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1 INTRODUCTION AND OVERVIEW 

The Pajaro Valley is a rich agricultural resource, home to many high valued agricultural crops.  The agricultural 
community has recently undertaken cooperative efforts to preserve this resource in light of limited water resources. The 
recent drought has heightened awareness of the need to consider practical and immediate land and water use options 
that address the decline in water quality and quantity in the valley and bring water use in equilibrium with water 
availability.   Integrating the use of fallowing and cover cropping within existing crop rotations is one management 
practice that can help to bring water use into balance with supply (a form of in-lieu groundwater recharge)  while 
offering other positive environmental benefits, including reduction of greenhouse gas (GHG) emissions in the 
agricultural sector and increased soil carbon sequestration.   

As such, a voluntary rotational cover crop program for the Pajaro Valley is currently being collaboratively designed by 
the Community Water Dialogue (CWD) with leadership from the Resource Conservation District (RCD) of Santa Cruz 
County.  The CWD is a diverse group of Pajaro Valley stakeholders that serves as a forum to exchange ideas and advance 
individual and collective action to address water issues in the valley. The CWD has identified the need to explore 
rotational fallowing with cover cropping as a strategy for conserving water and building soil health, and thus preserving 
the long-term viability and value of agricultural resources in the valley.  As part of this effort, the CWD has been hosting 
focus group sessions with landowners, growers and industry representatives to gather information on current 
agricultural practices and the effects of increased cover cropping. This effort intends to supplement a robust and 
thoroughly vetted Basin Management Plan (BMP) finalized in 2014 and currently being implemented by the Pajaro 
Management Water Management Agency (PVWMA).  The BMP is a 30-yr phased plan that includes various projects of 
different scope, scale and cost to address aquifer overdraft and sea water intrusion in the Pajaro Valley (PVWMA Basin 
Management Plan 2014). 

As part of the development and evaluation of the cover cropping program, the Resource Conservation District of Santa 
Cruz County (RCD) requested an economic analysis of the per-acre costs and benefits of cover cropping and an 
assessment of potential incentive program structures to encourage voluntary cover cropping in the valley. This report 
presents the data, methods, and results of the economic analysis. 

1.1 COVER CROPPING SCENARIOS 
Due to the diversity of crops grown in the Pajaro Valley and the different options for the length of a cover cropping 
period, we define four cover cropping scenarios as provided in Table 1.1.   While not all crops grown in the valley are 
modeled, 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). 
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Table 1.1 Scenarios 

Scenario Production Method 
Cover crop within  

Fallow Period 
Crop Replaced  

by Cover 

1 Conventional or Organic 
Winter cover (4 month cover 
within 5 month fallow period) 

None (minority of 
vegetable prod.) 

2 Conventional 
Spring / summer cover (2 

month cover within 3 month 
fallow) 

Spinach or Leaf 
Lettuce 

2a Organic 
Spring / summer cover (2 

month cover within 3 month 
fallow) 

Spinach or Leaf 
Lettuce 

3 Conventional 
Full year - 8 month cover 
within 12 month fallow 

Broccoli and Leaf 
Lettuce 

3a Organic 
Full year - 8 month cover 
within 12 month fallow 

Broccoli and Leaf 
Lettuce 

4 Conventional 
Full year - 8 month cover 
within 12 month fallow 

Strawberry 

4a Organic 
Full year - 8 month cover 
within 12 month fallow 

Strawberry 

1.2 APPROACH OVERVIEW 
To assess the economics of the plan and the potential incentives that may be needed for voluntary participation, we 
conduct a four-part analysis to identify: 

• Private costs  and potential benefits (to the grower / landowner) of cover cropping;
• Public economic benefits from enhanced ecosystem services to society, focused on water conservation and

carbon benefits; and
• Incentive programs that have been successful elsewhere that can bridge the gap as  necessary between private

costs and benefits of participating in the plan, and that will increase the success and equity in cost-sharing of the
plan, as well as information on potential funding mechanisms for a program of this type in the Pajaro Valley.

The first three elements are combined into a comprehensive cost benefit analysis (CBA) of the public and private values 
of cover cropping and fallowing, including traditional economic values such as income, as well as the economic benefits 
of conserving or enhancing natural resources such as water and soils.  In our assessment of public benefits related to 
natural resources, we focus on water resources, as water is a key driver in the need for the plan, as well as 
carbon/greenhouse gas (GHG) benefits, as the value of GHG benefits may be significant and may also provide an 
additional source of outside funding. We report findings on an average annual per acre basis, as well as total costs and 
benefits for complete implementation of the plan (assuming a hypothetical program target of conserving 1000 acre feet 
of water per year).   

1.2.1 Incorporation of Uncertainty: @Risk Probabilistic Model (Monte Carlo Simulation) 
Our approach directly addresses uncertainty through the use of ranges of likely values for most key variables, instead of 
single point estimates.  The use of ranges recognizes that agricultural practices, including application rates, vary amongst 
growers and locations, and that prices and yields vary from year to year.  We also recognize that public benefits related 
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to water conservation, water quality, or carbon may vary between growers, and that there is uncertainty in the economic 
valuation of these environmental benefits.   

We define three values for most key variables: a low (Min), a most likely (Normalized Average), and a high value (Max), 
from existing/published datasets. An explanation of how these three values were defined for each variable (along with 
citations) is provided in each of the corresponding sections below.  To estimate results, we combine these input variables 
within a probabilistic model (Monte Carlo Simulation), and using computer technology (@Risk software) we run the model 
thousands of times to produce a distribution of possible outcome values1.  The advantages of this approach are that we 
are able to capture some of the variability that is inherent in agricultural production, as well as the uncertainty associated 
with some of the public benefits while reducing the range in likely outcomes.  An illustration is provided below to 
demonstrate how the use of this type of model incorporates uncertainty in key variables while limiting the range of 
estimated likely outcomes.  

In this illustrative example, Farmer A produces dryland wheat and expects a yield of between 50 and 100 bushels per 
acre in the coming year, with the most likely estimate at the midpoint of 75 bushels.  Market prices of wheat suggest 
that the wheat could be sold for between $4 and $5 per bushel, with the most likely price at the midpoint of $4.50 per 
bushel.  Based on these estimates of yield and price, we estimate that there is an 80 percent chance (i.e., value will fall 
between the 10th and 90th percentile) that the grower would receive gross returns of $280 to $400 per acre, with a most 
likely estimate of $338 per acre, as provided in the table below.  If we did not use the @Risk model, we would find that 
the range of gross return values is much greater: $200 to $500 per acre (i.e. simply multiplying 50 bushels x $4/bushel 
for the low end of the return range, and 100 bushels x $5/bushel for the high end of return range).   While the most 
likely value is equivalent to the most likely yield multiplied by most likely price, the range is not the sum of the lowest 
and highest values, as it is unlikely (based on probability distribution) that this individual grower in the example would 
experience simultaneously the lowest (or highest) possible yield and lowest (or highest) possible price for wheat. 

Table 1.1 Illustration of Model Inputs and Outputs 
Inputs Low Mid High 

Yield (bushel) 50 75 100 

Price ($ / bushel) $4.00 $4.50 $5.00 

Results 10th Percentile Most likely 90th Percentile 
Gross Return $280 $338 $400 

1.3 REPORT ORGANIZATION 
There are three other sections of this report. Section 2 presents data and results for the private costs and benefits to the 
grower/landowner of cover cropping.  Section 3 presents the public environmental benefits of cover cropping.  Section 4 

1 The Monte Carlo simulation builds models of possible results by substituting a range of values—a probability distribution—for any 
factor that has inherent uncertainty. It then calculates results over and over, each time using a different set of random values from 
the probability functions. Depending upon the number of uncertainties and the ranges specified for them, a Monte Carlo simulation 
could involve thousands or tens of thousands of recalculations before it is complete. Monte Carlo simulation produces distributions 
of possible outcome values (http://www.palisade.com/risk/monte_carlo_simulation.asp) 
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presents economic conclusions and implications, and Section 5 presents findings regarding the economic structure and 
potential funding sources for the proposed cover cropping program. 

2 PRIVATE COSTS AND BENEFITS: DATA AND RESULTS 

The following sections describe the methods, data, and assumptions in estimating private benefits and costs of cover 
cropping.  All results are presented on a per acre basis and are measured against the baseline represented by the market 
crop that is being replaced (e.g., in Scenario 2 the baseline is a summer/spring crop of spinach or lettuce, while in 
Scenario 4 the baseline is an annual crop of strawberries).  The results that we present are all over the duration of the 
scenario, up to one year.  Where appropriate, we also discuss qualitatively the potential for longer term impacts of cover 
cropping. 

The two main components of the private costs evaluated in this analysis include: 

1) Foregone net revenue from production of the market crop, which would be replaced with a non-income
producing cover crop, and

2) Costs of establishing and maintaining the cover crop over the time period evaluated (see Table 2.1).

We discuss these components in this section along with the potential private benefits in the form of yield impacts that 
may accrue to the grower.   

2.1 DATA SOURCES  
This analysis used the crop enterprise budgeting approach to estimate a reasonable range of income and costs for 
agriculture operations in the Pajaro Valley for each cover crop scenario identified above.  Developing a crop enterprise 
budget requires estimates for numerous cost and return variables associated with crop production.  Data on these 
variables is based on the following data sources: 

• University of California Cooperative Extension (UCCE) extension publications (Bolda M. a., Sample Costs to
Produce Organic Strawberries, 2014) (Bolda M. a., Sample Costs to Produce Strawberries, 2010) (Tourte L. R.,
Sample Costs to Produce Organic Broccoli, 2004) (Tourte L. R., Sample Costs to Produce Organic Leaf Lettuce,
2009)  (Surendra, 2012) (Smith, 2009) (Tourte L. a., 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.

Where necessary, material costs from previous publications were updated to 2016 values using the Consumer Price 
Index (CPI) (Bureau of Labor Statistics, 2016).  

There may also be a private benefit of cover cropping related to increased yields for the crop following the cover crop.  
The following publications were analyzed to estimate the potential private yield benefit:  

• Wyland, L. J., L. E. Jackson, W. E. Chaney, K. Klonsky, S. T. Koike, and B. Kimple. "Winter cover crops in a
vegetable cropping system: Impacts on nitrate leaching, soil water, crop yield, pests and management costs."
Agriculture, Ecosystems & Environment 59, no. 1 (1996): 1-17.
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• Ngouajio, M., M. E. McGiffen, and C. M. Hutchinson. "Effect of cover crop and management system on weed
populations in lettuce." Crop Protection 22, no. 1 (2003): 57-64.

• Isık, Dogan, Emine Kaya, Mathieu Ngouajio, and Husrev Mennan. "Summer cover crops for weed
management and yield improvement in organic lettuce (Lactuca sativa) production." Phytoparasitica 37, no. 2
(2009): 193-203.

• Burket, John Z., Delbert D. Hemphill, and Richard P. Dick. "Winter cover crops and nitrogen management in
sweet corn and broccoli rotations." HortScience 32, no. 4 (1997): 664-668.

• Fageria, N. K., V. C. Baligar, and B. A. Bailey. "Role of cover crops in improving soil and row crop productivity."
Communications in soil science and plant analysis 36, no. 19-20 (2005): 2733-2757.

• Seigies, Ann Toren, and Marvin Pritts. "Cover crop rotations alter soil microbiology and reduce replant
disorders in strawberry." HortScience 41, no. 5 (2006): 1303-1308.

• Snapp, S. S., S. M. Swinton, R. Labarta, D. Mutch, J. R. Black, R. Leep, J. Nyiraneza, and K. O'Neil. "Evaluating
cover crops for benefits, costs and performance within cropping system niches." Agronomy Journal 97, no. 1
(2005): 322-332.

2.2 PRIVATE COSTS: REDUCED (OR FOREGONE) NET REVENUE  
The primary cost to the grower of cover cropping is the foregone net revenue from a market crop.  The section below 
provides detail on the data and results for gross revenue and operating costs for each scenario.  Results are summarized 
in Table 2.1. 

