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Figure 1. San Pedro River Basin in Arizona, U.S.A. and
Sonora, Mexico (Kepner et al. 2004).
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This paper covers the riparian portions of the
San Pedro River watershed. The watershed is
drained by the san Pedro River, which flows north-
ward from Sonora, Mexico, into southeastern
Arizona (see Figure 1). The watershed is situated in
a transition zone between the Chihuahua and
Sonoran deserts and has a highly variable climate.
The dominant vegetation cover consists of desert
shrub-steppe, riparian forests, grasslands, oak and
mesquite woodlands and agricultural crops in the
lower elevations, and some pine type forest cover on
the cooler and wetter higher elevations (Hernandez
et al., 2000). Most of the riparian corridors in the
southern part of the basin are located below 3500 ft
elevation and cut through areas dominated by
Chihuahuan desert shrub. Most of the plants along
the riparian corridor are phreatophytes, plants
characterized by deep-rooted plants that obtain most
of their water supply from the zone of saturation
(Hernandez et al. 2000).

The San Pedro River flows freely without any
damming throughout its distance. As such, it
remains relatively undisturbed and is well-known

for its significant biodiversity. Unlike conditions in
many of the rivers located in or passing through the
Southwest (Colorado, Rio Grande, Santa Cruz, Gila,
etc), the overall riparian habitat of the San Pedro has
not declined significantly during the last few
decades. The watershed supports among the highest
number of mammalian species in the world (Miller
et al. 2002). Also, the riparian corridor provides
nesting and migration habitat for more than 350 bird
species and supports 75% of the gray hawks' nesting
areas in the United States (Leskiw et al. 2005).
While water scarcity in the southwestern United
States becomes more prevalent, the San Pedro River
has remained to be habitat for a diverse riparian
species and a refuge pathway for migratory species
whose primary migration routes have become
degraded or lost and can no longer sustain mass pop-
ulations (Commission for Environmental Coopera-
tion 1999).

The San Pedro watershed is a region in a socio-
economic transition, as previously dominant rural
ranching economy shifts to irrigated agriculture and
rapidly growing urban development (Stromberg et
al. 2009). Because of these changes, the region has
become valuable for studying the impacts of climate
change on the hydrology and land management of a
semi-arid area. Due to recurring drought periods,
groundwater pumping has become increasingly
intensified. The situation is dramatically altering the
quality and quantity of water and thereby the
vegetation and land use in the watershed. If the on-
going excessive urban demand for water continues
to outweigh the available water supply, one of the
most biologically diverse regions in the country
may be permanently compromised.  

The objective of this paper is to evaluate the
effects of climate change on San Pedro watershed
land use and vegetation cover and related socioeco-
nomic and ecosystem functions. This is done
through sequential investigation into historical
settlement, land use and any landscape and environ-
mental changes that have taken place in the area. 
This is followed by discussions about the implica-
tions of the changes on the hydrology and water
resources, riparian ecosystem functions and the
overall future conditions of the study area. These
topics are covered in some detail to provide the
reader with a good perspective on the state and
possible future conditions of the San Pedro water-
shed. 
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HISTORY OF THE SAN PEDRO BASIN
The entire San Pedro River watershed has for a

while been experiencing significant changes in land
use. It has been heavily grazed ever since the first
Spanish settlers introduced cattle into the area. The
ranches along the riparian corridor were the domi-
nant land use for much of the last 100 years. As
there wasn't any serious efforts to control human
activities in the early days, overgrazing became
abundant leading to watershed problems such as
decreasing water quality and increasing erosion.
Today, much of the land in the Mexican side is
given to Mexican farmers by the government. The
Cananea Mine, located in the upper Sonora, drives
many of the water decisions made in the Basin. 
However, only a small portion on the Mexican side
is considered protected by the government (Dixon
et al. 2009). 

On the United States side of the border, there
are many entities entrusted with the management of
the San Pedro watershed. They include Fort Hua-
chuca, Coronado National Forest, the Bureau of
Land Management (BLM) and many other public
and private interested parties that take care of espec-
ially designated areas such as the San Pedro
Riparian National Conservation Area (SNRNCA).
These approaches become more important with the
Basin's recent experienced rapid growth in popula-
tion. In 1998 the Upper San Pedro River Basin in
both Arizona and Sonora consisted of only about
120,000 people. This population number might have
grown significantly in the last 14 years if growth
were to follow the same trend as the population of
the town of Sierra Vista. The population of the town
grew by 21.5% from 37,000 according to the census
of 2000 to a population of 46,000 eight years later
in 2008 (CEC 1999, Stromberg et al. 2009).  

