the 

original forest cover and were subsequently either left 

untouched or cultivated and later abandoned. At present, 

close to at about 45% of the watershed is under this type 



of usage, which includes lands that are potentially 

productive for agriculture, agroforestry, pasture, and 

forestry. 

Description of the Assessment Procedure 
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In a stepwise manner, the landuse assessment was 

conducted as follows: 

1. Using MAP, a land capability map was generated 

for Ibulao watershed following the LCCG (Figure 11). 

2. The average annual soil erosion for each cell 

was estimated, as described in soil erosion simulation 

section, and a soil erosion map was generated using MAP 

(Fig. 10). 

3. The landuse suitability in each cell was 

evaluated on the basis of soil loss tolerance with the aid 

of MAP. Soil loss tolerance of 20 t/ha/year was assumed 

to be a realistic value considering that the average soil 

loss in many parts of the Philippines is more than twice 

that value. In cells where the estimated soil erosion 

were less than 20 t/ha, a suitable rating was assigned. 

otherwise, the landuse was rated as unsuitable when the 

soil loss exceeds 20 t/ha. 

4. Based on the LCCG, landuse suitability also was 

evaluated by overlaying landuse map and capability map 

generated in step 1. Cells with existing landuse not 

recommended by LCCG is rated as unsuitable. 
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130 

5. Landuse suitability also was evaluated on the 

basis of the legal classification of Ibulao watershed, 

according to the system used by the Bureau of Forest 

Development. Landuses which are not specified under the 

current legal classification of the cell were considered 

unsuitable. 

6. The different suitability maps generated from 

steps 3, 4, and 5 were compared and analyzed. 

Results and Discussion 

Table 26 and Figure 12 show that about 2/3 of the 

Ibulao watershed are under unsuitable landuses based on 

the present legal classification system. These landuses 

include rice terraces, diversified cropping, grasslands, 

and residential areas within the forest domain. Most of 

these landuses also are found in areas usually greater 

than 15 % in slope, the majority of which are even located 

in areas with slope greater than 40% (Table 27). 

Assuming a soil tolerance of 20 t/ha/year, about 

75 percent of the total grassland, diversified cropping, 

nonvegetated, and residential areas were rated unsuitable 

(Table 28 and Figure 13). Based on soil erosion, the rice 

terrace/paddies were rated suitable, with an estimated 

annual soil erosion loss not greater than 20 t/ha. 

Based on the LCCG of the Philippines, rice 

terraces/paddies, diversified cropping, nonvegetated, and 

residential areas were rated unsuitable in areas which 
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Table 26. Legal Classification Coverage Under Different 
Landuses in Ibulao watershed. (Th~ values represent 
the number of 10 ha cells). 

Present Landuse Legal class 

1 2 3 4 5 6 7 TOTAL 

Forest 

mossy 178 178 

closed canopy 264 264 

open canopy 1326 792 83 88 2289 

Diverse crop 119* 555* 1* 32 707 

Open grass 264* 567* 216* 231 1278 

Rice terr/padd 156* 1328* 4* 9 1497 

Nonvegetated 27* 38* 30 95 

Residential 24* 15* 39 

Mainstream 101 101 

TOTAL 0 2043 3557 357 390 o 101 6448 

* Rated unsuitable based on the present legal 
classification. 
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Figure 12. Landuse suitability Map of Ibulao Watershed 
Based on the Present Legal Classification. 



Table 27. Slope Classes Coverage Under Different Landuses 
in Ibulao Watershed. (The values represent the 
number of 10 ha cells). 

Present landuse Slope Class 

1 2 3 4 5 6 TOTAL 

Forest 

mossy 38 140 178 

closed canopy 2 71 191 264 

open canopy 23 156 443 1667 2289 

Diverse crop 26 22 27 268 111 253 707 

Open grass 50 1 301 235 108 583 1278 

Rice terr/padd 14 4 41 219 306 913 1497 

Nonvegetated 56 16 11 1 11 95 

Residential 8 1 4 26 39 

Mainstream 36 6 14 10 35 101 

TOTAL 190 27 415 909 1088 3819 6448 
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Table 28. Erosion Classes Coverage Under Different Landuses 
in Ibulao Watershed. (The values represent the 
number of 10 ha cells). 

Present Landuse Erosion Class 

1 2 3 4 5 6 7 8 TOTAL 

Forest 

mossy 178 178 

closed canopy 264 264 

open canopy 2289 2289 

Rice padd/terr 1177 320 1497 

Open grass 68 234 62* 112* 116* 103* 583* 1278 

Diverse crop 49 7 2 12* 126* 260* 251* 707 

Nonvegetated 41 16 11* 14* 2* 11* 95 

Residential 8 1* 4* 26* 39 

Mainstream 45 5 4 2 10 35 101 

'rOTAL 4119 582 17 75 116 258 375 906 6448 

* Rated unsuitable based on the average annual soil erosion 
loss. 
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Figure 13. Landuse suitability Map of Ibulao Watershed 
Based on Soil Erosion. 
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were restricted only to pasture and forestry (Table 29 and 

Figure 14). Grasslands found inside the areas limited 

only to forestry also were rated unsuitable. 

