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Paj aro Valley covered follow plan Executive Summary
Goal

The goal of the Pajaro Valley Covered Fallow Plan is to incentivize covered fallow rotations to conserve water and achieve
co-benefits for sustaining agriculture in the Pajaro Valley.
Background

The Resource Conservation District of Santa Cruz County (RCDSCC), working with stakeholders of the Community
Water Dialogue (CWD), facilitated the development of this Pajaro Valley Covered Fallow Plan. The plan comes in response
to landowner and grower interest in exploring rotational fallowing as one of many actions for conserving water. The results
of this planning process can inform future incentive programs.
“Covered Fallow” refers to incorporating a fallow period within an existing crop rotation and planting a cover crop during
that period, instead of leaving bare soil exposed. Developing a rotational cover cropped fallowing plan can help achieve
multiple conservation objectives, including: water savings, soil health, erosion control and carbon capture.
The benefits of incorporating covered fallow rotations to the farm operation include:
»» Potential increases in marketable yield in subsequent years
»» Disrupting the cycle of soilborne plant diseases and phytoparasitic nematodes
»» Water savings
»» Improving soil quality and better retention of nitrate in the soil (useful for nitrate reporting)
»» Facilitating transition to organic production
The benefits of increasing adoption/acreage of covered fallow rotations to the community include:
»» Reduced pressure on limited groundwater resources (cover crops require less water than marketable crops)
»» Reduced greenhouse gas emissions (through reduced use of farm equipment and pumping and carbon sequestration
during the covered fallow rotation)
»» Reduced runoff of nitrogen and sediment into local waterways
According to a recent economic analysis (Highland Economics, 2017), the costs of including a cover crop are driven
primarily by the costs of forgoing a market crop rotation. Within the predominant annual market crop rotations in our area
(strawberries and vegetable row crops, organic or conventional) these costs can range from an estimated $1220/acre (2
months of cover crop within a 3 month spring/summer fallow replacing conventional spinach or leaf lettuce) to $6,935/acre
(8 months of cover crop within a 12 month fallow replacing organic strawberries). The most likely private costs and public
benefits of different covered fallow scenarios are summarized in Table ES-1. Most likely water savings from covered fallow
range from 1-3 AF/acre (depending on the market crop replaced) with the private costs of water saved ranging from $465
to $4,610 per AF (Table ES-2). Most of the scenarios evaluated in the economic analysis fall within the cost/AF range of
projects considered in the Pajaro Valley Basin Management Plan (Figure ES-1). Therefore, based on the assumptions used
in the Highland Economics analysis (2017), a covered fallowing program (particularly focused on conventional vegetable
and strawberry production) appears to be a cost-effective strategy to help achieve sustainable groundwater management
compared to the alternatives.
Incentive Program Structure

The following guidelines for a Covered Fallow Incentive Program structure were developed based on community input.
Covered Fallow Plan Conservation Target: Conserve 1000 AFY through voluntary covered fallow rotations (this
represents 20% of the Pajaro Valley BMP conservation target).
Participating acreage: Water savings per acre will vary depending on the market crop replaced and duration of the fallow
period. The total number of acres needed to participate to achieve the water conservation target, therefore, will vary based
on the composition of participating acres (different fallow durations and replaced crop types). Using the decision-support
tool developed under this project (available online at http://www.communitywaterdialogue.org/covered-fallow-plan),
program administrators are able to estimate how many acres of which type(s) of crop(s) need to participate in the covered
fallow program in order to achieve the conservation target.
As an example, if half of the 1000 AFY target were to be achieved by cover crop replacing conventional strawberries for
12 months, and half through cover crop replacing 12 months of conventional vegetables (as summarized in Table ES-3),
February 2018
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Table ES-1: Summary of most likely costs and benefits per acre per year for implementing covered fallow rotations in different cropping scenarios (Highland
Economics, 2017).

Scenario

1

2

2a

3

3a

4

4a

Cover Crop within
Fallow Period

Crop Replaced
by Cover

Most Likely
Costs /Acre
(Foregone
Revenue
Plus Cover
Crop costs)

Winter cover (4
month cover within 5
month fallow period)
Spring / summer
cover (2 month cover
within 3 month fallow)
Spring / summer
cover (2 month cover
within 3 month fallow)
Full year - 8 month
cover within 12
month fallow
Full year - 8 month
cover within 12
month fallow
Full year - 8 month
cover within 12
month fallow

None
(minority of
vegetable prod.)

$240

0

-0.04

0

3.83

Spinach or Leaf
Lettuce

$1,220

0.86

1.8

22

1.92

Organic Spinach
or Leaf Lettuce

$4,950

1.03

1.8

22

1.92

Broccoli and Leaf
Lettuce

$1,300

2.8

2.7

119

7.67

Organic Broccoli
and Leaf Lettuce

$5,800

2.97

2.8

119

7.67

Strawberry

$2,680

2.22

2.8

56

7.67

Organic Strawberry

$6,935

2.22

3.8

56

7.67

Full year - 8 month
cover within 12
month fallow

Water
Saved
(AF/
Acre)

Carbon
Emissions
Avoided Plus
Carbon
Sequestration
(Tons/Acre)

Nitrogen
Loss
Avoided
(Pounds/
Acre)

Sediment
Loading
Avoided
(Tons/
Acre)

Table ES-2: Cost effectiveness of covered fallow rotations as a water conservation strategy (Highland Economics, 2017).
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Scenario

Practice

1

Conventional

2

Conventional

2a

Organic

3

Conventional

3a

Organic

4

Conventional

4a

Organic

Cover Crop Within
Fallow Period

Crop Replaced
by Cover

Costs
Per Acre

Most Likely
AF Water
Saved

Winter cover (4 month cover
within 5 month fallow period)
Spring / summer cover
(2 month cover within
3 month fallow)
Spring / summer cover
(2 month cover within
3 month fallow)
Full year - 8 month cover
within 12 month fallow
Full year - 8 month cover
within 12 month fallow
Full year - 8 month cover
within 12 month fallow
Full year - 8 month cover
within 12 month fallow

None (minority of
vegetable prod.)
Spinach or
Leaf Lettuce

$245

-

Most Likely
Cost/AF
Water
Conserved
N/A

$1,220

0.86

$1,325

Spinach or
Leaf Lettuce

$4,950

1.03

$4,610

Broccoli and
Leaf Lettuce
Broccoli and
Leaf Lettuce
Strawberry

$1,300

2.8

$465

$5,800

2.97

$1,950

$2,680

2.2

$1,220

Strawberry

$6,935

2.2

$3,150
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Figure ES-1: Costs per AF of groundwater benefit of covered fallow scenarios compared to projects in the Pajaro Valley Basin Management Plan, based on
Highland Economics analysis (2017) and 2014 Basin Management Plan.
Table ES-3. Hypothetical number of acres needed to participate in a covered fallow program to achieve the desired water conservation target.

Target AF
conserved

1000 AF

Required acreage participating (assuming 50% of the
target is achieved through covered fallow replacing
berries, 50% vegetables)
Anticipate 2.8 AF savings for replacing lettuce +
broccoli, 2.22 AF savings for replacing strawberries
179 acres vegetables
225 acre strawberries
404 acres total

% of 2013-2015
reported acreage for
this crop type in the
Pajaro Valley

% Increase in
summer fallowed
acreage (baseline
fallowed acreage is
2117 acres)

1.9% of vegetable acreage
3.4% of strawberry acreage
1.5% total ag land

19%

given the anticipated water savings per acre of each replaced crop the required participating acreage would be around 400
acres per year (which represents a 19% increase in fallowed summer acreage in the Pajaro Valley). Achieving the water
conservation and participating acreage targets of this covered fallow plan will be a stepwise process, depending in part on
available resources and incentives.
Covered Fallow Incentive Program Rules:
»» Applicants will be prioritized based on water conservation potential per acre put into covered fallow. Where available,
crop-specific baseline water use data for the participating acreage will be used to estimate water conservation
potential. Where such data is not available, water conservation potential will be estimated using the Highland
Economics water use estimates based on fallow duration and foregone crop type (Highland Economics 2017,
informed by UCCE research and local grower input).
February 2018
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»» Applicants must report their APN, well number, number of irrigated acres to be fallowed, crop type being replaced
by covered fallow, and covered fallow duration. This information will be entered into the decision support tool by
program administrators and used to estimate water conservation potential of the covered fallow acreage, to calculate
payment, and to prioritize applicants when necessary.
»» Up to 4 inches of water may be applied during the fallow period to establish and/or maintain cover crops.
»» Participating acreage must have been in production for at least 1 out of the last 2 years.
»» Each participating ranch will be eligible to receive incentives for a maximum of 40 acres of the area they put in
covered fallow during a given year (this is to diversify and geographically spread participation, and reach more/newer
adopters)
»» An individual can receive incentives through the Covered Fallow Incentive Program for a maximum of two
consecutive years (to reach more/newer adopters)
»» Applicants may select the start and end date of the fallow period. Payment rates will be adjusted based on the number
of months committed to fallowing. Winter fallow alone will not be eligible for water conservation incentive payments.
Payment Rate: Payment will be a variable rate per acre based on fallow duration.
Fund Disbursement and Monitoring:
»» Applications for covered fallow incentives will be reviewed by a committee made up of members of CWD leadership
and the funding entity, as appropriate.
»» Where available, crop-specific baseline water use data for the participating acreage will be used to estimate water
conservation benefits. Where such data is not available, estimated water use per crop will be determined based on the
Highland Economics water use estimates (Highland Economics 2017, informed by UCCE research and local grower
input)
»» A third party will verify the covered fallow acreage with photo documentation
»» Pajaro Valley Water Management Agency (PVWMA) land use mapping should show an increase in the total number
of fallowed summer acres over time.
»» PVWMA pump data should show a decrease in groundwater extractions on participating acreage and valley-wide over
time.
»» Funds will be disbursed upon completion of the covered fallow period and submission of photo documentation.
Priority Incentives: Priority incentives identified by Pajaro Valley growers and landowners were direct payments to
compensate for a portion of the private costs of implementing a covered fallow rotation (forgone revenue from the market
crop replaced by cover or from lost rent revenue plus the cost of cover cropping), rent reduction, or a reduction on their
water bill. Payment rates will be set based on available funds, but should aim to offset at least 50% of the private costs of
implementing covered fallow rotations, which is at least $995/acre on average for a 12 month conventional fallow.
Potential Funding Sources and Implementation Strategies:
1. PVWMA through the water augmentation fee paid by local water users. Action: RCDSCC and CWD leaders will
present the Covered Fallow Plan along with lessons learned from the Fallow Lands Incentive Program pilot to the
PVWMA board to inform future fallow incentive programs.
2. Water user (program beneficiaries) financial contribution separate from PVWMA. Action: RCDSCC and CWD
leaders will scope the feasibility of a community-supported conservation fund with PV landowners and CWD
stakeholders.
3. Non-profits or corporation donations/grants for protection of environmental quality. Some portion of the cover
cropping program funding could come from environmental entities, particularly up to the public value of the benefits
provided related to carbon and water quality. Action: RCDSCC and CWD leaders will develop collaborative grant
proposals annually.
4. Rent reduction or other favorable lease agreements provided by landowners. Action: RCDSCC and CWD leaders
will outreach to engage broader participation of Pajaro Valley landowners (including non-local landowners) to share
strategies to support covered fallow and other water conservation efforts through lease agreements.
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1. Background

Introduction to the Pajaro Valley and the
Community Water Dialogue

map: PVWMA

Goal: The Pajaro Valley Covered Fallow Plan presents a
community-based strategy for incentivizing covered fallow
rotations to conserve water and achieve co-benefits for
sustaining agriculture in the Pajaro Valley on California’s
central coast. This document was written by the Resource
Conservation District of Santa Cruz County with
consultation and input from members of the Community
Water Dialogue, Pajaro Valley Water Management Agency,
economic consultants, and technical advisors.

