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California Streamflow as a Drought Indicator

Long climate records

Reflects the combined effect of several
climate and hydrologic variables:
temperature, precipitation, snow water
equivalent, evapotranspiration, and

evaporative demand

Yosemite Valley

Merced River at
Happy Isles Bridge
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Presenter
Presentation Notes
Hard to distinguish rankings of streamflow droughts. Be sure to mention that in this presentation we will be looking at the effect of precipitation and evaporative demand on streamflow drought. State that this is the 12-month sep-aug runoff


.

SRI

Standardized Runoff Index

Shukla and Wood, 2008, GRL
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1.

lows Standardized Precipitation Index methodology:

Accumulate streamflow at given time scale (i.e., 1, 6, or 12 month
running mean)

Estimate cumulative probability based on a parametric or empirical
distribution

Cumulative probability is converted to standard normal deviate (zero
mean and one standard deviation

Merced River at Happy Isles Bridge SRI-12, Sep-Aug
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Presenter
Presentation Notes
For this presentation for the runoff I used the SRI…It’s now easier to tell that 1977 was in fact the record low and 2015 was ranked 2...Will be comparing to other standardized drought indices


Standardized

HUC 8

é} Sacramento River
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North Fork
American River

Merced River

Deer Creek
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Big Rock Cree

Runoff Index

9 USGS streamflow gauges

Water year SRI...slightly modified as
September — August so 2016 could
be used

12, 24, 36, 48, and 60 month SRI

Full period: each gauge has different
record length

Climate data (gridMET) record:
1980-2015


Presenter
Presentation Notes
Important to note that for SRI and other similar drought indices you can’t have missing data. For this presentation I will be mostly focusing on the Merced River


SRI at Merced River

12-month SRI ending August
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SRI at Big Rock Creek

e San Gabriel Mountains, northeast of Los Angeles

12-month SRI ending August
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Evaporative Demand Drought Index (EDDI)

e Hobbins et al. 2016: Theory and formulation
e McEvoy et al. 2016: Comparison against other drought indices
e Accumulated evaporative demand only (Penman-Monteith [ET,_])

* No precipitation! 12-month EDDI categories for September 25, 2016
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ftp://ftp.cdc.noaa.gov/pub/Public/mhobbins/EDDI/�

ASCE Standardized Penman-Monteith (ET,)

_ y
* A+y(1+CU,) 1 \A+y(1+CU,

ET

Physically based equation

Advective component:
 Temperature
 Wind Speed

e Humidity

R,, = net radiation (shortwave + longwave)
G = ground heat flux (assumed to be zero)
T = mean daily temperature

U, = mean daily wind speed at 2-m Radiative component:

s = saturation vapor pressure ((€s_ imax*€s tmin)/2) .

e, = actual vapor pressure (from g and surface pressure) © SW rad_lat_lon

A = latent heat of vaporization * LW radiation

A = slope of saturation vapor pressure-temperature curve  Ground heat flux

Y = psychrometric constant
C,, = 900 (grass reference)

C4 = 0.34 (grass reference) (Allen et al. 1998, 2005)
en et al. )


Presenter
Presentation Notes
ASCE standardized reference ET.


ET_as a Drought Indicator

Complementary Relationship (CR)
between ET and ET,

ET, E , and E rates

Moisture availability

* Under water limited conditions: ET and ET, vary in opposing directions

e CR:R.J.Bouchet, 1963



Complementary Relationship in California

Apr — Sep, Russian River Basin, CA
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[Hobbins et al., 2016]

Wet years: ET and ET,
very close to each other

Dry years: ET and ET,
much more separated

ET, anomalies can be
used as a drought
indicator similar to
precipitation anomalies

ET, easier to estimate
than actual ET with
confidence



SPI and SPEI

e SPI: Standardized Precipitation Index, precipitation only

e SPEI: Standardized Precipitation Evapotranspiration Index [P — PET]
e Accumulated precipitation or [P — PET]

e Same methodology as SRl and EDDI

California - 12 month SPI California - 12 month SPEI
September 2016 September 2016

