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IMPACTS OF URBAN DEVELOPMENTS ON HYDROLOGIC PROCESSES
Peter F. Ffolliott1 and Kenneth N. Brooks2

Urbanization has been a significant cause for the
fragmentation of wildland watersheds since the early
1950s. Furthermore, it is anticipated that urban
developments will account for additional losses of
natural landscapes into the 21st century. The
National Resource Inventory of the U.S. Department
of Agriculture indicated that millions of acres of
forests, woodlands, agricultural croplands, and other
open spaces were converted to urban and other
developed areas in the 5 years beginning in 1992 as
the rate of urbanization increased when compared to
the earlier 10-year period (Alig et al. 2004). Aligned
with a projected increase of more than 120 million
people in the United States by 2050, urban devel-
opments will grow substantially into the future with
the fastest rate in the western and southern regions.
How urbanization impacts on hydrologic processes
and how these impacts might be mitigated when
necessary is the focus of this paper.

IMPACTS ON HYDROLOGIC PROCESSES
Factors of urbanization impacting on hydrologic

processes are the density of houses, commercial and
industrial buildings, and shopping centers; features
of the houses and other buildings and especially
their roofs; bulldozing activities and the resulting
re-contouring of land surfaces; and the area that
becomes impervious to the infiltration of water as a
consequence of the streets, sidewalks, and parking
lots that accompany urban developments (Brooks et
al. 2013). Other factors include the alterations made
to stream channel systems to accommodate the
necessary realignments of road and other crossings;
a loss of protective riparian buffer strips of
vegetation and the disruptions of surface water-
groundwater linkages in riparian corridors; and the
drilling of wells and construction of storm-drainage
and sewer systems. How these factors impact storm-
flow regimes, water quality characteristics, riparian
corridors, and groundwater resources are high-
lighted below.

Impacts on Stormflow Regimes
Conversion of wildland watersheds to urbanized

areas often increases stormflow volumes because the
removal of natural vegetation in the urbanization
processes can increase the volume of overland flows
of water into stream channels. Storage of surface
water is also affected by the impervious areas
created by urban developments because changes in

this flow of water result from the “paving” activities
in the development of urban areas (DeWalle at al.
2000, Finkenbine et al. 2000). These impervious
areas restrict or eliminate the infiltration of surface
runoff into the soil profile that (in turn) increases
surface runoff.  This, therefore, means that much of
the water that had soaked into the ground before
urbanization will flow off the impervious surfaces
into stream channels.

An example of the effect of the impervious areas
created by urbanization on stormflows is that obser-
ved in Los Angeles. Less than 10% of the rain
falling on the watersheds contributing to the Los
Angeles River before 1930 was converted into
stormflow. However, since 1990, nearly 90% of the
rainfall becomes stormflow because of the
unprecedented expansion of the Los Angeles
metropolitan area onto these watersheds (Drennan et
al. 2000). One consequence of this urbanization,
therefore, has been a significant reduction in the
infiltration of rainfall and surface runoff caused by
the increase in impervious layers in this expansive
municipality. Parenthetically, a recharge of
groundwater aquifers can also be restricted as a
result of the impervious areas created.

High flows of surface water occur on the imper-
vious surfaces following large rainfall events. 
Stormflow volumes that are associated with these
high flows can exceed the bankfull stage of the
stream channels that pass through the urban areas. 
Bankfull stage is where stream-water completely
fills a channel without spreading out onto the adja-
cent flood plain (Brooks et al. 2013).  Streamflows
exceeding the bankfull stage lead to flooding events. 
To compound the problem confronted with the
occurrence of flooding, the increase of flood-prone
areas caused by urbanization and their frequent
inhabitation by urban residents without the
necessary flood-protection measures can result in
major economic losses.

Measures of flood mitigation include stream
channelization involving the widening, straighten-
ing, and/or deepening of the channel. However,
stream channelization can adversely affect the phys-
ical and biological values of the impacted riparian
corridor and, in doing so, decrease the environmen-
tal quality of the urban stream system. Levees and
flood-walls of concrete have also been constructed
to hopefully control the flooding of large river
systems. Importantly, these and other flood-control
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measures are costly and often environmentally
unacceptable.