The Pajaro Valley, located in southern Santa Cruz and
northern Monterey Counties, supports an over $800
The Pajaro Valley is located on California’s Central Coast in southern Santa
million agricultural industry. The Pajaro Valley’s cool
Cruz and northern Monterey counties.
coastal climate and long growing season allows for multiple
crop cycles and a highly productive industry. However, the valley suffers from persistent groundwater overdraft conditions
and resulting seawater intrusion that threaten agricultural sustainability in the area. Pajaro Valley Water Management
Agency (PVWMA) estimates the saltwater intrusion rate to be about 200 feet per year, with its effects already extending
several miles inland. The Pajaro Valley is estimated to be in overdraft in the amount of over 12,000 acre feet per year
(PVWMA 2014). Santa Cruz and Monterey Counties are solely dependent upon local groundwater and surface water
resources and agriculture accounts for 84% of water pumped in the Pajaro Valley (PVWMA 2014). With no physical (i.e.
pipeline) or external solution readily available, the community has come together in a groundbreaking cooperative effort to
address these issues.
Community based
action led to the
State Legislature
forming Pajaro Valley
Water Management
Agency (PVWMA)
in 1984 to solve
the water resource
problems threatening
the long-term
sustainability of the
Pajaro Valley. The
PVWMA’s primary
goal is to prevent
further increases in,
Aerial view of the Pajaro Valley. Photo: PVWMA
and to accomplish
continuing reduction of, long-term overdraft and to provide and ensure sufficient
water supplies for present and anticipated needs within its boundaries. PVWMA
wrote and now follows a Basin Management Plan (BMP), or water solutions guide, to
implement projects and programs to halt seawater intrusion and reduce groundwater
overdraft. As the Agency began the process to update the BMP in 2010, the Board of
Directors established a 21 member Ad Hoc BMP Committee; a diverse cross-section
of stakeholders representing different interests within the Pajaro Valley. The
development of the BMP Update was a stakeholder driven process. Around that same
time, local landowners led the formation of the Community Water Dialogue (CWD),
a stakeholder group working to address overdraft in the Pajaro Valley.

February 2018
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Map of seawater intrusion in the Pajaro Valley.

Founded in 2010, the Community Water Dialogue is a group of stakeholders who have gathered to address the ongoing
problem of overdraft in the Pajaro Valley through individual and collaborative action, with the mission of ensuring
agricultural viability in the Pajaro Valley. The CWD is comprised of members of the agricultural industry, landowners,
the USDA Natural Resources Conservation Service (NRCS), researchers, technical service providers, the Resource
Conservation Districts of Santa Cruz and Monterey Counties, land conservation organizations, water management
agencies, local government and nongovernmental organizations in the Pajaro Valley.
While prior to the founding of the CWD conversations around water in the Valley had been largely intractable and
divisive, the solutions-based approach of the CWD has had the effect of uniting people around this common challenge.
Critical to this success has been the agreement of all members on three fundamental principles, which were established
at the outset and continue to guide the group’s work to this day: 1) A
commitment to protect the Pajaro Valley as an important agricultural
resource; 2) Recognition that the solution will not be an importation
pipeline; and 3) A willingness to pursue diverse strategies which entail costs
and sacrifices in order to bring our aquifer into balance. In addition to these
principles, the CWD remains focused on solutions by avoiding a review or
rehash of past failures and discussion about the past actions or character of
any individual community member in relation to the water issue.
The CWD has been an invaluable resource and partner for Pajaro Valley
Water Management Agency, participating in the Basin Management
Planning Committee to assist in long-term planning for the region. A liaison
10

Community Water Dialogue field tour.
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to the CWD served on the Ad Hoc BMP Committee, and PVWMA was able to leverage community meetings hosted
by the CWD to share updates on the state of the basin and BMP process. By working closely with the CWD, the Agency
was able to augment the stakeholder process and efficiently communicate with and receive input from a larger group of
stakeholders than those serving on the Committee on water use, conservation, and proposed water supply projects. This
community input (which included expert technical input) confirmed the feasibility of, and demonstrated broad support
for the policy goal of conserving 5,000 acre-feet of water per year as a key strategy to bringing the aquifer into balance.
More information about the CWD can be found at www.communitywaterdialogue.org. More information about Pajaro
Valley Water Management Agency and its Basin Management Planning process can be found at pvwater.org.
Why a Covered Fallow Plan?

Through the CWD and the development of the PVWMA Basin Management Plan, the community has identified key
strategies for halting seawater intrusion and sustaining agriculture in the Pajaro Valley. Those strategies include: land
management and irrigation best practices for water conservation, managed aquifer recharge, and increasing water
supply. Through these actions, producers and landowners in the Pajaro Valley have demonstrated both the need for and
the willingness to make management changes that will measurably improve water supply and water quality to sustain
the viability of agriculture in
the valley. The Pajaro Valley
Basin Management Plan sets
a goal of achieving 5000 AF
of conservation (avoided
pumping) per year by the end
of 2023. This represents an
average conservation target of
a 10% reduction in agricultural
water use from the basin as a
whole, relative to the 2006-2010
5-year average (PVWMA
2014). Much of the efforts to
conserve water have focused
on improving irrigation water
use efficiency and scheduling.
While water use efficiency may
be improving, and progress has
Figure 1. Water use and precipitation trends for the Pajaro Valley from 2000-2016 (PVWMA).
been made towards achieving
the targets set out in the Basin
Management Plan through these
and other efforts (Figures 1 and
2), the limited rainfall during
the 2012-2016 record-setting
drought has caused growers and
landowners to seek additional
land management strategies
for conserving water. New
strategies are needed to augment
the work already underway to
sustain agriculture in the face
of increasing threats of water
scarcity due to aquifer overdraft
and climate change.
Growers, landowners, and other
stakeholders of the CWD have
identified the need to explore
rotational fallowing with cover
February 2018

Figure 2. While progress has been made towards achieving the 5000 AF conservation goal, it is difficult to attribute
this progress to improvements in agricultural water use efficiency, leading the community to seek additional strategies
for conservation (PVWMA).
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crop as an additional strategy for conserving water and building soil health to sustain agricultural lands. The community
has also identified the need to develop appropriate incentives to make the practice of rotational fallowing with cover crop
an economically feasible solution for growers and landowners.
Planning Process

The Pajaro Valley Covered Fallow Plan is the result of a
community-driven process to understand the local costs and
benefits of covered fallow and to develop a plan for incentivizing
covered fallow rotations as a strategy for conserving water and
sustaining agriculture in the valley. Funding for the planning
process was provided through a grant from the CA Air Resources
Board’s Greenhouse Gas Reduction Fund (California Climate
Investments Program) to the County of Santa Cruz. The Resource
Conservation District of Santa Cruz County (RCDSCC) led the
planning process with stakeholders of the Community Water
Community Water Dialogue planning and outreach meeting
Dialogue from 2015-2017.
The Covered Fallow Plan planning process included the following activities:
1. Conduct a baseline assessment of rotational fallowing and cover cropping in the Pajaro Valley. Pajaro Valley Water
Management Agency conducts annual field-based mapping of land use in the valley. Additionally, PVWMA surveyed rate
payers in December 2015. Results of the baseline land use mapping and community survey are presented in Section 3.
2. Analyze local private costs and public benefits of covered fallowing and assess the cost effectiveness of the practice to
help achieve desired public benefits. Economists from Highland Economics completed a cost benefit analysis of covered
fallowing over different time periods and replacing different types of crops, using available data and informed by focus
groups and interviews with Pajaro Valley growers, landowners, technical advisors and other stakeholders. Outcomes of
the cost benefit analysis are summarized in Section 4 and the complete report is attached as Appendix 1.
3. Develop tools to assist decision-makers in predicting costs and benefits of covered fallow under different cropping
scenarios (fallowed crop type, duration and rotations). The decision-support tool is described in Section 5 and
example outputs are presented in Section 6. The excel-based tool can also be viewed and used online at:
http://www.communitywaterdialogue.org/covered-fallow-plan.
4. Identify community-supported incentive program structures including goals, target acreages, and rules. RCDSCC
led a stakeholder informed process to define a covered fallow incentive program for the Pajaro Valley, presented in
Section 6. This process included grower and landowner focus groups, two rounds of individual interviews, technical
advisor input, consultation with Pajaro Valley Water Management Agency, presentations and community input at
forums including the Farm Bureau and Community Water Dialogue, and meetings with leaders of the Community
Water Dialogue. RCDSCC compiled
stakeholder input to create a draft Plan
that was posted for 30 days for public
review and comment. RCDSCC reviewed
and integrated comments into the final
plan.
5. Explore potential funding mechanisms
and establish a plan for implementing
a covered fallow incentive program.
Potential funding mechanisms and
strategies for developing incentives for
covered fallow are presented in Section 7.

Community Water Dialogue field tour.

