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State of Land 
Degradation in the 
Philippines due to 

Soil Erosion 
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Soil Erosion Problem in the 
Philippines 

 

 

 

Soil erosion in the Philippines  is at an 

alarming level! 

    

  16 million cubic meters of soil is lost  

  per year 

 

  in 97% of 4.7 million has of    

 watershed areas in the country 

  (Source: NWRB, 2004) 
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State of Philippine 
Watersheds 
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Philippine Watersheds 

Total land area of the Philippines: 

                30,000,000 has 

Total area of major watersheds (A>990 km2):   

               11,126,900 has (37.1% of total land area) 

Loss of forest cover from 1990 to 2005: 

               3,412,000 has (32.3% loss)  

Soil erosion –> a common problem 

Sources: UNEP (2007); www.rainforests.mongabay.com (2010) 
V.B. Ella, CEAT, UPLB 

http://www.rainforests.mongabay.com/


Climate in the Philippines 

Compounded by 
climate variability  
(El Niño and La Niña) 
and climate change 
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Major Soil- and Water-Related 

Problems in the Uplands 

•  Soil erosion 

•  Soil degradation 

•  Excessive runoff during the wet season 

•  Water scarcity during the dry season 

•  Others  
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Relevant Concepts and Tools 

in Soil and Water Resources 

Management 
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Watershed  

- Basic unit of hydrology 

-horizontal projection of an area containing a natural  

waterway bounded by an arbitrarily selected outlet and by 

ridges, summits and hydraulic boundaries such that 

precipitation falling onto this area is trapped within and 

consequently discharged through the outlet.  

-a.k.a. river basin 

           catchment area 

           drainage area 

           drainage basin 
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Typical Watershed 

Watershed 

Outlet 

Watershed boundary 

Tributaries 
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Hydrologic Cycle 
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Hydrologic Cycle 
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Rainfall measurement  

 

 

8-inch 

standard 

rain gauge 

Tipping 

bucket rain 

gauge 
V.B. Ella, CEAT, UPLB 



Streamflow and Reservoirs 
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Components of Streamflow 
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Streamflow Measurement 

 
Basic governing equation: Continuity  
 

  Q = Vave*A     

     

 

where:  

Q = discharge (L3/T),  

Vave= average velocity of flow (L/T)  

A = cross sectional area of flow normal to the flow direction (L2)  



Current Meter 
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Current Meter Method 

V = a + bN     

      

V = current velocity (L/T) 

N = number of revolutions per second 

b = proportionality constant 

a = starting velocity required to overcome     

      mechanical friction (L/T) 
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Current Meter Method 

dave VV 6.0=

2

8.02.0 dd
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For one-point measurement 

V0.6d = current velocity at 0.6d below the water surface 

V0.2d = current velocity at 0.2d below the water surface 

V0.8d = current velocity at 0.8d below the water surface 

 

For two-point measurement 
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Relevant Hydrologic Analysis 

•Hydrograph analysis 

•Hydrologic frequency analysis 

•Mass curve analysis 
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Components and Major Features of  

a Reservoir 

Dead Storage

Minimum pool level

Normal pool level

Pool level during design flood

Useful or Active Storage

Surcharge Storage

Spillway

Sluiceway

Freeboard
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Soil Erosion 
Soil erosion –detachment and transport of soil 

particles 

2 General Types: 

1) geological erosion  

     - a natural erosion process that leads to soil 

formation and processes that maintain the soil in 

a favorable balance suitable for crop growth.  