Table 2.1 Most Likely Total Private Costs (per ac) 
Scenario 

Net Returns 
Foregone 

Cover Crop Costs Total Private Costs 

Scenario 1 $0 -$245 -$245 
Spinach or -$1,297 -$245 -$1,542 

Leaf Lettuce -$650 -$245 -$895 
Scenario 2 -$974 -$245 -$1,220 

Spinach COG or -$5,652 -$245 -$5,897 
Leaf Lettuce COG -$3,773 -$245 -$4,018 

Scenario 2a -$4,712 -$245 -$4,950 
Broccoli & -$356 -$300 -$656 

Leaf Lettuce -$650 -$300 -$950 
Scenario 3 -$1,006 -$300 -$1,300 

Broccoli COG & -$1,715 -$300 -$2,015 
Leaf Lettuce COG -$3,773 -$300 -$4,073 

Scenario 3a -$5,488 -$300 -$5,800 
Strawberry 
Scenario 4 

-$2,383 -$300 -$2,680 

Strawberry COG 
Scenario 4a  

-$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 (Monte Carlo simulation) 
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The complete distributions of total private costs (derived from the probabilistic model) are depicted in histograms in 
Appendix B, by scenario considered.  The positive foregone net returns graphed in the appendix are representative of 
farming operations that may lose money in a given year.  An explanation of the input data that was used to obtain these 
results is provided in the following sections. 

2.2.1 Gross Revenue 
Gross revenue estimates were based on historical price data reported by Agriculture Marketing Service (AMS) and 
National Agriculture Statistics Service (NASS), along with historical yield information reported by NASS and Santa Cruz 
County Agricultural Commission reports.  A summary of the low, most likely (mid), and high values from price and yield 
data (used as inputs to the model) by crop is presented in Table 2.2 below.  The range of gross returns is intended to be 
representative of the diversity of agricultural operations in the Pajaro Valley, and the uncertainty that is inherent in 
production and marketing of agricultural crops.  The price range in the table was based on 2016 prices received, while 
yield estimates were based on historical data going back seven years.   

Table 2.2 Gross Revenue Values 

Scenario Crop 
Price Received ($ / unit)* Marketable Yield 

low Mid** high units low mid high 

Scenario 2 
Spinach 0.66 0.99 1.10 pound 7,280 7,800 8,320 

Leaf Lettuce 7.81 11.18 12.43 carton 958 1,030 1,083 

Scenario 2a 
Spinach COG 1.55 2.10 2.21 pound 5,000 6,500 7,200 

Leaf Lettuce COG 11.56 14.57 18.68 carton 665 719 752 

Scenario 3 
Broccoli 7.68 9.76 12.07 carton 750 793 825 

Leaf Lettuce 7.81 11.18 12.43 carton 958 1,030 1,083 

Scenario 3a 
Broccoli COG 9.93 14.09 18.79 carton 542 576 715 

Leaf Lettuce COG 11.56 14.57 18.68 carton 665 719 752 

Scenario 4 Strawberry 8.50 9.74 10.88 flat 7,563 8,214 8,875 

Scenario 4a Strawberry COG 12.38 13.73 15.01 flat 4,261 4,628 5,000 
* Low, mid and high values for both variables in this table are inputs to the probabilistic model (not results) that come
from historic datasets. The low, mid and high values correspond to the Min, Normalized Average, and Max numbers in 
each dataset. The normalized average is calculated on the remaining values after removing the Min and Max from the 
data set.  

**Note that the “mid” value is the Normalized Average, not the mean of Min and Max values. 

2.2.2 Operating Costs 
Operating cost estimates were estimated based on the UCCE publications for the specific crops considered and refined 
based on local grower and landowner input.  Detailed production cost estimates for the most likely values in the 
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financial model are included in Appendix A.  The financial model correlated the true variable costs of production to yield 
(i.e., higher yields are tied to higher harvest costs).     

While the crop enterprise budgets outlined in Appendix A and refined based on grower and landowner input as shown 
in Appendix C detail the cost assumptions used in this analysis, there are several categories of costs that are consistent 
across budgets. These include: land rent, labor (excluding contract labor), fuel and water costs.  This section identifies 
these costs as well as the sources of information used in deriving these costs.  

2.2.2.1 Land 
Land lease values presented are separated between vegetable and strawberry crops evaluated.  Table 2.3 below 
identifies land lease values by crop used in this analysis (California Chapter Western Ag Professionals, ASFMRA, 2015).   

Table 2.3 Land Lease Values 
Crop Category Low Mid High 

Veggies $1,000 $1,200 $1,700 
Strawberries $1,600 $3,000 $4,200 

In addition to the 2015 report listed above, land lease values were also informed by focus group discussions within Santa 
Cruz County growers and landowners during the spring and fall of 2016.   

2.2.2.2 Labor 
Labor, for non-contractor services, was modeled at the same rates published in the UCCE Crop Enterprise Budgets 
(Appendix A) for Coastal Counties2.  While these rates are higher than the Bureau of Labor Statistics (BLS) data for farm 
labor in Santa Cruz County, information collected during focus group sessions in the fall of 2016 indicated that the labor 
rates in the UCCE publications accurately represent costs incurred by farmers.  Labor rates as modeled in this analysis 
are presented in Table 2.4 below.  Overhead costs are modeled at 40 percent of wages. 

Table 2.4 Labor Categories and Costs 

Occupation Hourly Wage Payroll Overhead Total Hourly Cost 

Equipment Operator $15.50 $6.20 $21.70 
Farmworker/Laborer $11.50 $4.60 $16.10 

2.2.2.3 Fuel 
Gasoline and diesel fuel costs are based on reported prices for these fuels in 2016 (AAA, 2016), including: regular 
gasoline at $2.64 per gallon and diesel at $2.48 per gallon.  

2 According to a UCCE crop economic study that was released after the analysis described in this report (2016, 2017), labor costs 
have likely increased (due in part to new minimum wage and overtime laws in the state of California). So, this analysis 
underestimates labor costs and consequently overestimates the resulting forgone revenue. Therefore the private costs of cover 
cropping are conservative overestimates 
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2.2.2.4 Water Costs 
Water costs are modeled at an augmentation rate of $1913 per acre foot via Pajaro Valley Water Management Agency, 
and pumping costs of $70 per acre foot (Pajara Valley Water Management Agency, 2011)4, for a total of $261 per acre 
foot.  This calculates to be $21.75 per acre-inch. 

2.3 PRIVATE COST: COVER CROP ESTABLISHMENT 
The cost of establishing and maintaining a cover crop is generally based on UCCE publications.  While the term cover 
crop can be used to describe many different types of crops with a range of costs, we identified costs representative of a 
cover crop that would typically be planted in the Pajaro Valley.  The major assumptions in determining the cost of 
establishing a cover crop include:  

• Seeding rate: 80 to 240 pounds per acre (most likely at 120 pounds)
• Seed costs: $0.30 to $3.43 per pound (most likely at $1.14 per pound) (Lozano, List of Seed Costs from Grant

Reimbursements, 2016)
• Plant, mow and disc = 0.6 hours / acre
• Equipment operator labor costs (including overhead) = $21.70 per hour
• Fuel, lube and repair = $11 / acre
• Water use: up to 4 acre inches, with low and most likely values at 0 acre inches (Smith R. a., 2016)

In Scenarios 3, 3a, 4, and 4a we consider cover crop planting to occur up to two times over the one-year fallow period.  
The total costs for establishing a cover crop in scenarios 1, 2, and 2a (one planting in a three- to five-month fallow 
period) are estimated to range from just under $130 to over $375 with a most likely estimate of around $245 per acre. 
For scenarios 3, 3a, 4, and 4a the cover crop costs are estimated between $166 and $465 with a most likely value of 
$300 per acre.   

2.4 POTENTIAL PRIVATE BENEFITS FROM COVER CROPPING 
Previous studies suggest that cover cropping can increase the yields of subsequent crops through any of the following: 
breaking or reducing pest and disease pressure; increasing nitrogen availability (especially for nitrogen fixing crops in the 
short term), improving soil texture and fertility (especially for crops with high carbon: nitrogen ratios over the long 
term), reducing or eliminating soil loss, and other factors.  However, there are some studies that also indicate that in the 
short-term cover cropping may reduce yields of subsequent crops.  In order to account for this potential impact on farm 
net returns, we incorporate the likely impacts of cover cropping on subsequent crop yields.   

Studies show that the low-end yield impact of cover cropping is a 19 percent reduction in yields, representing the short 
term impact of cover crops that take an extended period of time to break down in the soil (e.g. have a high carbon : 
nitrogen ratio).  However, other studies indicate that cover cropping may have dramatic benefits including: a 45 percent 
increase in yields in strawberries (Seigies, 2006); 78 percent increase in lettuce (Ngouajio, 2003); and an 86 percent 

3 The 2016-2017 rate is higher ($203). So, this analysis underestimates water costs and consequently overestimates the resulting 
forgone revenue. Therefore the private costs of cover cropping are conservative overestimates. 
4 Power costs of $55 - $83 were reported in 2011, which equates to $60 to $92 in 2017 values (using CPI).  $70 is based on this range, 
and is also the pumping rate used in “Expected Total Economic Value Provided by Watsonville Slough Farm” (August, 2015). 
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increase in broccoli and sweet corn (Burket, 1997).  While these high-end results have been documented and published 
in peer-reviewed journals we do not incorporate yield impact benefits in this analysis for several reasons listed below.  

First, these cited studies are generally done on small plots of land (test plots) where the change between a baseline yield 
(before the cover crop) and yields experienced after cover crop could have significantly more variability than would be 
likely across the Pajaro Valley.  In other words, the scale of production analyzed in the studies is not comparable to the 
Pajaro Valley.  Second, it is not clear if the baseline yields in the test plots for the studies above were representative of 
county average yields, as is the case in this analysis (county average yields are the ‘without cover’ crop condition).5  
Third, the increases in yield from the county average would imply yield potentials that are not reasonable to consider 
(i.e., have not been experienced on a commercial scale).  Therefore, we cap the potential yield increase such that yields 
cannot exceed the maximum yields that UCCE suggests are attainable in the Pajaro Valley/Central Coast region.  Table 
2.5 below defines the low, most likely and high end estimates of yield impact by crop.  The final column in the table also 
shows the most likely net benefit to the grower of the most likely value of increased net returns in the subsequent crop. 
To estimate this increased net return, the crop enterprise budgets (described above) were adjusted to reflect higher 
yields, and thus, higher variable costs such as harvest materials, harvest labor, and other inputs or services directly 
related to production.  A complete set of static value assumptions in the crop enterprise budgets with yield increases 
reflected are included in Appendix A.   

However, due to the uncertainty regarding the magnitude and likelihood of future crop yield increases due to 
incorporation of cover cropping, we do not incorporate this benefit into this cost benefit analysis.  

Table 2.5 Yield Impacts Modeled by Crop 

Crop Low Most Likely High 

Most Likely 
$ Benefit/Acre 

(subsequent crop 
cycle) 

Broccoli (organic) -19% 10% 30% $1,220 
Broccoli (conv.) -19% 3% 16% $260 
Strawberry (organic) -19% 2% 10% $1,120 
Strawberry (conv.) -19% 2% 12% $750 
Leaf Lettuce (organic) -19% 20% 50% $2,320 
Leaf Lettuce (conv.) -19% 12% 35% $60 
Spinach (organic) -19% 1% 10% $120 
Spinach (conv.) -19% 1% 10% $60 

5 In many cases the publications only report on the percentage increase and do not report the before and after yields. 
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3 PUBLIC BENEFITS 

This section describes the level of environmental benefit and associated economic value expected from cover cropping.  
These expected environmental benefits include water savings, increased water quality (from reduced erosion and 
avoided nutrient runoff), and carbon benefits in the form of reduced emissions from equipment and increased carbon 
sequestration in the soil.  Valuing these benefits requires several steps, each of which can be challenging.  First, it is 
necessary to identify the quantity of water savings, enhanced water quality, or carbon sequestered. This quantification 
of the environmental change can be challenging as, for example, the effect of farm management on water quality varies 
with the level of fertilizer applied, the types of soil, and other farm management practices.  The second step is to 
economically value the environmental change, such as the change in water quality, by assessing how much the change is 
worth to society.  This section provides value ranges for both of these quantification steps to estimate the  economic 
value of water supply, water quality (from reduced nitrogen loading and sedimentation of local waterways), and carbon 
benefits expected from cover cropping in the Pajaro Valley. 

3.1 DATA SOURCES 
To quantify the environmental change, we relied on UCCE publications noted in the previous section for data regarding 
on-farm water application rates and on-farm nitrogen application rates.   These values were also informed through 
interviews and discussions with local experts, and the focus groups with Pajaro Valley growers and landowners.  
Additional data sources on environmental change from cover cropping include: 

• Geisseler, D. a. (n.d.). Crop Nitrogen Uptake and Partitioning.

