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Objectives

Investigate how changes in surface water availability and
energy prices impact

« agricultural management
« agricultural profits

 groundwater sustainability



Exhibit A: California * Supplies 1/3' of U.S. vegetables

& 2/3" of its fruits and nuts ($50
billion yearly)
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CA water supply update

Water years 2011-2014: driest three-year period on record

Calitorma, Precipitation, 36-Month Period Ending in September
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Source: National Oceanic and Atmospheric Administration (NOAA)
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Snow pack in Sierra’s provides 1/3' of California’s water
« 3/2/2015: 5% of historical average




Responses: Reduced Water Allocations

Total annual deliveries from the SWP and contract deliveries frem the CVP, 2005-2014

Year State Water Project Central Valley Project

2005 4,726,363 6,375,091
2006 4,827,082 6,237,211
2007 4,061,696 5,586,232
2008 2,838,128 5,316,167
2009 2,918,056 4,900,789
2010 3,505,140 5,590,610
2011 4,630,798 6,328,195
2012 3,965,453 4,648,840
2013 3,343,134 4,764,307

Cooley et al. (2015)
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Responses: Reliance on Groundwater Storage
(1/3"9irrigation needs; 2/3"9 during drought)
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Irrigated Agricultural Challenges...

More variable and lower allocations in many regions

More intensive and frequent droughts

- Poorly managed and overdrafted aquifers

Increased competition from energy, environmental, and
municipality/industrial sectors
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Irrigated Agricultural Challenges...

And 1t’s heavily reliant on energy....

« Largest energy use in California is for the conveyance and
pumping of water for agriculture (~20% of CA energy use)

« SWP is largest single energy user

Question

What are the implications on irrigated agriculture and the
sustainability of groundwater resources from reductions in surface

water supplies and increases in energy prices?
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Main Issues Evaluated

Change in energy Change in surface
prices water availability

! 1 Farm management decisions
Surface water Groundwater » Acres irrigated w/ Groundwater
conveyance pumping * Acres irrigated w/ Surface water

costs costs . Application rates |
 lIrrigation system choice

» Crop choices
» Acreage choices

Groundwater <
Levels

Net Benefits
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Empirical Focus: Kern County, California

» Unregulated groundwater source (93 million ft3 of water)
> 0.9 million acres
> $6 billion in gross value from agriculture

Model includes:
> 6 major crops
tomatoes, wheat, cotton, alfalfa, lettuce, bermuda grass
» 6 Irrigation systems
Furrow %, furrow %, LEPA, sprinkler, linear, drip
» Surface water
SWP, CVP, and Kern River...highly variable!
» Costs/prices for surface water, pumping, production, etc.
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Programming Model: Regional Irrigated Ag Production

Objective: Maximize Regional Net Benefits from irrigated
agriculture using some combination of surface and groundwater
resources

Constraints: land and surface water availability

Choice variables: applied sw, applied gw, crop type and acreage,
Irrigation systems and acreage

State variable: groundwater height

« Comparison of two different initial conditions of aquifer

=High initial watertable ~ abundant supplies/initially low pumping
Ccosts
= Low Initial watertable ~ scarce supplies/initially high pumping costs
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Programming Model: Regional Irrigated Ag Production

Equation of Motion for Aquifer

# b
« Watertable:  h_ =h +Al - [ O+q, L.+ > > dy Xy —4, ]
5 | i J K J

— Extractions/withdrawals: ¢, = Z D WXy
— A ~ regional aquifer area ;E

— &Y, w ~ aquifer specific yield; natural recharge
— p, ~ canal losses from surface water imports

Assume Common Property Aquifer:
Period-by-period optimization using GAMS
» Reasonable given status of most groundwater systems globally
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Energy Costs...(delivery/pumping costs)

Surface Water Costs...

Multiple sources of surface water

Dale, Fujita, Hagan, and Hanemann (2008) estimated embedded energy costs
and wholesale price of water based on conveyance distance

Over local, medium distance, and distant water sources, energy costs
comprised — on average 40% of overall surface water price.

deconstruct baseline water price -- $65/ac-ft -- into energy and non-energy
component (Wichelns 2010)

Groundwater costs...

Knapp, Weinberg, Howitt, and Posnikoff, J. (2003)
2
Cqw (N, W9) = (k+e™Ah 4 )Wo +e( - )wI +e (2 )

e~pumping costs per unit lift

Overlook energy costs w/ fertilizer, machinery, etc.
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Scenarios

Baseline Scenario:
Assume baseline energy costs &surface water allocations
40%EnergyPrice Scenario:

Increase in electricity price by 40%. Impacts both surface water
costs and groundwater costs (via increased pumping costs).

40%SurfaceWater Scenario:
Reduction in the available supply of surface water by 40%
Water/Energy Scenario:
Increases electricity price by 40% and reduces surface water supplies
by 40% relative to baseline

= Scenarios meant to represent trends that have and will continue to
Impact irrigated agriculture from an energy and water availability
perspective.



High initial watertable

5A. Time profile for Net Benefits

5B. Time profile for Watertable height

5C. Time profile for acres irrigated w/ furrow
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Conclusions

Relationship between water and energy is complicated

Changing energy costs and surface water allocations, coupled with
overdrafted aquifers, pose serious consequences and challenges

= Intricate linkages between surface water supplies, groundwater
supplies, and energy necessitate increased partnerships between
policy makers/agencies and academics to develop informed policy