44444

44444

4444444444

3333333333

cHdS
cHads

3333333333

33333

33333

124°W 122°W 120°W 118°W 116°W 124°W 122°W 120°W 118°W 116°W
WestWide Drought Tracker, U Idaho/WRCC Data Source: PRISM (Prelim), created 2 OCT 2016 WestWide Drought Tracker, U Idaho/WRCC Data Source: PRISM (Prelim), created 2 OCT 2016

[SPI, McKee et al. 1993] [SPEI, Vicente-Serrano et al. 2010]



Drought Index Data and Analysis

e University of Idaho gridMET (http://metdata.northwestknowledge.net/)
e Daily temporal resolution, CONUS-wide, 4km spatial resolution, 1979-

present
e Combines NLDAS-2 and PRISM for near real-time updates (2-3 day latency)

e Temperature, specific humidity, wind speed, downward shortwave
radiation, and precipitation
e Lag correlation analysis between EDDI/SPI/SPEI and water year SRI (12-month
ending in August)

gridMET annual average ETo: 1981-2010

[gridMET;
Abatzoglou 2013]



http://metdata.northwestknowledge.net/�
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Merced River Drought Index Correlations

12-month SRI ending in August

1-12 month EDDI, SPI, and SPEI at Jan-Aug ending months

Cold season precipitation and ET_ explain most of the streamflow variance
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Presenter
Presentation Notes
It was fairly surprising that strong relationships were found EDDI and SRI. Explain the graphic clearly. Point to the 0-lag, lags and timescales


Merced River Drought Index Correlations

 Allindices agree: 2014 and 2015 most severe droughts in record

 Warm + wet can still lead to ET, surplus or high EDDI values: 1996, 1997, 2016
* Temperature not always dominant ET_ driver
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Presentation Notes
NOTE THE EDDI AXIS IS REVERSED!!!


Sacramento River Drought Index Correlations

* Strongest relationships between EDDI and SRI: R =0.73
e Better agreement on 1987-1992 drought
* ET, sensitivity to drivers varies with region
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ET_ decomposition and attribution

T sensitivity x T anomaly

Attribution of ETo anomaly to its fo

\

Ir drivers, Merced River Basin

e Sum of ET_ drivers =
ET, anomaly

* Positive ET,anomaly
since early 2012

e Shift to mostly
temperature
dominant late 2013

[Hobbins, 2016; results courtesy
of Mike Hobbins]


Presenter
Presentation Notes
Could note that the analytical solutions are available in Hobbins 2016. Note these are the highest Eto anomalies in the record


ET_ decomposition and attribution

WY 2012 ETo anomaly attribution, Merced River Basin
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ET_ decomposition and attribution

WY 2013 ETo anomaly attribution, Merced River Basin
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ET_ decomposition and attribution

0.35 WY 2014 ETo anomaly attribution, Merced River Basin
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ET_ decomposition and attribution

WY 2015 ETo anomaly attribution, Merced River Basin
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ET_ decomposition and attribution

WY 2016 ETo anomaly attribution, Merced River Basin
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Conclusions

Precipitation more correlated to streamflow droughts than ET,
However, ET_ alone still strongly related to streamflow

Precipitation and ET, during cool season most important for water year
streamflow

ET, anomalies were driven by different contributions of ET, drivers throughout
the 2012-2016 drought

2012-2013: greatest contributions from temperature but large contributions
from humidity and occasionally wind speed

2014-2016: large temperature anomalies dominated the ET, signal

Contributions from radiation always minor



Future Work

EDDI work:

e Operationalizing an Evaporative Demand Drought Index Service for Drought
Monitoring and Early Warning

* NOAA Research Transition Acceleration Program (RTAP), 3-years, ~ S900K

e Experimental daily updated EDDI maps:
ftp://ftp.cdc.noaa.gov/pub/Public/mhobbins/EDDI/

e Seasonal forecasts of ET, anomalies for drought early warning


ftp://ftp.cdc.noaa.gov/pub/Public/mhobbins/EDDI/�

Lake Tahoe as seen from
Thank you! top of Incline Peak, NV.

February, 2014
Questions?

mcevoyd@dri.edu
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