2)   human- or animal-induced erosion 

   - includes the breakdown and transport of soil 

aggregates caused by human or animal activities 

such as tillage and land cover destruction. 
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Soil Erosion 

2 General Forms: 

1) Water-borne erosion 

2) Wind-borne erosion 
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Types of Water-borne Erosion 
Raindrop erosion  

 ï the detachment and transport of soil particles due to the 

impact of rainfall. A.k.a. splash erosion 

Sheet erosion 

-  the removal of thin layers of soil in sloping land due to 

sheet or overland flow 

Interrill erosion 

 - the combination of splash and sheet erosion and occurs in 

between rills 

Rill erosion 

 - the detachment and transport of soil particles due to the 

shearing effect of water flowing in rills   

Gully erosion 

 - the erosion that takes place in channels or gullies, 

(distinction with rill?) 
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Types of Water-borne Erosion 

Stream channel erosion 

 - the scouring of the bed of open channels and the eventual 

transport of the detached soil particles by streamflow 
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Mechanics of Soil Erosion 

Rainfall
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Factors Affecting Soil Erosion 

1) Climate 

2) Soil 

3) Topography 

4) Vegetation 
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Climate 

•Rainfall (intensity, depth and duration) 

Rainfall erosivity ï kinetic energy of 

rainfall that causes erosion 

•Evapotranspiration (affects MC and 

infiltration) 
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Soil 

•Soil infiltration capacity 

•Soil texture 

•Soil structure 

•Soil organic matter content 

Soil erodibility ïsusceptibility of the 

soil to erosion 
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Topography 

•Slope 

•Slope length 
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Vegetation 

1) interception of rainfall 

2) increased evapotranspiration 

3) increased organic matter in the soil 

4) reduction in the velocity of runoff 

Specific ways by which vegetation affects soil 

erosion: 
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Estimation of soil erosion and 

sediment yield 

•Direct measurement 

•Empirical methods 

•Computer simulation modeling 

V.B. Ella, CEAT, UPLB 



Direct measurement 

Depth-integrating sediment sampler 
V.B. Ella, CEAT, UPLB 



Empirical Methods 

A = RKLSCP 

where: 

A = annual soil loss (tons/ha) 

R = rainfall-runoff erosivity factor 

K =soil erodibility factor 

L = slope length factor 

S = slope factor 

C = cover management factor 

P = conservation practice factor 

Applicability? :  

for sheet and rill erosion only V.B. Ella, CEAT, UPLB 

Universal Soil Loss Equation (USLE) (1960) 

         by Wischmeier and Smith 



Empirical Methods 

 

 

 
  Modified Universal Soil Loss Equation 

(MUSLE) by Williams and Berndt (1977) 

      

   A = RK(LS)(VM) 

 Where:  

  VM =vegetation management factor 
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  Revised Universal Soil Loss Equation 

(RUSLE) by Renard et al. (1987) 

      

    A = RKLSCP  

     
     Difference: 

• Improved ways and new equations for 

 calculating some factors 

• Computer-based  
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Empirical Methods 



Computer simulation modeling 

    WEPP Model 

   SWAT model 
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The WEPP Model
(Water Erosion Prediction Project)
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The WEPP Model 

•A process-based, distributed parameter, 

continuous computer simulation model 

designed for predicting water-induced 

soil erosion either on a hillslope or 

watershed scale 

•Based on the fundamental principles of 

stochastic weather generation, infiltration 

theory, hydrology, soil physics, plant 

science, hydraulics and mechanics of soil 

erosion and sediment transport 
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The WEPP Model (Contôd) 

•Developed by the National Soil Erosion 

Research Laboratory (NSERL) of USDA's 

Agricultural Research Service in 

collaboration with several federal 

agencies and universities 

•Has proven applicability in all continents 

except  Antarctica 
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The WEPP Model Components        
(Ella, 2004 and 2005) 
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Hydrology Component (Contôd.) 