12

Pajaro Valley Covered Fallow Plan

2. Rotational Covered Fallow
Definition

“Covered Fallow” refers to incorporating a fallow period within an existing crop rotation and planting a cover crop during
that period, instead of leaving bare soil exposed. Developing a rotational cover cropped fallowing plan can help achieve
multiple conservation objectives, including: water savings, soil health, erosion control and carbon capture.
The benefits of incorporating covered fallow rotations to the farm operation include:
»» Potential increases in marketable yield in subsequent years (Wyland et al 1996; Ngouajio et al 2003; Isik et al 2009;
Burket et al 1997; Fageria et al 2005; Snapp et al 2005)
»» Disrupting the cycle of soilborne plant diseases and phytoparasitic nematodes (Chellemi et al 2012, and Chellemi et al
2016)
»» Water savings (Sullivan 2003; SARE 2010; Cahn and Miyao 2011)
»» Improving soil quality and better retention of nitrate in the soil (useful for nitrate reporting) (Heinrich, Smith and
Cahn 2014; Dufour et al 2013; Sullivan 2003; SARE 2010)
»» Facilitating transition to organic production (Dufour et al 2013)
The benefits of increasing adoption/acreage of covered fallow rotations to the community include:
»» Reduced pressure on limited groundwater resources (cover crops require less water than marketable crops)
»» Reduced greenhouse gas emissions (through reduced use of farm equipment and pumping and carbon sequestration
during the covered fallow rotation)
»» Reduced runoff of nitrogen and sediment into local waterways
Barriers to implementing this practice include loss of revenue from taking lands temporarily out of production and timing
difficulties incorporating the cover crop plant residue into the soil prior to prepping the land for the subsequent crop. Risk
of introducing/promoting weeds and adequate weed management are also concerns.
RCDSCC interviewed 11 Pajaro Valley growers to better understand why and how growers include cover crop rotations
into their operations. Motivations included reducing disease and pest pressure, improving production, improving soil
organic matter and structure, increasing nitrogen in the soil, transitioning land to organic, controlling erosion, facilitating
easier ground preparation, conserving water, letting the soil rest and being good stewards. Some growers who are master
lease holders who would sublease to a different grower during a portion of a multi-year lease mentioned that fallowing the
land with cover crop instead of subleasing for a season had logistical benefits in terms of maintaining control of the land
and therefore having greater control of timing when they can go back in to prep for the next planting following the fallow
period. Some growers also noted that a fallow rotation can be helpful or necessary when labor is scarce.
Challenges that local growers identified include costs of taking land temporarily out of production (loss of revenue
and high rent), coordinating with shippers, managing the cover crop, and timing of the fallow period to match rotation
partners and/or to allow sufficient time to prep the ground for the next commercial crop.
To understand how some landowners are supporting cover cropping and covered fallow rotations on their lands RCDSCC
interviewed 17 landowners. Landowners recognize that lack of water impacts land values. Some landowners support water
conservation on their lands by writing in terms to their lease agreements. For example, one landowner in the coastal
delivered water zone limits the amount of water used on the property that can be pumped from groundwater, encouraging
use of the coastal delivered water supply. One landowner has taken portions of productive areas out of production for
infiltration. Another landowner wrote in conditions to support covered fallow rotations, requiring that ¼ of the land be
put into covered fallow each year, on a rotational basis, with a goal of 15% water savings resulting from the practice, and
offered a rent reduction in exchange. Challenges for landowners to promote covered fallow on their lands include loss of
rent income and complex ownership scenarios. Overall there was a sentiment that more landowners need to be brought
into the discussion for lease agreements and rent reductions to become more common in support of covered fallow
rotations and other water conservation practices.
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Implementing Covered Fallow Rotations

This plan focuses on covered fallow rotations of 2-8 months, using legume or non-legume cover crops, and replacing
either a strawberry or a row crop vegetable planting (more details on analyzed scenarios provided in section 4 Cost
Benefit Analysis). Commonly used cover crops in the Pajaro Valley include: Cereal grasses (barley, rye, oats and/or
triticale), legume and cereal mixes (usually including vetch, peas, bell beans, and oats), mustard (typically kodiak or ida
gold varieties). Less common but also used are: fava beans and sudan grass (mostly in organic multi crop systems, and
during summer months). These cover crop types are most commonly planted during winter (November-March), when
they are used for erosion control and/or restoring soil fertility for the following year’s vegetable plantings in spring and
summer. It is also relatively common to find crop rotations (fields) that alternate between strawberries and cover crop only
(no vegetables), in which case winter cover crops that are planted following a strawberry crop are left unmanaged on the
field until early summer, before the soil starts getting prepared for the following berry crop. This Plan seeks to support/
stimulate broader adoption of cover crop rotations during periods that are already practiced, and expansion into periods
that are not as commonly practiced (spring and summer).
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Organic soil building cover crop mix (Bell beans, vetch, forage) to prep soil
for planting.

Organic soil building cover crop mix (Fava beans, vetch, forage) to prep soil
for planting.

Cereal and mustard mix as inter-crop rotation for soil fertility and
erosion control

Cereal and legume soil building mix as an inter-crop rotation (one year cover
crop following a 3-yr raspberry crop cycle) for soil fertility and erosion control.
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3. Baseline use of covered fallow in the Pajaro Valley
PVWMA conducts annual summer land use surveys in the Pajaro Valley to document the amount of irrigated agriculture
in different crop types. In 2016 PVWMA conducted an additional survey during the winter to document how land
use changes during the winter months, and to separately track parcels that were bare fallowed vs. those that were cover
cropped (“covered fallowed”). These data serve as a baseline of fallowed acres within the valley at different times of the
year. Based on PVWMA land survey data (2013-2015), the average total irrigated agriculture acreage during summer
months is 27,486 acres. Of this acreage, on average 2,217 acres (7.7%) is fallowed during summer months. Analysis of the
winter land use data from 2016 show that fallowed acreage more than triples during winter months when a combined
7,812 acres (28.4% of total farmed acreage) is either put under cover crop (3,370 ac) or left as bare fallow (4,443 ac). Year
to year comparisons of Pajaro Valley Land Use maps show the pattern of multi-year crop rotations between caneberries or
strawberries and vegetable row crops, that are common in the region.
To further assess baseline use of covered fallow rotations in the Pajaro Valley, PVWMA included four questions in a
voluntary survey sent to all agricultural well operators in the valley in December 2015.
1. How often do you fallow fields on the land you farm? (never, every year, every other year, once every three years,
other)
2. How many acres are taken out of production during this period?
3. For how many months are they taken out of production?
4. While the land is resting or fallow, is a cover crop planted?
230 survey responders (representing 8,941 acres of agriculture) indicated that 2,165 acres are fallowed annually, with
or without cover crop. This is consistent with PVWMA land use GIS datasets and maps. The frequency of fallowing
varied, with every other year and every year being the most common amongst those who do fallow. The duration of the
fallow period ranged between 3 and 20 months, with the most common periods being 4 and 12 months. Roughly 41%
of respondents said they plant cover crops during fallow periods. This is also consistent with PVWMA GIS analysis of
covered fallow during the winter of 2016 (cover cropped acreage was not tracked during previous summer land surveys).
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How much land is currently fallowed in the Pajaro Valley?

2015 Summer PV Ag Use by Crop

Figure 3. Based on PVWMA land use surveys, over 2,100 acres (8% of the total agricultural acreage) are fallowed during the summer.

Land use map for the summer of 2015 (PVWMA).
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2016 Winter PV Ag Use by Crop

Figure 4. According to PVWMA land use surveys, the fallowed acreage increases to over 7,800 acres (29% of the total agricultural acreage) in the winter. Over 40%
of the fallowed acreage was planted with a cover crop.

Land use map for the winter of 2016 (PVWMA).
February 2018
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Figure 5. Based on survey data collected by PVWMA, the duration of the fallow period ranges from 3-20 months with the most common
periods being 4 and 12 months.
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4. Cost Benefit Analysis
As part of the development and evaluation of the Covered Fallow Plan, RCDSCC hired consulting services from Highland
Economics to conduct an economic analysis of the per-acre costs and benefits of covered fallowing, and an assessment of
potential incentive program structures to encourage voluntary covered fallowing in the Pajaro Valley. This section presents
the summary results of the economic analysis. For a complete report of the data, methods, and results of the economic
analysis see Appendix 1.
Cover Crop Scenarios

Due to the diversity of crops grown in the Pajaro Valley and the varying lengths of possible cover cropping periods, Highland
Economics (with input from RCDSCC, Pajaro Valley growers and landowners and technical advisors from UCCE and
USDA) defined four covered fallow scenarios as provided in Table 1. The selected crops represent the majority (58%) of the
agricultural land use acreage, and since these are all annual or semi-annual crops they seem more suitable for a rotational
cover cropping incentive program. Scenario 1 is a winter cover crop, scenario 2 is a spring/summer cover crop replacing
a spinach or lettuce crop (modeled both for conventional crops and organic crops), scenario 3 is a full-year fallow/cover
crop period replacing broccoli and leaf lettuce (modeled both for conventional crops and organic crops), and scenario 4 is a
full-year fallow/cover crop period replacing strawberries (modeled both for conventional crops and organic crops).
Table 1. Covered Fallow Scenarios

Scenario

Production Method

Cover Crop Within Fallow Period

Crop Replaced by Cover

1

2a

Organic

3
3a
4
4a

Conventional
Organic
Conventional
Organic

Winter cover
(4 month cover within 5 month fallow period)
Spring / summer cover
(2 month cover within 3 month fallow)
Spring / summer cover
(2 month cover within 3 month fallow)
Full year - 8 month cover within 12 month fallow
Full year - 8 month cover within 12 month fallow
Full year - 8 month cover within 12 month fallow
Full year - 8 month cover within 12 month fallow

None (minority of vegetable prod.)

2

Conventional or
Organic
Conventional

Spinach or Leaf Lettuce
Spinach or Leaf Lettuce
Broccoli and Leaf Lettuce
Broccoli and Leaf Lettuce
Strawberry
Strawberry

Private Costs

The costs of including a cover crop are driven primarily by the costs of forgoing a market crop rotation. Highland
Economics used existing data1 and local grower and landowner input to estimate foregone revenue and cover crop costs
for each scenario identified above. As shown in Table 2, within the predominant annual market crop rotations in our area
(strawberries and vegetable row crops, organic or conventional) these costs can range from an estimated $1220/acre (2
months of cover crop within a 3 month spring/summer fallow replacing conventional spinach or leaf lettuce) to $6,935/
acre (8 months of cover crop within a 12 month fallow replacing organic strawberries).
Public Benefits

The following two sub-sections describe the level of environmental benefit and associated economic value expected from
cover cropping. These expected environmental benefits include water savings, carbon benefits (in the form of reduced
emissions from equipment and increased carbon sequestration in the soil), and increased water quality (from reduced
erosion and avoided nutrient runoff).
Quantifying environmental benefits
a. Water Conservation
Cover crops require less water than other crops, resulting in less groundwater pumping. The water savings from
temporarily taking land out of production of market crops and putting them into cover crops is the difference between
the water applied to a market crop and the water applied to the expected cover crop. Highland Economics estimated the
1 Bolda 2014; Bolda 2010; Tourte 2004; Tourte 2009; Surendra 2012; Smith 2009; Tourte 2015; historical agriculture statistics for the region reported in
County Agricultural Commission reports as well as through National Agriculture Statistics Service (NASS) and Agricultural Marketing Service (AMS) that have
been reported over the past decade, grower and landowner focus group meetings in April and December of 2016.
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amount of water applied
in each scenario using
UCCE publications on
crop production and local
grower and technical
advisor input.
As shown in Table 3, in
most scenarios considered,
the cover crop is expected
to use minimal or no
irrigation water (because
it is assumed to get
established with rainfall
during winter). This is
in comparison to the
commercial crop it replaces
that may use anywhere
from approximately 1 AF to
3 AF of water per acre.
b. Carbon
Compared to a market crop,
a cover crop requires less
use of farm equipment and
less groundwater pumping,
resulting in less energy use

Table 2. Most Likely Total Private Costs (Per Ac)

Scenario
Scenario 1
Spinach or
Leaf Lettuce
Scenario 2
Spinach COG or
Leaf Lettuce COG
Scenario 2a
Broccoli &
Leaf Lettuce
Scenario 3
Broccoli COG &
Leaf Lettuce COG
Scenario 3a
Strawberry
Scenario 4
Strawberry COG
Scenario 4a

Net Returns Foregone
0
-1,297
-650
-974
-5,652
-3,773
-4,712
-356
-650
-1,006
-1,715
-3,773
-5,488

Cover Crop Costs Total Private Costs
-245
-245
-245
-1,542
-245
-895
-1,220
-245
-245
-5,897
-245
-4,018
-245
-4,950
-300
-656
-300
-950
-1,000
-300
-300
-2,015
-300
-4,073
-300
-5,490

-2,383

-300

-2,680

-6,641

-300

-6,935

The numbers in this table are the “most likely values” (50% percentile) from the probability distribution of each
variable, resulting from the probabilistic model the Highland Economics utilized for this analysis (Monte Carlo
simulation).