The three suitability classifications discussed 

above are summarized in Table 30. It could be noted that 

the three suitability maps have similar suitable ratings 

for all forest types in Ibulao watershed. However, as far 

as the other landuses are concerned, the ratings vary. 

For example, rice terraces/paddies were almost completely 

rated as unsuitable using the present legal classification 

as basis. Whereas, if the annual rate of soil erosion is 

used as basis, the same landuse were rated mostly as 

suitable. 

Another contrasting rating was observed for 

grasslands in Ibulao. Based on legal classification and 

the LCCG of the Philippine Bureau of Soils, a large area 

of grasslands was rated as suitable. In contrast, when 

soil erosion was used as basis, most grasslands were rated 

as unsuitable with average annual soil loss of more than 

50 t/ha. 

The suitability assessment also revealed that 

diversified cropping in many parts of the watershed was 

found unsuitable based on the three criteria used; this 

was expected, as diversified cropping is being practiced 

in many steeply sloping areas (Table 27) without the 
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Table 29. Land capability Classes Coverage Under Different 
Landuses in Ibulao Watershed. (The values repre
sent the number of 10 ha cells). 

Present landuse 

Forest 

mossy 

closed canopy 

open canopy 

Diverse crop 

Open grass 

Rice terr/padd 

Nonvegetated 

Residential 

Mainstream 

TOTAL 

Capability class 

2 3 4 6 7 

38 140 

73 191 

23 128 471 1667 

17 18 136 283* 253* 

31 203 305 156* 583* 

3 

13 

8 

1 201 379* 909* 

16 

1 

54 

4 

1* 11* 

26* 

72 262 828 1401 3780 

10 11 TOTAL 

178 

264 

2289 

707 

1278 

1497 

95 

39 

101 101 

4 101 6448 

* Rated unsui ta.ble based on the LCCG of the Philippine 
Bureau of Soils. 
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Figure 14. Landuse suitability Map of Ibulao Watershed 
Based on LCCG of the Philippine Bureau of 
Soils. 



Table 30. Landuse suitability in Ibulao watershed. (The 
values represent the number of 10 ha cells). 

Legal Capability Erosion 

139 

Present Landuse Suit Unsuit suit unsuit suit Unsuit 

Forest 

mossy 178 178 178 

closed canopy 264 264 264 

open canopy 2289 2289 2289 

Rice terr/padd 9 1488 205 1292 1177 320 

Open grass 231 1047 695 583 68 1210 

Diverse cropping 32 675 171 536 49 658 

Nonvegetated 30 65 83 12 41 54 

Residential 15 24 13 26 8 31 

Mainstream 101 101 101 

TOTAL 3149 3299 3999 2449 4175 2273 
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complement of appropriate conservation practice or, for 

that matter, sustainable upland farming technology. 

One important ilnplication of the results of 

suitability assessment is the identification of areas 

currently under unsuitable landuses: this is essential in 

the implementation of measures to mitigate the adverse 

impacts of the existing landuse, if there is a need to 

maintain such use. It also provides useful information in 

identifying alternative landuses if a decision is made to 

replace the current unsuitable landuse with a more viable 

one. 

_____________ ._, ___ ~_' .. ~_. ___ r..--_~~ __ ._._' 
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LAND CAPABILITY CLASSIFICATION 

Land capability classification generally refers to 

any attempt to subdivide land areas into homogenous groups 

possessing distinct biophysical properties. Revilla 

(1979) defined it as the description of a landscape unit 

on the bases of its inherent capacity to sustain a 

desirable combination of plants and animals. It is a 

process crucial to the success of identifying the 

different uses suitable to a given area. Its usefulness 

extends to the maintenance of the long term productivity 

of land resources. 

The USDA Soil Conservation Service land capability 

classification. guide is, perhaps, the most popular system 

in existence (Klingebiel and Montgomery, 1961; and 

Brakensiek et al., 1979). It is based primarily on 

agronomic landuses and is qualitative in nature. 

In the Philippines, a land capability 

classification guide (LCCG) was developed by the Bureau of 

Soils in 1976 (PCARR, 1978). Like the USDA system, this 

classification guide is qualitative in nature. Except for 

slope and soil depth, all the other bases for land 

classification are qualitative description of the 

physical and biological attributes of a landscape unit. 

In spite of the availability of such guide, forest 

lands in the Philippines continue to be set apart from 
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nonforest lands on the basis of slope alone. By law, 

lands with slope greater than 18% slope are classified as 

forest lands, and those with slope below 18% are 

considered alienable and disposable. 

The main drawback of this slope-based system is 

the inadequate representation of the important biophysical 

features determining the productivity and sustainability 

of an area. The ever growing problems of soil erosion and 

flooding, even on nonforest lands, and the continued 

~tability of some agricultural systems on sloping lands 

like the rice terraces in the rugged mountains of northern 

Philippines indicate that slope alone does not explain 

sustainability. 