Impacts on Water Quality Characteristics
The combined loss of protective vegetative and

buffer strips of vegetation in riparian corridors that
often takes place with urban developments can
cause larger volumes of sediment-laden water to be
transported through urban watersheds than had
occurred before urbanization occurred. Concentra-
tions of sediment in stormflows can also increase
because of increases in the proportion of fine soil
particles in the flowing water as consequence of the
construction activities; the increase in impervious
areas such as paved streets and sidewalks located in
close proximity to stream systems resulting in
higher peak flows of surface runoff than occurred
before urbanization; and, as mentioned above, the
partial or complete removal of the buffering protec-
tion of riparian vegetation that limits the movement
of soil particles and other pollutants in the overland
flows of water into stream channels.

An increase in water temperature is often assoc-
iated with surface runoff occurring in urban settings
(DeWalle et al. 2000). The consequent thermal
pollution of the water can increase the biological
activity of a stream system.  Increases in biological
activity (in turn) place a greater demand on the
dissolved oxygen content of the water (Brooks et al.
2013), which is an important water quality charac-
teristic from a biological perspective.

The chemical quality of stormflows is lowered
by anthropogenic pollutants such as oils, salts, and
other substances in the surface runoff flowing off
impervious streets, sidewalks, and parking lots into
stream channels. Also, discharging untreated or only
partially treated sewage into urban streams can
cause the water to be unusable for fish populations
and consumptive uses downstream. Many munici-
palities monitor the quality of their water supplies to
insure the delivery of high-quality water to the users
of the water.

One example of a city monitoring the quality of
its water supply is that found in Tucson, a munici-
pality of about 1 million people. \Tucson's water
supply is derived from groundwater that is pumped
from 200 wells and a blend of recharged water
delivered by the Central Arizona Project with
groundwater obtained from a recharge and recovery
facility. (The Central Arizona Project transports
water from the Colorado River to central Arizona
through a system of canals and diversion ditches.)
Using this blended water has reduced pumping to
where less than 50% of the total water supply for
the city comes from the pumping of groundwater
aquifers at this time. More than 20,000 individual
tests of the quality of the blended water are per-
formed annually by the City of Tucson. Among the

quality constituents evaluated are sodium, mineral
content, hardness, the pH level, and temperature. 
The percentage of samples exceeding the quality
standards established by the U.S. Environmental
Protection Agency for coliform bacteria and disin-
fectant chlorine is also reported. The results of these
tests are then distributed to people with their
monthly water bill.

Impacts on Riparian Corridors
Riparian corridors have attracted people since

ancient times and, therefore, been sites for the
construction of cities, towns, and other urban devel-
opments. However, riparian corridors have not
always fared well in the process of creating urban
areas (Baker et al. 2004, Brooks et al. 2013). The
flow of water and entrained pollutants through the
hyporheic zone, a centrally located stratum of satur-
ated sediments lying below the stream bed and
extending laterally beneath the streambank, can be
disrupted and, as a result, promote biochemical
processes that lower water quality and affect aquatic
habitats (Brooks et al. 2013). Furthermore, the sur-
face and sub-surface pathways of water flowing
through a riparian corridor are impacted when a
stream enters a channel bed and banks and then
re-emerges further downstream.

As suggested by Leopold (1994), in his analysis
of the historic 1993 flooding of the Upper Missis-
sippi River system, it was likely that the loss of
riparian buffer strips of vegetation and the construc-
tion of levees and other barriers in urban areas
situated along the river system had compounding
effects on the volume of water flowing in the river
at this time. The losses of storage area were added
to other land-use changes brought about by the
urban expansion to increase the streamflow volumes
in the river channel that corresponded to the record
flood-peaks that were observed. Leopold also stated
that reversing these effects is not easy and would
require the improved management of urban
watersheds.

Impacts on Groundwater Resources
Impacts of urbanization on groundwater

resources are difficult to assess because adequate
knowledge of the resource is often lacking. Informa-
tion on the location, depth, and spatial extent of
groundwater aquifers is needed; an understanding of
the aquifer's spatial movement and natural rate of
recharge is required; and some knowledge of the
quality of the groundwater resource is desired to
make informed decisions on the sustainability of a
groundwater resource in a urban setting (Brooks et
al. 2013). This kind of information is unknown or
incomplete for most municipalities. Nevertheless,
the impacts of urbanization on groundwater
resources can be considered in a general context.



3

Wells are often drilled to pump water from
groundwater aquifers in situations when surface-
water is insufficient to meet urban demands. How-
ever, continual extractions of large quantities of
groundwater from an aquifer can upset the natural
balance of the local hydrologic cycle (Brooks et al.
2013). Large extractions of groundwater that exceed
the safe yield of the aquifer can lower the water
table and, therefore, increase pumping costs (Moore
et al. 1995). Also, excessive withdrawals of
groundwater can cause compaction of the overlying
soil and subsidence in the vicinity of urban develop-
ments. These phenomena are observed in the prox-
imity of Tucson and other municipalities in the
southwestern region that are dependent on ground-
water for much of their water.

