Trends in Freshwater Storage from GRACE, 2002-2010

Are we already seeing the redistribution of precipitation predicted by the IPCC models?

Famiglietti et al., 2012, in prep
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Trends in Freshwater Storage from GRACE, 2004-2012
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Water Storage Changes in the Colorado River Basin from GRACE
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Water Storage Changes in the Colorado River Basin from GRACE
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Mead Storage 2000 versus 2010

é\

Green=2000
Red=2010 |

for | california

Castle et al., 2012 ucchm.org




Estimating groundwater storage changes with GRACE
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Groundwater depletion in California’s Central Valley, October, 2003-March, 2009

* Since GRACE ‘sees’ all the water storage
changes on land, in order to estimate the
groundwater storage change signal, the snow,
surface water and soil moisture mass changes
must be estimated and removed

ASGroundwater = ASTotal _ASSnOW-ASSurface Water _ASSoiI Moisture

» The snow, surface water and soil moisture signals
were estimated using best available observed and
modeled data sets
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Groundwater depletion in California’s Central Valley, October, 2003-March, 2009
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* In the 78 month period analyzed, the water stored in the combined Sacramento-San

Joaquin River Basin decreased by over 31 km3, or nearly the volume of Lake Mead
* Nearly two-thirds of this, or roughly 20 km3, came from changes in groundwater

storage, primarily from the Central Valley
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From McMahon et al, 2007
Gibbons et al, 2012
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February 2007 — June 2010
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Where do we go from here?

Essential to provide water managers, environmental decision makers and
elected officials best available science. Need to know

-  How much water do we have?

-  How much do we need?

- How will these change in the future?

A key step is to integrate remote sensing data like GRACE, SMAP, SWOT,
MODIS, etc into the decision making stream, and, into our computer models.
Remote sensing is providing too much good, realistic information on what our
water landscape looks like to be ignored

Models themselves need a huge acceleration in development, to integrate all
of snow and ice, surface waters, soil moisture, groundwater and the basics of
human water management like conveyances, groundwater pumping and
irrigation, in ways that can be integrated into climate models
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Example of GRACE integrated into US Drought Monitor
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UC Center for Hydrologic Modeling

Mission

Harnessing the power of UC hydrology to develop
state-of-the-art models, data products and data
management to support system-wide research
and sustainable water management for California
and the west

- Coordinated model development, distribution
and support

- Best available data products

- Data management and information system

- HPC computer access

- Informing state and regional water
management abd environmental decision
making

- Water education and outreach
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UC Center for Hydrologic Modeling

Vision

Sustainable water resources management
informed by systemwide, state-of-the-science
input
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Modeling Progress

Based on Community Hydrologic Modeling Platform (CHyMP)
Famiglietti et al., 2008a,b, 2009, 2011, Arrigo et al., 2011

e High resolution (1-km)

* Integrated water cycle (snow, surface water, soil moisture,
groundwater) with interchangable components

e Major features of water management (aqueducts/canals, reservoirs,
groundwater pumping, irrigation)

e Explicit representation of watersheds, rivers, aquifers, lakes, reservoirs,
etc.

 NASA mission assimilation friendly (SWOT, SMAP, GRACE...)

* |n situ observation assimilation friendly

e Ability to link to other model types (climate, weather, ecological,
biogeochemical, energy, agricultural, economic...)

e Ability to simulate or link model types across scales (e.g. linking land
surface models with floodplain models)

e User-friendly platform with distribution, support, HPC access
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Groundwater Depletion in the Central Valley

We call this “THE MOONSHOT”

We can do it, but we need partners and your help
We need to hear from the water managers and what they need
We need to partner with the California Water Foundation

We need help making the connections to state and federal funding sources, and to
keep the pressure on the state and federal agencies

We need to, together, keep beating the drum on the need for more and better
observations, for data transparency, and for accelerated model development

We need to elevate our critical water issues to the level of everyday understanding
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