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Summary

Restoring the ecological integrity of regulated large rivers necessitates characterizing the
“natural” flow regime. Historical flow data often provide the only opportunity to estimate
natural or reference conditions because few naturally-flowing large rivers exist. We applied the
Range of Variation Approach (RVA) to assess the natural range of variation of the Missouri
River’s flow regime at 11 locations before (1929-1948) and after (1967-1996) mainstem
impoundment. The 3768 km long Missouri River was divided into three sections: upper basin
least-impacted, including the lower Yellowstone River; middle basin inter-reservoir, where the
river is impounded by six large mainstem dams; and lower basin channelized, where flows are
regulated by upstream dams and the river has been channelized for navigation, its banks
stabilized, and flood-control levees are present.

Mean annual discharge for all stations ranged from 8 to 42% higher, inter-annual flow
variability was lower, and flow predictability was higher in the post- than pre-regulation period.
Flow regulation was associated with a reduction in magnitude and duration of the annual flood
pulse, an increase in magnitude and duration of annual discharge minima, a reduction in
frequency of annual low-flow pulses, earlier timing of March-October low-flow pulses, and a
general increase in frequency of flow reversals with a reduction in the rate of change in river
flows. These hydrologic alterations were smallest at two least-impacted upper-basin sites and
most frequent and severe in inter-reservoir and upper-channelized river sections. The influence
of reservoir operations on depressing the annual flood pulse was partially offset by tributary
inflow in the lower 600 km of river, but the increase in low-flow discharge was not. Intra- and
inter-annual Missouri River flow patterns were complex due to geographic and climatic factors.

Geographically distant sites on the mainstem upper Missouri or lower Yellowstone rivers did not



provide suitable references for lower-basin stations, and differing precipitation between the two
time intervals affected applicability of historical flows to assess contemporary reservoir
operations.

Reservoir operations could be modified to more closely approximate the 1929-1948 flow
regime of the Missouri River if a management goal is to establish a simulated natural riverine
ecosystem. Ecological structure and function of the inter-reservoir and upper channelized river
sections would benefit by controlled flooding through managed reservoir releases during June
and July of some years, as well as by increasing the frequency and duration of annual high-flow
pulses, and the annual rate of hydrograph rises and falls. All of the regulated Missouri River
would receive ecological benefits from reducing reservoir discharges in most, if not all, years
from August through February, modifying the timing of releases and reducing the annual number
of hydrograph reversals. Assessment of ecological responses to a reregulation of river flows that
more closely approximates the natural flow regime should then be used in an adaptive fashion to
further adjust reservoir operations.

Aspects of these ecologically based flow-management guidelines conflict with
contemporary Missouri River management objectives of maximizing mid-summer power
production in the inter-reservoir section and providing flow releases for navigation in the
channelized river. We hope that consideration of the range of flow variability approach will
stimulate discussion among the various beneficiaries within and outside the Missouri River basin

to reconcile these differences.



