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Presentation Notes
Water is key to many things we value in the Pacific Northwest
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One of the places we have been able to observe this is in the streamflow record coming out of the mountains
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Presenter
Presentation Notes
Changes to the annual water balance documented in PNW
Others have documented declines in late summer flow, annual flow timing, and snowpacks as well, all related issues



Two Kinds of ‘Trends’
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Within these analyses, two kinds of shifts have been seen
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This pattern is generally consistent across the NW.


Luce and Holden, 2009 Change in 25™ %ile annual flow
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Temperature versus precipitation signal issues  --- as well as afforestation
Quite a bit of inference riding on the distinction between causes

Warmer temperatures – more transpiration demand
More trees – more transpiration demand
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This is a parallel analysis on HCNv2 precipitation stations.  Map of decline in 25th %ile year precipitation

Lots of non-significant declines.  Overall number of stations showing a statistically significant decline has “field significance”, but the overwhelming sense is one of little change.
Mean decline of 6%, which is much smaller than what we saw for streamflow.



Energy Balance of a Surface
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Lesson – if you only have two hypotheses don’t test them both
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We submit that it is simply a problem of not having the precipitation gages in the same places as streamflow measurements were taken.

13 of the HCN2 precipitation gages lay within or adjacent to the basins
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Red is the top of the 43 basins, blue the middle, and Green the bottom.  Loess fits describe the general W->E pattern in elevation for these basins … Coast range, cascades, and Rockies.
What should jump out is that the black dots and green triangles are essentially in the same places.  E.g. the precipitation data is at the elevation of the basin outlets for the most part.

Mean precipitation in gages 712 mm
Mean runoff from watersheds 1063 mm



Orographic Precipitation

Drier, warmer
foehn flow

Moist flow

West East

Ocean Coastal/maritime Wet Semi-arid Arid

Climate regime Kirshbaum and Smith, 2008



Precipitation Correlation with Regional Westerly Wind Speed
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Precipitation Correlation with Regional Westerly Wind Speed
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700 hPa Zonal Wind Speed (m/s)
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The Story So Far ...
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Why did the wind slow?

El Nifo La Nina

Sea Surface Temperature Anomaly (*C)
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U700 modeled from PNA, MEI

Influence of Climate Modes on Wind

U700=f(MEI,PNA,PDO), R?=0.37, P<0.001
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This shows the relationship of the longer term trends in the Boise River flows to PDO.  While the wetter years seem to shift more in concert with PDO, the trend in the driest year does not.
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1930s are not unprecedented, but not common either … dry end of distribution


Trends and Future Predictions
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Why would warming slow
the westerlies?
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Future Changes in Pressure

A 500hPa Geopotential Height (Nov-Mar), 2070-2099 RCP8.5 minus 1950-2005, units:m
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@Iistorical Trends in Nov-Mar 500hPa Height
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map of linear trends in Nov-Mar 500hPa height over the observational record. Winds should strengthen in areas where the latitudinal gradient strengthens: so across the southern ocean this is very pronounced, and to some degree you see this across the Atlantic and central Pacific. The main oddity is perhaps off the coast of the PNW with amplified warming/heights over NW Canada and sort of blah changes due south.  There has been a trend toward a strengthened Aleutian Low during this period as well.
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A U?OOhPa (m/s), 44-48°N, 115-130°W (Nov-Mar)
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Future Wind Changes — from GCMs
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20 of 24 models show a decline for the region studied!



Drivers of PPTN Change

. * Dynamic * Thermodynamic
- — Spreading Hadley — Clausius-Clapeyron
Cell Relationship
— Northward shift in
jetstream
— Changing winds — Higher Lifting
over mountains Condensation Level

— Cloud microphysics
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Is missing the effect of mountains on precipitation important?
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A April 1 SWE (
(1950-1999)
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Regonda et al, 2005
see also Mote et al, 2005




= Sensitivity of April 1 SWE temp

iy g

precip

Mote et al., 2005
- See also Mote, 2006



Presenter
Presentation Notes
Previous studies have considered the relative contributions of temperature and precipitation changes – e.g. this one from Mote
Sensitivities here are based on high elev snow course data and low elevation temperature and precipitation.  
Vivianna Lopez-Burgos has been replicating the work with SNOTEL data – just to avoid potential issues with data from different places.


Loss in April 1 SWE with 3°C increase - SNOTEL
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Timing in some of the highest mountains is essentially square root sensitive – which can be explained by solar angles and time of year.  Note that this form emphasizes variability in timing of low flow years and dampens variability in timing of high flow years.  This means one can take a statistically marginal decline in annual streamflow, particularly one with more frequent large excursions below the mean, and turn it into a statistically significant change in timing without invoking any temperature sensitivity.


Annual Runoff Change (1980s->2090s, AlB)

Color where > 66% agreement in sign
Stipled where > 90% agreement in sign

IPCC AR4 SYR 3.5
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Lets start with a hypothesis that precipitation does not change in the future


VIC Modeled Flow Changes
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Change in Monthly Yield (millions m3)
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Change in Monthly Yield (millions m3)
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Summer Weekly Minimum Flow
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Forest are dying around the west – beetles and fire


Burned Area Sensitivity

Runoff
Timing

Westerling et al., 2006, 2011



Burned Area Sensitivity
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Burned Area Sensitivity
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1972-2003 large forest fireé
For years with early snowmelt
Westerling et al, 2006
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If just a change in timing affecting fires, and there is no change in precipitation, expect a) non-declining streamflows, or b) streamflows to rebound after fire at the very least.


Fires on
National
Forests
2001-2007
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Many fires in region are in high elevation forests


Temperature Sensitivity Apr 1 SWE
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= Summary

Mountain precipitation has declined in
ldaho.

& * ‘Low’ elevation precipitation has shown no
. trend over the same period.

R Knowledge of the trend is essential for

% understanding historical snow and ecology
changes and sensitivity.

* Insights from the trend may be informative
for assessing future changes in precipitation.
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