Table 3. Water Use & Savings by Scenario

Scenario

1
2
2a
3
3a
4
4a

Cover Crop Within
Fallow Period

Cover Crop
Crop Replaced
Water Use
by Cover
(Acre – Inches)*
Winter cover (4 month cover
0–4
None (minority of
within 5 month fallow period)
(0)
vegetable prod.)
Spring / summer cover (2 month
0–4
Spinach or Leaf
cover within 3 month fallow)
(0.7)
Lettuce
Spring / summer cover (2 month
0–4
Spinach or Leaf
cover within 3 month fallow)
(0.7)
Lettuce
Full year - 8 month cover within
0–8
Broccoli and Leaf
12 month fallow
(1.4)
Lettuce
Full year - 8 month cover within
0–8
Broccoli and Leaf
12 month fallow
(1.4)
Lettuce
Full year - 8 month cover within
0–8
Strawberry
12 month fallow
(1.4)
Full year - 8 month cover within
0–8
Strawberry
12 month fallow
(1.4)

Water Used by
Crop Replaced
(Acre – Inches)*
0

Most Likely
Water Savings
(Acre-Inches)
0

8 – 15
(11)
8 – 17
(13)
35

10.3
12.3

37

35.6

28

26.6

28

26.6

33.6

*Most likely values in parentheses ().

and lower carbon emissions. Further, soil carbon sequestration is likely to increase through incorporation of a cover crop
into a long term rotation, due to microbial breakdown of plant litter (cover crop residue) (Cotrufo et al. 2013). Highland
Economics estimated both reduced emissions as well as increased soil carbon sequestration based on available literature.
Compared to the baseline market crop, the total carbon benefits of cover cropping are presented in Table 4. These values
include total reduced carbon emissions (farm machinery and equipment, along with pumping) and enhanced soil carbon
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sequestration
rates. These
estimates represent
the annualized
tons of carbon
dioxide equivalent
sequestered or
avoided per acre as a
result of the various
cover cropping
scenarios considered.

Table 4. Carbon Emissions Avoided plus Carbon Sequestered by Scenario (metric tons / acre)

Scenario Crop Replaced
by Cover
1
2
2a
3

None
Spinach or Leaf
Lettuce
Organic Spinach
or Leaf Lettuce
Broccoli and Leaf
Lettuce
Organic Broccoli
and Leaf Lettuce
Strawberry
Organic Strawberry

Avoided
Emissions*

Sequestration Total Benefits
(Metric Tons
CO2 e/Acre)

-0.04
1.25

0
0.62

-0.04
1.87

1.16

0.62

1.79

1.91

0.62

2.53

Total Benefits
With Two
Cover Crops

3.15

c. Nitrogen
3a
2.11
0.62
2.73
3.35
Cover crops can
reduce nitrogen
4
1.89
0.62
2.51
3.13
contamination
4a
3.13
0.62
3.75
4.37
of surface and/or
ground waterways
* Avoided emissions include reduced farm equipment fuel use and reduced energy for groundwater pumping.
since growers
typically do not
apply fertilizer to cover crops. While they can also enhance soil fertility as some cover crops fix nitrogen into the soil,
this analysis focuses on the water quality benefits as the soil fertility benefits depend on the type of cover crop planted.
Table 5 summarizes estimated ranges of benefit by scenario, as avoided nitrogen loading (Lbs/ac) by replacing each crop
or crop combination with a cover crop.
d. Sediment
Similar to the benefit from reduced nitrogen in waterways described above, the reduced soil sedimentation (from reduced
erosion) resulting from additional cover crops in the Pajaro Valley would likely improve water quality. Table 6 below
presents the avoided sedimentation
from additional cover cropping.
Table 5. Reduced Nitrogen Loading into Surface and/or Ground Water from Cover Cropping by
Avoided erosion rates are based on
Scenario (Pounds/Acre).
results published in the Technical
Crop Replaced
Most Likely Nitrogen Loss
Scenario
Paper titled “Stormwater Erosion
by Cover
Avoided
Runoff on Salinas and Pajaro Valley
1
None (minority of vegetable prod.)
0
Farms” (Resource Conservation
2
Spinach or Leaf Lettuce
22
District of Monterey County, 2003).
2a
Organic Spinach or Leaf Lettuce
22
3
Broccoli and Leaf Lettuce
119
3a
Organic Broccoli and Leaf Lettuce
119
4
Strawberry
56
4a
Organic Strawberry
56
Table 6. Avoided Soil Sedimentation by Scenario (Tons/Acre).

Scenario
1
2
2a
3
3a
4
4a
February 2018

Crop Replaced
by Cover
None (minority of vegetable prod.)
Spinach or Leaf Lettuce
Organic Spinach or Leaf Lettuce
Broccoli and Leaf Lettuce
Organic Broccoli and Leaf Lettuce
Strawberry
Organic Strawberry

Most Likely Sediment Load
Avoided
3.83
1.92
1.92
7.67
7.67
7.67
7.67
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Summary Costs and Benefits

Table 7 summarizes the most likely private costs and public benefits for implementing covered fallow rotations in different
cropping scenarios (Highland Economics, 2017).
Table 7. Summary of Most Likely Private Costs and Public Values of Covered Fallow Scenarios.

Scenario

Crop Replaced by Cover

Most
Likely
Costs
Per Acre

1
2
2a
3
3a
4
4a

None (minority of vegetable prod.)
Spinach or Leaf Lettuce
Organic Spinach or Leaf Lettuce
Broccoli and Leaf Lettuce
Organic Broccoli and Leaf Lettuce
Strawberry
Organic Strawberry

$240
$1,220
$4,950
$1,300
$5,800
$2,680
$6,935

Water
Saved
(AF/
Acre)
0
0.86
1.03
2.8
2.97
2.22
2.22

Carbon Emissions
Avoided Plus
Carbon
Sequestration
(Tons/Acre)
-0.04
1.8
1.8
2.7
2.8
2.8
3.8

Nitrogen Loss
Sediment
Avoided
Load
(Pounds/
Avoided
Acre)
(Tons/Acre)
0
22
22
119
119
56
56

3.83
1.92
1.92
7.67
7.67
7.67
7.67

Quantifying the value of public benefits
To value the environmental improvements Highland Economics relied on the economic literature for per unit values
for the benefit to society of reduced atmospheric carbon (i.e, the benefits of reduced global warming), reduced nitrogen
in waterways, and reduced sediment in waterways. To estimate the value of water conservation (reduced pumping),
Highland Economics identified the replacement cost (i.e., next best feasible alternative) of augmenting or recharging
groundwater through other methods, as identified by Pajaro Valley Water Management Agency in its Basin Management
Plan (PVWMA 2014). The most likely values of the various public benefits of each cover crop scenario are summarized in
Table 8. For a detailed description of the methodology and economic literature sources that Highland Economics utilized
to quantify the value of public benefits of covered fallow, please see the Cover Crop Cost Benefit Economic Analysis
Table 8. Most Likely Values Of Public Benefits ($/Acre)

Scenario

Water
Saved

Carbon
Benefits

Scenario 1
Scenario 2
Scenario 2a
Scenario 3
Scenario 3a
Scenario 4
Scenario 4a

-$39
$620
$718
$1,987
$2,105
$1,574
$1,574

-$3
$131
$133
$195
$202
$200
$271

Nitrogen
Loss
Avoided
$0
$85
$85
$453
$453
$216
$216

Sediment
Load
Avoided
$20
$10
$10
$40
$40
$40
$40

Most Likely Total
Public Benefit

Estimated Probability
Benefit > Cost

$17
$832
$952
$2,665
$2,791
$2,021
$2,092

0%
24%
0%
86%
3%
45%
4%

(Appendix 1). It is important to note that this analysis only looks at public
benefits. Potential long-term private benefits such as yield improvements in
subsequent crops have conservatively not been included, but could be worth
an estimated $60-$2,320 per acre, depending on the subsequent crop.
Cost Effectiveness

Table 9 summarizes the most likely cost per AF of water ($/AF) conserved
from covered fallowing; this cost is estimated as the total private costs
divided by the amount of water savings (i.e, not pumped). As shown in the
table, this most likely cost varies from a low of $465 per AF in Scenario 3 to a
high of $4,610 in Scenario 2a.
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Table 9. Most Likely Cost of Water Conservation
($/AF) by Scenario, Ranked by Cost-Effectiveness

Scenario
3
4
2
3a
4a
2a
1

Cost Per Acre Foot
$465
$1,220
$1,325
$1,950
$3,150
$4,610
N/A
Pajaro Valley Covered Fallow Plan

Figure 6 compares the cost per AF conserved through covered fallow to the costs of water augmentation / conservation
programs currently being implemented or proposed by PVWMA. In Figure 6, costs of the cover cropping scenarios are
represented by the green bars, costs of PVWMA water augmentation programs already implemented or currently planned
for implementation are represented by the blue bars, and the costs of additional PVWMA programs that may be needed to
bring the basin into balance are highlighted in the black bars. All cover cropping scenarios, with the exception of Scenario
2a (spring/summer fallow of organic vegetable crop), are less expensive on a per acre-foot basis than the most expensive
projects that PVWMA has considered as potential future projects.

Figure 6. Costs per AF of groundwater benefit of covered fallow scenarios compared to projects in the Pajaro Valley Basin Management Plan, based on Highland
Economics analysis (2017) and the 2014 Basin Management Plan.

