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CUMULATIVE EFFECTS OF WATERSHED MANAGEMENT 
IN ARIZONA AND THE SOUTHWEST

Peter F. Ffolliott1

Cumulative watershed effects (CWEs) are changes in 
watershed processes that are influenced by management 
practices and other land-use activities on a watershed.  
Evaluation of CWEs presents a challenge to watershed 
managers and the users of the natural resources on a 
watershed landscape.  It is important, therefore, that 
watersheds be managed in such a way that the combination 
of management practices and land-use activities do not 
significantly impact on beneficial uses of these resources.  
The uses of natural resources on watersheds in Arizona 
and the Southwest are often compatible with efforts to 
sustain or increase streamflow volumes.  Reductions of 
forest cover for water-yield maintenance or improvement 
can also increase herbage (forage) production, benefit 
some wildlife species, and reduce fire hazards (Baker 
1999, Baker and Ffolliott 2000, and others).  However, 
the same reductions in forest cover can also be detrimental 
to other wildlife species and scenic beauty. A watershed 
manager in collaboration with the managers of other 
natural resources including foresters, rangeland specialists, 
and wildlife managers need to find a balance between the 
management of water resources and the effects of these 
practices on other natural resources.

ENVIRONMENTAL RELATIONSHIPS
Most management practices and land-use activities on 

a watershed change the character of vegetation and soils; 
import and remove water, sediment, and chemicals; and 
introduce pathogens and heat.  As these environmental 
parameters change, the processes associated with the 
transport of water throughout a watershed also change 
and, in doing so, alter the production of water, sediment, 
chemicals, and other natural resources.  Comprehensive 
reviews of how these changes in environmental 
relationships affect the generation and transport of these 
watershed products in a general context are found in 
Sidle and Hornbeck (1991), Reid (1993), MacDonald 
(2000), and others.  The focus of this paper is to review 
how changes in these relationships affect watersheds in 
Arizona and the Southwest.

APPRECIATION OF CUMULATIVE 
WATERSHED EFFECTS

People can gain a better appreciation of the spatial 
and temporal effects of management practices and 

land-use activities and their effects on the production 
of water, sediment, and chemicals by recognizing the 
CWEs involved.  However, to understand CWEs requires 
knowledge of how watershed management and land-
use activities influence the diversity of environmental 
parameters that alter the controlling processes on 
watershed landscapes and all of the interactions therefrom.  
Many of these relationships are known in Arizona and 
the Southwest (Baker and Ffolliott 1998, 2000, Baker 
1999, and others) and, as a consequence, some of these 
interactions are either qualitatively or quantitatively 
predictable.  Importantly, an interdisciplinary approach 
of incorporating geomorphology, hydrology, and ecology 
into management practices and other land-use activities 
an understanding of the impacts that CWEs have on 
streamflow volumes, water quality, riparian communities, 
and groundwater resources in the region.

STREAMFLOW VOLUMES
Sustaining or increasing streamflow volumes has 

been and continues to be paramount in the management 
of watershed landscapes in Arizona and the Southwest.  
Overland flows of water, their timing, and their 
transport through a watershed-system are all affected 
by environmental changes brought about by vegetation 
management practices and land-use activities on the 
watershed.  Changes in vegetative composition, relative 
density, and age structure that occur through management 
and land use affect ET losses and, as a consequence, 
streamflow volumes and the timing streamflow discharge 
(Brooks et al. 2003, Ice and Stednick 2004).  Depending 
on the extent that a watershed is affected by planned or 
unplanned modifications of the vegetative cover and the 
antecedent soil moisture conditions at the time of the 
changes, these changes can also increase peak stormflows.  
However, alterations of streamflow regimes can also 
result by other vegetative management practices that 
are implemented for other purposes such as harvesting 
timber or implementing silvicultural cuttings; converting 
a forest overstory to herbaceous vegetation to increase the 
production of forage; or improving wildlife habitats by 
changing the spatial arrangement of trees.  These impacts 
can also occur indirectly as a consequence of other 
activities as discussed below.
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Many watersheds in Arizona and the Southwest 

have been exposed to the devastating wildfires 
with their hydrologic functioning changed as a 
consequence (Campbell et al. 1977, Ffolliott et al. 
2011).  For example, the burning of some plant species 
has released volatile oils that coat soil particles to 
form water-repellent layers in the soil (DeBano 2000). 
Overland flows of water rates often increased when 
the hydrophobic effects were widespread.  Flood 
peaks have also increased, low-flow discharges 
lowered still further, and available soil moisture for 
plant growth decreased.  Elsewhere, the construction 
of stock tanks and the surface cavities created by the 
uprooting trees and shrubs in many of the vegetative 
conversion treatments aimed at increasing streamflow 
volumes can change the flows of surface runoff 
leaving watersheds by increasing the area of water 
surface susceptible to evaporation.

Livestock grazing remains a common land use on 
many watersheds in the region. However, trampling 
by excessive number of livestock can compact the soil 
surface and, as a consequence, alter the hydrologic 
properties of the watersheds (Brooks et al. 2003, Ice and 
Stednick 2004).  For example, physical disturbances 
by scarification have increased soil permeability and 
its infiltration capacity. The accompanying increases 
in soil surface roughness slow surface runoff and allow 
it more time to infiltrate. Increased infiltration in turn 
decreases streamflow volumes and peak stormflows 
and increases low-flows by providing more water for 
the ET process. Unsurfaced roads and construction 
sites that are associated with many management 
practices and land-use activities are often highly 
compacted and, as a result, have generated increases 
in overland flows of water and ultimately streamflow 
volumes.