• California Department of Food and Ag . (n.d.). Broccoli Nitrogen Uptake and Partitioning.

• Resource Conservation District of Monterey County, (n.d.). Stormwater Erosion Runoff on Salinas and Pajaro
Valley Farms.

To value economically the environmental improvements, we 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 or in-
lieu recharge), we identify the replacement cost (i.e., next best feasible alternative) of augmenting or recharging 
groundwater through other methods, as identified by Pajaro Valley Water Management Authority (PVWMA) in its Basin 
Management Plan.  Key economic literature sources include: 

• Shaik, Saleem, Glenn Helmers, Michael Langemeier.  2002.  “Direct and Indirect Shadow Price and Cost
Estimates of Nitrogen Pollution Abatement.”  Journal of Agricultural and Resource Economics, 27 (2): 410-432.

• US Environmental Protection Agency. 2015.  “A Compilation of Cost Data Associated with the Impacts and
Control of Nutrient Pollution”.  EPA 820-F-15-096.

• NRCS and USDA. Final Benefit-Cost Analysis for the Environmental Quality Incentives Program (EQIP). 2010.

• Feather, Peter, Daniel Hellerstein, and LeRoy Hansen. “Economic Valuation of Environmental Benefits and the
Targeting of Conservation Programs: The Case of the CRP.” 1999. Resource Economics Division, Economic
Research Service, U.S. Department of Agriculture. Agricultural Economic Report No. 778.
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• Claassen, Roger, LeRoy Hansen, Mark Peters, Vince Breneman, Marca Weinberg, Andrea Cattaneo, Peter
Feather, Dwight Gadsby, Daniel Hellerstein, Jeff Hopkins, Paul Johnston, Mitch Morehart, and Mark Smith. 2001.
“Agri-Environmental Policy at the Crossroads: Guideposts on a Changing Landscape.” Agricultural Economic
Report Number 794.

• Ribaudo, M. “Water Quality Benefits From the Conservation Reserve Program.” AER-606. USDA ERS. Feb. 1989.

• Tol, Richard. 2009. “The economic effects of climate change”. Journal of Economic Perspectives, Vol 23 No.2.

• Interagency Working Group on Social Cost of Greenhouse Gases. (2013). Technical Support Document: Techical
Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.

3.2 WATER SAVINGS 
Cover crops require less water than other crops, resulting in less groundwater pumping.  The water savings from 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 cover crop.  We estimate the amount of water applied in each scenario using 
the following sources, methods, and assumptions. The primary source for water use estimates was UCCE publications on 
crop production, with the exception of strawberries and broccoli.  For these crops we utilized information collected from 
farm managers at focus groups to modify the water use estimate downward.  These growers also verified water use 
estimates for other crops considered.  Finally, discussion with PVWMA personnel was also relied upon in developing 
water use estimates.   

As shown in Table 3.1, in most scenarios considered, the cover crop is not expected to use any water.  This is in 
comparison to the commercial crop it replaces that may use anywhere from approximately 1 AF to approximately 3 AF 
(depending on the crop and cover rotation period).  The possible exception to water savings from cover cropping is in 
Scenario 1, in which a winter cover crop is planted in place of winter fallow.  As it is possible that a winter cover crop 
may require up to 4 inches of water, there is slight possibility of increased water use in this cover cropping scenario.   In 
Scenario 2, an acre of spring/summer lettuce or spinach crop is estimated to use 8 to 15 inches of water, compared to 
just 0 to 4 inches for a cover crop, resulting in 4 to 15 inches of water savings from the cover crop practice during this 5-
month period.   
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Table 3.1 Water Use & Savings by Scenario 

Scenario 
Cover crop within  

Fallow Period 

Water Use Cover Crop  
(acre – inches)* 

Crop Replaced  
by Cover 

Water Use Crop 
Replaced        

(acre – inches)* 

Most Likely Water 
Savings (acre-inches) 

1 
Winter cover (4 month cover 

within 5 month fallow 
period) 

0 – 4 
(0) 

None (minority of 
vegetable prod.) 

0 0 

2 
Spring / summer cover (2 

month cover within 3 month 
fallow) 

0 – 4 
(0.7) 

Spinach or Leaf 
Lettuce 

8 – 15 
(11) 

10.3 

2a 
Spring / summer cover (2 

month cover within 3 month 
fallow) 

0 – 4   
(0.7) 

Spinach or Leaf 
Lettuce 

8 – 17 
(13) 

12.3 

3 
Full year - 8 month cover 
within 12 month fallow 

0 – 8       
(1.4) 

Broccoli and Leaf 
Lettuce 

35 33.6 

3a 
Full year - 8 month cover 
within 12 month fallow 

0 – 8             
(1.4) 

Broccoli and Leaf 
Lettuce 

37 35.6 

4 
Full year - 8 month cover 
within 12 month fallow 

0 – 8 
(1.4) 

Strawberry 28 26.6 

4a 
Full year - 8 month cover 
within 12 month fallow 

0 – 8 
(1.4) 

Strawberry 28 26.6 

*Most likely values in parentheses ().

The value of reduced water use is the economic savings from reduced overdraft of the aquifer, which may include such 
benefits as preserving water for future use, avoided contamination of coastal aquifers due to seawater intrusion, and 
reduced pumping costs. Recognizing these benefits, the PVWMA has numerous conservation and supplemental water 
projects to reduce basin overdraft.  To the extent that cover cropping reduces the need for implementing additional 
projects as described in the 2014 Basin Management Plan Update, its water supply value is equal to the reduced 
expenditures on these alternative projects that provide the same water supply benefit.  In using this replacement cost 
methodology (i.e., identifying the cost of an alternative project that augments groundwater supplies by an equivalent 
volume), we’re assuming that additional projects (in addition to those already being implemented) will be needed to 
conserve groundwater or increase supply in the basin to eliminate overdraft (by 2040, through the Sustainable 
Groundwater Management Act).  This is a reasonable assumption as PVWMA has stated that it may implement 
additional projects if needed to eliminate overdraft and reduce seawater intrusion (Table 3.2).   

Table 3.2 presents a list of 14 projects and/or strategies, estimated yields, and estimated costs per acre-foot ($/AF) of 
each project, included in the 2014 Basin Management Plan Update. If implemented and operated as anticipated, the top 
seven projects (phase I, lowest cost - highlighted in green in table below) are estimated to yield 12,100 AFY, which would 
solve 90 percent of the seawater intrusion and 100 percent of the basin overdraft over 30 years (2014 BMP update). The 
remaining seven projects (phases II and III if needed - highlighted in orange) are included as potential future projects in 
the BMP, should the yield or the measured results on overdraft and seawater intrusion of the first seven projects not 
meet the expectations of the planning-level estimates after the first 10 years (2014 BMP update). To date the PVWMA 
has constructed the following projects: 20+ miles of distribution system pipeline, Harkins Slough Managed Aquifer 
Recharge project, the Recycled Water Facility, two blend wells, and a connection to the City of Watsonville’s potable 
water supply. These projects have a capacity of 7,150 AFY of supplies to substitute for groundwater pumped by farmers 
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in the coastal area (59% of 12,100 AFY target).  As shown in the table, planning level costs (including all capital, 
operations and maintenance costs) for phase I projects range from no cost (for increasing the use of recycled water) to 
$1,400 per AF for the Murphy Crossing project (2012 dollars, costs have been updated but not on a per AF delivered 
basis as provided in Table 2.9).  PVWMA recently increased the augmentation fee in order to fund these projects. 
Planning level costs for additional projects range from $1,500 per AF to $3,500 per AF (2014 BMP update).  

Based on these estimated cost ranges for the projects already slated for implementation ($500 to $1,400 per AF 
delivered), and additional projects that may be needed to bring the basin into balance ($1,500 to $3,500 per AF) a range 
of value per AF was selected to represent the public benefit of  water savings from fallowing with cover crop. This 
analysis conservatively used $250 as the low end, $700 as the most likely value, and $1200 as the high value.  This range 
is conservative because it grounds replacement value (avoided costs) in the range of project costs that PVWMA is 
already committed to funding rather than costs of projects they may potentially fund.   

The $250 per AF low value is equivalent to the augmentation fee that PVWMA will charge outside the coastal delivered 
water zone in 2019/2020 to cover planned projects.  We use this as the low end estimate as it represents the average 
cost per AF pumped in the basin of managing water for halting seawater intrusion through PVWMA efforts. This is a 
minimum cost value as 1) it does not fully fund the planned PVWMA projects, 2) the planned projects may not fully 
address the total volume of annual overdraft in the basin, and 3) using average cost per AF of water pumped versus 
marginal cost per AF of water pumped tends to minimize costs (the marginal cost for each additional AF of water 
pumped increases as more water is used, because consequences of overdraft increase and because each additional 
augmentation projects tends to be more expensive).   

The range of $700 to $1200 per AF is intended to represent a reasonable range of public benefit value, based on covered 
fallow replacing additional recharge or supplemental water projects, such as the Winter Recycle Water Deep Aquifer 
project.  These costs savings equate to the PVWMA estimated delivery cost per AF of $1,000 to $1,500 for currently 
planned and possible next stage implementation projects, less approximately $300 per AF in augmentation fees and 
pumping power charges. Pumping power charges are netted out because the PVWMA costs per AF is a delivery fee and 
so includes all power charges associated with pumping and conveying water and not just costs associated with aquifer 
recharge, which is the service comparable with in-lieu recharge from cover cropping.   
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Table 3.2:  Proposed Projects, PVWMA Basin Management Plan 

These are costs per AF delivered, and include amortized capital costs and ongoing operations and maintenance costs. (2014 BMP 
update) 

3.2.1 Nitrogen 
Cover crops can reduce nitrogen contamination of surface and/or ground water 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, we focus 
on the water quality benefits as the soil fertility benefits depend on the type of cover crop planted.   

Recent studies comparing fertilizer application to nitrogen uptake suggest that annual nitrogen application in the area 
exceeds plant uptake by approximately 10 to 40 percent (Bolda M. , Strawberries and Caneberries, 2011).  For this 
analysis, we assume application exceeds plant uptake by 10 to 40 percent, and combine this range with the estimates of 
plant uptake to derive nitrogen amounts that may be prone to leaching. Plant uptake values and associated sources are 
listed below:  

• Spinach (20 - 40 pounds per acre) (Koike)
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• Broccoli (200 - 300 pounds per acre) (California Department of Food and Ag )
• Lettuce (100 pounds per acre) (Geisseler)
• Strawberry (140 - 190 pounds per acre) (Bolda M. , Strawberries and Caneberries, 2011)

 Table 3.3 Reduced Nitrogen Loading into Surface and/or Ground Water from Cover Cropping 
by Scenario (pounds / acre) 

Scenario Crop Modeled Low Most Likely High 

1 None (minority of vegetable prod.) 0 0 0 
2 Spinach or Leaf Lettuce 12.6 22 32.7 

2a Spinach or Leaf Lettuce 12.6 22 32.7 
3 Broccoli and Leaf Lettuce 59 119 180 

3a Broccoli and Leaf Lettuce 59 119 180 
4 Strawberry 28 56 87 

4a Strawberry 28 56 87 

Improved surface-water quality from reduced nitrogen loading into the Pajaro River and Monterey Bay has many 
benefits, including 1) potential increases in species populations, including recreationally and commercially important 
bird and fish species, 2) increased likelihood of survival of endangered species, 3) improvements in coastal and estuarine 
recreation areas, and 4) potentially decreasing costs to municipalities, industry, and other public and private sectors 
using water resources.  It both directly provides benefits (through improved clarity and aesthetics of water), and 
indirectly provides benefits: as improved water quality in Monterey Bay could lead to increased value of commercial 
fisheries (due to increased marine fisheries’ populations), enhanced off-site recreation value (due to improved water 
clarity or due to enhanced fish and wildlife populations important for recreation), or could provide value through 
enhanced populations of threatened and endangered species.   

We estimate the value of improved water quality from the reduced nitrogen load at between $1 and $10 per pound, 
with a most likely value of $3 to be conservative.  Reduced nitrogen loading may reduce the likelihood that another 
entity will be required to take water quality improvements actions, and thus may save costs to other entities in Santa 
Cruz County that may otherwise have been required to reduce nitrogen discharges. According to the Environmental 
Protection Agency (EPA), average costs of reducing nutrient runoff from agriculture and urban areas may vary from $1 to 
$10 per pound of nitrogen reduction.6,7  These cost savings would only be realized if Santa Cruz entities would 
implement additional nutrient reduction measures in the absence of management actions; however, based on 
numerous studies, the value of the improved water quality per pound of nitrogen (in terms of benefits to recreators, 
fisheries, and water aesthetics) may well exceed the cost of an equivalent reduction in nitrogen entering waterways 
from other areas. 