In the U.S., recently developed methods to 

classify forest lands were presented by Smalley (1979 and 

1984). He described a system based on a combination of 

landforms and topography, factors considered to be 

important in rugged terrain. According to this system, 

landscape is stratified on hierarchal significance of 

physiography, geology, soils, topography, and vegetation. 

Larson et al. (1988) developed a land 

classification system for marginal agricultural lands of 

Minnesota. The system is based on soil productivity (PI) 

and erosion resistivity (RI) indices. These indices are 

used to categorize land parcels into one of four classes: 

nonresistant to erosion with productive soil, resistant to 
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erosion with productive soil, nonresistant to erosion with 

nonproductive soils, and resistant to erosion with 

nonproductive soil. The PI is evaluated on the bases of 

available water capacity, bulk density, and pH in the 

uppermost 100 cm of the soil. The RI is defined as the 

soil loss that can occur in a short time unless some 

measures are taken to minimize soil erosion. 

Warren et al. (1989) recently developed an erosion 

based land classification system for military 

installations. In this procedure, the USLE was linked to 

a GIS known as GRASS (Geographical Resources Analysis 

Support System) to generate a classification of lands 

based on erosion status and erosion index. Erosion status 

is estimated as the ratio of USLE to soil loss tolerance. 

Soil loss tolerance represents the amount of annual soil 

erosion that can be sustained by an area without reducing 

its long term productivity. Generally, soil tolerance 

values range from 2.2 to 11.2 t/ha, depending upon the 

locally intrinsic soil formation rates, and soil depth. 

Erosion index, EI, is defined as the inherent 

erosion potential of the land, which is a function of all 

USLE factors except C. The C was excluded because it can 

easily be altered by the activities of man. Erosion index 

is estimated by: 

EI = ( R K L S P ) / T (60) 
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where 

T soil loss tolerance (t/ha) 

Description of the Classification Procedure 

In this study, an attempt was made to develop an 

erosion based land classification scheme that is both 

effective and responsive to the need for expanding 

non forest uses into the forest domain without jeopardizing 

long term productivity and stability. Soil erosion was 

chosen as the principal basis of classification for the 

reason that erosion manifests quantifiable responses of a 

piece of land to a given landuse. Soil erosion is not 

only the product of the interactions of various 

biophysical features of the land, but it is also a measure 

of the outcome of the efforts of man to alter the 

attributes of the land. 

Similar to the procedure described by Warren et 

al. (1989), an erosion index,I, was used and estimated for 

each cell for each event and then summed up for each year 

the soil erosion was simulated. The average annual 

erosion index was then calculated by taking the mean of 

the two annual erosion index values. The erosion index 

was computed by: 

I = [11.8 (q*Q)O.56 K L S] / T (61) 

Since I was meant to represent the inherent soil 

erodibility of an area, C and P were not included in the 
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computation of I. The T value, in this case, was assumed 

to be 20 t/ha. 

After the quantification of the criterion for 

classification, MAP was used to identify the class to 

which a particular cell belongs. 

Results and Discussion 

Figure 15 shows the soil erodibility map of Ibulao 

watershed, based on the estimated erosion index for each 

cell. Nine erodibility classes were identified, and more 

than one-half of the Ibulao watershed falls under a highly 

erodible category, assuming a threshold erosion index 

value of 20. 

Using these erosion indices and the estimated C 

and P values in erosion simulation, seven capability 

classes were identified with the appropriate landuse 

recommendations (Table 31 and Figure 16). The landuse 

recommendations were determined by solving for the maximum 

CP value for a given capability that would yield an annual 

erosion value of not more than the tolerance limit of 20 

t/ha. 

The different capability classes identified in 

this study can further be divided into subclasses using 

for example slope, elevation, soil fertility, and water 

supply condition as limiting criteria. 
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Figure 15. Soil Erodibility Map of Ibulao Watershed. 
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Table 31. Erosion-Based Land Capability Classification of 
Ibulao Watershed. 

Capability Erosion Area Maximum Recommended 
class index (IOha) allowable landuse 

CP 

1 0-2 2e6 0.500 unrestricted 

2 3-5 146 0.200 grassland,rice 
terrace/paddy, 
agroforestry 

3 6-10 311 0.100 grassland,rice 
terrace/paddy, 
limited agro-
forestry 

4 11-20 1069 0.050 rice terraces, 
limited agro-
forestry with 
conservation 
measures, forestry 

5 21-30 408 0.030 rice terrace, 
forestry 

6 31-50 2176 0.020 limited rice 
terrace, forestry 

7 > 50 2052 0.010 limited to forestry 

._---_._---- . __ .... -'" 
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For example, under capability class 3, the maximum 

erosion index value is 10. In Eq. 9.2, let: 

[11.8(q*Q)0.56KLS ] x 

solving for 

x = I * T 

would yield 200. Equating the MUSLE to T, CP is 

calculated as follows: 

CP = T / x 

which would result to 0.1, the maximum CP value allowed 

without resulting to soil loss over the tolerance limit of 

20 t/ha. 