CHANGES TO THE 
SAN PEDRO RIVER WATERSHED

For more than a century, the human population
around the globe has been growing exponentially. 
This growth, coupled with major advances in tech-
nology, has transformed the surface of this planet.
The transformations has been powered by burning
of fossil fuels, which returns most of the carbon
generated that had been captured through photosyn-
thesis some millions of years ago back to the atmos-
phere. As these fossil fuels and other energy sources
burn, increased levels of greenhouse gases are
released into the atmosphere. Atmospheric concen-
tration of these gases functions as a kind of global
insulation that is trapping the heat radiated from the
earth's surface making its lower atmosphere warmer.
This is climate warming.

As temperatures slowly rise, monsoonal mois-
ture becomes less and less prevalent. Most of the 

annual stream flow in the San Pedro River comes
from these summer monsoonal weather patterns and
the runoff events that follow. Today, only a small
percent of the rain that falls in the Upper San Pedro
Watershed reaches the river channel, since most of
it evaporates from the soil or is transpired by upland
vegetation cover. Also the increasingly low intense
and less frequent rainfall occurrences are causing
decreased rates of groundwater recharge into the
regional aquifer (Stromberg et al. 2009), leading to
lowered water availability in the region.

Localized water diversions and increasingly
widespread groundwater pumping for agricultural
and domestic use are greatly altering local water
tables and surface flows. This has made once peren-
nial areas to become ephemeral or intermittent
resulting in decreased groundwater recharge. This
situation lowers the water table making mostly deep
rooted or drought tolerant vegetation such as salt
cedar to grow intensively in some parts of the
corridor.  

Many flora and fauna require surface flows in
the riparian corridor to be year round. Wetland
plants along the corridor's edges also depend on
saturated soils that are present during perennial
streamflows. Shallow groundwater makes it pos-
sible for the establishment and growth of dense
riparian forests of cottonwood and willow, and has
enough productivity to maintain some of the grasses
in the area (Stromberg et al. 2009). However, as
monsoonal events become more sporadic, floods
that scour vegetation, mobilize sediment, and pro-
vide pulses of productivity downstream, are occur-
ring less frequently. Plants in this area rely on these
floods and the groundwater recharge that occurs
during these floods. Therefore, as flood events and
groundwater availability change with time and
climate change, the area's vegetation covers also
change. Figures 2 and 3 show significant land-cover
change that occurred in the San Pedro River Basin
between 1973 and 2010, and between 1986 and
2010, respectively.  

Riparian species, such as a cottonwood or
willow, are sustained in part by groundwater. Shift-
ing from perennial to intermittent flows resulted in
declines in groundwater recharge. This caused a
massive transition of the riparian corridor into grass-
lands and mesquite woodlands. Cottonwoods and
willows declined immensely, most likely due to
insufficient groundwater availability needed to sus-
tain the dense forest types. As a result, there is an
out competition of native species by invasive
species, such as salt cedar. The invasive plants are 
more temperature and drought tolerant. Also
increased urbanization has taken over a large por-
tion of the original woodlands and native grasslands
slowly encroaching on wildlife habitat.  
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Figure 2. Land-cover change between 1973 and 1997  (Miller et al. 2002).

Figure 3. A comparison of  land cover changes in the San
Pedro River Basin during the three periods  (Chan and
House-Peters 2013).

IMPLICATION OF WATERSHED
CHANGES ON RUNOFF

The above changes have numerous implications
in the area of study. First, there is a tremendous
increase in groundwater pumping in the area due to
increasing water consumption by fast growing urban
population and expanding agriculture. Second, due
to increasing drought occurrences, there is lower
groundwater recharge and overall decreased water
availability. Also, the increased urbanization and
decreasing vegetation cover are leading to increased
runoff and erosion problems. For example, the
Sierra Vista subwatershed has witnessed signifi-
cantly adverse land cover changes from 1973 to
1997 as shown in the last column of Table 1. The
same time period as well as that between 1973 and
1986 indicates major increases in mesquite trees.
The table also shows decreases in all land cover
types other than forests and mesquite trees with
increased urbanization in the watershed.  

