‘_._r 3 15{ M T
2 i

v e

,;-'; ..r._ ‘;v - ‘: . .-;._i‘.-'\ ’\;_." - . y - & .o s“l -
r:erIS°UTHERN siEpra g R R S W Rt
CRITICAL ZONE OBSERVATORY 572, o - Seceadibas P TN SEE. & 55 o sl ¢

Snow and Drought: What the Past
Can Tell Us About the Future?

I\/Iohammad (Safeeq) Safeeq

Assistant Adjunct Professor School of Engineering
University of California-Merced

Pacific Southwest
Research Station



Overview

Brief introduction of
current CA drought

Snowpack Sensitivity to
Temperature

Effects of Climate
Warming on Snowpack
and Snow Covered Area

Conclusions




1100 yr

Reconstructed flows
of Sacramento R.
Color shading marks

below-median
periods >4 yr
1-5 per century

Meko et al. 2014 report

=

TR
<
=

30

i~ Horizontal line
~ at median




Current (2014) the most Blue oak
severe in last 1200 yr
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Mean Temperature, 12-Months Ending in March
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The paradox of water in the West...
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Sierra Nevada Snowpack Shrinks to Lowest Level
in 500 YearS (Belmecheri et al., 2015)
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Climate warming scenarios for California

Projected Average Temperatures in California

2005-2034 2035-2064 2070-2099
([ )LTF ’*\ 11°F (LT
110 110 L10
Projected
L9 19 Lo Higher
Warming
L8 18 Higher — 48 Range
S (4.6-8.6°F)
+7 +7 Emissions +7
L6 L6 Scenario Le
15 15 L5
| 4 Higher —— L 4 L 4
’ 3 Emissions ’ 3 Lower — 7 3
il T Scenario T Emissions T .
$2 12 i 12 Projecte
Scenarios Ja 1 Emissions 1 1 _.1 Warming
Scenario g
-0 - 0 L0 (2.8-6.0°F)
. . .

California is expected to experience dramatically warmer temperatures
during this century. The figure shows projected increases in statewide annual
temperatures for three 30-year periods. Ranges for each emissions scenario
represent results from state-of-the-art climate models.

Increase above 1961-1990 average Source: CA Climate Change Center



Sensitivity of Precipitation Phase to Climate Warming

 Precipitation type can be classified based on wet day
temperature (T) threshold:

Snow

T>TR °C ‘ T<TS°C
@ Rain ‘ Mixture ‘ Snow

The annual winter season S; was calculated as:




Precipitation Phase Model Validation
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Sensitivity of Precipitation Phase to Temperature
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Sensitivity of Precipitation
Phase to Temperature

Phase of precipitation in
mid-elevations (1000-
2000 m) of SN Is most

sensitive as compared to

other regions of the
western US
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Percentage Area, [100 x (Historic Mean - Scenario)/Historic Mean]
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A precipitation shift from snow towards rain leads
to a decrease in streamflow
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Higher SWE/P, later melt out, and lower ET makes high
elevation catchment less susceptible to annual drought
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Timing of snowmelt is highly correlated with wildfire
frequency

Forest Wildfire and the Timing of the Spring Snowmalt
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Conclusions

Warming temperatures have amplified the current drought

Precipitation phase in mid-elevations (1000-2000 m) of SN is
most sensitive to temperature as compared to other regions of
the western US

Historical variability in proportional snowfall closely resembles
the projected 2040-warming scenario (+1.8 oC)

By 2080s (+3.0 oC), mountain snowfall will be reduced to 17
MAF, 30% lower than the average snowfall in 10 warmest years.
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snowpack annual storage
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