The erosion-based land classification resulted to 

at least 2,200 ha of land in Ibulao watershed which could 

be used for cultivation, as against 405 ha and 1,160 ha 

from LCCG and present legal classification, respectively 

(Table 31, Figures 11 and 17). More lands are available 

for a greater number of alternative uses in using erosion

based classification rather than using the LCCG and the 

existing legal classification. 

Unlike slope, classification criteria such as 

soil erosion, open up an area to a greater number of 

alternative landuses provided such landuses posses the 

conservation features which would enable them to meet the 

soil erosion limit. Specifically, under an erosion-based 

land classification, any landuse can be made suitable to 

an area provided its combined value for C and P factors 
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Figure 17. Present Legal Land Classification of Ibulao 
Watershed . 
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would yield an erosion value less than or equal to the 

soil loss tolerance limit. 



CONCLUSIONS AND RECOMMENDATIONS 

The primary objectives of this study were to 

evaluate the suitability of existing landuses in Ibulao 

watershed, Philippines, and carry out land capability 

classification for the watershed. 
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Landuse suitability assessment was based primarily 

on soil erosion rates, the results of which were compared 

with the outcome of suitability assessments based on two 

existing slope based land classification systems in the 

Philippines. The Ibulao watershed was subdivided into 10-

ha cells,. and each cell was independently evaluated with 

the aid of MAP. 

The soil erosion rates for each cell were 

estimated using the MUSLE (Williams, 1972). The surface 

runoff and peak runoff rates were simulated by an 

infiltration-kinematic routing model (IRSX). Actual 

rainfall amounts data were used, but rainfall duration was 

simulated by an event based stochastic model (Fogel, et 

al., 1971). The antecedent soil moisture data were 

approximated using the hydrology component of CREAMS. 

An erosion based land capability classification 

was used to identify the different alternative uses of any 

given unit of land in Ibulao watershed. An erosion index 

representing the inherent soil erodibility of a cell was 

computed based on the runoff erosivity factor, the soil 

----- ------------ ------ -
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erodibility factor, and the slope length-gradient factor 

of the MUSLE. 

Conclusions 

Based on the results of this study, the following 

conclusions are made: 

1. An event-based stochastic model could be a 

useful tool for simulating the rainfall duration for storm 

events in the Philippines. The agreement between the COP 

of the observed and simulated rainfall duration for IRRI 

station indicate that the model could satisfactorily 

estimate duration of rainfall events. 

2. A fair approximation of soil moisture could be 

made using the hydrology component of CREAMS. Although 

actual soil moisture data was not available for testing 

the CREAMS simulated soil moisture, the correlation 

between the CREAMS simulated and actual surface runoff 

data provides some degree of confidence that soil moisture 

was estimated within reasonable limits. 

3. An infiltration-kinematic routing model could 

be used satisfactorily for simulating surface runoff in 

the Philippines. The correlation between the simulated 

and the actual surface runoff data was relatively high and 

better than the correlation between the actual and the 

CREAMS simulated runoff data. 
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4. Soil erosion in the Philippines could be 

estimated with relatively good accuracy using the MUSLE. 

The observed and the simulated soil erosion correlated 

well with relatively close mean and variance. 

5. Based on soil erosion, grazing, diversified 

cropping, and residential landuses Were found unsuitable 

in many parts of the Ibulao watershed. On the other hand, 

forestry and rice terraces/paddies were rated mostly 

suitable. However, based on LCCG and the present legal 

status of the land in Ibulao watershed, most of the rice 

terraces/paddies are unsuitable, while a large area under 

grass cover were rated suitable. This disp~rity in 

suitability rating arises from the fact that LCCG and the 

present legal classification are slope-based, which 

presuppose that at about 15% slope, grazing and forestry 

are the only stable landuses. In contrast, soil erosion 

is not always higher in steeper slopes, considering that 

other factors such as soil properties, soil cover, and 

conservation practices also influence the amount of soil 

loss. 

6. An erosion-based land capability classification 

scheme seemed to be a better guide than LCCG and the 

present legal classification in Ibulao watershed, insofar 

as the identification of a more economically and 

ecologically viable landuses are concerned. The erosion 

based land classification resulted to greater hectarage 
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(at least 2,200 ha) of lands in Ibulao waterched which 

could be used for cUltivation without resulting to 

excessive soil erosion. 

Recommendations 

Listed belQw are some of the major limitations of 

this study and the recommendations that can be made based 

on such limitations. 

1. In the simulation of rainfall duration, the use 

of longer actual duration records from the site, could 

increase the accuracy of simulation of the duration of 

rainfall events. This would be useful specifically in the 

simulation of duration for events larger than 30 mm. 

Longer duration records could provide a better insight on 

the actual distribution of duration records for large 

rainfall events, which were not achieved in this study due 

to the brevity of available duration records. 

2. In estimating the soil moisture using the 

hydrology component of CREAMS, the use of actual values of 

variables like air temperature and solar radiation from 

the study site should be used. The use of CREAMS should 

further be tested under Philippine conditions using actual 

soil moisture data. Testing the validity of CREAMS for 

soil moisture approximation with the use of actual surface 

~unoff can provide some measure of confidence, but a 

correlDtion between the actual and simulated runoff does 
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not a~ways mean that the actual and simulated soil 

moisture also would correlate well. 