3.2.2 Soil Sedimentation 
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.  The 

6  Shaik, Saleem, Glenn Helmers, Michael Langemeier.  2002.  “Direct and Indirect Shadow Price and Cost Estimates of Nitrogen 
Pollution Abatement.”  Journal of Agricultural and Resource Economics, 27 (2): 410-432. 

7  US Environmental Protection Agency. 2015.  “A Compilation of Cost Data Associated with the Impacts and Control of Nutrient 
Pollution”.  EPA 820-F-15-096. 
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approximate erosion rates with and without cover cropping were based on results published in the Technical Paper 
titled “Stormwater Erosion Runoff on Salinas and Pajaro Valley Farms” (Resource Conservation District of Monterey 
County).  The table below presents the avoided sedimentation from additional cover cropping based on the data in this 
publication.   

Table 3.4 Avoided Soil Sedimentation by Scenario (tons / acre) 
Scenario Low Most Likely High 

1 1.10 3.83 4.83 
2 0.55 1.92 2.42 

2a 0.55 1.92 2.42 
3 2.20 7.67 9.67 

3a 2.20 7.67 9.67 
4 2.20 7.67 9.67 

4a 2.20 7.67 9.67 

The economic benefit of this reduced sedimentation is estimated based as the benefit of improved water quality to 
recreation as well as the cost of having to remove the sediment from waterways.  A cost benefit analysis for the NRCS 
Environmental Quality Incentives Program (EQIP) program, estimated the average value to society of reduced soil 
erosion nationwide at approximately $5.74 per ton, due to improvements related to recreation and reduced costs 
associated with sediment cleanup and removal.8   This EQIP cost benefit analysis quotes two studies of the CRP 
regarding the benefits of soil erosion, Feather et al 19999 and Claassen et al, 200110 as sources.  In turn, these two 
sources both heavily rely on a third study by Ribaudo, 1989.11  While the value of $5.74 per ton is often used in 
estimating benefits of reduced sedimentation in water, tracing the source of this value to the original studies indicates 
that the value may have limited direct applicability the Pajaro Valley.12  However, as it is a widely used value in federal 
cost benefit analyses for erosion control, and since we know that there are highly valued uses of waters on the Santa 
Cruz Coast and Monterey Bay that will benefit from improved water quality, we use it here as a benchmark value for 
reduced sedimentation, with a range built around it of $1 to $10 to recognize the uncertainty of this valuation. 

3.2.3 Carbon Savings 
Compared to a market crop, a cover crop would require reduced use of farm equipment and groundwater resulting in 
less energy use and lower carbon emissions.  Further, soil carbon sequestration will likely increase through incorporation 

8  The 2008 analysis reported a value of $4.93 in 2007 dollars. Source: NRCS and USDA. Final Benefit-Cost Analysis for the 
Environmental Quality Incentives Program (EQIP). 2010. 

9  Feather, Peter, Daniel Hellerstein, and LeRoy Hansen. “Economic Valuation of Environmental Benefits and the Targeting of 
Conservation Programs: The Case of the CRP.” 1999. Resource Economics Division, Economic Research Service, U.S. Department 
of Agriculture. Agricultural Economic Report No. 778. 

10  Claassen, Roger, LeRoy Hansen, Mark Peters, Vince Breneman, Marca Weinberg, Andrea Cattaneo, Peter Feather, Dwight 
Gadsby, Daniel Hellerstein, Jeff Hopkins, Paul Johnston, Mitch Morehart, and Mark Smith. 2001. “Agri-Environmental Policy at 
the Crossroads: Guideposts on a Changing Landscape.” Agricultural Economic Report Number 794. 

11  Ribaudo, M. “Water Quality Benefits From the Conservation Reserve Program.” AER-606. USDA ERS. Feb. 1989. 
12  While marine recreation in Monterey Bay may be enhanced with improved water, this is not an element quantified in the NRCS 

value.  Furthermore, several of the benefits of reduced sediment benefits quantified in the original Ribaudo study are not 
applicable to Monterey Bay (navigation, drinking water, commercial use of water for cooling and other purposes, etc). 
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of the cover crop into a long term rotation.  In this section we estimate both reduced emissions as well as increased soil 
carbon sequestration to estimate the total reduced atmospheric carbon and associated economic benefit. 

This study relied on UCCE crop enterprise budgets for each representative crop to estimate the amount of gasoline and 
diesel that is used by farm machinery, on average, for crop production.13  These data are combined with estimates from 
the US Energy Information Administration (EIA) regarding the quantity of carbon dioxide produced from burning 
gasoline (18.95 lbs / gallon) and diesel (22.38 lbs / gallon) (US Energy Information Administration, 2016).   Based on 
these rates, Table 3.5 presents estimates of the level of carbon dioxide emission by crop.   

In addition to reduced emissions from farm machinery and equipment, planting a cover crop would require less 
groundwater pumping, and less associated energy use.  Table 3.1 presents water use by crop.  We assume that for each 
acre foot of water that is not pumped due to a cover crop there is an energy savings of 402.3 kilowatt hours (kWh)14, 
and every kWh would have produced 0.0007 tons of carbon dioxide.15  Table 3.5 presents the amount of carbon dioxide 
emissions by crop, associated with both farm equipment energy use and groundwater pumping energy use. 

Table 3.5 Estimated Carbon Dioxide Emissions by Crop (metric tons/acre) 

Crop Fuel Use by Farm Equipment Energy Use for Groundwater 
Pumping 

Spinach (organic & conventional) 0.99 0.21 
Broccoli (conventional) 0.42 0.19 
Broccoli (organic) 0.51 0.47 
Lettuce, leaf (conventional) 0.83 0.47 
Lettuce, leaf (organic) 0.78 0.35 
Strawberry (conventional) 1.49 0.40 
Strawberry (organic) 2.47 0.66 
Lettuce, head (conventional) 0.83 0.66 
Cover Crop 0.03 0.02 

Further, additional cover cropping is expected to sequester additional carbon in the soil.  Soil carbon sequestration rates 
were derived from various published sources, including: Lal et al who reported a net change of 0 to 5.1 ton per acre (Lal, 
2015), and Olson et al who reported a net change of up to 15.1 tons per acre (Olson, Ebelhar, & Lang, 2010).  These 
reported changes are over a 10-year time period, and because our analysis is focused on annualized public benefits we 
annualize these benefits using a discount rate of 3 percent and a term of 10 years.  A three percent discount rate is 
meant to represent the social time preference for value and matches the discount rate most commonly used by federal 
agencies in determining the value of a ton of carbon sequestered this year versus in future years (Interagency Working 
Group on Social Cost of Greenhouse Gases, 2013). When these soil carbon sequestration rates are annualized we find 
that the cover crop would account for between 0 and 1.77 tons per acre per year, with a most likely estimate of 0.61 
tons per acre per year.   

13  Where fuel use estimates were not reported specifically (e.g. contract services) we assumed a similar level of use on a per dollar 
basis as other (grower-initiated) production practices for that crop.   

14  This assumes average pumping lift of 275 feet and an overall pumping plant efficiency of 70 percent. 
15  Based on EPA estimates of carbon emissions from one kWh of electricity generation, as provided at: 

https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references. 
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Compared to the baseline market crop, the total carbon benefit of cover cropping are presented in Table 3.6 below.  
These values include total reduced carbon emissions (farm machinery and equipment, along with pumping) and 
enhanced soil carbon 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 3.6 Carbon Emissions Avoided plus Carbon Sequestered by Scenario (metric tons / acre) 
Scenario Low Most Likely High 

1 -0.04 -0.04 -0.03 
2 1.4 1.8 2.3 

2a 1.4 1.8 2.3 
3 2.2 2.7 3.2 

3a 2.4 2.8 3.3 
4 2.4 2.8 3.2 

4a 3.3 3.8 4.2 

To value this reduced carbon emissions, we use an estimate of the social cost of carbon (SCC, which is the estimated 
total cost to society of emitting carbon related to the expected damages associated with future climate change).  SCC 
represents the true economic costs of GHG emissions, which is equivalent to the value to society of less GHGs in the 
atmosphere.  Estimating the SCC is challenging, and there is wide variation in the available estimates.  For example, a 
2009 meta-analysis of nine studies identified estimates ranging from a benefit from GHG of $120/tCO2e to a cost of over 
$13,800/tCO2e (representing an extreme climate change scenario).  The estimates had a mean value of $636/ tCO2e, and 
a median value of $74/ tCO2e. 16 The Environmental Protection Agency and other federal agencies use a social cost of 
carbon estimate recommended by the federal Interagency Working Group on the Social Costs of Greenhouse Gases, of 
approximately $42 per metric ton (2017 dollars)  (Interagency Working Group on Social Cost of Greenhouse Gases, 
2013).  This is our estimated most likely value.  Based on the range of values in this IWG report, we use a low and high 
estimate of $13 to $252 per metric ton. The low range of SCC estimates ($13 per tCO2e), is also based on the U.S. 
Interagency Working Group (IWG), and is their low end estimate.  For a high-end range of SCC, ($252/tCO2e) we use 
findings from another recent study from researchers at Stanford that adapted one of the models used by IWG to 
incorporate additional costs to economic growth.   

We use the IWG’s SCC estimates for a number of reasons.  First, they were produced within the last five years and were 
updated in 2013 to incorporate the most current understanding of climate change impacts.  Second, they use several 
climate change models that have received general acceptance from the scientific community, which limits the influence 
of any one model’s assumptions.  Lastly, the SCC estimates are presented using a range of discount rates, providing 
transparency and flexibility in the assumptions regarding time preference and the weight of future costs. We use the 
Stanford study estimate as a reasonable high end value of SCC because that study integrates well-documented impacts 
into a widely-accepted model. 

16  Tol, Richard. 2009. “The economic effects of climate change”. Journal of Economic Perspectives, Vol 23 No.2. Original estimates 
were converted from 1995$/tC to 2015$/tCO2 using a conversion factor of 1 ton of C = 3.666 tons CO2 and updated for inflation 
using the Implicit Price Deflator for Gross Domestic Product (IPD): Bureau of Economic Analysis (BEA), U.S. Department of 
Commerce. National Income and Product Accounts Tables, Table 1.1.9. October 29, 2015. Accessed online at 
http://www.bea.gov/iTable/index_nipa.cfm 
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3.2.4 Total Public Benefits 
The table below summarizes the range of public benefits expected from each scenario modeled.  The low to high range 
in Table 3.7 represents the 80 percent chance based on assumptions and estimated values listed above, whereas the 
most likely represents the median output from the economic model of public benefits.   

  Table 3.7 Total Public Benefits ($ / acre) 
Public Benefits 

Low Most Likely High 
Scenario 1 $8 $17 $27 

Scenario 2 $597 $832 $1,059 

Scenario 2a $685 $952 $1,221 

Scenario 3 $1,945 $2,665 $3,382 

Scenario 3a $2,025 $2,791 $3,550 

Scenario 4 $1,448 $2,021 $2,580 

Scenario 4a $1,547 $2,092 $2,650 

The results in the table above are derived from four key public benefits of cover cropping which are discussed further in 
the sections above.  A detailed summary of the public benefits by category is provided in the table below.  

Table 3.8 Detailed Summary of Public Benefits ($ / acre) 
Nitrogen Water Carbon Soil Sedimentation 

Scenario Low Most
Likely High Low Most 

Likely High Low Most 
Likely High Low Most 

Likely High 

Scenario 1 $0 $0 $0 -$87 -$39 -$5 -$5 -$3 -$1 $11 $20 $31 
Scenario 2 $36 $85 $146 $400 $620 $850 $47 $131 $235 $5 $10 $15 
Scenario 2a $33 $85 $146 $446 $718 $1,010 $47 $133 $238 $5 $10 $15 
Scenario 3 $167 $453 $816 $1,313 $1,987 $2,670 $74 $195 $349 $22 $40 $160 
Scenario 3a $167 $453 $816 $1,400 $2,105 $2,818 $73 $202 $363 $22 $40 $160 
Scenario 4 $76 $216 $402 $1,039 $1,574 $2,118 $72 $200 $363 $22 $40 $160 
Scenario 4a $76 $216 $402 $1,039 $1,574 $2,118 $99 $271 $490 $22 $40 $160 
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4 ECONOMIC CONCLUSIONS 

This section summarizes the benefit-cost and cost effectiveness findings as well as implications for the potential scale 
and cost of a cover cropping incentive program. 