A kinematic runoff and erosion model, known
as KINEROS was used to determine the impacts of
land cover changes on runoff in the Sierra Vista
watershed. As shown in Table 2, the model indi-
cates an increase in annual runoff over time with
increased rainfall and expanded urbanization. The
percent change in runoff is inversely proportional to
the return period. 

The sediment yield data shown in Table 3
reveals a gradual and directly proportional increase
with urbanization. Since erosion and sediment yield
are directly related to runoff velocity and volume,
then as runoff volume and rates increase, there is an
increase in sediment production. However, the per-
cent increases in sediment yield in Table 3 are not
proportional (even though they show similar trends)
to the percent increases in runoff shown in Table 2.
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Table 1. Percent land cover changes in the Sierra Vista subwatershed during the
periods 1973-1986, 1986-1992, 1992-997, and 1973- 997.  A positive cover
value in a column indicates an increase in area for the particular period (Miller
et al. 2002).

Land-cover 1973 to 1986 1986 to 1992 1992 to 1997 1973 to 1997

Forest 0.00 0.00 0.00 0.00

Oak Woodland -0.48 -1.17 -1.47 -3.09

Mesquite 306.25 -5.98 -12.67 233.57

Grassland -34.65 0.00 -9.01 -40.54

Desert scrub -36.67 -5.38 -7.09 -44.32

Urban 302.78 19.62 36.34 556.89

Table 2. Results of Runoff Simulation Using KINEROS for Sierra Vista Subwater-
shed. Design storms expressed  in mm are provided for  5-, 10-, and 100-year return
periods and 30- and 60-minute durations (Miller et al. 2002).

Runoff (mm) Percent Change

Rainfall Event Rainfall (mm) 1973 1986 1992 1997 1973 to 1997

5 yr, 30 min 17.35 0.057 0.144 0.134 0.158 177.2

5 yr, 60 min 21.08 0.185 0.339 0.367 0.498 169.2

10 yr, 30 min 22.74 1.25 1.64 1.72 1.95 56

10 yr 60 min 26.44 2.07 2.47 2.55 2.79 34.8

100 yr, 30 min 31.79 7.02 7.55 7.65 7.95 13.2

100 yr, 60 min 38.33 10.2 10.7 10.8 11 7.8

Spatially distributed changes within the watershed in
both runoff and sediment yield may explain this
divergence (Miller et al. 2002). As urbanization
increases, so does the percent of impervious surfaces.
The impact of rain on surface erosion is propor-
tionally less on impervious surfaces compared to on
unconsolidated surfaces. These competing mecha-
nisms are reflected in both Tables 2 and 3.  

The above simulation results indicate that land
cover changes in the Sierra Vista watershed have
altered the hydrologic regimes of the area. These
localized changes were associated with vegetation
transition and urbanization. A reduction in ground-
water recharge and in percent of land cover, accom-
panied with increased impervious surfaces has 

resulted in increased simulated runoff from a variety
of events.

Declines in volume of total annual flow in the
Upper San Pedro River indicate significant reduc-
tions in summer monsoonal events and the ground-
water recharge associated with these events. This is
sufficient to convert many perennial flow conditions
to intermittent or ephemeral streams. Future sce-
narios have been developed to predict hydrologic
changes in the watershed. These changes lean
towards a trend of increasing runoff and sedimenta-
tion, particularly if there are no constraints or land-
use plans being proposed for future agricultural and
urban development (Kepner et al. 2004).
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Table 3. Results of Sediment Yield simulation Using KINEROS for Sierra Vista Subwater-
shed. Design storms expressed  in mm are provided for  5-, 10-, and 100-year return
periods and 30- and 60-minute durations (Miller et al. 2002).

Sediment Yield (Ton) Percent Change 

Rainfall Event Rainfall (mm) 1973 1986 1992 1997 1973 to 1997

5 yr, 30 min 17.35 2.02 18.0 15.2 19.2 851.0

5 yr, 60 min 21.08 20.8 21.9 24.1 26.9 29.3

10 yr, 30 min 22.74 212.0 208.0 248.0 295.0 39.2

10 yr, 60 min 26.44 283.0 423.0 427.0 449.0 58.7

100 yr, 30 min 31.79 1803.0 2070.0 2180.0 2420.0 34.2

100 yr, 60 min 38.33 2580.0 2550.0 2890.0 3090.0 19.8

IMPLICATIONS ON RIPARIAN
ECOSYSTEM FUNCTION

Changes in timing and spatial availability of
water can have significant effects on the composi-
tion and functions of riparian ecosystems. With
increasing temperature and the amount of water use
in urban and agricultural areas, there is less water
available for riparian ecosystems that need it most.
Because of this, cottonwood and willow trees will
decline, resulting in increases of mesquite trees or
sacaton grass. Mesquite and sacaton grass are
drought resistant with less photosynthetic surface
area than cottonwood and willow. As such, there
will be a decline in groundwater take up by these
vegetation types resulting in better water conserva-
tion (Stromberg et al. 2009).  