3. Although the simulation of surface runoff with 

IRSX was found to be satisfactory, a number of limitations 

should be noted. First is the use of soil cover-runoff 

relationships developed for the Arizona and Nevada areas, 

where the type and the influence of soil cover on surface 

runoff are different than under most Philippine 

conditions. Even though it worked in this study, such 

soil cover-runoff relationships should be investigated 

further in the Philippines. Second is the evaluation of 

the hydraulic properties of the soil based on the 

relationships defined from different soils in the u.S. 

Since these relationships represent average properties of 

soils ranging from semi-arid to humid type of environment, 

using a relationship defined specifically for humid 

tropical type of soils should improve the representation 

of the effects of soil properties on surface runoff. 

Third is the surface runoff simulation was made for 10-ha 

cells, which may be too large enough for simulation. To 

the extent possible, the size of the cells should be made 

smaller to minimize the effects of parameter lumping. 

Finally, the estimation of surface runoff did not consider 

the inflow components from adjoining cells which is a 

simplification of the natural runoff process. Hence, the 

estimated soil erosion for each cell can be improved by 
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considering the use surface runoff models which consider 

the inflow components from adjacent cells. 

4. The major limitation in estimating soil erosion 

was encountered in the evaluation of the MUSLE 

parameters, especially the C factor. The range of C 

factor vary widely for a given landuse and, therefore, 

should be further studied considering that soil erosion 

estimates are sensitive to changes in the value of C. 

5. In this study, landuse suitability assessment 

was based mainly on soil erosion. It should be kept in 

mind that an effective landuse suitability assessment 

approach also should include social and economic 

considerations. 

6. An erosion-based land classification is limited 

by the procedures for estimating soil erosion and erosion 

indices. Therefore, improvements in the existing soil 

erosion estimation tools or development of new methods 

applicable to the area are imperative. The success of an 

erosion-based land classification depends also upon the 

availability of appropriate landuse technology that would 

best complement the capability of classified lands. It is 

not enough to say that a piece of land is suitable for 

cultivation, without knowing what type of cUltivation is 

available and allowable to ensure that soil tolerance 

limits are not violated. Studies on and developments of 
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sustainable landuse technology and soil tolerance limits 

should be pursued. 

7. The accuracy of results of the procedure 

described in this study also is a function of the 

accuracy of the different input or source maps. In 

overlaying several maps, format considerations such as 

map resolutions and projection should at all times 

possible be appropriately defined to help keep the joint 

probability of coincidence the same at all locations in 

the map. Ideally, the format of input or source maps 

should be uniform, otherwise efforts should be made to 

minimize the errors arising from differences in formats 

between input overlays. 



APPENDIX 1 

RAINFALL SIMULATION PROGRAMS 

PROGRAM FREQUENC 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c a program to classify a dataset of random variable like rain- c 
c fall amount, duration, intensity and interarrival time. c 
c specifically, the program classifies the data into different c 
c class intervals by rainfall classes and then computes c 
c for the corresponding pdf and cdf of each interval. it also c 
c computes for the lambda and k, scale and shape parameter of c 
c gammma distribution. it also compares the different rainfall c 
c classes using the student t-test. c 
c c 
c variable definitions: c 
c c 
c xmean = mean of the variable c 
c var = variance of the variable c 
c lambda = scale parameter of gamma distribution c 
c kk = shape parame-ter of the gamma distribution c 
c xlolim = lower limit of class interval c 
c uplim = upper limit of class interval c 
c totall sum of the random variable (e.g., rainfall duration) c 
c tota12 sum of squares of the r.v. c 
c tota13 total number of ocurrences per month c 
c iclass 2-dimensional array where the r.v. are stored by c 
c interval by rainfall class c 
crain = precipitation amount in mm c 
c dur = rainfall duration in hr c 
c d size of the class interval c 
c k parameter representing the number of data points c 
c 1 parameter representing number of rainfall classes c 
c 11 total number of class intervals of size d c 
c m parameter representing the number of duration intervals c 
c nclass = the rainfall class a particular rain event belongs c 
c n total number of data points (e.g., one rain event is one c 
c data point c 
c nn number of rainfall class evaluated c 
c inter interval c 
c df degrees of freedom used for the t-test c 
c t t statistic computed c 
c xint 30-minute maximum rainfall intensity, mm/0.5hr c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

parameter (m=48) 
parameter (1=8) 
parameter (k=l222) 
real pdf(m), cdf(m), xmean(l), var(l), lambda(l), kk(l) 
real xlolim(m), uplim(m), totall(l), tota12(1), tota13(1) 
real iclass(l,ml, rain(kl, dur(kl, Xint(kl 
integer month(k), nclass(kl 
data iclass, totall, tota12, tota13 /384*0.,8*0.,8*0.,8*0./ 
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data pdf, cdf, xmean, ver, lambda, kk /48*0. ,48*0.,8*0.,8*0., 
1 8*0.,8*0./ 

data xlolim, uplim/48*0., 48*0./ 

open (1, file 'irris.prn', status = 'old') 
open (2, file = 'freq10.out', status = 'new') 