4.1 BENEFIT COST ANALYSIS 
Table 4.1 and Figure 4.1 below compare the level of public environmental benefits (as presented in Section 3) to private 
costs of replacing commercial production with a cover crop (as presented in Section 2).  The range of value is presented 
on a value per acre basis, by scenario. The range in private costs in Table 4.1 is mainly driven by variability in commercial 
agriculture production and prices received for commercial crops.  These are discussed further in Section 1 above.  The 
range in public benefit values is largely driven by the value of water that is not pumped (in-lieu recharge), based on the 
cost savings of avoiding an alternative water conservation or augmentation project.  A discussion of the estimated value 
of water conservation as well as all other information regarding public benefits can be found in the public benefit 
summary in Section 3.   

As highlighted in the table and the figure, the most likely public environmental benefits exceed the most likely private 
costs in Scenario 3 (year-round fallow replacing conventional vegetables); in fact, even the low estimated public benefits 
exceed the most likely private costs in this scenario.  The probability that the benefits exceed the cost is nearly 90 
percent in this scenario.  The range of benefits also overlaps and may exceed the range of costs in Scenarios 2 and 4 (i.e., 
in Figure 4.1, the blue benefit bars overlap with the red cost bars).  However, for the organic production in Scenarios 2a 
and 4a, our analysis indicates that public benefits rarely, if ever, exceed private costs (as indicated by the red hashed 
lines highlighting the gap between the cost and benefit value bars in Figure 4.1).  Similarly, our results for Scenario 1 
indicate that benefits are always lower than costs, as a winter cover crop has higher input costs than fallowing; however, 
in this and other scenarios the results in Table 2.1 and Figure 4.1 are likely highly underestimating the private benefits as 
the potential yield improvements in subsequent crops have conservatively not been included (as discussed in Section 
2.4).  Including these yield benefits could reduce the most likely private costs by $60 to $2,320 per acre, depending on 
the subsequent crop.  

Table 4.1: Private Costs Compared to Public Benefits ($ / Acre Annually) 

Scenario 

Private Costs Public Benefits Estimated 
Probability 

Benefit > Cost Low Most Likely High Low Most Likely High 
Scenario 1 $130 $240 $370 $8 $17 $27 0% 
Scenario 2 $500 $1,220 $1,900 $597 $832 $1,059 24% 

Scenario 2a $3,800 $4,950 $6,200 $685 $952 $1,221 0% 
Scenario 3 ($10) $1,300 $2,370 $1,945 $2,665 $3,382 86% 

Scenario 3a $3,730 $5,800 $8,100 $2,025 $2,791 $3,550 3% 
Scenario 4 ($2,300) $2,680 $7,800 $1,448 $2,021 $2,580 45% 

Scenario 4a $3,400 $6,935 $10,500 $1,547 $2,092 $2,650 4% 
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Figure 4.1. Public Benefits (Blue) Compared to Private Costs (Red), $ / Acre 

4.2 WATER SUPPLY COST EFFECTIVENESS: COST PER ACRE FOOT OF WATER SAVINGS 
Table 4.2 below summarizes the most likely cost per AF of water ($/AF) conserved from cover cropping; 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.   

Table 4.2 Most Likely Cost of Water Conservation ($/AF) by Scenario 

Scenario Cost per Acre Foot 

3 $465 
4 $1,220 
2 $1,325 

3a $1,950 
4a $3,150 
2a $4,610 
1 N/A 

In Figure 4.2, we compare this cost per AF to the costs of water augmentation / conservation programs currently being 
implemented or proposed by the PVWMA.  In Figure 4.3, 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.  On a cost per acre-foot basis (i.e., cost per acre-foot of 
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water conserved/augmented), cover cropping Scenario 3 (year-round fallow replacing conventional vegetables) is 
estimated to be the least expensive program.  As shown in the Figure, cover cropping Scenario 2 and Scenario 4 are 
within the range of costs for programs currently being implemented by PVWMA, as they are expected to be less 
expensive per AF than the Murphy Crossing with Recharge Basins project.  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. Therefore, based on the 
assumptions used in this analysis, a cover cropping program (particularly focused on conventional vegetable and 
strawberry production) appears to be a cost-effective program to help achieve sustainable groundwater management 
compared to the alternatives. 

Figure 4.2 PVWMA Costs and Cover Crop Fallow Scenarios 

4.3 POTENTIAL PROGRAM SCOPE AND MAGNITUDE 
The Pajaro Valley Basin Management Plan has a stated water conservation goal of 5,000 AFY as a significant part of the 
overall strategy for halting seawater intrusion and groundwater overdraft. If hypothetically 1,000 acre feet of this water 
conservation goal were to come from a cover crop program, the cost of the program would vary depending on the crop 
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acreage enrolled in the program.  The least expensive method, would be to only enroll summer vegetable crops, at a 
potential cost of less than $500 per acre foot conserved (based on the most likely cost per acre-foot of scenario 3).  To 
reach the target of 1,000 acre feet it would likely cost $500,000 annually.  However, this may be too much of a burden 
on this type of grower and have too large an adverse impact on the agricultural economy in one season.   

If instead we assume that 500 acre feet of reduced groundwater use would come from year-round vegetables (e.g. 
scenario 3) and another 500 AF would come from year-round strawberry production (e.g. scenario 4) there would be 
approximately 220 acres of strawberries and 180 acres of vegetables that would need to participate to achieve this goal.  
This would represent 3 percent of the 2013 – 2015 average reported acreage of strawberries and 2 percent of the 
average reported acreage of vegetable crops in the Pajaro Valley (PVWMA GIS surveys).  Based on the estimates of 
private costs we estimate the full private cost to growers of participating in a cover crop fallow program to be between 
$1,000 and $2,680 per acre (based on the most likely values for Scenarios 3 and 4), for a total cost of approximately 
$782,000 annually, as presented in the table below.   

Table 4.3 Cost Estimate of Cover Crop Fallow Program 

Scenario 
Water Savings per 

Acre (AF) 
Target Water Savings 

AFY 
Acres Necessary* 

Private Costs 
($/acre) 

Total Program 
Costs** 

3 2.80 500 179 $1,000 $179,000 
4 2.22 500 225 $2,680 $603,000 

TOTAL 2.51 1,000 404 $1,905 $782,000 
*Calculated as Target Water Savings (AFY) divided by Water Savings per Acre (AF)
**Total Program Costs are calculated as acres necessary multiplied by private cost per acre 

In order to structure the financing component of a cover crop fallow program like the one evaluated in this analysis the 
two main variables to consider are size and cost per acre.  Scenarios 3 and 4 seem to provide the greatest value in terms 
of water savings, and are thus the focus of additional considerations here. The following table consider the necessary 
size and cost based on varying weights of vegetable and berry grower participation to achieve 1,000 AFY savings.     

  Table 4.4 Acreage & Costs Necessary to Achieve 1,000 AFY Savings 

All Berry 75% Berry / 25% Veg 50% Berry / 50% Veg 25% Berry / 75% Veg All Veg 

Acres 450 425 400 375 355 
Total Private 

Costs $1,207,000 $965,000 $782,000 $540,000 $357,000 

Results from the analysis of Scenarios 3 and 4 suggest that 1,000 AFY of water could be saved by implementing a cover 
crop fallow program that is between 355 and 450 acres participating.  The total private costs of such a program would 
be between $357,000 and $1.2 million.  Further, the program cost estimates described above assume that 100 percent 
of the private costs would be covered by the conceptual program.  However, growers have indicated in focus group 
meetings that there would be interest even if payback levels were less than 100 percent.  In addition, payment levels 
could potentially be lower and still attract growers who either 1) are risk averse or would prefer a guaranteed payment 
over the risks of farming, or 2) expect lower than average net returns on their lands.      
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The above calculations do not take into account any potential situations where growers would enroll in the program but 
would have fallowed their land voluntarily (for other reasons) regardless of the program.  According to land use data 
from PVWMA approximately 7 to 9 percent of agricultural land was identified as fallow in the 2013 to 2015 summer 
time period (Lozano, PVWMA GIS Land Use and Fallow Baseline Data, Winter 2016).  In order to insure additionality of 
program results, the eligibility criteria for participation in this program could be structured to only apply to additional 
fallowed lands, e.g. only lands that are beyond 7 percent of land in fallow or cover crop for the operation would be 
eligible to participate in the repayment program.  One method to check the effectiveness of any proposed cover crop 
program in incentivizing additional cover crop fallowed land would be to compare the fallowed land use estimates in the 
future against the 2013 – 2015 land use baseline.    



HIGHLAND ECONOMICS, LLC 27 

SANTA CRUZ COVER CROP ECONOMIC VALUATION 

5 INCENTIVE PROGRAM STRUCTURES 

There is some cover cropping currently occurring in the Pajaro Valley. Information provided by growers and landowners 
indicates that growers may cover crop (without incentives) in order to transition to organic farming, balance their 
available land with their available labor resources, break soil pathogen cycles and manage soil fertility on organic 
operations.  However, to increase cover cropping practices on a broader scale, most growers will require incentives to 
offset the costs of cover cropping (as estimated and presented in Section 2).  Incentives for implementing conservation 
practices (particularly practices that are economically costly to participants) are typically monetary, requiring a funding 
mechanism.   

Currently, the Pajaro Valley Water Management Agency funds groundwater conservation and water supplementation 
projects in large part through the augmentation fee that is charged per AF of water used in the basin supplemented by 
grant funds and other income.  A cover cropping program with the primary aim of conserving groundwater could be 
financed through a similar basin-wide mechanism that distributes costs equitably among all beneficiaries (i.e., the 
groundwater users).  The purpose of the funding mechanism, and the associated incentive program for cover cropping, 
is to ensure that the costs of conserving groundwater and contributing to sustainable groundwater management are 
distributed equitably amongst all groundwater users, and not borne disproportionately by the individual growers 
participating in the crop fallowing program.  In practice, all landowners or water users in the Pajaro Valley may face an 
increased fee or tax to cover the costs of the cover cropping program, which would in turn be used to compensate the 
landowners who do the cover cropping (with the goal that landowners who do the cover cropping would recover some, 
if not all, the revenue they would have gained without participating in the cover cropping program as well as the 
additional costs of implementing the cover crop). In this way, all landowners or water users would face a similar net cost 
of groundwater conservation, regardless of whether they participated in the cover cropping program.  

In the first subsection, we present examples of financial incentive programs for different conservation practices 
elsewhere in the country that highlight how a cover cropping incentive program in the Pajaro Valley could be structured. 
In the second subsection, we describe other conservation incentive programs, while in the final subsection we discuss 
implications and options for the Pajaro Valley. 

5.1 EXAMPLE INCENTIVE PROGRAMS 
We first describe two programs that pay farmers to fallow in order to conserve water.   We then present a broad 
overview (in Table 5.1) of other programs that incentivize conservation practices on agricultural lands. 

5.1.1 Example Farm Fallow Programs 
The two fallowing programs described below show that farmers in other locations have been willing to voluntarily fallow 
lands in exchange for payment. The examples also offer some guidelines that may be important to consider with a 
Pajaro Valley program, including rules to limit potential impacts on adjacent lands and rules to ensure that participating 
lands would not otherwise by fallowed.  The two examples were both structured as a flat payment per acre of land being 
fallowed, as these areas did not have good data on the historical or current water use per acre (unlike the Pajaro Valley).  

The Pilot System Conservation Program (PSCP) was created in 2014 to increase water levels in Lake Mead and Lake 
Powell.  PSCP is funded through the U.S. Bureau of Reclamation, and water districts from Arizona, California, Nevada, 
and Colorado, whose goals include reducing water withdrawals from the Colorado River by 740,000 acre-feet (AF) by 
2017  (Walton, Colorado River Basin Conservation Agreements Take Shape, 2015).  Benefits of decreasing water 
withdrawals include enhanced 1) recreational value, 2) hydropower generation (Hoover Dam), and 3) urban water 
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supply (Denver, Phoenix, Las Vegas, and southern California cities).  One of the strategies in the PSCP program is to 
reduce irrigation diversions from the Colorado River through fallowing of land.  One program resulted in over 1,591 
acres being fallowed in Arizona, saving an estimated 8,572 AF. The initiative had a total cost of roughly $1.6 million, 
implying an average cost to conserve water of $185.60 per AF. Farmers were paid $1,000 per acre to fallow the land 
(U.S. Bureau of Reclamation, 2016). 

