Topics today

INFILTRATION, PATHWAYS,
RECHARGE

 Infiltration & Recharge
 Pathways to the channel & Streamflow
hydrograph

 Integrated Watershed Management casestudies
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Retained by the soil

Enters into the soil
Precipitation
reaches the ground

Moves downwards to the
groundwater

Forms puddles on
the surface

Moves laterally along soil/sediment
strata to surface water body

Flows over the
surface

• Water flowing over the soil surface reaches
the stream channel in a shorter time than
that flowing through the soil!
• The allocation of excess precipitation at the
soil surface into surface or subsurface flow
determines the timing and amount of
streamflow that occurs.
GE4211

effective precipitation
or
excess precipitation
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• Infiltration  the process by which water enters the soil surface; results from the
combined forces of capillarity and gravity acting on water in the soil matrix of micro and
macropores.
• Micropores  relate to the size of pores attributed to soil texture
• Macropores  larger and occur in soils as a result of several factors

natural resources conservation / flickr

Photo:Tana E. Wood
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More definitions
Infiltration capacity  the maximum rate at which water can enter the soil surface
• decreases over time in response to factors affecting the downward movement of
the wetting front
! The size of individual pores and the porosity in a soil generally decrease with increasing depth !
Surface runoff or ponding of water on the soil surface occurs when precipitation rates exceed infiltration
capacity.
• When surface ponding reaches a sufficient depth, the positive pressure of water (head) can result in
accelerated rates of infiltration not expected under normal rainfall conditions.
Percolation  downward movement of excess precipitation through the soil;
• Incl. drainage from soil horizons in which soil water content exceeds the soil’s
field capacity or where water flows preferentially through macropores in
response to gravity
GE4211
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Photo:Tana E. Wood

Infiltration & leaf litter
Plant material and litter on or near the soil surface influence
infiltration!

natural resources conservation / flickr

Two hydrologically distinct layers:
1. upper horizon  stems, leaves, and other undecomposed plant material
2. lower horizon  decomposed plant material such as litter and duff that
behaves much like mineral soil

• The upper layer protects the soil surface from the energy of raindrop impact.
• When not present, raindrop impact can displace smaller soil particles into pores & effectively seal the
soil surface.
• Plant debris also slows or detains surface runoff, allowing water to infiltrate.
• Plant litter, is important as both a water storage component and a protective cover that maintains an
open soil surface condition favorable for high rates of infiltration.
GE4211
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Infiltration capacity
The infiltration capacity of a soil depends on:
• Soil texture & structure,
• surface conditions,
• the nature of soil colloids,
• organic matter content,
• soil depth & presence of impermeable layers,
• presence of macropores

Macropores function as small channels or pipes
within a soil and are non-uniformly distributed
pores created by processes such as:
• earthworm activity,
• decaying plant roots,
• the burrowing of small animals
GE4211
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Surface roughness & large pores
• Soils with rough surfaces have a greater amount of
depression storage
• Water in depressions is under a positive pressure due
to the depth of the water that is greater than
atmospheric pressure

Images from DOI: 10.1155/2012/608275

• Large pores that are open to the atmosphere promote
rapid infiltration–water moves freely into the soil and
displaced air freely escapes
• Surface compaction or sealing diminishes the
effectiveness of large pores, which then become
barriers to water entry because of the back pressure
of air trapped in the sealed pores
GE4211
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Photo by John A. Kelley, USDA

http://soilandwater.bee.cornell.edu/Research/pfweb/educators/intro/macroflow.htm

Evannovostro

Water content, frost, and soil and
water temperatures  influence the
infiltration rate of a soil

The size and interconnections of
pores within a soil affect infiltration
and the wetting front movement
through the soil.

Landuse activities and vegetation management practices also influence these factors.

Poiseuille’s law (p. 116)  fundamental relationship for the laminar flow of water in
saturated soils or groundwater systems; explains why water moves at a faster rate
through coarse-textured soils than fine-textured soils.
GE4211
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What’s the connection between all these activities?

http://geography.name

www.auscoproducts.com

Image: SWNS

Marin Tomas/Getty Images
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Water-Repellent Soils
IBED / S.J. de Vet

http://static.wixstatic.com

inciweb.nwcg.gov

Fires can release hydrophobic substances
into the soil & forming a hydrophobic
layer below the soil surface

Water repellency is caused by several mechanisms involving long-chain
hydrocarbon substances coating the mineral soil particles:
• Irreversible drying of the organic matter (e.g. difficulties rewetting dried peat
(organic) soils);
• Coating of mineral soil particles with plant leachates
• Coating of soil particles with hydrophobic microbial byproducts (e.g. fungal
mycelium
• Intermixing of dry mineral soil particles and dry organic matter
• Vaporization of organic matter and condensation of hydrophobic substances
on mineral soil particles during fire (heat-induced water repellency)
GE4211
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Quantifying Infiltration
environmentalbiophysics.org