Take Home Messages

The costs of including a covered fallow rotation are driven primarily by the costs of forgoing a market crop during that
rotation. Within the predominant annual market crop rotations in our area (strawberries and vegetable row crops, organic
or conventional) these costs can range from an estimated $1220/acre (2 months of cover crop within a 3 month spring/
summer fallow replacing conventional spinach or leaf lettuce) to $6,935/acre (8 months of cover crop within a 12 month
fallow replacing organic strawberries). Most likely water savings from covered fallow range from 1-3 AF (depending on
the market crop replaced) with the private costs of water saved ranging from $465 to $4,610 per AF. Most of the scenarios
evaluated in the economic analysis fall within the cost/AF range of projects considered in the Basin Management Plan.
Therefore, based on the assumptions used in the Highland Economics analysis (2017), a covered fallowing program
(particularly focused on conventional vegetable and strawberry production) appears to be a cost-effective strategy to
help achieve sustainable groundwater management compared to the alternatives. The most cost effective covered fallow
scenario (in terms of cost per AF water saved) is Scenario 3 (8 month cover within a 12 month fallow replacing broccoli
and lettuce). The total public value of covered fallow should be considered in making the case for incentives.
Given that covered fallow benefits both the community and the grower, but also represents a significant cost to the grower,
the Covered Fallow Plan process next considered how incentives could help offset some of these costs and encourage
grower participation.
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5. Decision Support Tool
RCDSCC contracted with Highland Economics to develop a decision-support tool to help evaluate different scenarios of
how a Covered Fallow Incentive Program could be structured, including scale, participating acreage, costs and anticipated
benefits. The Microsoft Excel-based Covered Fallow Plan Decision Support Tool can be viewed online at:
http://www.communitywaterdialogue.org/covered-fallow-plan. The tool models all default costs and anticipated
benefits (water conserved, greenhouse gas emissions reduction and carbon sequestration, sediment load reduction and
nitrate load reduction) based on assumptions utilized in the cover crop cost benefit analysis (Highland Economics 2017).
Users can refine these default values based on site-specific knowledge.
There are four primary components of the decision support tool:
1. Program scope analysis, providing information on program scale and cost depending on the amount and type of
acreage enrolled in the program, the number of acre-feet targeted, and the cost per acre-foot or acre enrolled. This
assessment will also help to guide the design of the program by highlighting how program total cost, cost per acre-foot
conserved, and total water conserved will vary depending on the type of acreage enrolled and the value of the
incentive payment. Example outputs from the program scope decision-support tool are provided in Section 6.
Water Conservation Program Goal:

1,000

AF
Total Private Costs

Scenario
1
2
2a
3
3a
4
4a
TOTAL

% Water
Conservation
Goal
0%
0%
0%
50%
0%
50%
0%
100%

Acres

% of Total
Baseline

179
226
404

0%
0%
0%
2%
0%
3%
0%
1.4

Ac-In/
AC
Saved
0.0
10.3
12.3
33.6
35.6
26.6
26.6

Total Annual
AF Saved
500
500
1,000

Private
Cost
Per Acre
$245
$1,220
$4,950
$1,300
$5,800
$2,680
$6,935

Total
Private
Costs
$232.143
$604,511
$ 836,654

Cost Per AF
Conserved
$464.29
$1,209.02
$836.65

The program scope analysis tool can be used to evaluate the number of acres under different covered fallow scenarios that would need to participate to achieve
the water conservation program target.

Scenario

%

Acres

1
2
2a
3
3a
4
4a
TOTAL

0%
0%
0%
50%
0%
50%
0%
100%

179
226
404

% of Total
Baseline
0%
0%
0%
2%
0%
3%
0%
1.4

Incentive Program, Cost Share Payment
Basis
Ac-In/
Total
Program
Total
AC
Annual
Cost
Incentive
Saved
AF Saved Per Acre
0.0
$245
10.3
$250
12.3
$250
33.6
500
$1,000
$178,571
35.6
$1,000
26.6
500
$1,000
$225,564
26.6
$1,000
1,000
$404,135

Acre
Cost Per AF
Conserved
$357
$451
$404

% Covered
by Incentive
Program
100%
20%
5%
77%
17%
37%
14%
48%

Users can explore different incentive payment rates and options (per acre or per acre foot water conserved). This example explores a hypothetical incentive
payment of $1000 per acre for a yearlong fallow with cover crop.
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Carbon

Scenario

%

Acres

1
2
2a
3
3a
4
4a
TOTAL

0%
0%
0%
50%
0%
50%
0%
100%

179
226
404

% of Total
Baseline
0%
0%
0%
2%
0%
3%
0%
1.4

Metric Ton
CO2e
Reduced Carbon
Emissions and
Sequestration
0.00
0.00
0.00
451.79
0.00
566.17
0.00
1,017.95

Nitrogen

Sedimentation

Pounds

Ton

Reduced
Nitrogen
Loading
0.00
0.00
0.00
21,250.00
0.00
12,631.58
0.00
33,881.58

Reduced
Sedimentation
0.00
0.00
0.00
1,369.64
0.00
1,730.08
0.00
3,099.72

Users can estimate the co-benefits in terms of reduced greenhouse gas emissions and carbon sequestration, nitrogen loss avoided, and sediment load avoided,
that could be achieved through the covered fallow program.

2. Location-specific benefit and cost assessment, providing information on the anticipated benefits and costs that
would be realized on a specific parcel enrolling in the program. This tool enables the user to accept or modify default
values for baseline (no cover cropping) conditions as well as cover cropping conditions for specific scenarios defined in
the 2017 Highland Economics cost benefit analysis that best reflect the applying parcel. Outputs include estimates of
public benefits (water, carbon, nitrogen, sediment) and private costs (on a per acre and per-acre foot basis).
Location-Specific Benefit and Cost Assessment INPUTS
Name
Phone Number
Email
Address
City, State, Zip
APN (s) f enrolling acreage
Wells (s) ID serving participating acreage
Have the enrolling acres been in production for at least 1 of the last 2 years?
(Y/N)
Fallow Duration
State Date of Fallow
End Date of Fallow
Commercial Crop 1 Forgone:
Commercial Crop Water Use Avoided (Ac-In)
Commercial Crop 1 Forgone
Commercial Crop Water Use Avoided (Ac-In)
Will a cover crop be established?
Irrigation applied to a cover crop (Ac-In)
Do you intend to incorporate cover crop and establish a second cover crop
during fallow period?
Acres to enroll in program

Yes
Full year - 8 month cover within 12 month fallow
11/1/2017
11/1/2018
Strawberry
28.3
None
0
Yes
0.67
No
40

Program administrators can enter information from growers applying to the program on the application form.
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Location-Specific Benefit and Cost Assessment OUTPUTS
Scenario
4
Baseline Water Use Ac-In/Acre
28.3
1.89
Baseline GHG Emissions Ton CO2 Equivalent/Acre
Estimated Water Savings Ac-In/Acre
27.63
Estimated water savings (AF Total)
92.1
2.51
Estimated Carbon Benefits Tons CO2 Equivalent/Acre
100.4
Estimated Carbon Benefits Tons CO2 Equivalent Total
Estimated Private Costs

Per Acre

Total Per Acre

$2,573

Per AF
Per Ton CO2
Benefit
Water Saved
$1,117
$1,361

Location-specific private costs and public benefits are then estimated.

3. Long-term, site-specific benefit and cost assessment, providing information on cumulative benefits over 5-years
(with or without cover crop) based on the growers' baseline multi-year crop rotation and allowing comparison of
alternative 5-year crop rotation patterns to assess how program participation would change the stream of benefits
over a five-year period on a specific parcel. Users enter information from the past five years in the tool on how the
acreage was cropped, and then enter information on how they expect to plant the acreage in the next five years under
two alternative crop rotation patterns with different cover crop rotations. The comparison between the baseline crop
rotation and alternative future rotations with cover crop is also useful in determining cover cropping benefits that
would not be realized in absence of the program.
BASELINE CROPPING PATTERN (A)
Identify Ag
Crop 1
Crop 2
Crop 3
Rotation
Y1
Leaf Lettuce
Broccoli
Y2
Strawberry
Y3
Leaf Lettuce
Broccoli
Y4
Strawberry
Y5
Spinach
Leaf Lettuce

GHG Emissions (Metric Tons CO2 e)
Total GHG Emissions
Equipment Pumping Sequestration
(Metric Tons CO2 e)
1.3
0.7
0.0
1.9
1.5
0.4
0.0
1.9
1.3
0.7
0.0
1.9
1.5
0.4
0.0
1.9
1.8
0.7
0.0
2.5
7.3
2.8
0.0
10.7
1.5
0.6
0.0
2.0

BASELINE CROPPING PATTERN (B)
Identify Ag
Crop 1
Crop 2
Crop 3
Rotation
Y1
Cover Crop
Y2
Strawberry
Y3
Leaf Lettuce
Broccoli
Y4
Strawberry
Y5
Cover Crop

GHG Emissions (Metric Tons CO2 e)
Total GHG Emissions
Equipment Pumping Sequestration
(Metric Tons CO2 e)
0.0
0.0
-0.6
-0.6
1.5
0.4
0.0
1.9
1.3
0.7
0.0
1.9
1.5
0.4
0.0
1.9
0.0
0.0
-0.6
-0.6
4.2
1.5
-1.2
4.5
0.8
0.3
0.0
0.9

BASELINE CROPPING PATTERN (C)
Identify Ag
Crop 1
Crop 2
Crop 3
Rotation
Y1
Cover Crop
Y2
Strawberry
Y3
Cover Crop
Y4
Strawberry
Y5
Cover Crop

GHG Emissions (Metric Tons CO2 e)
Total GHG Emissions
Equipment Pumping Sequestration
(Metric Tons CO2 e)
0.0
0.0
-0.6
0.6
1.5
0.4
0.0
-1.9
0.0
0.0
-0.6
0.6
1.5
0.4
0.0
-1.9
0.0
0.0
-0.6
0.6
3.0
0.8
-1.9
-1.9
0.6
0.2
0.0
-0.4

Water
Crop 4
Use (in)
15.0
28.3
15.0
28.3
23.0
TOTAL
109.6
ANNUAL AVERAGE
21.9
Water
Crop 4
Use (in)
0.7
28.3
35.0
28.3
0.7
TOTAL
93.0
ANNUAL AVERAGE
18.6

Water
Crop 4
Use (in)
0.7
28.3
0.7
28.3
0.7
TOTAL
58.7
AVERAGE ANNUAL
11.7

Comparison:

B to A

TOTAL

-16.6

-3.1

-1.3

-1.2

-5.7

AVERAGE ANNUAL

-3.3

-0.6

-0.3

0.0

-1.1

BENFITS

Benefits of alternative multi-year crop rotations (with and without cover crop) can be analyzed to estimate water and carbon benefits of different future rotations.
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4. Carbon benefits of keeping land in agriculture vs. development analysis, providing parcel-specific information on
risk of land use conversion, avoided vehicle miles travelled and associated avoided CO2 emissions by keeping the land
in agriculture. Users can estimate the added carbon benefits of keeping land in agriculture, using outputs from a model
approved by the California Air Resources Board (CalEEMod). For details on the model and analysis, see Appendix 3.