d = 0.5 
11 = 48 
n = 1222 
nn = 8 
inter = 0 
mrn = 0 
tota 11 ( i) = o. L 
tota12(i) = 0.0 

c check the interval the current variable belong to and compute the 
c totals for mean and variance calculation. for example if the 
c variable of interest is duration of rainfall (dur), the program 
c checks first if the rainfall event is above the minimum amount 
c defined as an event (i.e., .01 in = 0.25 mm). then each of the 
c event is stored in the appropriate storage array (imonth) which 
c specifically stores each event by month or by group of months 
c under a particular class interval (inter) with a class size of 
c 0.5 

do 50 i = 1,n 
read (1,10) month(i), rain(i), dur(i) 

c to determine the interarrival days of each rainfall event 

c call intera(rain,iarriva) 

50 continue 

do 100 i = 1,n 
if (rain(i).lt.0.01) goto 100 
inter = int(dur(i) / 0.5 + 0.99999) 
if (rain(i).le.2.5) nclass(i) = 1 
if (rain(i).gt.2.5.nnd.rain(i).le.5.0) nclass(!) = 2 
if (rain(i).gt.5.0.and.rain(i).le.10.0) nclass(i) =3 
if (rain(i).gt.10.0.and.rain(i).le.15.0) nclass(i) =4 
if (rain(i).gt.15.0.and.rain(i).le.30.0) n~lass(i) 5 
if (rain(i).gt.30.0.and.rain(i).le.50.0) nclass(i) 6 
if (rain(i).gt.50.0.and.rain(i).le.100.) nclass(i) 7 
if (rain(i).gt.l00.0) nclass(i) = 8 
mm = nclass(i) 
iclass(mm,inter) = iclass(mm,inter) + 1 
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totall (mm) 
total2(mm) 

totall(mm) + dur(i) 
total2(mm) + dur(i)**2 

100 continue 

10 format(5x, i2, l2X, f5.l, 5x, f4.l) 

c 
c find the total number of events per rainfall class(nclass) 
c 

501 

c 

do 500 i = l,nn 

totalJ(i) = 0.0 

do 501 j = 1,11 

total3(i) 

continue 

total3(i) + iclass(i,j) 

c determine the lower and the upper limit of each of the 48 
c intervals 
c 

c 

do 502 jj = 1,11 

kj = jj 
uplim(jj) = float (kj) * d 
xlolim(jj) = uplim(jj) - 0.49 

c calculate the pdf and the cdf of each of the intervals 
c 

502 

c 

pdf(jj) = iclass(i,jj) / total3(i) 
if (kj.eq.1) cdf(jj) = pdf(jj) 
cdf(jj) = cdf(jj-1) + pdf(jj) 

continue 

write (*,504) i 
write (2,504) i 
write (*,505) 
write (2,505) 

c if a particular month has no rainfall the pdf and cdf are set 
c to zero 
c 

do 503 jk = 1,11 
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1 

1 

50J 
c 

if (totalJ(i).eq.o.o) then 
pdf(jk) 0.0 
cdf(jk) = 0.0 

endif 

write (*,506) xlolim(jk), uplim(jk), iclass(i,jk), 
pdf(jk), cdf(jk) 

write (2,506) xlolim(jk), uplim(jk), iclass(i,jk), 
pdf(jk), cdf(jk) 

continue 

c computation of mean, variance, lambda, and kk. lambda and kk 
c are the scale and shape parameters, respectively of the gamma 
c distribution 
c 

xmean(i) = totall(i) I totalJ(i) 
var(i) = (total2(i) - (totall(i)**2 I totalJ(i») I 

(totalJ(i) - 1.0) 
lambda(i) = xmean(i) I var(i) 
kk(i) = xmean(i)**2 I var(i) 

write (*,507) totall(i), totalJ(i) 
write (2,507) totall(i), totalJ(i) 

if (totalJ(i).eq.O.O) then 
xmean(i) = 0.0 

endif 

var(i) = 0.0 
lambda(i) = 0.0 
kk(i) = 0.0 

write (*,508) xmean(i), var(i) 
write (2,508) xmean(i), var(i) 
write (*,509) lambda(i), kk(i) 
~lrite (2,509) lambda(i), kk(i) 

500 continue 

c 
c computation of the student t-value and the corresponding df for 
c each two combination of months or group of months 
c 

do 600 i = 1,8 

do 601 j = 2,9 
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602 
1 

1 
1 

if (total3(i).eq.0.0) then 
write (*,602) i 
write (2,602) i 
format (111'this class has no rainfall',5x, 

'the class no. is', 2x, i2, II) 
df = 0.0 
t = 0.00 
goto 601 

endif 

if (total3(j).eq.0.0) then 
write (*,602) j 
write (2,602) j 
df = 0.0 
t = 0.00 
goto 601 

endif 

df = (var(i) I total3(i) + var(j) I total3(j»**2 I 
««var(i) I total3(i»**2) I (total3(i) -1.» + 
(((var(j) I total3(j»**2) I( total3(j) -1.») 