The PSCP led to another farm-fallowing pilot program in Arizona involving the Yuma Mesa Irrigation and Drainage 
District and Central Arizona Groundwater Replenishment District (CAGRD). The district set a goal of saving 9,000 AF from 
voluntary, temporary farm-fallowing. To incentive fallowing, CAGRD offers $750/acre per year for up to three years for 
farmers not to grow crops. They have an enrollment target of 1,500 acres. The water saved will help Arizona meet its 
obligations to increase water levels in Lake Mead, and provide lessons that could help future programs free up water for 
nearby cities that are growing quickly, such as Phoenix (Walton, Fallowing Farmland: A New Card in Arizona's Water 
Shuffle, 2013). 

To ensure that growers are only fallowing cropland that would have been otherwise irrigated (and not land that would 
have been left fallow regardless), the land must have produced irrigated crops in four of the last five years in order to 
qualify for payment under the program. Additionally, there must be a minimum of five contiguous acres to be eligible, 
and no land owner can put more than 18 percent of their land into the program (in order to allow broad participation 
among farmers in the district). To protect downstream users, program participants must control weeds and dust on their 
fallowed land and maintain ditch structures (Radonic, 2014).  

It was intended that the pilot program would be rigorously monitored to measure the amount of water saved, however, 
an ex-ante analysis seems to have been based on rough approximations rather than detailed data collection. To estimate 
the water saved by the program, the number of acres by crop was multiplied by the estimated per-acre amount of water 
used by each crop. The analysis estimated that 7,180 AF had been saved on 1,410 enrolled acres in 2015 (Benemelis, 
2016). At $750 per acre, total payouts from the program would be just over $1 million, implying the program’s water 
savings cost approximately $147 per AF.17 

5.1.2 Other Conservation Incentive Programs 
Numerous other conservation incentive programs are summarized in Table 5.1. We find the first example to be perhaps 
the most illuminating for the Pajaro Valley.  This example, of a water quality trading program on the Miami River in Ohio, 
has two elements worth considering in the Pajaro Valley. First, the payment is per unit of benefit, which in this case 
study, is pounds of nutrient reduction.  This is in contrast to most conservation programs that pay per acre.  The analogy 
in the Pajaro Valley would be to structure payment per AF of water savings.  Since the water conservation benefit varies 
by acre in the Pajaro Valley due to different crops as well as different management practices, to maximize the water 
savings for a given level of cost (i.e., to maximize cost effectiveness), it makes sense to structure the incentive payment 
on a per AF basis rather than a per acre basis.   

The second interesting element of the Miami River case study is that they used a reverse auction to determine payments 
that were specific to each agricultural producer; each agricultural producer submits a payment they would be willing to 
accept in order to reduce a promised level of nutrient runoff (the analogy with Pajaro Valley would be that a 
grower/landowner would submit a price they would be willing to accept to reduce water usage by a given amount).  This 

17  This estimate only considers the costs of payments made to farmers. It does not include other program costs, such as 
administrative expenses. 
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is an attractive payment structure in that the payment level is adjusted to the particular costs incurred by a given 
grower/landowner. Given the wide variation in net costs to the grower of participating in the land fallowing program 
between crop rotations (i.e., the scenarios presented in Section 1) and even within a given crop rotation, enabling a 
flexible payment system customized to each grower will also likely increase the cost effectiveness of the system by 
encouraging growers with the lowest costs of fallowing to participate. 

Table 5.1 Example Conservation Program Incentive Programs 

Program Name 
Payment 
Duration Funding Source Payment Structure Practices Funded 

The Great Miami River 
(Ohio) Watershed 
Water Quality Credit 
Trading Program  

Project-
dependent 

Wastewater 
treatment plants, 
(WWTP), to meet 
regulatory 
requirements more 
cheaply than reducing 
WWTP pollution  

Reverse bid auction, 
whereby farmer states 
minimum price they 
would accept per lb of P 
& N reduced 

Projects reviewed and 
selected by an advisory 
committee including 
WWTP, ag producers, 
Farm Bureau, USDA, 
county SWCD, Ohio 
Water Environment 
Association and others 

Santa Fe Water Fund 

Annual 
payments 
over 20-year 
commitment 

Water users in City of 
Santa Fe 

City of Santa Fe to pay 
just over $3 million over 
20 years to the Forest 
Service to ensure 
protection of its water 
sources. The watershed 
treatment costs are split 
50-50 between the City 
and Forest Service. 

Restoration efforts in the 
watershed as well as 
controlled burns / 
thinning in sensitive 
areas 

Yahara Watershed 
Improvement 
Network (Wisconsin) 

Annual 

Various members 
(county, sewage 
district, environmental 
groups) and grant 
funds 

Depends on practice: 
cover crop cost share = 
$40 / acre up to 50 acres 

Various, including cover 
cropping 

Cost Share & Direct 
Payment Programs 
(Various) 

Annual 

State Ag Department 
or County Soil and 
Water Conservation 
District; most 
administered at local 
district level 

Payments were found to 
vary from $15 to $135 / 
acre depending on 
location and specific 
practice, covering 
roughly half to 3/4 of 
total cost. 

Materials and 
implementation of cover 
crops in summer and fall, 
then maintaining them 
through the winter 

Conservation Reserve 
Enhancement 
Program (CREP) 

Semi-
Permanent 
(up to 15-
year 
contract) 

Farm Service Agency 
(FSA) 

Rental payments with 
cost-share assistance 
specific to practice  

Streamside buffers, 
wetland creation, 
livestock fencing and 
more 

Environmental Quality 
Incentive Program 
(EQIP) 

Annual 
Natural Resource 
Conservation Service 
(NRCS) 

Direct payment, set by 
practice and location 
(state specific); cover 

Practices that address 
natural resource 
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Program Name 
Payment 
Duration Funding Source Payment Structure Practices Funded 

cropping in CA = $102 / 
acre 

concerns and deliver 
environmental benefits 

Conservation Reserve 
Program (CRP) 

Semi-
Permanent 
(up to 10 
year 
contract) 

Farm Service Agency 
(FSA) 

Rental payments, cost-
share payments, 
maintenance incentive 
payments, and other  

General enrollment 
(competitive) and 
continuous enrollment 
(non-competitive) 
options for land 
retirement as well as 
various cost share 
payments for specific 
practices 

Conservation 
Stewardship Program 
(CSP) 

Semi-
Permanent 
(5 year 
contracts) 

Natural Resource 
Conservation Service 
(NRCS).  A local NRCS 
conservation planner 
will have a one-on-one 
consultation to 
evaluate current 
management system 
and the land’s natural 
resources 

CSP payments based on 
performance. CSP 
provides two types of 
payments: annual 
payments for new 
activities and 
maintaining existing 
practices; and 
supplemental payments 
for crop rotation.  

 Applicants must agree to 
meet or exceed the 
stewardship threshold 
for at least one priority 
resource concern by the 
end of the contract 

5.2 POTENTIAL FUNDING MECHANISMS 
We anticipate that there are three potential funding sources for the cover cropping program: 

1. Carbon credit markets;
2. Local beneficiaries;
3. Grants from local, state, or national governments or non-profit entities that are interested in promoting the

types of conservation benefits provided by the cover cropping program.

Given the familiarity of the RCD with existing grant programs, we focus on local beneficiaries, with a brief review 
indicating that there is limited potential for carbon markets to fund the cover cropping program.  In the final section, we 
provide suggestions for the implementation of a cover cropping incentive program in the Pajaro Valley. 

5.2.1 Carbon Markets 
In the last few decades, demand has grown for projects and practices that reduce greenhouse gas emissions (GHG). 
Carbon markets, or emission trading markets (ETSs), have developed from government policy and private interest, 
creating institutional mechanisms for buying and selling GHG emission credits. In general, ETSs cap the amount of GHG 
emissions that can be released by regulated industries (e.g. electrical utilities). Two of the largest ETSs in the U.S. are the 
California Cap-and-Trade Program (CCTP) and the Regional Greenhouse Gas Initiative (RGGI). Under these programs, 
permits to emit GHG are limited but can be bought and sold between market participants. As one source of GHG, 
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agriculture can play a role in the CCTP and the RGGI, compensating growers who implement specified practices that 
reduce emissions. While there may be a small possibility of selling carbon credits from cover cropping in the future on 
these or other voluntary carbon markets, current regulations and the relatively small amount of carbon credits that 
would be generated make it an unlikely revenue source for the cover cropping program. 

Most ETSs allow a limited number of “offset” credits to be used in place of emission permits. Offsets are activities that 
either sequester or prevent the release of GHG emissions, which can counterbalance an emitter’s GHG releases. An 
offset credit typically represents one metric tonne of carbon dioxide (CO2) that does not enter the atmosphere. One 
common example of an agricultural offset is a project that captures methane from livestock manure and destroys it 
before it reaches the atmosphere. Because cover cropping reduces GHG emissions, this practice could theoretically act 
as an offset and earn revenue for farmers that use the practice. 

The CCTP includes a Sustainable Agricultural Lands Conservation Program (SALC Program) that aims to reduce GHG 
emissions and promote a resilient agricultural sector through investments in agricultural conservation easements, 
development of agricultural land strategy plans, and other mechanisms. The 2016-2017 SALC Program Guidelines 
focuses on actions that prevent conversion of agricultural lands to other uses.  The current guidelines specify that SALC 
covers only two investments types: “1. Agricultural Land Conservation Strategies and Outcomes – Grants to counties, 
cities, and partners to design and implement a local or regional agricultural land conservation strategy that results in an 
outcome that reduces GHG emissions through the long-term protection of agricultural lands under threat of conversion 
by promoting regional growth within discrete boundaries. 2. Agricultural Conservation Easements – Grants to protect 
important agricultural lands under threat of conversion via permanent agricultural conservation easements (ACE or 
easements).” (California Department of Conservation and Strategic Growth Council, 2017)  As SALC was the funding 
source for this study on the multiple benefits (and costs) of cover cropping, it is reasonable to believe that carbon offset 
credits from cover cropping could qualify in the future for exchange on the CCTP. 

However, current regulations and guidelines indicate that cover cropping does not currently qualify as an accepted 
project type that can generate carbon offsets on the two major ETSs in the United States (CCPT and RGGI); Table 5.2 
below summarizes accepted project categories for these two ETSs. The European Union’s ETS accepts a wider variety of 
projects, including those from outside Europe, but it is currently only accepting new project credits from “least 
developed countries”  (European Commission, 2016). 
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Table 5.2 Project Types Currently Accepted as Offset Credits 
California Cap-and-Trade Program (CCTP) Regional Greenhouse Gas Initiative (RGGI) 

• U.S. Forest Projects
• Urban Forest Projects
• Livestock Projects
• Ozone Depleting Substances
• Mine Methane Capture
• Rice Cultivation Projects
• Agricultural Land Conservation Easements

• Landfill methane capture and destruction
• Reduction in emissions of sulfur hexafluoride

(SF6) in the electric power sector
• Sequestration of carbon due to U.S. forest

projects (reforestation, improved forest
management, avoided conversion) or
afforestation (for CT and NY only)

• Reduction or avoidance of CO2 emissions from
natural gas, oil, or propane end-use combustion
due to end-use energy efficiency in the building
sector

• Avoided methane emissions from agricultural
manure management operations

Sources:  (California Air Resource Board, 2016)) and  (Regional Greenhouse Gas Initiative, n.d.) 

There are other, voluntary markets for offset credits, but it does not appear that cover cropping could currently qualify 
in the largest of these markets either (it does not fall under any of the project types accepted by CAR  (Climate Action 
Reserve, n.d.). The practice may be eligible for certification by VCS or ACR, which both generally accept GHG-reducing 
projects in agricultural land use  (American Carbon Registry, n.d.). However, in both organizations’ projects registries, 
there are no projects that are comparable to GHG reductions resulting from cover cropping. 

Furthermore, even if the CCPT or the RGGI included cover cropping as a project type, offset projects are required to 
meet strict conditions before they are eligible to substitute for emissions permits. When an entity aims to qualify a 
project as an offset credit, they have to apply through a certifying authority that verifies the project’s eligibility. 
Examples of certification authorities include the Climate Action Reserve (CAR), Verified Carbon Standard (VCS), and 
American Carbon Registry (ACR). Once a project has been certified, the offset credit is typically sold via a third party 
(such as a broker) into an ETS, after which the project owner receives some portion of the sale price. The four most 
common requirements for carbon credit certification include: 

• Measurability – Emission reductions must be quantifiable.
• Verifiability – Emission reductions must be corroborated by an independent organization.
• Additionality – Projects must present an additional removal of GHG, beyond what is provided by the status quo

condition or business-as-usual scenario.
• Permanent – Projects must ensure GHG reductions are not lost due to foreseen or unforeseen circumstances.

