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[1] Spatial and temporal rainfall variability over watersheds directly impacts the
hydrologic response over virtually all watershed scales. Changes in the precipitation
regime over decades due to some combination of inherent local variability and climate
change may contribute to changes in vegetation, water supply, and, over longer timescales,
landscape evolution. Daily, seasonal, and annual precipitation volumes and intensities
from the dense network of rain gauges on the Agricultural Research Service, U. S.
Department of Agriculture Walnut Gulch Experimental Watershed (WGEW) in southeast
Arizona are evaluated for multidecadal trends in amount and intensity over a range of
watershed scales (1.5 ha to 149 km2) using observations from 1956 to 2006. Rainfall and
runoff volume and rate variability are compared over the same spatial scales over a 40 year
period (1966–2006). The major findings of this study are that spatial variability of
cumulative precipitation decreases exponentially with time, and, on average, became
spatially uniform after 20 years of precipitation accumulation. The spatial variability of
high-intensity, runoff-producing precipitation also decreased exponentially, but the
variability was still well above the measurement error after 51 years. There were no
significant temporal trends in basin scale precipitation. A long-term decrease in runoff
from 1966 to 1998 from ephemeral tributaries like the WGEW may be a critical factor in
decreasing summer flows in the larger San Pedro due to changes in higher-intensity,
runoff-producing rainfall.
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1. Introduction

[2] Current research of observed precipitation variability
over long time periods has primarily focused on linkages to
teleconnections [Ropelewski and Halpert, 1986; Mantua et
al., 1997] and longer-term trends [Karl and Knight, 1998].
These studies have considered all areas of the United States
at continental [Karl and Knight, 1998, Groisman et al.,
2001], regional [Garbrecht et al., 2004; Hamlet et al., 2005;
Knowles et al., 2006; Small et al., 2006; Thomas and Pool,
2006], basin [Thomas and Pool, 2006; Beebee and Manga,
2004; Hall et al., 2006; Zume and Tarhule, 2006], and, less
frequently, watershed [Nichols et al., 2002; Molnár and
Ramı́rez, 2001] scales.
[3] Many of these studies consider the impacts of ob-

served precipitation variability on agriculture [Feng and Hu,
2004; Garbrecht et al., 2004], evapotranspiration [Reynolds
et al., 2000], erosion [Angel et al., 2005], ecosystems [Loik
et al., 2004], as well as other aspects of the hydrologic
cycle including groundwater [Pool, 2005] and streamflow
[Redmond and Koch, 1991; Beebee and Manga, 2004]. The
western United States has been evaluated in many of these

studies because of its reliance on winter snowpack for water
supply [Beebee and Manga, 2004; Hamlet et al., 2005;
Knowles et al., 2006] and the limited water supplies in
semiarid regions [Thomas and Pool, 2006].
[4] The density of rain gauges used in these and other

studies varies considerably (see Table 1). Larger-scale
studies may use hundreds or thousands of monitored sites
over large areas, but at local watershed scales the number
of gauges is usually very limited. Regional trends may
miss the fine details of precipitation variability at the
watershed scale and make it more difficult to relate runoff
to rainfall. This is especially true in semiarid areas with
localized events like the Walnut Gulch Experimental Wa-
tershed (WGEW) located in southeast Arizona. When the
WGEW was originally being constructed, 20 rain gauges
were installed. At the time this was considered a very high
density of gauges, but subsequent runoff events were
observed with no corresponding rainfall (K. G. Renard,
personal communication, 2001). Therefore, roughly 65
additional rain gauges were added to the network to
capture runoff-producing rainfall with adequate spatial
resolution.
[5] This study considers the spatial and temporal vari-

ability of precipitation over 50 years using the high-density
(�0.570 gauges km�2) Agricultural Research Service, U. S.
Department of Agriculture (USDA-ARS) WGEW rain
gauge network (see Figure 1 and Goodrich et al. [2008])
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