The kinematic wave model for runoff 

routing 

 

 

    
 

 Where:  h = flow depth;  

    q= unit discharge;  

    x = distance;   

    t = time 
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Erosion Component (contôd) 

   Sediment continuity equation for 

hillslope model 

 

 

    

   where: G = sediment load (kg/s/m);  

   x = distance downslope (m);  

   Df = rill erosion rate (kg/s/m2);  

   Di = interrill erosion rate (kg/s/m2) 

if DD
x

G
+=

µ

µ
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Erosion Component (contôd) 

   Rill detachment when the hydraulic shear 

stress > critical shear stress of the soil and 

when sediment load < the sediment 

transport capacity  

 

 

    

   where:  

 Dc = detachment capacity by rill flow and  

   Tc = sediment transport capacity in the rill  

ö
ö
÷

õ
æ
æ
ç

å
-=

c

cf
T

G
1DD

V.B. Ella, CEAT, UPLB 



Erosion Component (contôd) 

   Detachment Capacity 

 

    

    

   where:  

 Kr = rill erodibility parameter,  

 Űf = flow shear stress acting on the soil;  

 Űc = critical shear stress of the soil  

( )cfrc KD t-t=
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Erosion Component (contôd) 

Net Deposition when the sediment load  > 

           the sediment transport capacity  

 

    

    

where:  

Vf = effective fall velocity for the sediment; 

q = unit discharge 

 ɓ = raindrop-induced turbulence coefficient  

( )GT
q

V
D c

f
f -
b
=
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Strengths of WEPP model 

 Physically-based 

 Can simulate other other processes 

(hydrologic, plant growth, management 

practices, etc.) 

 Provides estimates of soil detachment and soil 

deposition 

 Can provide simulation on a daily basis 

 Windows-based 

 Can be GIS-based or web-based 

 Can predict both hillslope and watershed-scale 

erosion and sediment yield 
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Limitations of WEPP model 

 Highly complex and relatively more difficult 

to use than empirical models; may appear 

too complex to non-agricultural engineers 

 Extensive field and watershed-scale 

experiments and enormous primary and 

secondary data are required for proper model 

calibration and validation 

 Requires instantaneous climatological data 

for better prediction 

 Generally applicable for relatively small 

watersheds 
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Watershed Erosion Prediction  

Under Varying Land Cover Conditions  

0.0

20.0

40.0

60.0

80.0

100.0

120.0

S
e
d

im
e
n

t 
y
ie

ld
 (

to
n

s
/h

a
)

% Watershed Area Cropped

Sediment Yield (tons/ha/yr)

% Watershed Area

Cropped

0 10 20 50 75 100

Sediment Yield

(tons/ha/yr)

1.9 8.8 11.1 19.9 24.9 48.5

1 2 3 4 5 6

V.B. Ella, CEAT, UPLB 



Ella, V.B. 2005. Simulating soil erosion and sediment yield 

in small upland watersheds using the WEPP model In: 

Coxhead, I. and G.E. Shively (eds) Land use change in 

tropical watersheds: evidence, causes and remedies, CABI 

Publishing, CAB International, Oxfordshire, UK, pp. 109-

125 
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Widely-Used Soil 
Erosion Prediction 

Technology:  
The SWAT Model 
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The SWAT Model 
(Soil and Water Assessment Tool) 
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-a physically-based, river basin-scale, 
continuous-event hydrologic model 
developed to quantify the impact of land 
management practices on water, sediment 
and agricultural chemical yields in large, 
complex watersheds with varying soils, land 
use and management conditions over long 
periods of time (Arnold et al., 1998) 

SWAT (Soil and Water Assessment Tool) 

V.B. Ella, CEAT, UPLB 



The SWAT Model (Contôd) 

•Developed by the Soil & Water Research 

Laboratory of USDA's Agricultural 

Research Service in collaboration with 

several federal agencies and universities 

•SWAT has proven its applicability in 

many different countries around the 

world as evidenced by more than 250 

peer-reviewed published articles to date 

(Gassman et al., 2007) 
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The SWAT Model Components 
(Ella, 2010) 
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Erosion Component  

SWAT estimates soil erosion using 

MUSLE but with more improved twists 

and improved equations 

Group of HRUs constitute the watershed 

for estimating runoff and sediment yield 
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Note: % indicates level of conversion to agricultural lands V.B. Ella, CEAT, UPLB 



Note: % indicates level of conversion to agricultural lands V.B. Ella, CEAT, UPLB 