Double ring Infiltrometer
• Water is added to both cylinders (rings), and kept stable, but
measurements are made only in the inner ring.
• The water needed to maintain the constant depth is recorded
at specific times.
• The outer ring  a buffer reducing boundary effects caused
and the lateral flow at the bottom of the ring

• Useful for obtaining comparisons of infiltration rates for
different soils, sites, vegetation types, and treatments.
GE4211

http://www.hilbec.com

+ easy to use
+ relatively inexpensive
- the positive head of water causes higher infiltration
rates than those during rainfall.
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Quantifying Infiltration
Rainfall-runoff plot simulations
• Water is applied to the soil surface (simulates rainfall,
sprinklers)… different drop sizes, different rainfall intensities
• The runoff plot has a boundary strip that forces any surface
runoff to flow through a measuring device.
• Rainfall intensities are increased until surface ponding or
surface runoff occurs (infiltration capacity is reached)
- more costly
- difficult to apply in remote areas where brushes or
dense trees interfere with the set-up.
+ Infiltration capacities determined by this approach
should be more representative than those from the
infiltrometers

GE4211

Schematic from: doi:10.2134/jeq2001.2026
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Video  rainfall simulator + time-lapse resistivity + soil moisture sensors
University of Wyoming, Ecosystem Science and Management
Camera & narrative: Prof. Scott Miller

Video  wetting front movement, irrigation experiment, time-laps ERT
University of Wyoming, Ecosystem Science and Management
Niels Claes
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Recharge
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Groundwater Recharge

• Hydrologic process where water
percolates (drains) downward from
the earth’s surface to groundwater.
• Occurs both naturally (through the
water cycle) and artificially where
rainwater and or reclaimed water is
routed into the subsurface.
• Outseepage  where a
continuous saturated hydraulic
head from a lake or wetland
causes water to flow from the
surface water into a groundwater
aquifer

GE4211
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Groundwater Recharge & Land Use
Photo: Air Maui Helicopters

• Upland forested watersheds  important recharge
zones for aquifers because forests occur in the areas
with high annual precipitation and are associated with
the soils that have high infiltration capacities.

Photo: Vivian Stockman/Southwings

• Conversion of forests could impact infiltration capacity and
recharge pathways.

• The net effect depends on whether reductions in ET or
reductions in infiltration have the greatest impact on
recharge.
GE4211
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Estimating Groundwater Recharge
Recharge is difficult component of the groundwater system to quantify largely because of the
difficulty in estimating ET, infiltration, and other processes across the landscape that determine the
water budget.

• Because it is difficult to measure recharge, hydrologic models are
often used to estimate it.

• Methods for estimating the spatial
distribution of recharge across the
landscape can be categorized into:

o Physically based
o Regression methods
GE4211

Sachin Pandey, Ph.D. (Colorado Uni, boulder)
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Physical models
• Physical models use the principles
of soil physics to estimate
recharge
• They attempt to calculate the
volume of water passing below
the root zone

• They apply equations that
quantitatively describe the various
processes involved in the water balance for the land
surface and shallow unsaturated zone.

• Indirect physical methods rely on the measurement or estimation of soil physical parameters, which, along
with soil physical principles, can be used to estimate the potential or actual recharge
• Geochemical or isotopic tracers at selected recharge locations are used to validate the soil physics expressed
through a numerical model
GE4211
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Regression models

Figure from doi:10.3390/w6082467

• The premise is that the response of the hydrologic
system can be predicted by separating out the
individual components of a system
• The response of a hydrologic unit, however, is not
simply the linear combination (regression) of its
component parts
• For modelling regional recharge across large
scales, this traditional estimation approach can
fail to adequately acknowledge the relationships
which exist between the landscape (surface and
interior) and the hydrologic response

Groundwater recharge estimated from the
streamflow hydrograph….

• Example  hydrograph separation (baseflow) etc.

Later more
GE4211
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Water Flow into the Stream Channel
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Watershed response & water flowpaths
Water may reach the stream very fast (within minutes) or it could be years  it all depends on the specific pathways
Factors determining which pathways will
water follow:

Hillslope (part of watershed)

o
o
o
o
o

landscape position
soil type
vegetative cover
land use, landscape position
geologic conditions underlying the
watershed,
o the intensity and rates of rainfall or
snowmelt over the watershed

At the outflow of any watershed, the magnitude of
flow through each of these pathways along the
channel continuum determines the integrated
streamflow response over time.
Figure from T. Redding et al. (2009)

GE4211
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Streamflow Regimes
The pathways by which water enters a stream determine the
seasonal and annual flow patterns of a stream, referred to as
streamflow regimes.
• Perennial streams  flow throughout a year with the
possible exception of severe drought conditions
• Intermittent streams  flow in the wet season but cease to
flow in other seasons of a normal year
• Ephemeral streams  flow in direct response to a rainfall or
snowmelt event; most common in dryland environments,
although it can also occur in other climates.

