
Optimal use of ground and surface water in the Gallatin Valley, Montana
by Kenneth Boyd Young

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
DOCTOR OF PHILOSOPHY in Agricultural Economics
Montana State University
© Copyright by Kenneth Boyd Young (1971)

Abstract:
Intraseasonal interaction of the ground and surface water system figures prominently in this
irrigation-planning study of a river basin. A model for optimizing use of variable streamflows and
supplemental groundwater reserves is developed that simultaneously evaluates economic interaction
occurring within the ground and surface water system during four discrete periods of the irrigation
season.

Development of the model encompasses three stages. First, the hydrologic system is analyzed and
groundwater discharge is functionally related to water table height in eight hydrologic subareas over
four time periods. Second, a nonstochastic model is developed to allocate intraseasonal surface supply
and utilize supplemental groundwater subject to interspatial-intertemporal groundwater interactions
determined by water table balances in each period. This model is used to compute well investment
levels associated with assumed fixed surface supplies and different distribution efficiencies.

Third, the probability distribution of annual streamflow is evaluated and the optimal level of well
investment (within the class of well developments computed above) is determined for each field
efficiency condition with stochastic surface input.

Post-optimal analysis, including sensitivity analysis of variable pumping costs, well investment costs,
tolerable water table heights, and crop allotment restrictions, is also applied.

Empirical results of the model indicated that with optimal surface water use, development of
groundwater reserves for irrigation supply in the Gallatin Valley would increase average net annual
irrigated income by $8 per acre or 18.2 percent on the 124,416 acres in the study area. If field
efficiency can be raised from the present level to the recommended level, a comparable increase in
irrigated income may be attained without groundwater development. Conjunctive use of ground and
surface water together with increased field efficiency in irrigation would result in a potential annual
income gain of $13 per acre of 30 percent overall. 
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