Alibuyog, N. R., V.B. Ella, M. R. Reyes, R. Srinivasan, C. 
Heatwole and T. Dillaha. 2009. Predicting the Effects of 
Land Use on Runoff and Sediment Yield in Selected Sub-
watersheds of the Manupali River Using the ArcSWAT 
Model In: J. Arnold et al. (eds) Soil and Water Assessment 
Tool (SWAT) Global Applications, World Association of 
Soil and Water Conservation pp.253-266 
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Also published in IAEJ (2009) 

 

Alibuyog, N.R., V.B. Ella, M.R. Reyes, R. 

Srinivasan, C. Heatwole and T. Dillaha. 2009. 

Predicting the effects of land use change on runoff 

and sediment yield in Manupali river 

subwatersheds using the SWAT model. 

International Agricultural Engineering Journal, 

18(1-2):15-25 
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Soil and Water Conservation 

Measures and Practices 
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Soil Conservation Measures 

and Practices 
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A.Crop and Vegetation Management 

B.Soil Management 

C.Mechanical Methods 



Crop and Vegetation 

Management 
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•Crop Rotation 

•Cover Cropping 

•Strip Cropping 

•Multiple Cropping 

•High-density Planting 

•Mulching 

•Agroforestry 

 



Strip Cropping 

• Row crops and protection-effective crops are 

grown in alternating strips along the contour 

• Best suited for well-drained soils 

• Recommended strip widths 

V.B. Ella, CEAT, UPLB 

Slope (%) Strip width (m) 

2-5 30 

6-9 25 

10-14 20 

15-20 15 

•Typical buffer strip width: 2 to 4 m at 10 to 20 m 

interval 



Soil Management 
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•Organic Matter Application 

•Minimum Tillage 

•Strip Tillage 

•Mulch Tillage 

•Soil Conditioners 

 



Mechanical Methods 
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•Contouring 

•Terracing 

•Contour bunds 

•Physical contour barriers (e.g. rockwalls) 

•Diversion canals and grassed waterways 

•Stabilization structures (e.g. check dams, 

brush dams, etc.) 

•Drops and chutes 

 



Contour bunds 
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•Typical bund height > 25 cm 

•Typical bund length: < 400 to 500 m 

•Typical bund spacing: 50 to 100 m 



Conservation Agriculture 

V.B. Ella, CEAT, UPLB 

•A new paradigm in doing sustainable 

agriculture and natural resources 

management 

•An alternative to soil conservation 

 



CA Philosophy 

Principles of Conservation Agriculture 

 

• Minimum soil disturbance 

•Continuous mulch cover 

•Diverse species rotations 



Water conservation measures and 
practices 

 

 

 

•  Small Water Impounding Systems 

• Small Farm Reservoirs 

• Rainwater harvesting 

• Small diversion dams 

• Drip irrigation 
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Small Water Impounding Systems 

Typical service area:  

      25 to 150 has 

Typical height: < 30 m 
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Small Farm Reservoirs 

Typical service area:  

      0.5 to 1 ha 

Typical embankment  

       height: < 4 m 
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Rainwater Harvesting 
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Small Diversion Dams 

Typical height: 

     0.50 - 2.00 

meters  

Typical service 

Area: about 40 

hectares 
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Drip Irrigation 
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Low-cost Drip Irrigation 
Technology 
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The Low-cost Drip Irrigation 
Technology 
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The Low-cost Drip Irrigation 
Technology 



 

 

 

Pic of drip training May 2007 

The Low-cost Drip Irrigation 
Technology 
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Pic of drip training May 2007 

The Low-cost Drip Irrigation 
Technology 
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Pic of drip training May 2007 

SANREM Book 2012 
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SUMMARY 

Soil and water related problems 

associated with climate change 

Basic hydrologic and soil erosion 

concepts 

Tools in soil conservation 

management 

Soil conservation practices 

Water conservation practices 

V.B. Ella, CEAT, UPLB 
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