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USEPA’s Ecosysem Services 
Research Project 

• Estimating Ecosystem Services (ES). 
• Understanding potential ES changes due 
to land-use and climate changes.

• Studying potential strategies to minimize 
degradation of ES.

Objective of this study:
To assess the impacts of landuse changes 
on hydrology over the past few decades.
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Figure 1. Location of the Upper San Pedro River Basin, from Kepner et al. (2003).
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The Soil and Water Assessment Tool (SWAT) version 2005 was used to 
simulate streamflow and sediment in the present study (Neitsch et al., 2005). 

The SWAT model is a continuous, long-term, physically based distributed model 
developed to assess impacts of climate and land management on hydrological 
processes, sediment loading, and pollution transport in watersheds [Arnold et al., 
1998]. 

The simulated hydrological components include evapotranspiration (ET), surface 
runoff, percolation, lateral flow, groundwater flow (return flow), transmission 
losses, and ponds [Arnold et al., 1998]. 

Soil and Water Assessment Tool



116 subbasins–12 digit HUCs

12 weather stations
(1960/01 – 2008/04)

USGS gages
• Redington (01/91 - 09/95)
• Tombstone (10/96 – 12/00)
• Charleston (01/91 – 12/00)

Charleston
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RedingtonUpper San Pedro Watershed
(SWAT)



Model Inputs
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Calibration/Validation Results

Table 1. Criteria for examing the accuracy of calibration and validation.
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Figure 2. Annual precipitation, simulated and observed annual streamflow at 
the USGS Redington (1991-1995) and Tombstone (1996-2000) gage. 
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Calibration/Validation Results

Figure 3. Annual precipitation, simulated and observed annual streamflow 
at the USGS Charleston gage (1991-2000).
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Figure 4. Four land cover in the upper San Pedro Watershed, modified from 
Kepner et al. (2002)



Hydrological Components

Figure 5. Average annual values of total flow (water yield), surface runoff, and 
baseflow for four past landuse scenarios in the upper San Pedro Watershed.
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Land Cover Change
Table 2. Land cover extent as total hectares and percent relative land cover 
change for the upper San Pedro Watershed in the period from 1973 to 1997.

Modified from Kepner et al. (2002)
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Land Cover Extent Change

Figure 6. Changes in proportional extent for five land cover classes in the upper 
San Pedro Watershed (1973-1997). (Modified from Kepner et al., 2002)
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Urbanization and Runoff
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Figure 7. Relationship between proportional urban extent and average annual surface 
runoff (1960-2008) for four landuse scenarios in the upper San Pedro Watershed.





Conclusion and Implication

Although mesquite invasion (2.81–14.33% from 1973-1986) was the most 
significant landuse changes in the Upper San Pedro watershed in the 
period from 1973 to 1997, increased surface runoff and total water yield 
were mainly attributed to urbanization (0.44 – 2.24% from 1973-1997). 

The increased runoff is considered as a good thing because as population 
increases, more water is needed to sustain human beings.  However, the 
increased runoff may cause higher erosion and sediment which degrades 
surface water quality.  
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