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Learning Objectives 

Understand what a watershed is and how water moves from 

watershed hillslopes into streams and rivers 

Be able to relate human and natural land use/land covers to a 

watershedôs hydrologic response 

Understand the nature and sources of sediment loads in streams 

Understand how scientists measure stream water and sediment 

discharge 

Understand how restoration measures can address altered hydrologic 

and sediment regimes 

Understand effective means of monitoring watershed hydrology, 

sediment loads, and physical habitat quality 



Definitions 

ÅHydrology - science that encompasses the 

occurrence, distribution, movement and 

properties of the waters of the earth and their 

relationship with the environment  

ÅFluvial ï processes associated with rivers and 

streams 

ÅGeomorphology - the study of the physical 

features of the surface of the earth and their 

relation to its geological structures 

ÅFluvial Geomorphology 



Hillslope Processes 

Riparian Ecology 

Floodplain and Channel  

Geomorphology 

Stream Ecology 

Critical Zone Processes 

Climate Change 

Watershed Fluxes 



Hydrology 

Learning objectives: 

 

Understand what a watershed is and how water moves from 

watershed hillslopes into streams and rivers 

 

 

Be able to relate human and natural land use/land covers to a 

watershedôs hydrologic response 

 



Watershed Hydrology 

ÅStudy of the spatial and temporal movement of 

water within a watershed 

- Includes delivery of water to and movement of water 

through a river or stream  

 



 Hydrologic Cycle 



Movement of all of this water 

Stormflow 

Baseflow 



The Watershed 

ÅWater-receiving area that 

drains into a stream 

Å All of the precipitation that 

falls into a watershed flows 

into that watershedôs 

stream 

 



Watershed Boundary 

(Drainage Divide) 

ÅThe line separating one watershed from another  



Watershed Boundaries 

Figure  14.4 



The conceptual watershed 



Stormflow 

Stormflow 



Infiltration 

Å Infiltration 

- Movement of water into soil 

pores 

Å Infiltration rate 

- Amount soaking in over  

time 

Å Infiltration capacity 

- Maximum rate water 

infiltrates a soil 

Å Macropores (>75ɛm) 

Å Gravity 

Å Capillary action 



Infiltration and Runoff 

ÅNo Runoff if Rainfall Rate < Infiltration Rate 

ÅIf Rainfall Rate > Infiltration Rate 

- Water stands in small depressions 

- Travels down slope as Surface Runoff 



Infiltration Rate of a Soil 

ÅDetermined by 

ÅEase of entry through soil surface 

ÅStorage capacity of soil 

ÅTransmission rate through soil 



Runoff 

ÅIf Rainfall Rate > Infiltration Rate = runoff and 

standing depressions 

ÅOverland flow 



Subsurface Flow 

ÅSubsurface flow mixes with baseflow and 

increases ground water discharge to the channel 



Saturated Overland Flow 

ÅGround water breaks out of soil and travels to stream as 

overland flow or quick return flow 

ÅRainfall becomes > infiltration rate, and all rainfall flows 

downslope as overland runoff 

ÅCombination of direct precipitation and quick return flow 

is called saturated overland flow 



Primary Factors Influencing Runoff 

ÅLand use/land cover 

ÅHydrologic soil groups 

 

 

 

 

ÅPrecipitation intensity 

ÅTopography 

ÅAntecedent watershed 

conditions 

- Saturated soils 

- Frozen soils/snowcover 

 



Runoff Curve Numbers ï developed urban lands 

 
Cover description 

Curve numbers for hydrologic soil group 

A B C D 

Open space (lawns, 

parks, golf courses, 

cemeteries, etc.) 