Cover cropping may not meet the basic requirements of offset credits. While it can be shown that cover cropping results 
in measurable and verifiable reductions in GHG emissions, it would likely be harder to show they were additional and 
permanent (particularly the sequestered carbon in the soil given that cover cropping commitments may be short-term). 
The difficulty comes from determining what is the status quo or business-as-usual scenario and whether the carbon 
storage in the soil would continue with changes in farm management.  On the other hand, the additionality requirement 
may be met through careful development of cover crop program eligibility requirements that focus program 
participation on ‘new’ cover cropping participants (i.e., participants who would not otherwise be cover cropping).  

A final barrier to qualifying cover cropping as an offset credit is that the GHG reductions may be too small to justify the 
effort of certifying the project. According to our estimates, cover cropping prevents one ton of CO2 per acre from 
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entering the atmosphere.18 As stated previously, the price of offset credits is typically reflected in the price of permits in 
the market. As of September 2016, prices on the CCPT were just below $13/tonne CO2 equivalent  (Climate Policy 
Initiative, 2016). The weighted average price on the RGGI during November and December 2016 was $5.19/ton  
(Regional Greenhouse Gas Initiative, 2016). At $5 - $13 per acre, it may not be worthwhile for growers to certify their 
cover cropping as a carbon offset credit. 

5.2.2 Funding Source: Local Beneficiaries 
To assess the ability and willingness to pay of local beneficiaries, we focus on the ability and willingness to pay of Santa 
Cruz County residents and entities benefitting from water supply enhancements from reduced water usage due to cover 
cropping.  While all Santa Cruz County residents will benefit from mitigating climate change (the other primary public 
benefit of cover cropping), the marginal effect of the program on local climate change impacts, and the associated 
marginal economic benefit of climate change mitigation to Santa Cruz County residents, is relatively small. (Climate 
change mitigation benefits per ton of greenhouse gas reduction may be substantial, but these benefits accrue 
worldwide, with the portion to Santa Cruz County residents relatively small).  As such, to assess potential for public 
funding from local beneficiaries, we focus on the ability and willingness to pay of water users of the Pajaro Valley 
aquifer. 

We focus on two potential mechanisms: raising water rates (either through an increase in the augmentation fee or a 
direct increase in the water rate), and raising property taxes.  To assess the potential ability and willingness to pay for 
such rate increases, we assess the existing water and property tax rates paid by Pajaro Valley water users and 
landowners.  For water rates, we compare existing rates paid by Pajaro Valley water users relative to median household 
income, and compare these rates to water costs paid in nearby areas.  This provides information on the potential 
affordability and acceptability of raising water user rates in the Pajaro Valley.  We similarly analyze existing property tax 
rates paid by Pajaro Valley land owners, and compare these to property tax rates in comparable areas.  Again, the aim is 
to provide information on the potential affordability and acceptability of raising property tax rates in the Pajaro Valley. 

5.2.2.1 Water Rates 
To assess Santa Cruz County residents’ likely ability to pay for a cover cropping program through residential water rates, 
we compare the average water bills of single-family residences in Santa Cruz County to those of nearby cities. The figure 
shows that water rates vary considerably in the areas studied, and even within Santa Cruz County. Santa Cruz County 
households have a wide range of monthly average water bills costs, from $38 in Scotts Valley to $96 in areas 
surrounding Santa Cruz. The Pajaro Valley area, represented by the water bills in and around Watsonville, are in the 
lower end of this range at approximately $48 to $51 on average per month. 

However, to assess the affordability of water rates, it is important to consider an area’s level of income.  For each 
location, we calculated the cost for a single-family residence using nine hundred cubic feet (ccf) of water per month, and 
compared this to the location’s median household income. This metric provides a meaningful comparison of water rate 
affordability in the Pajaro Valley versus other nearby areas.  

The California Department of Public Health (CDPH) has set an affordability threshold at 1.5 percent of median household 
income (Pacific Institute, 2013), as shown in the dashed horizontal line in Figure 5.1. As shown in the figure, Santa Cruz’s 
water rates are currently unaffordable, while Watsonville’s could be raised by approximately $10 per month and still be 
beneath the affordability threshold.  As such, residential water rates in the Watsonville area can be raised to help fund 
water conservation measures, such as cover cropping, while still maintaining affordability standards.  According to the 

18 This includes reduced vehicle and pumping emissions, but does not include any differences in soil organic carbon. 
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2010 census, within the City of Watsonville there were 13,528 housing units for a population of 51,199 people.  As the 
City of Watsonville 2015 Urban Water Management Plan  (City of Watsonville, Public Works and Utilities, 2015) 
identifies a retail service population of 65,966 (including areas outside of the City of Watsonville city limits), there are 
likely approximately 17,400 households served currently by the City of Watsonville (assuming the same ratio of housing 
units to population as in the 2010 census).  Assuming water service at each of these 17,400 households, for every $1 of 
increase in water bill charges, the total revenue increase from residential water bills would be approximately $209,000 
annually. 

Figure 5.1 Comparison of Residential Water Charges 

Sources:  (Watsonville Public Works & Utilites, 2017),  (City of Santa Cruz, 2017),  (Scotts Valley Water District, 2017),  (Montara 
Water and Sanitary District, 2016),  (Coastside County Water District, 2016),  (San Lorenzo Valley Water District, 2016),  (California 

Water Service Company, 2017),  (City of Hollister, 2015),  (U.S. Census Bureau, 2014) 

An increase in agricultural water rates also appears to be affordable. Given the findings in Section 2.1 above on 
agricultural net returns it appears that average agricultural operators in the Pajaro Valley have sufficient profit from crop 
production to afford higher agricultural water costs. Furthermore, in California, agricultural water and land costs are 
closely connected.  The long-term value of agricultural land in the Pajaro Valley is dependent on an available water 
supply.  Basic economic principles suggest that as water costs go up in a certain area, land rents may go down in order 
for that area to remain competitive with other production areas.  Given the existing high land rents in the Pajaro Valley, 
it is possible that agricultural land rents might decrease if agricultural water prices increase (which would offset higher 
agricultural water costs).   

5.2.2.2 Property Taxes 
Much like with water rates, we assess the potential for the political and economic feasibility of funding cover cropping or 
other groundwater management programs through property taxes by comparing areas in Santa Cruz to those of nearby 
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areas. For urban property tax, we compare the cities of Watsonville, Santa Cruz, Scotts Valley, and Salinas. To analyze 
the property taxes, we took a random sample of 10 residential properties in each city and used public records to gather 
the properties’ assessed values and the annual taxes paid. This information is summarized in Table 5.3 below. Property 
tax rates differ within the Watsonville area due to numerous local taxation districts that cover only portions of the area. 

Table 5.3 Comparison of Urban Property Taxes 

City 

Property Value per Acre Tax per Acre 

Low Avg High Low Avg High 

Watsonville $54,938 $2,001,426 $5,931,940 $3,547 $24,224 $70,387 
Santa Cruz $270,430 $6,272,695 $27,585,984 $4,556 $71,834 $303,460 
Scotts Valley $496,644 $4,226,168 $10,780,643 $5,950 $49,150 $126,145 
Salinas $902,841 $2,052,175 $4,008,268 $10,649 $25,851 $56,411 

Sources:  (County of Santa Cruz, 2017),  (County of Monterey, 2017) 

To calculate the effective tax rate, we simply divided the annual taxes paid by the property’s assessed value. The 
effective tax rates are summarized in Figure 5.2 below, with the colored bars representing the average property tax rate 
and the black lines illustrating the lowest and highest tax rates observed in the random samples from that city. The 
figure shows that the sampled urban property taxes range from a low of 1.09 percent in Scotts Valley to a high of 1.76 
percent in Salinas. Average sampled tax rates are much the same across the cities examined, with averages ranging from 
1.16 percent in Scotts Valley to 1.28 percent in Santa Cruz.   

Figure 5.2 Sampled Urban Property Tax Rates 

We analyzed agricultural property taxes using the same method as for urban property taxes.  We examined areas that 
grow crops similar to those in Watsonville: Salinas Valley, Santa Maria Valley, and Oxnard Plain. In each case, we 
gathered a random sample of 15 agricultural properties, and used public records to collect assessed property values and 
annual taxes paid. This data are summarized in Table 5.4 below. 
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Table 5.4 Comparison of Agricultural Property Taxes 

City 

Property Value per Acre Tax per Acre 

Low Avg High Low Avg High 

Watsonville $6,133 $24,957 $52,343 $85 $284 $587 

Salinas Valley $3,296 $15,559 $35,631 $55 $208 $424 

Santa Maria Valley $1,858 $12,919 $25,284 $24 $143 $280 

Oxnard Plain $3,663 $30,291 $57,800 $48 $352 $670 
Sources:  (County of Santa Cruz, 2017),  (County of Monterey, 2017), 

(County of Santa Barbara, 2017),  (County of Ventura, 2017) 

The effective tax rate was calculated with the same method used for the residential rates: the annual taxes paid divided 
by the property’s assessed value. The effective tax rates are summarized the figure below, with the colored bars 
representing the average property tax rate and the black lines illustrating the lowest and highest tax rates observed in 
each area.  As shown in Figure 5.3, the effective tax rates in Watsonville may be similar to Santa Maria and Oxnard Plain 
areas, but often less than in the Salinas Valley. This indicates that raising property tax rates as a way to pay for additional 
groundwater management in the Pajaro Valley may be an option. 

Figure 5.3 Sampled Agricultural Property Tax Rates 

5.2.2.3 Implementation Issues 
While our analysis indicates that residents and property owners the Pajaro Valley may be able to help pay for a cover 
cropping program, barriers exist to implementing such a payment program. In addition to the political difficulty that 
accompanies tax and rate increases, there are also legal issues that could make it difficult to institute a program that 
pays for cover cropping through water bill charges or property taxes. One obstacle to using property taxes as a vehicle 
for funding is California’s Proposition 13, which requires taxes raised by local government for a special purpose to be 
approved by two-thirds of voters (California Tax Data). Therefore, in order to pass a law that increases property taxes to 
pay for a cover cropping program, the initiative would have to have broad public support.  
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Using water rates to fund a cover cropping program can also be challenging. California’s Proposition 218 limits the 
purposes for which water charges can be levied and the way revenues gained from water charges can be spent. The 
restrictions most likely to impact a program to fund cover cropping are: 

• Revenues derived from the fee or charge shall not exceed the funds required to provide the property related
service.

• The amount of a fee or charge imposed upon any parcel or person as an incident of property ownership shall not
exceed the proportional cost of service attributable to the parcel.

• No fee or charge may be imposed for a service unless that service is actually used by, or immediately available
to, the owner of the property in question.

• No fee or charge may be imposed for general governmental services.  (California Legislative Analysts Office,
1996) 

The mechanisms in place to fund groundwater management activities within the Pajaro Valley include: 1) an assessment 
on groundwater extraction known as the augmentation charge; 2) a delivered water charge; 3) a management fee, 
which is an assessment on each parcel within PV Water’s statutory boundaries; 4) grant funds; 5) bonds; 6) interest and 
miscellaneous other income. (The Agency Act authorizes PVWMA to levy a groundwater augmentation charge on the 
extraction of groundwater from groundwater wells within the Agency in order to pay the costs of purchasing, capturing, 
storing and distributing supplemental water, and to pay for the implementation of the Basin Management Plan.)  
PVWMA is currently participating in a pilot cover cropping program in which landowners are fallowing previously farmed 
lands for a payment of $1,000 per acre for up to 200 acres ($200,000 max for the pilot program), funded as a component 
of the BMP Conservation Program under the rebates department. This indicates that the agency has the authority to use 
the augmentation fee to pay for a cover cropping program with the goal of conserving groundwater resources to 
alleviate groundwater overdraft and stop seawater intrusion.   

In order to advance the implementation of the Basin Management Plan, PV Water conducted a stakeholder led rate 
study between 2012 and 2014 that resulted in the Service Charge Report (2015), and through a Proposition 218 
compliant process, increased rates in 2015.   Based on the assumptions used in this analysis 1) cover cropping appears 
to be a cost effective mechanism of  water conservation in the basin compared to other planned or future project 
options in the basin, and 2) the basin must achieve a state of sustainability by 2040 in accordance with the SGMA.   
Funding cover cropping as part of PVWMA’s groundwater management efforts appears to be in the basin’s long-term 
best interest. 

