1.0 Introduction - Motivation and Studx Ob'|ectives

The High Plains aquifer is an important regional system that supports approximately 30% of irrigated agriculture in the U.S.
Sustainability of the aquifer is in question because of ground-water mining and limited recharge in this semi-arid climate. Natural climate
variability on interannual to interdecadeal time scales can play a crucial role in the quantity and quality of ground-water, and thus,
successful management of this ground-water resource. Recent research has identified interactions between interannual and
interdecadal climate cycles that produce a cumulative climate variability that directly affects the distribution of precipitation and, in turn,
stream discharge. Ground water can respond dramatically when climate variability cycles lie coincident in a positive (wet) or negative
(dry) phase of variability. Preliminary results indicate variability in the ground-water level records attributed to the primary interannual to
interdecadal climate cycles of the western US. These cycles include El Nino/southern Oscillation (ENSO) (2 to 6 years), North American
Monsoon System (NAMS) (6 to 10 years), Pacific Decadal Oscillation (PDO) (10 to 25 years), and Atlantic Multidecadal Oscillation
(AMO) (50 to 80 years). The study objectives are to better understand past linkages between climate variability and responses in the
unsaturated zone and ground-water levels using available hydrologic time-series. This understanding is the foundation for realistic
predictions of aquifer response under future climate variability and improved projections of the consequences of resource decisions on
ground-water availability and quality.
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Figure 1.3 Location of

long-term

hydrologic time-series used during
climate variability analysis.
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2.0 Unsaturated Zone Response to Natural Climate Variability

Figure 2.1 Unsaturated zone monitoring site installation:
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A. Casing-advance, dry-drilling technology.

B. Collect cores for water content, chemical, and physical analyses.

C. Heat dissipation probe (HDP) preparation.

D. Final installation, includes HDP, lysimeters, gas sampling ports,
monitoring well, weather stations, and remote data storage and
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Figure 2.3 Volumetric water content profile obtained using neutron moisture
meter indicates a 75-mm increase in water storage in 2005 compared to 2001-

3.0 Ground-Water ReSEonse to Natural Climate Variabil |t:: 2002 range in volumetric water content at the SHP Rangeland site.
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Figure 2.2 Daily precipitation and total potential
profiles indicate deep percolation events beneath
NHP sites in 2003 and beneath SHP sites in 2004.
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