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METLHODS/RESULTS

DISCUSSION/CONCLUSIONS

During to the historic period beginning approximately 200 years ago, there was a steady increase in the amount of rainfall and
corresponding stream discharge in the San Pedro near Redington, AZ, that corresponds to the climate anomaly known as "The Little
Ice Age* (Figure 4b). This time period, from approximately 1550 to 1850 (440 to 140 years before the present based on a 1990
modeled year), was a major period of high stream flow resulting in arroyo cutting and alluvium deposition across the southern
Colorado Plateau and within the San Pedro (Hereford 2002). The San Pedro area was settled around 1860 by Europeans migrating
from the eastern United States 130 BP and precipitation has been declining since then. Based on pollen, fungal spores and charcoal

INTIRODUCTIION

Vegetation change in arid and semi-arid climatic regions of the American West are a primary concern for sustaining
key ecosystem services such as clean, reliable water sources for multiple uses. Land cover and climate change impacts on
stream flow were investigated in a highly valued southeast Arizona and northeast Sonora, Mexico watershed. To gain a Macrophysical Climate Model (MCM)
historic perspective on climate change and its impact on stream flow in this watershed over time, we used the site-specific

Bryson Macrophysical Climate Model to model climate, calibrated to 1961-1990 climate normals, and stream flow, i
calibrated to USGS gauge data for the Holocene at a 100-year resolution. Using AGWA/SWAT hydrological models in ]

The Soil and Water Assessment Tool

The Soil and Water Assessment Tool (SWAT) version 2005 was used to

Uses measured solar radiation as it varies with Milankovitch cycles and probability of volcanic eruptions (Volcanicity Index). simulate stream flow in the present study (Neltsch et al., 2005). The simulated

combination with land cover change (1973-1997), we between climate, land 2. Calculates net surface radiation for each hemisphere using the albedo, irradiance and volcanic aerosol values. hydrology in SWAT comprises of two components: land hydrology and stream in sediment cores from the San Pedro, particularly Bingham Cienaga near Redington, AZ (Owen et al., 2002), data document an
use, and stream flow. 3 Datves ol e S e in moan Gt i e s bontal hydrology. The land hydrological cycle is based on water balance equation: increase in fungal spores and thus an increase in herbivory in historic times beginning around 1950. A precipitance decline in
} . herbivory is also documented between 1975 and 1988 that coincided with the timing of elimination of grazing and delegation of the
The relationship of stream flow with mesquite cover and rainfall was analyzed identifying stages of changes in land 4. Calculates large scale meridional temperature gradients, combines this with modern synoptic data (locations of centers of action like ITCZ, etc.) W, =W, + 3 (R, <0y ~ET, W,y -0, area to protected status. A significant decrease in charcoal abundance also corresponds to the era of fire suppression. Data also
cover to be linked to either anthropogenic or climate causes. The process demonstrates a simple procedure to document using monthly hemisphere temperatures. = SWo + H( oy Quar 7 Bl =Wy =OL) show a significant increase in Mesquite pollen historically but never constituting more than 10% of the local flora. Prior to historic
changes and determine ecosystem vulnerabilties through the use of change detection and hydrological process modeling, " times, there was variability in Mesquite pollen production; however, the pre-historic average was approximately 1% (Davis et al.,

especially in regard to human-induced degradation processes and natural phenomena that have occurred throughout the
western rangelands. These technologies provide the basis for developing landscape composition indicators and surface
hydrological attributes as sensitive measures of large-scale environmental change and thus may provide an effective and
economical method for evaluating watershed condition related to disturbance from human and natural stresses.

Creates site-specific MCMs using multiple non-linear regression techniques to link modern positions of the synoptic features to monthly weather
)

, . ! 2002).
station data (temperature, rainfall, storm frequency, snowfall, etc.) and stream gauge data (river, sediment, nutrient discharge, etc.). Wwhere, SWand SWoars the final and initial soil water content on day | (om H,0), t

the time (days) Ry, the rainfall that reaches the soil surface on day i (mm), Qm the
surface runoff on day i (mm), ET; the evapotranspiration on day i (mm), W,

interflow on day i (mm), and Qg is the baseflow on day i (mm) (Neitsch et al. zoos)
Stream hydrology is based on routing runoff and chemicals through a watershed.

The historic record indicates three major periods of drought (1896-1904, 1947-1964, and 1996-2004) (Goodrich and Ellis 2006)
that reduced stream flow, and intervening wet periods (1905-1941 and 1996-2004). Changes in ENSO events affect interannual
climate by extending the length of wet and dry periods (Hereford et al., 2006; Mann et al., 2009). Warm El Nifio events tend to result in
wet winters and high stream flow in the Southwest, whereas La Nifia conditions resultin dry winters (Hereford et al., 2006). Major
flooding and arroyo cutting between 1860 and 1910 likely correspond to EI Nifio conditions (Hereford 2002).
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The Upper San Pedro Watershed (U.S./Mexico) represents a transition area between the Sonoran and Chihuahuan Atmospheric Albedo from Modeled Hemispheric Solar 3.35
Deserts and is internationally renowned for its biodiversity (Figure 1). The riparian zone has been acquired by the U.S. Transmissivity Glacial Ice and Irradiance (TOA) Redington - Calibration (10/1985 - 09/1995)
Department of the Interior and has been assigned special land status as a National Conservation Area. Topography, climate, (Optical Depth) Sea Ice Volume
and vegetation vary across the watershed. Elevation ranges from 900 - 2,900 m and annual rainfall ranges from 300 to 750 [ I ] 2 0 330 4
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Figure 6, Change in percent stream flow with change inland cover. Comparisons were mads based on the
deviation in simulated annual stream flow from a 1973 baseline year for rainfall data and land cover change
Figure 1. Location of the Upper San Pedro River Basin, Arizona/Sonora detected in remote sensing data from 1986, 1992, and 1997.
Redington, AZ Figure ob ) for the Upper San Pedro basin.
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Dataset (NED) of USGS, soil theme layer from the State Soil Geographic (STATSGO) database, and land use land cover

datasets described above. The climate data and minimum for the period
January 1, 1960 to April 30, 2008 were derived from 12 meteorological stations Ioca(ed in the Upper San Pedro river
basin. The monthly channel discharge data derived from the USGS Redington gage station were used to calibrate the
SWAT model (October 1985-September 2009; Figure 5).

Figure 4c. MCM Resuls - Callbration of stream flow to USGS gauge near Redington, AZ (R? = 0.9621).

Figure 4d. Modeled strear flow vs. precipiation (or the last 1000 years. The non-finear relationship
suggested decomposition of the data into its summer (approximate timing of the North American Monsoon)
and winter components that resulted in significant positive linear relationships (p<0.0071)..

Figure 8. Changes in percent stream flow with change in land cover scenarios. In comparisons of deviation in
simulated annual stream flow (1973, Invasion | and Invasion Il from the baseline in the period of 1960 to 2007.
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