APN

County

Approximate
Parcel Acreage

#########
0
0
0
0

Monterey
0
0
0
0
Total
Per Acre

98
0
0
0
0
98
-

Approximate
Cultivated
Land Acreage
70
0
0
0
0
70
-

Avoided Vehicles
Miles Traveled
over 30 years
373,153
373,153
5,372

Avoided CO2e
(Metric Tons)
Over 30 Years
4,679
4,679
67

Carbon benefits of keeping land in agriculture vs. development were then calculated.
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6. Incentive Program Structure
The following guidelines for a Covered Fallow Incentive Program structure were developed based on stakeholder
interviews and focus groups, and were vetted with the community through a public review and comment period.
Program Goal

The primary goal of the Pajaro Valley Covered Fallow Program is to incentivize covered fallow rotations to conserve water
and achieve co-benefits for sustaining agriculture in the Pajaro Valley. Co-benefits include carbon benefits (from reduced
greenhouse gas emissions and increased carbon sequestration), and water quality benefits including reduced sediment and
nutrient loading.
Water Conservation Target

Conserve 1000 AFY through voluntary covered fallow rotations as an initial conservation target (this represents 20% of
the BMP conservation target). Achieving this target will be a stepwise process, depending in part on available resources
and incentives.
Participating Acreage

Using the decision-support tool developed under this project, program administrators will be able to estimate how many
acres of which type(s) of crop(s) need to be enrolled (cover fallowed, based on pre-determined cropping scenarios) in
order to achieve the annual conservation target (see following example).
Payment Rate

Payment will be a variable rate per acre based on fallow duration to offset a portion of private costs for implementing
covered fallow (see following example).
Example Program Structure

As an exercise, let us assume that the program seeks to achieve the 1,000 AFY by requesting equivalent contributions from
conventional strawberry and vegetable growers (500 AFY conserved by each crop type). In this example, the strawberry
growers would plant a cover crop for 8 months during a 12-month fallow period instead of their normal strawberry
planting, while the vegetable growers would plant a cover crop for 8 months during a 12 month fallow period, replacing
one lettuce and one broccoli crop. Using the decision support tool (and estimated water savings for each cropping scenario,
further described in Appendix 1), the required participating acreage would be estimated at around 400 acres per year,
which represents a 19% increase in fallowed summer acreage in the Pajaro Valley. The following tables describe what the
projected costs and benefits would be for this example.
Table 10. Estimated participating acreage.

Target AF
water conserved

1000 AF

Required acreage participating
(assuming 50% of the target is achieved
through participating strawberry
acreage, 50% through vegetables)
Anticipate 2.8 AF savings for
lettuce + broccoli,
2.22 AF savings for strawberry
179 acres vegetables
225 acres strawberries
404 acres total

% of 2013-2015 reported
acreage for this crop type
in the Pajaro Valley

1.9% vegetables
3.4% strawberries
1.5% total ag

% Increase in summer
fallowed acreage
(baseline fallowed
acreage is 2117 acres)

19%

Table 11. Projected Public Co-Benefits.
Assuming around 400 acres participating, split between vegetable and strawberry acreage as defined below, using the decision support tool we would then
anticipate the following public co-benefits from a Covered Fallow Incentive Program of this scale:

Assumed
Participating
Acreage
179 acres vegetables
225 acres strawberries
404 total
28

Water Conserved
(AF)
500
500
1,000

Carbon Emissions Avoided
Plus Carbon Sequestration
(Tons CO2 Equivalent)
452
566
1,018

Nitrogen
Loss Avoided
(Pounds)
21,250
12,632
33,882

Sediment Loading
Avoided (Tons)
1,370
1,730
3,100
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Table 12. Estimated Private Costs
The estimated private costs to growers to implement covered fallow across the assumed participating acreage (based on most likely foregone revenue and costs
of cover cropping) are:

Assumed Participating
Acreage
179 vegetables
225 strawberries
404 total

Most Likely Private
Costs Per Acre
$1,300
$2,680

Most Likely Total
Private Costs
$232,700
$603,000
$835,700

Most Likely Costs Per
AF Water Conserved
$464
$1,209
$837

Table 13. Most Likely Value of Public Benefits
The most likely value of the public benefits resulting from a Covered Fallow Program of this scale are:

GHG Emissions
Sediment
Nitrogen Loss
Assumed Participating Water Conservation Reduction And Carbon
Loading
Total
Avoided Value
Acreage
Value ($700/unit)
Sequestration Value
Avoided Value
Value
($3/Unit)
($42/Unit)
($5.74/Unit)
179 vegetables
$350,000
$18,975
$63,750
$7,862
$440,587
225 strawberries
$350,000
$23,780
$37,895
$9,931
$421,606
404 total
$700,000
$42,755
$101,645
$17,793
$862,193
Please note that benefits are likely highly underestimated as this analysis does not factor in private benefits such as potential yield improvements in subsequent crops (estimated at
$60-$2,320 per acre depending on crop).

Table 14. Incentive Payment Rate Scenario
If, hypothetically, an incentive payment of $1,000 per acre is provided for a 12 month fallow, and assuming the participating acreage described above, the total
incentive program costs and the percentage of private costs that would be offset are:

Assumed Participating
Acreage
179 acres of vegetables fallowed for 12 months
225 acres of strawberries
fallowed for 12 months
404 total acres

Incentive Payment
Per Acre
$1,000

Total Incentive
Payments
$179,000

Total Private
Costs
$232,700

% Private Costs Covered
By The Program
77%

$1,000

$225,000

$603,000

37%

$404,000

$835,700

48%

Program Rules

»» Applicants will be prioritized based on water conservation potential per acre put into covered fallow. Where available,
crop-specific baseline water use data for the participating acreage will be used to estimate water conservation
potential. Where such data is not available, water conservation potential will be estimated using the Highland
Economics water use estimates based on fallow duration and foregone crop type (Highland Economics 2017,
informed by UCCE research and local grower input).
»» Up to 4 inches of water may be applied during the fallow period to establish and/or maintain cover crops.
»» Participating acreage must have been in production for at least 1 out of the last 2 years.
»» Each participating ranch will be eligible to receive incentives for a maximum of 40 acres of the area they put in
covered fallow during a given year (this is to diversify and geographically spread participation, and reach more/newer
adopters)
»» An individual grower can receive incentives through the Covered Fallow Incentive Program for a maximum of two
consecutive years (to reach more/newer adopters)
»» Applicants may select the start and end date of the fallow period. Payment rates will be adjusted based on the number
of months committed to fallowing. Winter fallow alone will not be eligible for water conservation incentive payments.
February 2018
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Fund Disbursement and Monitoring

»» Applications for covered fallow incentives will be reviewed by a committee made up of members of CWD leadership
and the funding entity, as appropriate.
»» Applicants must report their APN, well number, number of irrigated acres to be fallowed, crop type being replaced
by covered fallow, and covered fallow duration. This information will be entered into the decision support tool by
program administrators, and used to estimate water conservation potential of the covered fallow acreage, to calculate
payment, and to prioritize applicants when necessary.
»» Where available, crop-specific baseline water use data for the participating acreage will be used to estimate water
conservation benefits. Where such data is not available, estimated water use per crop will be determined based on the
Highland Economics water use estimates (Highland Economics 2017, informed by UCCE research and local grower
input)
»» A third party will verify the covered fallow acreage with photo documentation
»» PVWMA land use mapping should show increase in total number of fallowed summer acres over time.
»» PVWMA pump data should show a decrease in groundwater extractions on participating acreage and valley-wide over
time.
»» Funds will be dispersed upon completion of the covered fallow period and submission of photo documentation.
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7. Incentives and Plan Implementation
Priority Incentives

Priority incentives identified by Pajaro Valley growers and landowners were direct payments to compensate for a
portion of the private costs of implementing a covered fallow rotation (forgone revenue from the market crop replaced
by cover or from lost rent revenue plus the cost of cover cropping), rent reduction, or a reduction on their water
bill. Payment rates will be set based on available funds, but should aim to offset at least 50% of the private costs of
implementing covered fallow rotations (which is at least $995/acre on average for a 12 month conventional fallow).
Additionally, some growers expressed the need for technical and financial assistance for implementing a covered fallow
rotation, particularly for those growers newly adopting the practice. Incentive payments should go to the grower, and
additional outreach and dialogue with landowners is needed to offer additional incentives to tenants for covered fallow
through lease agreements and rent reduction during fallow period, with benefit to the landowner in terms of long term
productivity and value of their property.
Potential Funding Sources

Highland Economics presents examples of incentive programs and evaluates the feasibility of various funding mechanisms
in Appendix 1. Based on this analysis and input from local stakeholders, funding for the Covered Fallow Program will most
likely be by local beneficiaries, with state or federal conservation programs supplementing local funding. Potential funding
sources include:
a. PVWMA through the water augmentation fee paid by local water users. Under California’s Sustainable Groundwater
Management Act, the Pajaro Basin is required to achieve groundwater sustainability by 2040. Pajaro Valley water
users (or PVWMA as the state-chartered water management district formed to manage water supplies in the Pajaro
Valley) has a regulatory mandate to prevent overdraft.
b. Water user financial contribution separate from PVWMA, such as a community-supported conservation fund.
c. Non-profits, corporate donations, or grants for protection of environmental quality. Some portion of the cover
cropping program funding could come from regional, state, or federal environmental entities, particularly up to the
value of the benefits provided related to carbon and water quality. Potential grant funding sources include the USDA
NRCS Regional Conservation Partnership Program, the CDFA Healthy Soils Program, CDFA Specialty Crop Block
Grant Program, the CA Coastal Conservancy, the DOC Sustainable Ag Lands Conservation Program, and others.
Next Steps and Implementation Strategies

1. Action: RCDSCC and CWD leaders will present the Covered Fallow Plan along with lessons learned from the Fallow
Lands Incentive Program pilot to the PVWMA board to inform future fallow incentive programs.
2. Action: RCDSCC and CWD leaders will scope the feasibility of a community-supported conservation fund with PV
landowners and CWD stakeholders.
3. Action: RCDSCC and CWD leaders will develop collaborative grant proposals annually to support implementation of
the Covered Fallow Plan.
4. Action item: RCDSCC and CWD leaders will outreach to all Pajaro Valley agricultural land owners (including
non-local landowners) to encourage landowner support for covered fallow and other water conservation efforts
through lease agreements.
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Appendix 1
Cost Benefit Analysis
Appendix 1a
Crop Enterprise Budgets
Appendix 1b
Scenario Sheets

See it online at:
http://www.communitywaterdialogue.org/covered-fallow-plan
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Appendix 2
Implementation Assistance & Available Resources
What resources are available to support growers with implementing cover crop?

