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Across the Upper Missouri River Basin, the recent drought of 2000
to 2010, known as the “turn-of-the-century drought,” was likely
more severe than any in the instrumental record including the
Dust Bowl drought. However, until now, adequate proxy records
needed to better understand this event with regard to long-term
variability have been lacking. Here we examine 1,200 y of stream-
flow from a network of 17 new tree-ring–based reconstructions
for gages across the upper Missouri basin and an independent
reconstruction of warm-season regional temperature in order to
place the recent drought in a long-term climate context. We find
that temperature has increasingly influenced the severity of
drought events by decreasing runoff efficiency in the basin since
the late 20th century (1980s) onward. The occurrence of extreme
heat, higher evapotranspiration, and associated low-flow condi-
tions across the basin has increased substantially over the 20th
and 21st centuries, and recent warming aligns with increasing
drought severities that rival or exceed any estimated over the last
12 centuries. Future warming is anticipated to cause increasingly
severe droughts by enhancing water deficits that could prove chal-
lenging for water management.
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In much of the western United States (hereafter “the West”),
water demand (i.e., the combination of atmospheric demands,

ecological requirements, and consumptive use) is approaching or
has exceeded supply, making the threat of future drought an
increasing concern for water managers (1–5). Prolonged drought
can disrupt agricultural systems and economies (6–9), challenge
river system control and navigation (10, 11), and complicate
management of sensitive ecological resources (12, 13). Recently,
ample evidence has emerged to suggest that the severity of
several regional 21st-century droughts has exceeded the severity
of historical drought events; these recent extreme droughts in-
clude the 2011 to 2016 California drought (14, 15) and the 2000
to 2015 (16, 17) drought in the Colorado River basin.
Conspicuously absent thus far from investigations of recent

droughts has been the Missouri River, the longest river in North
America draining the largest independent river basin in the
United States (18). Similar to California (14) and the Upper
Colorado River Basin (16, 17), parts of the early 21st century
have been remarkably dry across the Upper Missouri River Basin
(UMRB) (19). In fact, our assessment of streamflow for the
UMRB suggests that the widespread drought period of 2000 to
2010, termed the “turn-of-the-century drought” by Cook et al.
(19), was a period of observationally unprecedented and sustained

hydrologic drought likely surpassing even the drought of the Dust
Bowl period.
Northern Hemisphere summer temperatures are now likely

higher than they have been in the last 1,200 y (20), and the
unique combination of recent anomalously high temperatures
(20) and severe droughts across much of the West (14, 16, 17)
has led numerous researchers to revisit the role of temperature
in changing the timing and efficiency of runoff in the new mil-
lennium (16, 21–24). Evidence suggests that across much of the
West atmospheric moisture demands due to warming are reducing
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Recent decades have seen droughts across multiple US river
basins that are unprecedented over the last century and po-
tentially longer. Understanding the drivers of drought in a
long-term context requires extending instrumental data with
paleoclimatic data. Here, a network of new millennial-length
streamflow reconstructions and a regional temperature re-
construction from tree rings place 20th and early 21st century
drought severity in the Upper Missouri River basin into a long-
term context. Across the headwaters of the United States’
largest river basin, we estimated region-wide, decadal-scale
drought severity during the “turn-of-the-century drought” ca.
2000 to 2010 was potentially unprecedented over the last
millennium. Warming temperatures have likely increasingly
influenced streamflow by decreasing runoff efficiency since at
least the late 20th century.
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Data deposition: The Upper Missouri Basin runoff-season temperature reconstruction is
available from the National Oceanic and Atmospheric Administration National Centers of
Environmental Information (https://www.ncdc.noaa.gov/paleo/study/29413). The tree-ring
chronologies used in the temperature reconstruction are available online from the PAGES
2K version 2 consortium (https://doi.org/10.1038/sdata.2017.88).
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This article contains supporting information online at https://www.pnas.org/lookup/suppl/
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