t (xmean(i) - xmean(j» I (sqrt«var(i) I total3(i» 
+(var(j) I total3(j»» 

write (*,603) i,j 
write (2,603) i,j 
write (*,604) df,t 
write (2,604) df,t 

601 continue 

600 continue 

504 format (111,9x,'frequency distribution of rain duration for 
1 grp' ,t65,i2) 

505 format (111,lOx,'interval' ,10x,'frequencY',7x,'pdf' ,13x,'cdf', 
1 II) 

506 format (8x,f6.2,lx,'-',lx,f6.2,8X,f4.0,t42,f7.5,10X,f7.5) 
507 format (111,9x,'total dur for group =',f7.1,11,9x,'total freque 

lncy =',f5.0) 
508 format (111,9x,'mean =',f6.3,10x,'variance =',f9.4) 
509 format (11,9x,'lambda =',f7.4,5X,'kk =',f7.4) 
603 format (11,10x,'classes being compared',t34,i2,t38,'vs' ,t44,i2/) 
604 format (11,15x,'degrees of freedom=',t36,f7.3,/15x,'computed 

It value=' ,f8.3,/) 
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c 

stop 

end 

c a subroutine to compute for the interarrival days between 
c rainfall events. 
c 
c subroutine intera(rain,iarriva) 

c parameter (k = 2557) 
c real rain(k) 
c integer num(k), iarriva(k) 

c n = 100 

c 

c 

c 
c 
c 
c 
c 
c 
c 

do 10 1,100 

if (rain(i).lt.O.25) then 

else 

endif 

num(i) = num(i-l) + 1 
iarriva(i) 0 

iarriva(i) = num(i-l) + 1 
num(i) = a 

c if (rain(l).gt.0.25) iarriva(l) = 1 

c write (*,*) rain(i), num(i), iarriva(i) 
c write (2,*) rain(i), num(i), iarriva(i) 

clO continue 

c return 

c end 
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$debug 
PROGRAM RAINGEN 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C A PROGRAM TO EVALUATE THE RAINFALL DURATION FOR THE 1982-88 RAIN- C 
C FALL DATA FROM THE lagawe observation station. THE GAMMA C 
C DISTRIBUTION IS USED TO SIMULATE THE DURATION FOR MOST OF THE C 
C RAINFALL EVENTS. FOR RAINFALL LESS THAN 5.0 MM THE SHIFTED GAMMA C 
C WAS USED. FOR THOSE EVENTS BETWEEN 5.01 AND 30.0 MM GAMMA DISTRI- C 
C BUTION WAS USED. FOR THOSE EVENTS LARGER THAN 30 MM THE UNIFORM C 
C DISTRIBUTION WAS USED. UNIFORM DISTRIBUTION WAS ALSO USED TO C 
C SIMULATE THE DURATION FOR THOSE EVENTS UNDER CLASS 1 AND 2 (RAIN C 
C OF 0.1 -2.5 MM AND 2.51-5.00 MM, RESPECTIVELY) UNDER THE DURATION C 
C INTERVAL WHICH WERE TRUNCATED. IN THIS PROGRAM THE AMOUNT AND C 
C OCCURENCE OF RAINFALL ARE NOT SIMULATED. IT IS ASSUMED THAT THE C 
C RAINFALL AMOUNTS ARE AVAILABLE AND ARE NOT NECESSARY TO SIMULATE. C 
C C 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

DEFINITION OF TERMS: * 
RAIN 
XDUR 
OUR 
IX 
XM 

VAR 
XL 
XK 
N 

rainfall amount in. mm/day * 
observed rainfall duration in hr * 
simulated rainfall duration in hr * 
random # generator seed * 
mean of rainfall duration since duration is the random * 
variable of interest here * 
variance of rainfall duration * 
scale factor for gamma distribution * 
shape factor for gamma distribution * 
the total number of daily records to be read (e.g., = 1827* 
daily records from january to december FROM 1976 to 1980 * 

C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

DIMENSION RAIN(2000), DUR(2000) 
INTEGER DAY(2000), MONTH(2000), YEAR(2000) 

N = 1827 
IX = 3987233 

OPEN (l,FILE 
OPEN (2,FILE 

DO 15 I = l,N 

'lag1.dat', STATUS 
'lagl.out', STATUS 

'OLD' ) 
'NEW' ) 

READ(l,25) YEAR(I), MONTH(I), DAY(I), RAIN(I) 

IF (RAIN(I).GT.O.OO) THEN 
IF (RAIN(I).LE.2.5) THEN 

X = RAND(IX) 
XM = 0.987 
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111 

222 

VAR = CJ.14481 
IF (X.LE.0.91194) THEN 

A = 0.10 
B = 0.50 
DUR(I) = UNI(A,B,IX) 

ELSE 
DUR(I) = GAMMA(XM,VAR,IX) 
IF (DUR(I).LT.0.5555) GOTO 111 

ENDIF 
ENDIF 
IF (RAIN(I).GT.2.5.AND.RAIN(I).LE.5.0) THEN 

XM = 1.370 
VAR = 0.9212 
X = RAND(IX) 
IF (X.LE.0.4900) THEN 

A = 0.10 
B = 0.50 
DUR(I) = UNI(A,B,IX) 