Resource Conservation District of Santa Cruz County (RCDSCC)
The RCDSCC offers technical and financial assistance to support growers throughout Santa Cruz County and the Pajaro
Valley with implementing conservation practices including cover crop. Programs are dependent upon available funding,
but often include conservation planning, technical assistance for cover crop selection and management, cover crop seed
rebates, soil health assessments, and more.
Resource Conservation District of Santa Cruz County
820 Bay Avenue, Suite 136
Capitola, CA 95010
(831) 464-2950
www.rcdsantacruz.org
info@rcdsantacruz.org
Resource Conservation District of Monterey County (RCDMC)
The RCDMC offers technical and financial assistance to support growers in Monterey County with implementation of
many conservation practices including cover crop.
Resource Conservation District of Monterey County
744-A La Guardia Street
Salinas, CA 93905
(831) 975-7775
www.rcdmonterey.org
info@rcdmonterey.org
USDA Natural Resources Conservation Service (NRCS)
The NRCS is a federal agency empowered to provide rural landowners, farmers and ranchers with financial and
technical assistance to voluntarily implement conservation practices that support both their agricultural operations
and the environment. The NRCS administers Farm Bill funded programs for conservation planning and cost-share for
implementing cover crops, conservation crop rotation, and many other management practices. For more information call:
Santa Cruz County NRCS: (831) 227-2902
Monterey County NRCS: (831) 975-7773
USDA Agricultural Research Service (USDA ARS)
The Agricultural Research Service is the principal in-house research agency of the United States Department of
Agriculture.
1636 E Alisal St
Salinas, CA 93905
(831) 755-2800
www.ars.usda.gov/pacific-west-area/salinas-ca
Cover crop related videos created by Dr. Eric Brennan, USDA-ARS:
https://www.youtube.com/playlist?list=PLn2iLaALBpEpfU8YSveHOePSl7uhkFgDs
Links to Eric Brennan’s publications related to cover crops (and other topics):
https://docs.google.com/spreadsheets/d/11a1-jVGP-AEWQwvUjJpB1OTZKDwwnicsPWVPZD94qzU/edit#gid=0
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University of California Cooperative Extension (UCCE)
Cooperative Extension Santa Cruz County
1430 Freedom Boulevard, Suite E
Watsonville, CA 95076-2796
http://cesantacruz.ucanr.edu/
Mark Bolda, County Director, Santa Cruz County and Farm Advisor, Strawberries & Caneberries
(831) 763-8025
mpbolda@ucanr.edu
Cooperative Extension Monterey County
1432 Abbott Street
Salinas, CA 93901
(831) 759-7350
http://cemonterey.ucanr.edu/
Richard Smith, Vegetable Crops and Weed Science Farm Advisor
(831) 759-7357
rifsmith@ucdavis.edu
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Appendix 3
Analysis Of Greenhouse Gas Emissions Reductions From Keeping Ag Lands In Agriculture
Last Edited: 3/1/18

“Rotational Cover Crop Plan for Pajaro Valley”
Analysis of net GHG reductions associated with the protection of farmland by agricultural
easements
Prepared by: Lizzy Eichorn, Program Specialist, RCDSCC
CalEEMod Analysis for SALCP: An overview of assumptions, data preparation, and model
outputs
The Resource Conservation District of Santa Cruz County (RCDSCC) used the California Emissions
Estimator Model (CalEEMod), developed by the California Air Pollution Officers Association (CAPCOA) in
collaboration with the California Air Districts, to conservatively estimate air quality impacts of
residential development projects that could occur if agricultural land were not protected in the Pajaro
Valley.

Results
Based on the analysis and assumptions described in detail below, keeping the estimated 27,104 acres of
agricultural land within the Pajaro Valley in agriculture as opposed to development avoids GHG
emissions of over 45,500,000 metric tons of CO2 equivalent over a 30 year time horizon (Table 1). The
total number of parcels with agricultural lands considered in this analysis is 1,575.

Table 1. Avoided Vehicle Miles Traveled (VMT) and avoided Metric Tons Carbon Dioxide
Equivalent (MT CO2e) per development risk scenario for agricultural land in the Pajaro Valley.

Development Risk Scenario
Urban agricultural land at risk
of Residential conversion (Risk
Option 5)
Urban agricultural land at risk
of Rural Residential conversion
(Risk Option 7)
Rural agricultural land at risk of
Residential conversion (Risk
Option 5)
Rural agricultural land at risk of
Rural Residential conversion
(Risk Option 7)
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Average Zoning
Density
(units/acre)

7.99

Ag Land
Acreage

3,736.76

0.15

1,090.65

7.99

9,658.69

0.15

12,617.85

Project totals:

27,103.95

Development
Rights
Extinguished

29,856.70
163.60

Avoided VMT

812,584,726

Avoided GHG
30y (MT CO2e)

10,189,812

4,452,293

55,832

77,172.92 2,749,289,300

34,476,088

1,892.68

67,403,171

845,236

109,085.90 3,633,729,490

45,566,968
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Figure 1. Map depicting estimated GHG benefits of keeping agricultural lands in agriculture
within the Pajaro Valley. Avoided GHG emissions (metric tons of CO2e) are displayed per
parcel over a 30 year time horizon.

I.
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Important info/assumptions:

a. All ag data used for CalEEMod input are based on summer 2015 PVWMA ag land
surveys.
b. Ag categories used in analysis (from PVWMA layer): Artichokes, blueberries,
caneberries, fallow, greenhouses, nurseries, orchards, strawberries, unknown ag,
vegetable row crops, vineyards. No alterations were made to this layer.
c. Ag categories excluded from PVWMA layer: industrial, natural, other (includes pastures),
residential. We excluded pastures from our analysis (although CalEEMod includes them
in the farmland definition) as extracting pasture information from the PVWMA GIS layer
was not straightforward and pasture area in the project area was limited.
d. Rural Residential vs. Residential Agriculture zoning designations in Santa Cruz County
are dependent on a difference in soil type. Both zoning categories along with the Rural
Residential designation in Monterey County zoning data were included in this analysis.

Pajaro Valley Covered Fallow Plan

e. For consistency with SGC’s Affordable Housing and Sustainable Communities (AHSC)
Program, the SALC Program’s avoided emissions are quantified for a project life of 30
years for a piece of agricultural land if it were developed.
This methodology assumes one development right is equivalent to a single family
dwelling unit when estimating the avoided VMT and GHG emissions from a proposed
easement project.
f. Finding average zoning densities was difficult, as they vary across the two counties.
Santa Cruz County does not have an average zoning density for Rural Residential or
Residential Agriculture; spoke with Sarah Neuse in Planning Department to help find this
number, but county staff did not respond to follow up emails or phone calls. We ended
up using Monterey County Rural Residential average (0.15 units/acre- derived from the
Monterey County zoning GIS layer) and the Watsonville Residential low density average
(7.99 units/acre- determined from the 2005 Watsonville general plan, residential low
density designation is the most common zoning density within the Watsonville SOI).
g. Used APN layers from Monterey and Santa Cruz websites (did not adjust layers despite
inaccuracies in Santa Cruz layer- can be up to 200 feet from true parcel boundary in
rural areas). A small number of parcels may be counted twice near county boundaries
due to boundary misalignment.
h. Two parcels (110-111-04 & 110-111-05) were deleted from the points layer used to
symbolize CalEEMod output values on the final map as they both pinpointed parcel
locations with too much precision. Data for these two parcels was left in all other data
analysis steps, model inputs and outputs.

II.

Pre-Model GIS Analysis Steps: following the CARB 2017 Greenhouse Gas
Quantification Methodology (QM)

General Process:

a. Establish the appropriate project geographic boundary.
b. Determine the appropriate zoning density.
c. Calculate the number of development rights to be extinguished based on the zoning
density and the number of acres of agricultural land at risk of conversion.
NOTE: Step numbers refer to QM document

III.

Step 2A: Establish the Appropriate Geographic Boundary for the Project

IV.

Step 2B: Prep for Determining the Appropriate Zoning Density

a. The project area assessed was all parcels that include agricultural land within the Pajaro
Valley Water Management Agency service area.

February 2018

a. Prepared GIS data for analysis…
b. Calculated acres of ag per APN:
i. Used APN layers from Monterey and Santa Cruz websites (did not adjust layers
despite inaccuracies in Santa Cruz layer- can be up to 200 feet from true parcel
boundary in rural areas). Merged the two and clipped to the PVWMA boundary.
(Had to manipulate APN formats in excel to include no dashes and no
extraneous zeros).
ii. Merged PVWMA ag polygons into one all-encompassing polygon (in editing
session, merged information to a created, blank attribute).
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iii. Used intersect tool to overlay PVWMA APNs and the single merged ag polygon.
Output type set to INPUT.
iv. Added field and calculated total ag acres field (“t_agacres”) to get total acres of
ag per parcel.
v. Calculated percent ag land per parcel (“pertotag”): (Ag_Acres/APN_Acres)*100.
vi. Removed parcels that were erroneously assessed due to layer misalignment
(next 3 steps derived from Jodi McGraw’s GIS process in her Land Trust of Santa
Cruz County Farmland Protection Analysis from 2013):
1. selected parcels with less than 0.75 acres of ag: " t_agacres " < 0.75
2. Removed from selection: "pertotag" > 50
3. Removed from selection: "t_agacres" >= 0.25 AND "pertotag" >= 25
vii. Switched selection and exported layer.
c. Created Urban vs Rural land use designation layer (a necessary CalEEMod input):
i. Downloaded 2010 census TIGER/Line Urban Areas GIS data.
ii. Clipped layer to PVWMA boundary.
iii. Used union tool to merge urban area file and PVWMA boundary.
iv. Assigned “Rural” to areas outside of “Urban” areas.
V.
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Step 2B: Determining the Appropriate Zoning Density

a. Determined threshold criteria (following risk categories delineated on p.3 of the SALCP
Program Guidelines from 2/7/17)…
b. Residential Risk (options 1-5): Valid options to demonstrate risk of conversion for which
residential zoning can be used to calculate the number of extinguished development
rights:
i. Option 5 applied to our project : Agricultural land within two miles of a city’s
Sphere of Influence or municipal service boundary, or within two miles of an
unincorporated area which is zoned for or contains residential development
where the average lot size is two acres or less.
c. GIS steps to find all ag lands within PVWMA service area that qualify as at risk of
residential development:
i. Obtained Watsonville SOI layer from Santa Cruz County GIS website and zoning
density from the city of Watsonville (email communication from Rex Boyes).
ii. Created 2 mi buffer around Watsonville SOI.
iii. Added “riskcon” field and populated column with “Residential”.
iv. Added “zonedens” field and populated column with “7.99”.
v. Added “zdunits” field and populated column with “units/acre”. Note: used 7.99
as zoning density as per Matt Dunnahoe’s (DOC) suggestion although Rex did list
higher densities. 7.99 units/acre is the residential single family, low density,
zoning density within Watsonville city limits.
vi. Joined 2 mi Watsonville SOI buffer layer to ag parcel layer using intersect tool.
vii. Added “agacres_R” field.
viii. Populated “agacres_R” field with adjusted ag acreage (this step calculates the ag
acres within each parcel within the Watsonville SOI buffer, some parcels border
the SOI buffer shape, making different portions of such properties subject to
different conversion risks which needs to be accounted for in the model inputs).
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d. Rural Residential Risk (options 6-8): Valid options to demonstrate risk of conversion for
which rural residential zoning can be used to calculate the number of extinguished
development rights:
i. Option 7 applied to the rest of the land in our project area: Agricultural land up
to five miles from land developed or zoned for rural residential use (one to ten
acres) in the county General Plan.
ii. Found this by running a buffer query on joined Monterey and Santa Cruz County
zoning data clipped to PVWMA boundary. Categories included Rural Residential
and Residential Agriculture (from SC County), and Rural Residential (from
Monterey County data).
e. GIS steps to find all ag lands within PVWMA service area that qualify as at risk of rural
residential development:
i. Used erase tool to create a layer that only contained ag land parcels outside of
the 2 mi SOI buffer area.
ii. Added “agacres_RR” field.
iii. Populated “agacres_RR” field with adjusted ag acreage (this step calculates the
ag acres within each parcel outside the Watsonville SOI buffer).
iv. Added “riskcon” field populated column with “Rural Residential”.
v. Added “zonedens” field and populated column with “0.15”.
vi. Added “zdunits” field and populated column with “units/acre”.
vii. Merged layers from step V.e.vi and V.c.viii to create a layer that had ag acreage
of parcels at risk of both residential and rural residential development across
the entire study area.

