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Introduction

1. Water erosion three stage: 


(1) detachment: separation, upland


(2) transportation: upland


(3) deposition: downland

2. Vegetative cover limits erosion

3. Accelerated erosion: cultivation, overgrazing, logging, mining, construction 
activity, and fire which reduce vegetation

4-1 Types of water erosion

1. Sheet erosion: removal of a thin layer of soil


(1) raindrop splash: detaching energy


(2) surface flow: transporting capacity (fig. 4-1)

2. Rill erosion: runoff concentrates in streamlets


(1) small channels (crop-row channel)


(2) ephemeral gullies (fig. 4-2)

3. Gully erosion: channels is large (fig. 4-3)


(1) active: their walls are free of vegetation


(2) inactive: stabilized by vegetation

4. Streambank erosion: bank and bed


(1) removal by running streams


(2) unloaded sediment from bank and bed

5. Solution erosion


(1) soluble materials removed by water


(2) process is persistently weathering

4-2 Erosion damage

1. Soil loss


(1) cultivated field: 200 tons/ac-yr


(2) measure the depth of soil

2. Plant nutrient losses


(1) N, P, K were washed out


(2) losses in solution and in eroded sediment

3. Textural change


(1) remove finer particles, more sandier


(2) less organic matter

4. Structural damage


(1) less granular and less permeable subsoil


(2) produce a compact surface crust


(3) reduce infiltration rate and produce runoff

5. Productivity loss


(1) reduce productive potential (Table 4-1)


(2) need better management and input

6. Field dissection


(1) field is cut by larger gullies


(2) higher production costs and reduce income

7. Engineering structure damage


(1) erosion damages buildings, roads, bridge, …


(2) engineering structure destroyed (fig. 4-4)

8. Water pollution


(1) sediment is greatest single pollutant


(2) not useful for home, industrial use

9. Sedimentation


(1) sediment damaged lower area (fig. 4-5)


(2) deposited in stream, lakes, reservoirs


(3) affect ecosystem

10. Economic loss (ex. In US)


(1) $ 500 million to 1.2 billion in on-site


(2) 3.4-13 billion in off-site 

4-3 Agents active in water erosion

1. Falling raindrops


(1) energy of falling raindrops



a. E = 1/2mv2



b. terminal velocity (fig. 4-6)



c. drop diameter


(2) rainstorm intensity and energy



a. drop size increased as rain intensity increased



b. e = 916+331log10I


(3) wind and raindrop energy



a. wind accelerates the drop



b. wind tends to break large drops


(4) vegetation and raindrop energy



a. vegetation intercepted the raindrops



b. trees break or accumulate raindrops


(5) work of raindrops



a. detaching soil to individual particles



b. splash and relocate soil (transporting)



c. reduce soil infiltration rate


(6) raindrops and the erosion process



a. raindrops are more responsible for sheet erosion than is sheet flow



b. related to soil properties, slope, cover

2. Running water


(1) energy of running water



a. depends on quantity and velocity 



b. laminar flow: thin film, low velocity


(2) turbulence and energy



a. turbulence: irregular motion, fast flowing



b. depth of flow and velocity


(3) energy of transported material



a. soil in water has more erosive energy



b. denser water could to deposit



c. more power for light load than heavy load


(4) stream depth and energy



a. increasing thickness, water moves rapidly



b. runoff into rill and gullies erosion


(5) slope, runoff, and erosion



a. slope gradient: increasing erosion (note 4-1)



b. slope length: increasing erosion



c. slope shape: (fig. 4-7)




(a) convex: dry, erosive




(b) concave: moist, deep soil



d. slope aspect: smaller runoff but greater erosion losses on south-facing


(6) surface condition



a. smooth, bare surface increase erosion



b. Manning’s formula (note 4-2)



c. surface roughness (Table 4-2)


(7) runoff and the erosion process



a. flow depth and velocity increase erosion



b. detaching and transporting increase

3. Gravity


(1) soil movements caused by gravity: landslide, mudflow, soil creep, …


(2) slope, vegetation, human effect, …


(3) mudflow: Pacific slope, soil water

4-4 Soil properties and soil erodibility

1. Soil texture


(1) sand, detach and infiltrate easy


(2) clay, detach and infiltrate difficult


(3) moderate rainstorm produces more runoff and erosion from the finer-textured 
soils than from sandy ones

2. Soil structure


(1) texture: clay is a aggregating agent


(2) type of cation on the exchange complex



a. H+: resist detachment and transportation



b. Na+, K+, Mg2+: reduce aggregate formation


(3) Type of clay mineral: high in hydrous oxides of iron and aluminum tends to 
be better aggregated (tropical and subtropical soils) 


(4) organic matter content



a. soil structure improves and more stable



b. decreased runoff and erosion


(5) water repellency: reduce water infiltration rate


(6) cementing agents: lime and iron, reduce erosion


(7) cropping history: intense cultivation decreases organic matter content and 
aggregate stability by promoting decomposition and erosion

3. Freezing and thawing (melting)


(1) soil compaction


(2) a layer of saturated soil on impermeable frozen layer


(3) soil erosion can easily occur

4-5 Vegetation and water erosion

1. Vegetation limits the erosive action of raindrops on soil

2. Plant intercepts raindrops and slows down runoff 

3. Effect of cropping system on runoff and erosion (Table 4-3)

4-6 Traffic and water erosion

1. Bare, smooth, compacted soil surfaces facilitate runoff and erosion

2. Trails, paths, roads

3. Needs better design and more careful construction

4-7 Water erosion and pollution

1. Nonpoint source pollution: agriculture

2. Tolerable limits of soil loss: 1-5 tons/ac-yr

3. Now people deeply concerned about fertilizers, pesticides, and animal wastes that 
enter streams and groundwater

4-8 Water erosion and sedimentation

1. Sedimentation is a continuing process: detachment, transportation, deposition

2. Sedimentation is both beneficial and harmful


(1) alluvial soils are productive soils


(2) damage stream, lakes, reservoirs (fig. 4-8)

4-9 Principles of water-erosion control

1. Reduce raindrop impact on the soil

2. Reduce runoff volume and velocity

3. Increase the soil’s resistance to erosion

Summary

1. Erosion forms: sheet, rill, gully, solution, streambank erosion

2. Erosion energy: depends on volume and velocity

3. Soil texture, soil structure, vegetation affect soil erosion

4. Sedimentation: non-point source pollution