Poor condition (grass cover <50%) 68 79 86 89 

Fair condition (grass cover 50 to 75%) 49 69 79 84 

Good condition (grass cover >75%) 39 61 74 80 

Impervious areas 
Paved parking lots, roofs, driveways, etc. (excluding right of 

way) 
98 98 98 98 

Streets and roads 

Paved; curbs and storm sewers (excluding right-of-way) 98 98 98 98 

Paved; open ditches (including right-of-way) 83 89 92 93 

Gravel (including right of way) 76 85 89 91 

Dirt (including right-of-way) 72 82 87 89 

Western desert urban 

areas 

Natural desert landscaping (pervious area only) 63 77 85 88 

Artificial desert landscaping (impervious weed barrier, desert 

shrub with 1- to 2-inch sand or gravel mulch and basin borders) 
96 96 96 96 

Urban districts 
Commercial and business (85% imp.) 89 92 94 95 

Industrial (72% imp.) 81 88 91 93 

Residential districts by 

average lot size 

1ù8 acre or less (town houses) (65% imp.) 77 85 90 92 
1ù4 acre (38% imp.) 61 75 83 87 
1ù3 acre (30% imp.) 57 72 81 86 
1ù2 acre (25% imp.) 54 70 80 85 

1 acre (20% imp.) 51 68 79 84 

2 acres (12% imp.) 46 65 77 82 



Runoff Curve Numbers for agricultural lands 

 
Cover description Curve numbers for hydrologic soil group 

Cover type Treatment 
Hydrologic 

condition 
A B C D 

Fallow 

Bare soil ð 77 86 91 94 

Crop 

residue 

cover (CR) 

Poor 76 85 90 93 

Good 74 83 88 90 

Row crops 

Straight 

row (SR) 

Poor 72 81 88 91 

Good 67 78 85 89 

SR + CR 
Poor 71 80 87 90 

Good 64 75 82 85 

Contoured 

(C) 

Poor 70 79 84 88 

Good 65 75 82 86 

C + CR 
Poor 69 78 83 87 

Good 64 74 81 85 

Contoured 

& terraced 

(C&T) 

Poor 66 74 80 82 

Good 62 71 78 81 

C&T + R 
Poor 65 73 79 81 

Good 61 70 77 80 



Runoff Curve Numbers for agricultural lands 

 Cover description Curve numbers for hydrologic soil group 

Cover type 
Hydrologic 

condition 
A B C D 

Pasture, grassland, or 

rangeðcontinuous 

forage for grazing. 

Poor 68 79 86 89 

Fair 49 69 79 84 

Good 39 61 74 80 

Meadowðcontinuous 

grass, protected from 

grazing and generally 

mowed for hay. 

ð 30 58 71 78 

Brushðbrush-weed-

grass mixture with brush 

the major element. 

Poor 48 67 77 83 

Fair 35 56 70 77 

Good 30C 48 65 73 

Woodsðgrass 

combination (orchard or 

tree farm). 

Poor 57 73 82 86 

Fair 43 65 76 82 

Good 32 58 72 79 

Woods. 

Poor 45 66 77 83 

Fair 36 60 73 79 

Good 30 55 70 77 

Farmsteadsðbuildings, 

lanes, driveways, and 

surrounding lots. 

ð 59 74 82 86 

https://en.wikipedia.org/wiki/Runoff_curve_number


 Near Surface Water  

 Movement 

Å Forests moderate runoff  

Å Interception  

- Leaf shape & texture  

- Time of year  

- Vertical and horizontal density  

- Vegetation age 

Å Throughfall  

Å Stemflow 



Ecological Infiltration Benefits 

ÅSupports stream flow during dry weather periods 

ÅWater is cleaned of pollutants and nutrients by soil 

organisms and plant roots 



Stream Flow 

ÅPerennial ï permanently flowing  (precip or 

groundwater abundant) 

ÅEphemeral ï flow only during or immediately after 

precipitation (runoff dominated) 

ÅIntermittent ï flow only during certain times of the year 

(typically seasonal groundwater table intersecting 

channel) 

- Seasonal and typically flowing >30 days/yr 



River Stage ï What is it? 