Changes in the composition and landscape con-
figuration of the riparian corridor could also affect
animal diversity. Reductions in total cottonwood and
willow covered areas could reduce the abundance of
species that heavily rely on these multi-level riparian
forests.  On the other hand, increased compositions of
mesquite would actually increase the habitat of
certain birds that favor this vegetation cover type.
The transition of forested riparian areas to grasslands
could also result in an increase in population sizes of
both grassland bird species and insects such as
butterflies that prefer this vegetation type.  

FUTURE MANAGEMENT DIRECTION
Interested parties, both local and non-local,

must have roles to play in watershed management
and improvement. Close monitoring and evaluation
of future watershed changes are necessary for future
management planning. Collaboration and coopera-
tion amongst environmental organizations, local
communities and landowners must occur for proper
conservation and protection of riparian watershed. 

This collaboration could allow for leverage on limited
available funding for improvements, and to properly
allocate such funds to land stewardship and restor-
ation. Engaging all partners in the planning and
implementation could result in the creation of several
activities or arrive at globally acceptable actions to
improve the watershed resilience and adaptability to
changes in climate and future land use.  

Actions should be taken to increase ground-
water supply to the riparian corridor and to reduce
groundwater demand by the riparian vegetation. 
Some efforts that conserve and re-use water include
recharge of treated municipal effluent, construction
of urban stormwater retention and recharge basins,
a reduction in groundwater pumping for agricultural
use (already occurring), construction of watershed
check dams, and prescribed burning of dense
mesquite woodlands.  

Burning in the semi-arid environment of the
southwestern United States should be for specific
purposes and can have significant influence on the
nature of trees and grass covers. The intention
should be to reduce riparian water use, reduce fuel
loads, and restore riparian and desert grasslands. As
the Southwest continues to witness increasingly
extreme climate changes, the probability for intense
fire occurrences will most likely increase. As a
species that is well adapted to occasional fires, the
mesquite trees in the area may experience increased
mortality rates from more frequent and high-
intensity fires that may become common under the
changing landscape and climate scenarios. Massive
mesquite die-offs may result in more tree covered
areas conversion to grasslands, and have reduced
soil fertility and shallow soil moisture conditions. 
However, while the grasslands may become well
adapted to recurrent fires, the combination of
drought and more intense fire regimes may become



75

too much to overcome and instead become lethal to
the grasses.  

SUMMARY AND CONCLUSIONS
Recent evidences indicates the presence of mul-

tiple successional changes to the riparian land cover 
in the upper San Pedro riparian corridor. For
example, a severe and intense flood event occurring 
under current drought settings will have the neces-
sary power to reshape the floodplain. If a flood does
not occur, however, cottonwood and willow forests
will begin to shrink as the older stands begin to
senesce. Younger stands, in effect, can begin to
form with lateral channel migration (Dixon et al.
2009). As long as major groundwater changes do
not occur, the cottonwood and willow forests will
remain as important vegetative land cover on sites
with shallow groundwater. Older cottonwood and
willow forests will eventually succeed over mes-
quite forests and grasslands. If increases in tempera-
ture, CO2 levels, and perhaps precipitation occur,
the succession of cottonwood and willow over mes-
quite and grasslands could become accentuated
(Dixon et al. 2009).  

Considering all the above factors, future vegeta-
tion changes, whether linked to climate or influ-
enced by humans, are inevitable in the upper San
Pedro watershed. Knowledge and understanding  of
these changes will increase our ability to make
better informed decisions on management and con-
servation efforts. As the Southwest climate warms
and the area becomes drier , conflicts among water
resources users could become common and  if water
becomes too limited leading to accelerated losses of
cottonwood and willow forests. On the other hand,
if a wetter climate were to occur, there would be
more water available to improve the state of cotton-
wood and willow forests in the study area. How-
ever, if current climate change trend persists and
groundwater pumping continues at the current high
rate throughout the upper San Pedro River water-
shed, then there would be increased losses to the
cottonwood and willow forests there.  
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