Recharging a depleted groundwater aquifer is
often undertaken when the deepening of existing
wells or the digging additional wells are not feasible
solutions to satisfying the water needs of a munici-
pality. Among the approaches to obtaining water for
recharging groundwater aquifers are constructing or
improving storm-drainage systems or injecting
excess surface runoff into recharge wells to put more
water in the aquifer. Treated wastewater is another
potential source of water for recharging aquifers, but
the quality of this source of water must be carefully
analyzed to determine its suitability for this purpose.
Importantly, groundwater resources are generally
higher in quality than surface water (Brooks et al.
2013), and, therefore, it is important that its quality
not be lowered in the recharging of an aquifer.

People's garbage and sewage and industrial
wastes contained in water percolating through the
soil can contaminate groundwater aquifers. Control-
ling or eliminating groundwater contamination by
these and other pollutants is another difficult task,
however, because the location and extent of the
natural recharge area of the aquifer are not always
known (Brooks et al. 2013). As mentioned above,
hydrologists and watershed managers rarely have
adequate information on the characteristics of the
flowpaths of groundwater resources. The vastness,
geologic complexity, and inter-connectedness of most
aquifers present challenges to protecting groundwater
resources and cleaning polluted aquifers.

MITIGATING HYDROLOGIC
IMPACTS OF URBANIZATION

Hydrologic impacts that are associated with tree
cutting activities or the occurrence of wildfire on
wildland watersheds are generally transitory
because many of the trees, shrubs, and herbaceous
plants affected by these events can recover in time. 
However, the hydrologic changes that are associated
with the conversion of wildland watersheds to urban
areas such as has occurred in Los Angeles,
Albuquerque, Phoenix, El Paso, and other south-

western cities are more permanent in nature. Fortu-
nately, low-impact methods of constructing
“hydrologically-friendly” urban developments and
a host of Best Management Practices that minimize
or at times prevent the adverse impacts of urbaniza-
tion on hydrologic processes are often available to
planners and decision-makers. Also, minimizing the
effects of urbanization can be effectively incorpor-
ated into integrated watershed management prac-
tices that link the hydrology of upstream watersheds
to that of downstream urban areas (Ffolliott et al.
2002, Gregersen et al. 2007, Brooks et al. 2013).

The cumulative effects of eliminating natural
vegetation, increasing impervious surfaces, con-
structing storm-drainage systems, and hardening of
stream channels that take place with urbanization
can impact on the sustainability and suitability of
the water resources in the urban areas (Brooks et al.
2013). At the same time, there are measures that can
mitigate the hydrologic effects of urbanization. 
Included among these measures are constructing or
improving storm-drainage systems to reduce storm-
flow volumes; injecting surface runoff or treated
wastewater into recharge wells to add additional
water to groundwater aquifers; constructing recharge
ponds that disperse the high flows of water that
follow excessive rainstorms into shallow ground-
water aquifers; utilizing the impervious surfaces in
urban areas to capture surface runoff in water har-
vesting systems for future use by people; or planting
“home gardens” to increase the infiltration of surface
runoff into a soil profile that, in doing so, reduces the
volume of the surface runoff flowing into storm-
sewer systems.

Applied singularly or implemented in combina-
tions, these methods have often helped to control the
undesirable or unwanted impacts of urbanization on
hydrologic processes. However, knowledge of the
hydrologic processes confronted, appropriate plan-
ning of urban areas, and properly constructed urban
developments are necessary for the methods to be
effective. Obtaining this knowledge will likely be the
focus of urban-related watershed managers in the
future.

SUMMARY
Urban developments that began when people

settled along rivers and other large waterways
throughout the United States, and that accelerated
following the end of World War II, have been
expanding at a record pace ever since (Alig et al.
2004). It is not surprising, therefore, that the
impacts of this urbanization on hydrologic processes
have paralleled these increasing developments. It is
necessary, therefore, that watershed and water-
resource managers, planners and developers of
urban areas, and inhabitants of these areas find ways
to mitigate the effects of housing developments,
buildings of commerce and industry, and the
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accompanying systems of streets and sidewalks on
the functioning of local hydrologic system con-
fronted. Fortunately, many of these effects can be
controlled to varying extents by appropriate plan-
ning and construction of urban developments that
are coupled with knowledge of the hydrologic
processes confronted.
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