ELSE 
DUR(I) = GAMMA(XM,VAR,IX) 
IF (DUR(I).LT.0.5555) GOTO 222 

ENDIF 
ENDIF 
IF (RAIN(I).GT.5.0.AND.RAIN(I).LE.10.0) THEN 

XM = 1.421 
VAR = 1.4279 
DUR(I) = GAMMA(XM,VAR,IX) 

ENDIF 
IF (RAIN(I).GT.I0.0.AND.RAIN(I).LE.15.0) THEN 

XM = 2.144 
VAR = 2.631 
DUR(I) = GAMMA(XM,VAR,IX) 

ENDIF 
IF (RAIN(I).GT.15.0.AND.RAIN(I).LE.30.0) THEN 

XM = 2.796 
VAR = 4.9496 
DUR(I) = GAMMA(XM,VAR,IX) 

ENDIF 
IF (RAIN(I).GT.30.0.AND.RAIN(I).LE.50.0) THEN 

X .. RAND(IX) 
IF (X.LE.0.40625) THEN 

A = 0.51 
B = 2.00 

ELSE 
A = 2.01 
B = 8.50 

ENDIF 
DUR(I) = UNI(A,B,IX) 

ENDIF 
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ELSE 

IF (RAIN(I).GT.50.0.AND.RAIN(I).LE.100.0) THEN 
x = RAND(IX) 
IF (X.LE.0.46341) THEN 

A 1.00 
B 6.00 

ELSE 
A 6.01 
B 13.50 

ENDIF 
DUR(I) = UNI(A,B,IX) 

ENOl!" 
IF (RAIN(I).GT.100.0) THEN 

X = RAND(IX) 
IF (X.LE.0.44444) THEN 

A 3.50 
B 12.00 

ELSE 
A 12.01 
B 24.00 

ENDIF 
DUR(I) = UNI(A,E,IX) 

ENDIF 
IX = IX + 999 

DUR(I)=O.O 
ENDIF 
WRITE (*,35) YEAR(I), MONTH(I), DAY(I), RAIN(I), DUR(I) 
WRITE (2,35) YEAR(I), MONTH(I), DAY(I), RAIN(I), DUR(I) 

15 CONTINUE 

25 FORMAT (lX, 14, 2X, 12, 2X, 12, 3)(, F6.2) 
35 FORMAT (5X, 14, 5X, 12, 5X, 12, 5X, F5.1, 5X, F4.1) 

STOP 

END 
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

FUNCTION GAMMA(XM,VAR,IX) 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C A FUNCTION TO EVALUATE THE VALUE OF A GAMMA DISTRIBUTED C 
C RANDOM VARIABLE (E.G., RAINFALL AMOUNT, DURATION, NUMBER C 
C OF EVENTS PER SEASON, INTERARIVAL TIME) AS DESCRIBED BY C 
C LAW AND KELTON (1982). C 



C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

XL = XM / VAR 
XK = XM * XL 
B = (2.17826183 + XK) / 2.17828183 

200 U = RAND(IX) 
P1 = B * U 
U = RAND(IX) 
IF (P1.GT.1.0)THEN 

ELSE 

Y = ABS(ALOG«B - P1) / XK» 
IF (U.LE.(1.0/Y)**(1.0-XK» THEN 

GAMMA = Y / XL 

ELSE 

GOTO 200 

ENDIF 

Y = P1 **(1.0 / XK) 
IF (U.LE.EXP(-Y» THEN 

GAMMA = Y / XL 

ELSE 

GOTO 200 

ENDIF 

ENDIF 

RETURN 

END 
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ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

FUNCTION UNI(A,B,IX) 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c A FUNCTION TO COMPUTE FOR THE VALUE OF A RANDQl.1 VARIAOLZ WHICH c 
c IS BELIEVED OR ASSUMED TO BE UNIFORMLY DISTRIBUTED c 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 



c VUIABLI DIPlIIfIOI: c 
c A = Ue .lalla. valae of Ue variable observed or il8SBled c 
c B • tb 1H11 ... valae of t~e variable observed or aasuaed c 
c I - A = tb raage c 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

U = IIUDIII) 

UBI • A • ( B - A ) t U 

IIUURI 

liD 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

rUBeYIOI RUD(JI) 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c c 
c rndoll Dullber generators froD lav aIId keltoD (1982). c 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

IBYBGIRt 4 A, P, II, 015, D16, 101, IALO, LIPfLO, POI, I 
DAU AI 168071 ,815/327681 ,816/'55361 ,P/2HH8lU11 

III = II 1 D16 
1AL0 • (II - 101 t D15) • A 
umo = 1AL0 1 Bl6 
PII • IBI • A • LIPILO 
I = Pili 1 015 
II: (((IALO - LIFYLO t 016) - P) • (PDI - I t D15) • 016) • I 

IF (II.LI.O) II • II • P 
RUD = PLOAf (II) t 4.656612'751-10 

1110 
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