VI.

Prep for CalEEMod Input

VII.

CalEEMod Analysis
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a. Used spatial join tool to add Rural vs Urban Census designation layer (from step IV.c.iv)
to final ag parcel layer (step V.e.vii).
b. Exported table and opened in Excel.
c. Calculated Development Rights Extinguished (DRE) by each type of project (ag acreage
X average zoning density). This resulted in 4 main scenarios:
i. Ag land that was in an area determined by the US Census to be Urban, and at
risk of Residential conversion (Within 2 miles of Watsonville SOI).
ii. Ag land that was in an area determined by the US Census to be Urban, and at
risk of Rural Residential conversion (Within 5 miles of land zoned for Rural
Residential development).
iii. Ag land that was in an area determined by the US Census to be Rural, and at risk
of Residential conversion.
iv. Ag land that was in an area determined by the US Census to be Rural, and at risk
of Rural Residential conversion.
d. Summed total DRE per category and used these numbers as the “Unit Amount” input on
the Land Use CalEEMod screen.

a. We ran 4 iterations of the model with the extinguished development rights and urban vs
rural designations as the main inputs. Note: some DRE values were too big for the
model, so we divided the input by 100 and then multiplied the VMT model output value
by 100.
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b. Followed CARB QM directions. The operational year was set to 2019 and climate zone
set to 4 for all four runs of the model. We deviated from QM instructions by doing the
following:
i. Because our project spanned 2 counties, we used the Monterey Bay Unified Air
Pollution Control District to pull necessary climate data rather than a certain
county.
ii. We selected PG&E for the utility company rather than the statewide average
but this is irrelevant because these values are not used in the computation of
VMT.

VIII.
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Carbon Benefit Calculations

a. We retrieved the unmitigated Annual VMT value from table 4.2 of the model output
report for each of the four model runs.
b. Performed a number of calculations to convert VMT to Metric Tons of CO2e avoided per
scenario (on page 16 of QM) over a 30 year period. We used 2019 as year 1 and 2049 as
year F input.

IX.

Steps in Excel to Prepare for GIS import

X.

CalEEMod Output Data Import into ArcGIS

a. Extrapolated model output values per parcel per scenario as a proportion of the model
output (took total VMT and Avoided GHG values and multiplied them by the DRE value
divided by the total DRE value per scenario): ie. Total avoided GHG over 30 yrs*(DRE of
parcel X/total DRE of entire model scenario listed in step VI.c)
b. Some APNs had multiple values for the following categories as some portions of ag land
within one APN fell within the bounds of multiple model scenarios: development rights
extinguished, VMT, MT CO2e. All values for these categories were summed per APN in
excel. This was tricky.
i. We combined all model output data on one sheet (1663 count)
ii. Summed Development Rights Extinguished, avoided VMT, and avoided CO2e for
all APNs that had multiple land use types. To do this, we created a column that
marked all double records with a 1, then summed double record values (ex:
=SUM(IF(F2=1, E2:E3,""), then filled in the rest of the lines with single record
information. Used Remove Duplicates tool under Data tab to get rid of second
line of duplicate APNs.
iii. Found 83 APNs with different land use designations and/or risk conversions.
iv. Deleted two erroneous entries for APN 05124122 and three erroneous entries
for APN 117401099 which were unavoidable miscalculations due to differences
in county APN layers (GIS county boundaries did not line up). NOTE: the total
agricultural acreage of these five parcels totaled 20 acres. The corresponding
avoided VMT and MT CO2e values for these parcels were not removed from the
totals reported in Table 1 as an adjustment would require repetition of the
CalEEMod analysis. The effect on project total emissions numbers was small,
2,938,150 VMT and 36,844 MT CO2e, less than 0.08% of reported values in
Table 1.
a. Used APN number to join CalEEMod outputs to the PVWMA APN layer creating the
ability to symbolize the ag APNs by Development Rights Extinguished (DRE), avoided

Pajaro Valley Covered Fallow Plan

Appendix 4
Works Cited
Pajaro Valley Covered Fallow Plan Works Cited

Bolda M, Tourte L, Klonsky KM, De Moura RL. 2010. Sample costs to produce strawberries, Central Coast Region Santa
Cruz & Monterey Counties. University of California Cooperative Extension.
Bolda M, Tourte L, Klonsky KM, De Moura RL, Tumber KP. 2014. Sample costs to produce organic strawberries, Central
Coast Region Santa Cruz, Monterey, and San Benito Counties. University of California Cooperative Extension.
Burket JZ, Hemphill DD, Dick RP. 1997. Winter cover crops and nitrogen management in sweet corn and broccoli
rotations. HortScience 32(4): 664-668.
Cahn MD, Miyao G. 2011. Water management and impacts on water quality. In: Smith R, Bugg R, Gaskell M, Daugovish
O, Van Horn Mark, technical editors. Cover cropping for vegetable production: A grower’s handbook. Richmond, CA:
University of California Division of Agriculture & Natural Resources; p. 31-36.
Chellemi DO, Gamliel A, Katan J, Subbarao KV. 2016. Development and deployment of systems-based approaches for the
management of soilborne plant pathogens. Phytopathology 106(3):216-224.
Chellemi DO, Wu T, Graham JH, Church G. 2012. Biological impact of divergent land management practices on tomato
crop health. Phytopathology 102(6):597-608.
Cotrufo MF, Wallenstein MD, Boot CM, Denef K, Paul E. 2013. The microbial efficiency-matrix stabilization (MEMS)
framework integrates plant litter decomposition with soil organic matter stabilization: do labile plant inputs form stable
soil organic matter? Global Change Biology 19(4):988-995.
Dufour R, Brown S, Bowell B, Sendak C, Vaughan M, Mader E. 2013. Cover crop (340) in organic systems: western states
implementation guide. United States Department of Agriculture (USDA), National Center for Appropriate Technology
(NCAT), Oregon Tilth, and Xerces Society.
Fageria NK, Baligar VC, Bailey BA. 2005. Role of cover crops in improving soil and row crop productivity.
Communications in soil science and plant analysis 36(19):2733-2757.
Heinrich A, Smith R, Cahn M. 2014. Winter-killed cereal rye cover crop influence on nitrate leaching in intensive
vegetable production systems. HortTechnology 24(5):502-511.
Highland Economics, LLC. 2017. Rotational cover crop plan economic analysis: private costs and public benefits
of cover crop fallowing in the Pajaro Valley and potential incentive structures. Available from: http://www.
communitywaterdialogue.org/covered-fallow-plan
Isık D, Kaya E, Ngouajio M, Mennan H. 2009. Summer cover crops for weed management and yield improvement in
organic lettuce (Lactuca sativa) production. Phytoparasitica 37:193-203.
Ngouajio M, McGiffen Jr. ME, Hutchinson CM. 2003. Effect of cover crop and management system on weed populations
in lettuce. Crop Protection 22: 57-64.
PVWMA. 2014. Pajaro Valley Water Management Agency basin management plan update. Available from: http://www.
pvwma.dst.ca.us/about-pvwma/assets/bmp_update_eir_final_2014/BMP_Update_Final_February_2014_(screen).pdf
Resource Conservation District of Monterey County. 2003. Technical Paper : stormwater erosion and runoff on Salinas
and Pajaro Valley farms. RCDMC p. 1-5. Available from: https://www.rcdmonterey.org/images/docs/publications/
rcdmc-valley-runoff-and-erosion.pdf
SARE, Clark A, project manager and editor. 2012. Managing cover crops profitably, third edition. Sustainable Agriculture
Research and Education (SARE) program handbook series Book 9. Available from: https://www.sare.org/LearningCenter/Books/Managing-Cover-Crops-Profitably-3rd-Edition

February 2018

41

Seigies AT, Pritts M. 2006. Cover crop rotations alter soil microbiology and reduce replant disorders in strawberry.
HortScience 41(5):1303-1308.
Smith RF, Klonsky KM, De Moura RL. 2009. Sample costs to produce romaine hearts leaf lettuce, Central Coast Region
Monterey & Santa Cruz Counties. University of California Cooperative Extension.
Snapp SS, Swinton SM, Labarta R, Mutch D, Black JR, Leep R, Nyiraneza J, O’Neil K. 2005. Evaluating cover crops for
benefits, costs and performance within cropping system niches. Agronomy Journal 97:322-332.
Sullivan P. 2003. Overview of cover crops and green manures. National Center for Alternative Technologies (NCAT),
ATTRA Publication #IP024. Available from: http://blogs.cornell.edu/organicdairyinitiative/files/2014/04/Overview-ofCover-Crops-and-Green-Manures-19wvmad.pdf
Surendra KD, Klonsky KM, Tumber KP. 2012. Sample costs to produce fresh market broccoli, Central Coast Region San
Luis Obispo County. University of California Cooperative Extension.
Tourte L, Smith RF, Klonsky KM, De Moura RL. 2004. Sample costs to produce organic broccoli, Central Coast Region
Monterey & Santa Cruz Counties. University of California Cooperative Extension.
Tourte L, Smith RF, Klonsky KM, De Moura RL. 2009. Sample costs to produce organic leaf lettuce double-cropped,
Central Coast Region Santa Cruz & Monterey Counties. University of California Cooperative Extension.
Tourte L, Smith RF, Klonsky K, Summer D, Tumber KP, Stewart D . 2015. Sample costs to produce and harvest organic
spinach high density, sprinkler irrigated, 80-inch beds, Central Coast Region Monterey, Santa Cruz, and San Benito
Counties. University of California Cooperative Extension.
Wyland LJ, Jackson LE, Chaney WE, Klonsky K, Koike ST, Kimple B. 1996. Winter cover crops in a vegetable cropping
system: Impacts on nitrate leaching, soil water, crop yield, pests and management costs. Agriculture, Ecosystems &
Environment 59: 1-17.

42

Pajaro Valley Covered Fallow Plan

Local Solutions.

Real Results.

