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Watershed of the
Sacramento-San Joaquin
Delta and Regions that Use
Delta Water
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Island Transitions from Wetlands to Today’s Agriculture
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Delta Island Model Before Farming
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Current Agriculture
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Objectives

* The objective of our project is to show that
establishing rice-based cropping systems in
the Delta can:

— Slow or stop subsidence = decreased soil loss 2
increased stability of levees = reduced risk of
failure of Delta for conveyance of water

— Reduce GHG emissions and increase C
sequestration

— Improve water quality



Conceptual Model — Levee Force Diagram
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Existing Through-Delta Water Conveyance:
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Question

To slow or stop subsidence requires soil to be
covered with water to prevent oxidation.

Thus can only sustain rice and/or wetlands as
productive agriculture

Rice is a productive cash crop that maintains
agricultural base of the Delta

Wetlands can sequester carbon and accrete soil
- reversal of subsidence and improved water
quality

What is the trade-off, in terms of benefits,
between the two strategies??



THE TRADE-OFF

Rice is productive cash crop — but does not
contribute much to reversal of subsidence.

Wetlands is not very profitable for producers,
but accretes up to 10X more organic matter
(OM) than rice, thus increasing subsidence
reversal potential.

So which is the most useful in terms of the
objectives of our project?

And which one should we encourage?



Trade-Off in Costs & Benefits

The answer, of course, is that it should be
MARKET based!

If, for example, | offer a producer $250/acre to
grow rice, then how much should | offer the
producer to establish a wetlands??

More? Less? The same?

And what are the costs and benefits of the
trade-off?



Modeling of Levee Failure

CF = 0.5pgH2L

CF = cumulative hydrostatic force, (measured in Newtons)
p = the density of water,
g = gravitational acceleration,

H = the difference between the channel water surface
elevation and the average elevation of the island,

L = the levee length of the island.

NOTE: H changes over time and is unique to each
islands base elevation

Also Note: L is unique to each island



H(t) = BE + S(t) - A(t) + SL(t)

H(t) = the difference between the channel water

surface elevation and the average elevation of the island at
time t;

BE = Base elevation at a given (known) time
S(t) = Subsidence in time t
A(t) = Accretion in time t
SL(t) = Sea-level at time t
Thus, Cumulative Hydrostatic Force at time t is:

CF(t) = 0.5pgH(t)’L



CUMULATIVE HYDROSTATIC FORCE
CF(t) as an index of change

* Thus CF(t) becomes an index of the changing forces on

a levee due to subsidence, accretion, and changes in
sea-level.

* Assuming that a levee has a known probability of
failure at a particular point in time, we can use CF(t) to
project the probability of levee failure over time.

* AP(t) = f[BP, CF(t)]
AP(t) = Annual Probability of Levee Failure at time t

BP = Base probability of levee failure at a known
time in the present/past

CF(t) = Cumulative Hydrostatic Force over time, as
defined above.



Summary

CF(t) = 0.5pgH(t)’L

— where:

H(t) = BE + S(t) - A(t) + SL(t)
Thus:

— Annual Probability of Levee Failure (AP(t)) = f[Base
Probability of Levee Failure, CF(t)]

AP(t) is unique to each island at a particular
time t.



H(t) Meters

H(t) - The difference between channel water and elevation of island
= Base Elevation + Subsidence — Accretion + Sea Level Rise

1.00

0.00

-1.00
L

-2.00 e

-3.00

_ —
4.00 ——

-5.00 —

-6.00

-7.00
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Years

e H(t) BAU  ====H(t) Rice ===H(t) Wetlands



Cumulative Hydrostatic Force (CF(t) = 0.5pgH”2L)
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AP(t): Estimated Probability of Levee Failure
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Number of Levee Failures
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Approach

* We use Bernoulli trials in simulations to
estimate the number of levee failures
simultaneously for each of the 3 scenarios
(BAU, Rice and Wetlands) for each year for
100 years.

 For each levee failure the PV of the cost of
levee repair, cost savings (PV of BAU cost — PV
Cost of Rice/Wetlands), and NPV is estimated
for Rice and for Wetlands.



Benefits

i) The cost savings associated with reduced
levee failure by slowing, stopping or
reversing subsidence.

ii) Ecosystem services include:

* reduced GHG emissions

* increased carbon sequestration,

* increases in water quality,

* increases in recreational and existence values.



Ecosystem Service Values (Annual per acre)

Rice Wetlands

GHG emission & C $88.40 $165.90
sequestration
Water Quality ?7? $127.76
Recreation $57.50 $115.10
Existence ?7? s

less Methyl Mercury | ?7? ?7?

less Mosquitos ?7? ?7?
TOTAL $145.90 $408.76




Costs

e Agricultural producers are unlikely to establish
rice and/or wetlands without some incentive

* Therefore it is likely that producers will have
to be subsidized into establishing the desired
acreage of rice and/or wetlands.

* These subsidies then become the costs of
establishing rice and/or wetlands in the Delta.



Delta-wide Analysis

* Subsidy rate of S300 per ha
— Delta-wide Benefit-Cost ratio of 0.27

— Variation between islands depending on the
existing land use and the relative profitability of
rice

e Highest BCR on Deadhorse Island (0.86) — small island

of primarily corn, thus accretion benefits of rice can be
achieved over a small island footprint

 Total costs of rice subsidy: $24 million

 Total benefits of reduced levee failure risk:
S6.2 million



Example Islands
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* Excludes ecosystem service and regional
economic benefits

e Wetlands will be included as an alternate land
use practice in future analyses