Various processes and varying pathways determine how much
and how rapidly the precipitation falling on a watershed will:
• augment the flow of a perennial stream
• add to the flow of an intermittent stream
• initiate the flow of an ephemeral stream

Picture from http://www.songsoferetz.com/2014/01/review-of-ephemeral-stream-by-elizabeth.html

Watershed response ↑
GE4211
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The Hydrograph!
• hydrograph  the graphical representation of streamflow discharge over time
• they are widely used to study the integrated streamflow response of a watershed to various climatic
conditions, meteorological events, and land use changes.
Storm hydrograph

channel interception

groundwater or baseflow

streamflow discharge
GE4211
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Baseflow & Baseflow separation
“trying to unscramble an omlette”
(McDonnell, 2009)

“one of the most desperate analysis techniques
in use in hydrology”
(Hewlett and Hibbert, 1967)

https://ecoursesonline.icar.gov.in/mod/page/view.php?id=1904 Raghunath, 2006

“fascinating arena of fancy and speculation”
(Appleby, 1970)

Storm hydrograph
(1 precip. event)

GE4211
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Stormflow
Stormflow
(direct runoff)
(quickflow)

=

channel interception + surface runoff + interflow

o channel interception  the most direct pathway, precipitation that falls directly on the stream channel and
adjacent saturated areas

o surface runoff (overland flow)  the water that flows over the soil surface as the result of flows from
impervious areas on the landscape (rock outcrops, road surfaces, etc.), locally saturated areas, or from the
areas where the rainfall rate exceeds the infiltration capacity of the soil
o interflow (throughflow)  is subsurface flow, part of excess precipitation that infiltrates but arrives at the
stream channel over a short enough period to be considered part of the storm hydrograph

Easy to visualize conceptually, but
challenging to separate one from the
others & measure each pathway

Hydrologic models  attempt to represent the
major flow pathways to predict the integrated
streamflow response in the form of a hydrograph.
GE4211
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Factors that determine the magnitude of stormflow volume and peak flow…
fixed in time

• precipitation inputs
• watershed conditions

the size and shape of the watershed
the steepness of the hillslopes
the character of the stream channels of the watershed
the presence of lakes, wetlands, other water bodies

Watershed
conditions

precipitation inputs

•
•
•
•

vary with time

• the higher the intensity and the longer
the duration of a rainstorm, the higher
the magnitude of peak flow
• storm that moves from the upper
reaches of a watershed to the outlet will
tend to concentrate flow at the outlet

• vegetation type and extent of cover
• soil surface conditions
• variety of human-caused changes

drainage systems
roads

• storm that moves upstream will tend to
spread out the flow response over time.

waterways

reservoirs

stream channel alterations

it is challenging to separate and quantify the contributions of individual components or factors
GE4211
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The storm hydrographs’ shape

GE4211
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Edward Burtynsky (link)

Gonzo fan2007 via wiki

Colorado River at Lee's Ferry

Colorado River Delta

Streamflow Hydrograph
The case-study of Colorado River at Lee’s Ferry (Arizona, US)
GE4211
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"the physical and spiritual
heart of water history in
the arid West“ (Kupel 2013)

Lee’s Ferry (USGS gauging station since 1921)
•
•

focal point of American Southwest water disputes!
the principal factor in allocating water to the 7 US & 2
Mexican states in the Colorado River basin

Glen Canyon Dam (1966)  Lake Powel (30𝑘𝑚3)
GE4211
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Shannon1 via wiki

https://www.climate.gov/news-features/climate-casestudies/climate-models-guide-billion-dollar-water-infrastructure

GE4211
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Snippets about Colorado basin & delta 

https://vimeo.com/93398098 (5min)
GE4211
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Hydrograph for Colorado River at Lee Ferry, AZ (USGS 09380000)
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https://www.usbr.gov/uc/rm/crsp/gc/
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Glen Canyon Dam &
Lake Powell
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Hydrograph for Colorado River at Lee Ferry, AZ (USGS 09380000)
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Raster hydrograph 
another way to visualize longterm streamflow data
x-axis  days
y-axis  years
color ramp  discharge

What can you see?

GE4211
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Integrated (River Basin) Management
WWF case-studies
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Let’s see the groups working together 

Group 1: Lake Chad (pdf link)
Group 2: Everglades (pdf link)
Group 3: Yangtze (pdf link)
Group 4: South Africa's "Working for Wetlands" (pdf link)
Group 5: Ganges (pdf link)
Group 6: Kinabatangan (pdf link)
Group 7: Prespa (pdf link)
Group 8: Great Barrier Reef (pdf link)
Group 9: Danube (pdf link)
Group 10: Gwydir (pdf link)

GE4211

• 15-20 min group discussion
• Each group reports to the class on:
• Basin characteristics
• Specific challenges
• Lessons learned
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GE4211 ADVANCED HYDROLOGY & WATER RESOURCES MANAGEMENT
2017/2018 Sem.2

Questions?

Next time: Elevator Pitch + Risk Assessment (+ streamflow)
GE4211
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The slides were based on Chapter 5 of Hydrology and the
Management of Watersheds, 4th edition (2013) by Kenneth N.
Brooks, Peter F. Ffolliott Joseph A. Magner 
Please, go through the relevant parts of this chapter when you
have time…
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