ÅWater level at some arbitrary 

reference point  

- Usually with zero being near 

streambed but also could be 

referenced to actual elevation 

above sea level 

- Historically measured with 

graduated staff gage ð but 

pressure transducers now in 

addition  



Stream Gage 



Measurement of Discharge 

Å Discharge ï volume of water passing point in channel per unit time 

Å Channelized Streamflow - Q = A * v 

Q = discharge, m3/s 

A = x-sectional area  

  (m2) = Depth * Width 

v = velocity (m/s) 



Rating Curves 



Rating curves 

http://water.usgs.gov/edu/streamflow3.html 

ÅPlot of river stage 

vs. discharge 

ÅBased on cross-

sectional area 



Anatomy of the Hydrograph 





 Watershed Land Use  

 Change 



Anthropogenic Extensions of the Stream Network 



Baseflow 

Early  

Stormflow 

Peak 

Stormflow 



Stream Channel Geometry 

¸ Cross-Sectional Area A = W * D 

¸ Wetted Perimeter WP = W + 2D  

¸ Hydraulic Radius R = A/WP 



Current Velocity (V) 

ÅPerhaps most significant characteristic affecting 

the biology in streams 

ÅMean V related to Q, D, W, and bed roughness 



Current Velocity 

ÅNear bed velocity depends on bed roughness 

ÅDrag from Banks and air-water interface 
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 Channel Velocity 



FLUVIAL GEOMORPHOLOGY 

 
 Learning objectives: 

 

Understand the nature and sources of sediment 

loads in streams 

 

Understand how scientists measure stream 

water and sediment discharge 
 



Watershedôs location and condition - determines 

the physical, chemical (and biological) 

conditions of the ecosystem 

Å Topography (mountains, valley, ridges, slopes) ð 

determines climate, flow direction and speed  

Å Climate - determines precipitation, temperature, 

and humidity  

Å Geology (soils, bedrock) ð water chemistry, water 

inputs to streams  

Å Vegetation - Influences organic and water inputs, 

water chemistry, temperature, shading  



 Longitudinal  

 Trends 

ÅSlope 

 

ÅBed material grain size  

 

ÅDischarge 

 

ÅChannel width and depth  

 

ÅMean flow velocity  

 

ÅRelative volume of stored alluvium  



Longitudinal Profile Zones 

Zone 1 ï Headwaters ï Production zone 

Zone 2 Transfer Zone 

Zone 3 Depositional Zone 



Stream order 



How Do We Study Streams? 

Catchment System 



Stream features 

http://texasaquaticscience.org/wp-content/uploads/2013/07/C8_fig_8.1-aquatic-science-texas.jpg 



Stream system features 



Important to evaluate landscape to local scales 

Beechie et al. 2010 

Natural  

River 

Altered 

River 

Driving  

Disturbance 

Agents 



Sediment Transport 

ÅBasic process-form link in fluvial geomorphology 

ÅIntermediate step linking flow to form of channel 

ÅChannel change achieved through erosion, transport 

and deposition of sediment 



Flowing water carries load 

ÅDissolved Load 

ÅSuspended load 

ÅBed Load 

Dissolved Load 



Suspended Load 

ÅWash Load 

- Very fine particles (clay, silt) that are 

suspended in the flow 

- Essentially independent of hydraulic 

conditions 
 



Suspended Load 

Å Little or no energy 

needed to keep fines 

suspended 

Å Rate of transport 

depends oné  
- stream capacity (Q) 

- supply of fines 

- Variable source area 

concept 

 



Bedload 

Å Course particles that roll, bounce, or saltate along the bed of 

the stream 

Å Strongly dependent on hydraulic conditions 

Å Major role in channel formation and change 

Bedload on White River, OR, 

after Nov. 2006 floods 



Bed Material Load 

Å Bedload transport 

- At lower flows: sand 

transported over stable 

gravel armor layers 

- At higher flows: armor layer 

is destroyed releasing more 

sediment 

- Two phase flow 



Getting Bedload Moving: Entrainment 

ÅPosition of particle relative to 

surrounding particles 

Armor Layer 

Shadowing & 

Imbrication 

Sorting 



Sediment Yield & Large Animals 



             ATV Access 





Sediment Discharge Relations 

ÅComplicated 

- Sediment waves move more slowly than flood waves 

- Exhaustion of sediment supply may occur 

- Seasonality of variability 

- Differences between rising and falling limbs of 

hydrographs 



Watershed Sediment Budgets 

Components: 

ÅSoil erosion 

- Rainfall detachment 

- Freeze/thaw 

- Overland flow 

ÅLandslides 

ÅStream bank erosion 

ÅDust/deposition 

 





          Mass Failures 



Land Use Change 