WATER QUALITY
Management practices or land-use activities that 

change the volume or timing of streamflow have 
often affected the rates of sediment and chemical 
transport from a watershed because the transportation 
of sediments and chemicals is largely dependent on 
water movement.  Timber harvesting, silvicultural 
cuttings, or wildfire have caused short-term increases 
in the concentrations of sediments and chemicals 
in streams (Baker 1999, Brooks et al. 2003, Ice and 
Stednick 2004).  Roads, trails, and other corridors are 
also problematic with respect to soil erosion because 
of the exposure to erodible soil and subsoil by their 
presence, reduced infiltration of water on the corridors 

surfaces, increased cutslopes and fillslopes, and 
concentration of overland flows from precipitation 
excess and the interception of subsurface flow.

Some management practices and land-use activities 
have altered chemicals by causing them to interact 
with the environment in different ways.  For example, 
increases in nitrogen (N) concentrations can result from 
reduced N uptake, increased subsurface flow, increased 
changes of N to leachable forms, or increased decaying 
organisms. Other activities that contribute to these 
mechanisms such as prescribed burning treatments 
or herbicidal applications have had generally similar 
effects.  Vegetative conversions change the spatial 
distribution of the resulting N mineralization because 
the plants lend different mineralization potentials to 
the soil.  Chemicals reaching stream channels are 
redeposited in downstream reservoirs where dissolved 
pollutants concentrate if ET rates are high.

RIPARIAN COMMUNITIES
Physical, chemical, and biological connections 

between upstream and downstream riparian 
communities largely determine the downstream 
impacts of disturbances caused by management 
practices and land-use activities on upstream 
watersheds.  Physical connections are often expressed 
by streamflow and sedimentation responses, chemical 
connections by losses in nutrients and other chemicals, 
and biological connections by organic debris (Baker et 
al. 2004, Ffolliott and Stropki 2007).  These and other 
physical, chemical, and biological constituents move 
downstream by pluses in ephemeral stream systems 
while these pluses are less episodic in perennial streams.  
Changes in downstream (riparian) ecosystems from 
the movement of these constituents lag behind the 
casual processes on upstream watersheds and riparian 
corridors.  While the timing of this lag is difficult to 
predict, it is controlled largely by the volume, velocity, 
and timing of upstream flow regimes.  Downstream 
hydrologic alterations, changes in water quality 
characteristics, and modification in the character of 
aquatic habitats are among the consequences of the 
impacts.

Managerial efforts continue to be placed on 
sustaining the health of the riparian communities 
in Arizona and the Southwest including the 
rehabilitation of riparian communities not functioning 
properly (Baker and Medina 1997, Baker et al. 1998).  
Watershed-related research has shown that many 
degraded but still resilient riparian ecosystems can 
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be rehabilitated through alterations in human-induced 
activities in riparian corridors such as the cutting of 
trees, grazing of livestock, or developing recreational 
sites that have often resulted in ecosystems functioning 
improperly.

GROUNDWATER RESOURCES
The development of groundwater resources including 

the construction of wells when surface-water resources 
are insufficient to meet the demands that are placed on 
the limited surface water in the region must be carefully 
planned and implemented within an integrated watershed 
management framework (Gregersen et al. 2007) while 
recognizing the CWEs of these actions on the watershed 
landscape.  Linkages of surface water to groundwater 
aquifers (Wirt and Hjalmarson 2000) and the effects of 
changes of vegetation covers on groundwater resources 
are key to achieving these goals.

Streams that originate on high-elevation (mountain) 
watersheds in Arizona and the Southwest have little 
connection with groundwater because of the relatively 
thin soils on the bedrock formations  A more common 
connection is associated with the lower-elevation streams 
and their riparian corridors including the exchange of 
water through the hyporheic zone.  The groundwater 
contribution to a stream is difficult to quantify, however, 
because observations suggest that the water moving 
in a stream is largely surface water. Groundwater that 
seeps into a stream system provides the baseflow for 
the few perennial streams in the region (DeBano et al. 
2008).  If the water table drops because of excessive 
evapotranspiration losses or pumping of the groundwater 
aquifer, both of which continue to occur in the region, the 
baseflow of these streams will also drop and the affected 
streams will become the more commonly encountered 
ephemeral systems. Therefore, the linkages between 
surface water and groundwater resources must be known 
so that actions such as flood control and artificial recharge 
are coordinated

SUMMARY
People can better appreciate the spatial and temporal 

relationships of management practices and other 
land-use activities and their effects on the production 
of water, sediment, and chemicals in a watershed by 
considering CWEs.  To understand CWEs, however, 
requires knowledge of how the management practices 
and land-use activities influence the environmental 
parameters that in turn alter the controlling watershed 
processes and all of the interactions therefrom.  

Many of these relationships are known in Arizona 
and the Southwest and, as a consequence, some of 
these interactions are qualitatively and quantitatively 
predictable. Nevertheless, incorporating hydrology, 
geomorphology, and ecology is needed to better 
understand the cumulative watershed effects of 
watershed management.
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