Verde River



Verde River: Relationships between Climate and Streamflow

What are the main climatic controls on Verde River water year streamflow?

The relationship between water year streamflow and monthly or seasonal temperature and precipitation for the
Verde River watershed was examined for the years 1914-2015, along with shorter snowpack records, to deter-
mine the most important climatic influences on streamflow (data on P. 5). After identifying the most important
climate factors related to water year flow, stepwise linear regression was used to determine the variance in
streamflow accounted for by specific climate variables (P. 2). Trends in streamflow and climate were then as-
sessed (P. 3). Droughts were identified, along with the average climate conditions that occurred during the years
of each multi-year drought (P. 4). Finally, years for which streamflow and climate conditions were unusual were
examined in greater detail (P. 5).
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Summary of Main Findings

- When all years are considered, cool season (October-March) precipitation is the most important influence on
streamflow, accounting for 81% of the variance in flow.

- In years with below median flow, monsoon season temperatures become an important factor, explaining a
small but significant portion of the variability in flow.

« There is no evidence of long-term trends in precipitation or SWE, but a decreasing trend in flow is evident,
driven by high flows at the beginning of the record; significant warming has occurred over the past 100
years.

- Multi-year droughts are largely controlled by cool season precipitation; interestingly, monsoons are wet
during some of these drought periods.

- In some individual years, the monsoon is likely to have had a positive impact on flow relative to cool season
precipitation, along with wetter falls and/or springs, and cooler temperatures.

. Cool season precipitation is certainly important for water year streamflow, but fall, spring, and monsoon
precipitation can help make up for a very dry winter, and seasonal temperatures can have an influence on
streamflow as well.



Verde River: Climatic Controls on Streamflow

Pie charts below show the seasonal precipitation and temperature variables that are most important for water
year streamflow.
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Main findings
All years: cool season precipitation explains most of the variance in flow, with 1% explained by March-July tem-
peratures.

Above median flow years: cool season precipitation is the only climate variable that explains a significant
amount of streamflow variability.

Below median flow years: cool season precipitation explains less of the variance than in higher flow years, and
monsoon season temperatures add an additional 5% explained variance.
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Verde River Streamflow and Climate: Trends Over Time?

Verde River Streamflow March-May Temperature
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Main findings

Streamflow: A decreasing trend is significant at the 93% level.

Seasonal precipitation: No significant trends.

March 1 snow water equivalent (SWE): No statistically significant trend in this shorter record (starts in 1965)
yet, although a non-significant decreasing SWE trend is visible.

Seasonal temperature: Positive and statistically significant (> 99%) warming trends in both spring and mon-
soon season temperatures.

Warming has been about 0.33°F/decade in the spring and 0.29°F/decade in summer.



Verde River Streamflow and Climate: Drought
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Main findings

« Droughts typically last 1-2 years. The longest drought is a 6-year event, 1999-2004.

« Cool season precipitation averages are always low, but higher relative to flows during most droughts.
« Monsoon precipitation is above the median in 4 of 6 drought events.

. Warm summers may play a role in reducing flows relative to winter precipitation deficits.

« The warmest droughts are the two most recent drought, 1999-2004 and 2011-2015.



Verde River Streamflow and Climate: Unusual Years

Are the driest winters always followed by years with the lowest flows?

Usually, but in 7 of the 20 driest winters, Verde R. flow was higher relative to the extremely dry winter. In all but 2
of these years, the monsoon was extremely wet. In addition, falls and/or springs were usually wet, and tempera-
tures tended to be cool in some or all seasons.
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Can a wet monsoon make up for a dry winter in terms of water year streamflow?

An extremely wet monsoon has never coincided with high flow after a dry winter. However, of the 13 monsoon
years in the wettest category that followed extremely or very dry winters, in 6 of these years, flow was higher rela-
tive to the low cool season precipitation. As above, these years also appear to have some combination of wet falls
or springs, and/or cooler temperatures in one or more seasons.
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Main findings

. The driest winters are *usually* followed by years with the lowest flow, but there are exceptions: 35% of the
driest winters had flows that were not in the lowest flow category.

- A wet monsoon cannot make up for a dry winter, but it may moderate the impact of a dry winter, although
cooler temperatures, a wet fall and/or wet spring may also be moderating factors.
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