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Introduction

1. Terms: discharge or runoff is called streamflow

2. Water in stream channels comes from:

(1) Precipitation intercepted by stream channels

(2) Overland flow (surface runoff)

(3) Interflow (subsurface runoff)

(4) Base flow (groundwater runoff)

10-1 Runoff generation

1. Rainfall intensity

(1) Effective rainfall: Pe = P – Interception, 70-80%

(2) Rainfall intensity: rainfall per unit of time

(3) Relation ship for rainfall depth-area-duration and rainfall intensity-duration-return periods (fig. 10.1)

(4) Event occurring probability

2. Soil infiltration

(1) Soil water: soil porosity, mass of water content

(2) Infiltration capacity: 

a. The Green-Ampt model: equation (10.9) (fig. 10.3)

b. The SCS RCN approach

3. Mechanics of runoff

(1) Infiltration: gravity and capillary forces cause the infiltrated water to percolate down to deeper layers

(2) Rangeland watershed vs. forested watershed

10-2 Watershed discharges

1. Hydrograph (fig. 10.4)

(1) Prominent features: rising limb, crest, recession limb

(2) Direct runoff vs. base flow

2. Factors affecting watershed discharge

(1) Climate: Rainfall intensity, depth, duration, type, distribution within the watershed, and direction of storm movement impose direct and significant impacts to streamflow regimes and hydrograph shape.

(2) Topography: slope, shape, elevation, size, relief ratio, stream density and frequency, and many others (fig. 10.5)

(3) Land use: 

a. Control watershed vs. treatment watershed (fig. 10.6)

b. Different percentage of forest cover (fig. 10.7)

3. Estimation of streamflow

(1) Techniques for streamflow estimation

a. Hydrograph analysis to estimate runoff volume and peakflow from rainfall

b. Statistical analysis to estimate runoff from environmental factors or other sites

c. C. Time-series analysis to generate sequential data into the future

d. Hydrologic simulation to generate data based on physical models

(2) SCS RCN model (storm runoff volume)

a. Hydrologic soil groups (Table 10.3)

b. Antecedent moisture conditions (AMC) (Table 10.4)

c. RCN for hydrologic soil-cover complexes (Table 10.5)

(3) The rational equation (storm peakflow): Q = k CIA

(4) The Maning equation (flood flows): 

a. Equation Q = (A R0.67 S0.5)/n

b. Manning’s roughness coefficient n (Table 10.7) (Table 10.8)

(5) Water balance approach (annual streamflow): for annual or long-term

a. Runoff maps of the nation

b. Empirical equations

c. Water balance approach (Table10.9)

10-3 Forest practices and water quantity

1. Water yield

(1) Forest-cutting intensity (Table 10.10)

(2) Species: transpiration, interception, …(Table 10.11)

(3) Precipitation: wet vs. dry

(4) Soil topographic conditions: soil type, depth, slope, …
2. Timing of streamflow

(1) Seasonal distribution of water yield

(2) Geographic distribution: east, Rocky Mountain, west

3. Flow extremes

(1) Peak flows:

a. Cutting forests can cause an increase in peak flows

b. Soil water holding capacity, transpiration

(2) Low flows:

(3) Flow duration: the percent time of occurrence is greater for flows of lower magnitude than for flows of higher magnitude (fig. 10.9)

4. Groundwater

(1) Hydraulic conductivity (k): equation 10.35

(2) Groundwater in steep terrain: complicated, perched groundwater

(3) Groundwater in level terrain: forest lower the groundwater level

10-4 Forest practices and water quality (Table 10.12)

1. Water-quality determination

(1) Input-output budgets: 

a. Chemical-nutrient budgets (Table 10.13)

b. Dilution and leaching effects

c. Water quality is expected to be better for streams in colder regions

(2) Water-quality criteria

a. Water use categories for Clean Water Act: 

(a) Public water supply

(b) Recreation and aesthetic value

(c) Aquatic life

(d) Agriculture

(e) Industries

b. EPA’s drinking water standards: (Table 10.14)

2. Forest practices

(1) Higher water quality in forested watershed due to

a. More uptake of nutrients and ions by plants

b. Fewer runoff and sediment losses

c. Lower rates of organic-matter decomposition and microbial activity

d. Cooler temperature

e. Less management

(2) Clearcutting: increase N and P

(3) Forest roads: erosion and sedimentation

(4) Forest fire: 

a. Reduce interception, transpiration, infiltration rates

b. Increase snow accumulation, storm runoff, water yield, sediment, water temperature, and nutrient losses

c. Improve wildlife habitat, species competition, and forest health

(5) Mechanical site preparations: (Table 10.15)

3. Cumulative watershed effects

(1) Cumulative watershed effects: additive, combined, and interactive impacts created by additional activities through time and space

(2) Be assessed for multiple activities and land uses on a single watershed

10-5 Forest practices and stream habitat

1. Stream habitat

(1) Habitat parameters

a. Streamflow: running water affects the transport and deposition of instream particles, streambed structure, plankton populations, and the ability of fish to feed

b. Temperature: changes in stream temperature beyond the optimum level can cause disease outbreaks, retard growth, stop migration, and cause death

c. Dissolved oxygen: required for respiration

d. Sediment: suspended load and bedload (Table 10.16)

e. Substrate (or streambed): most biologically active zone in stream

f. Pools: concave sections along a stream channel where flow velocity is lower, water is deeper, and substrate particles are finer than in adjacent riffles or runs

g. Cover: shading and sheltering effects of cover

(2) Habitat-rating indexes

a. Advantages:

(a) Spatial and temporal comparisons and communication with other streams

(b) Constructing habitat maps in poorly sampled areas

(c) Evaluating impact scenarios of regulatory alternatives

(d) Identifying and prioritizing areas for conservation actions

(e) Predicting or assessing impacts of environmental change

b. Environmental parameters for assessing habitat quality

2. Forest practices

(1) Forestry practices impacts on stream

a. Altering the structure and composition of the riparian vegetation

b. Allowing more solar radiation to reach stram surfaces

c. Generating more sediment to stream channels

d. Decreasing the amount of large woody debris in streams

(2) On riparian vegetation: removal of riparian vegetation

a. Cutting down supplies of leaves, needles, twigs, and wood to streams

b. Shifting the composition of organic matter inputs

c. Reducing the amount of insects and other animal wastes from canopy

(3) On water temperature

a. Variations: timber-harvesting affect max. and min. temperature

b. Management: energy received from the sun

c. Impacts: 

(a) Stimulate primary production due to additional energy

(b) Increase decomposition rates of organic matter

(c) Decrease dissolved oxygen levels

(4) On sediment

a. Variations and impacts: increase sediment (Table 10.17)

(a) Altering channel morphology 

(b) Reducing the abundance of food organisms

(c) Degrading gravel quality and strata composition

b. Buffer strips: 

(a) Streamside management zones (SMZs)

(b) Buffer strips width from 10 to 100 m

(5) On large woody debris (LWD)

a. Variations: diameter greater than 10 cm and length greater than 1 m

b. Impacts: morphology-habitat system