5.3 IMPLICATIONS FOR FUNDING MECHANISMS AND THEIR COST 
Based on the costs and benefits of the Pajaro Valley cover cropping program and the findings from the example 
incentive programs, we find the following implications for how an incentive mechanism may be structured: 

1. Identify Program Goal. To develop the program, a water savings (in-lieu recharge quantity) target is important.
The size of the water conservation target will depend on the funding source and the Basin’s determination of
the role of cover cropping compared to other water conservation and enhancement measures.  In turn, the
water conservation target will determine the funding requirement, and will shape the types of program rules
that may be needed to limit third-party impacts and increase the social and political acceptance of the program.
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2. Funding Source.  Funding will likely be by local beneficiaries rather than from state or federal sources (existing
state or federal conservation program strategies may supplement local efforts, but will not provide the level of
funding to incentivize fallowing and carbon markets are likely to provide little to no funding).  Potential funding
sources include:

a. PVWMA through the water augmentation fee. 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 (program beneficiaries) financial contribution separate from PVWMA
c. 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
value of the benefits provided related to carbon and water quality. However, this funding source may be
short-term and unreliable compared to a dedicated local funding source.

We expect that water users, or PVWMA, representing the water users, will be the primary funding source
for the cover cropping program.

3. Determination of Payment Rate. Payment made be determined in a variety of ways:
a. Cost-share, where payment is a percent of total costs to producer of eligible practices. This method

works well when the grower/landowner stands to benefit substantially also from the practice.
b. Auction, where producers bid their willingness to accept payment for conservation action.  This method

is particularly suitable to situations where costs of participation may vary significantly between growers.
c. Flat per acre payment. This method is particularly suitable to situations where the same benefit is

derived from each acre that participates in the program.
d. Variable payment per acre based on benefit provided (e.g., per AF of water conserved). This method is

most efficient in situations where participating acres may provide different levels of benefit (such as
different amounts of water conserved) as it results in the same benefit : cost ratio for each participating
acre.

While a flat payment per acre, akin to the pilot program currently being run through PVWMA would be
simplest, due to the variability of water savings per acre fallowed, a payment per AF of water savings
(rather than a flat payment per acre) would likely be the most cost effective payment method.  Water
use data on the participating field could be used to estimate the water savings from future fallowing.
Also, given the range of costs to the grower, even within a given scenario and level of water savings, if
politically acceptable, a reverse auction in which the growers make bids for the payment they would be
willing to accept per AF of water savings may be the most cost effective mechanism for determining
payment. The amount accepted in a reverse auction could then be deducted or credited to the
participant’s water bill or received as a direct payment.

4. Fund Disbursement and Monitoring. A determination will need to be made regarding when the payment will be
made.  The benefit of payment made at time of program sign-up is that this timing is attractive to participants.
The benefit of payment once the cover cropping practice has been implemented is that the water savings is then
verifiable and guaranteed.
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 In the  case of the Pajaro Valley, as participating in cover cropping results in less upfront cost than planting a 
commercial crop (and thus delaying payment may not result in financial hardship), it may make sense to make 
payments after the cover crop has been planted and the grower has committed to the cover cropping rotation. 
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APPENDIX A CROP ENTERPRISE BUDGET ASSUMPTIONS 

This appendix contains the static (which generally represent the most likely estimates in this study) values for costs 
associated with crop production practices for the crops considered in this analysis.   



Crop Enterprise Budgets

Category Item Quantity/Acre Unit Price/Unit IA Price/Acre
REVENUE Organic Strawberries 4,629  tray $13.72 $63,505

Total Gross Returns: $63,505

OPERATING COSTS
Persimilis (Predatory Mites) 80 thou $11.00 $876
Entrust 7.5 oz $44.21 $330
Deipel DF (Bt) 4 lb $18.38 $73

Fungicide Kumulus DF 45 lb $1.67 $75
Compost 5  ton $55.00 $307
Blood Meal 545  lb $1.60 $894
Gypsum 2  ton $40.00 $89
Biomin Calcium 9  gal $18.02 $161
Maxi-Crop 22  lb $11.32 $253
Agrothrive LF 76  gal $3.57 $279

Custom Soil Analysis (2 per 27 acres) 0.04 farm $150.00 $6
T-Tape 21,780  feet $0.01 $240
Black Plastic Mulch 2.75 rolls $132.00 $364
8 Clamshell + Tray 4,629  each $1.62 $7,510
Disposal Site Fees 600 lb $0.03 $18

Water Water - Pumped 26.5 acin $21.75 $576
Plants Strawberry Plants 22,869  each $0.12 $2,744

Spread Compost/Blood Meal 2 acre $12.00 $24
Pest Control Advisor (PCA) 1 acre $125.00 $125.20
Cooler 4,629  tray $0.70 $3,245
CSC Assessment 4,629  tray $0.04 $185
Sales Commision @ 8% 4,629  tray $1.20 $5,554
Equipment Operator Labor 117 hrs $21.70 $2,549
Non-Machine Labor 320 hrs $16.10 $5,152
Irrigation Labor 2.45 hrs $16.10 $39
Harvest Labor (Regular & Peak) 1,033  hrs $16.10 $16,630
Fuel-Gas 70.14 gal $2.64 $185
Fuel-Diesel 145.4 gal $2.48 $360

ORGANIC STRAWBERRIES

Insecticide

Machinery

Labor

Assessment/Sales 
Commission

Contract

Materials

Fertilizer
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Crop Enterprise Budgets

Lube $113
Machinery Repair $491
Interest on Operating Capital (5.75%) $468

Total Operating Costs/Acre $49,917

Office Expense $834
Food Safety $30
Land Rent $3,000
Liability Insurance $21
Sanitation Fee $235
Regulatory Programs $50
Organic Certification/Registration $176
Ranch Supervisor $1,002
Property Taxes $173
Property Insurance $50
Investment Repairs $102

Total Cash Overhead Costs/Acre: $5,673

Buildings (1,200 sq ft) $98
Fuel Tanks (2-300 gal) $9
Harvest Carts $12
75 HP Irrigation Pump $44
Sprinkler Pipe $210
Lateral Lines $102
Shop Tools $50
Equipment $780

Total Non-Cash Overhead Costs/Acre: $1,306

Total Gross Returns/Acre: $63,505
Total Operating Costs/Acre $49,917

Total Cash Overhead Costs/Acre: $5,673
Total Cash Overhead Costs/Acre: $1,306

Net Returns Above Total Costs: $6,608 per acre

Source: University of California Cooperative Extension, "Sample Costs to Produce Organic Strawberries," 2014, accessed online at 
http://coststudyfiles.ucdavis.edu/uploads/cs_public/94/4b/944b5aad-6660-4dcd-a449-d26361afcae2/strawberry-cc-organic-2014.pdf

ORGANIC STRAWBERRIES cont.

CASH OVERHEAD COSTS

NON-CASH OVERHEAD 
COSTS

Machinery
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STRAWBERRIES
Category Item Quantity/Acre Unit Price/Unit $ /Acre
REVENUE Strawberries (conventional) 8215.77381 8 lb tray $7.80 $64,065

Total Gross Returns: $64,065

OPERATING COSTS
Water Water 36 acin $21.75 $783

18-8-13 (fertilizer) 685                              lb $0.89 $608
CAN 17 (17-0-0-8Ca) 479                              lb $0.19 $90
T-Tape 21,780                         ft $0.02 $474
Mulch Pins 4,000                           each $0.02 $65
Much 1.25m 10,890                         ft $0.04 $426
Tray w/8x1lb clamshells 8,216                           each $1.83 $15,009

Plants Strawberry Plants 22,869                         each $0.11 $2,611
Assessment CA Strawberry Commision ($0.0175) 8,216                           tray $0.02 $156

Captan 50W 12                                 lb $7.31 $88
Rally 40W 20 oz $5.52 $110
Qadris 36 floz $3.43 $124
Elevate 50WDG 3 lb $51.88 $156
Thiolux 25 lb $1.10 $27
Pristine 23 oz $3.97 $91
Switch 62.5 WG 14 oz $4.51 $63
Savey 50 DF 6 oz $21.85 $131
Dipel DF 2 lb $16.53 $33
Dibrom8 Emulsive 16 pt $1.04 $17
Success 5 floz $7.85 $39
Acramite 50WS 2 lb $73.06 $146
Malathion 8 4 pt $8.20 $33
Danitol 16 floz $1.90 $30

Predatory Mites Persimilis 30 thou $6.87 $206
Fumigate - Solid (tarped) 1 acre $3,479.63 $3,480
Plastic Retrieval for fumigation 1 acre $108.74 $109
Miscellaneous Picking Labor Costs 8,216                           tray $0.40 $3,305
Cooler 8,216                           tray $0.54 $4,467
Year End Crop Removal 1 acre $434.95 $435

Materials

Fertilizer

Insecticide

Fungicide

Contract/Custom
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Crop Enterprise Budgets

Pest Control Advisor/Crop Consultant 1 acre $108.74 $109

STRAWBERRIES cont. Labor (machine) 32.97                           hrs $21.70 $715
Labor (non-machine) 1,266.44                     hrs $16.10 $20,390
Fuel - Gas 30.29 gal $2.64 $80
Fuel - Diesel 97.91 gal $2.48 $242
Lube $59
Machinery Repair $62
Interest on Operating Capital (5.75%) $502

Total Operating Costs/Acre $55,472

Liability Insurance $14
Office Expense $816
Sanitation Fee $217
Land Rent $3,000
Pipe Rent $289
Ranch Supervisor $816
Food Safety $109
Property Taxes $345
Property Insurance $26
Investment Repairs $39

Total Cash Overhead Costs/Acre: $5,671

Buildings $94
Hand tools $10
Shop Tools $27
Harvest Carts 70 $5
Fuel Tanks/Above Ground $7
Lateral Lines $55
Equipment $371

Total Cash Overhead Costs/Acre: $569
Total Gross Returns/Acre: $64,065

Total Operating Costs/Acre $55,472
Total Cash Overhead Costs/Acre: $5,671
Total Cash Overhead Costs/Acre: $569

Net Returns Above Total Costs: $2,353

Source: University of California Cooperative Extension, "Sample Costs to Produce Strawberries," 2010, accessed online at 
http://coststudyfiles.ucdavis.edu/uploads/cs_public/1f/29/1f290e6f-c512-4f08-9695-517da36d10f8/strawberrycc2010.pdf

CASH OVERHEAD COSTS

NON-CASH OVERHEAD 
COSTS
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BROCCOLI
Category Item Quantity/Acre Unit Price/Unit $ / Acre
REVENUE Conventional Broccoli 791                              box $9.80 $7,752

Total Gross Returns: $7,752

OPERATING COSTS
Gypsum/Lime Mixture 0.5                                ton $47.25 $24
3-9-9 390                              lb $0.24 $94
18-0-5-4 385                              lb $0.29 $113
List Beds/Fertilize (Listing) 1 acre $24.79 $25
Fertilize (Sidedress) 1 acre $23.49 $23
Field Labor - Contract 791                              box $1.60 $1,266
Boxes - Supplies 791                              box $1.00 $791
Other Supplies (pallets, straps, etc) 791                              box $0.50 $396
Cooling, palletizing (contract) 791                              box $0.85 $596
Selling fee (contract) 791                              box $0.62 $490

Seed Broccoli Plants (contract) 20 thou $6.20 $124
Dacthal 7 lb $19.22 $135
Goal Tender 16 oz $2.08 $33
Admire 10 oz $3.43 $34
Leverage 3                                   oz $3.95 $12
Synapse WG 2                                   oz $9.98 $20
LI 700 (Adjuvant) 8                                   oz $36.17 $289

Fungicide Quadris 14                                 oz $4.36 $61
Contract Planting 39                                 thou $6.45 $252
Irrigation Water 20                                 ac/in $21.75 $435

USDA GAP Program 0.5                                acre $12.91 $6
PRIMUS Certification 0.5                                acre $14.97 $7
Water Samples 0.5                                acre $13.94 $7
Equipment Operator Labor 4.56 hrs $21.70 $99
Irrigation Labor 5 hrs $16.10 $81
Fuel-Gas 0.97 gal $2.64 $3
Fuel-Diesel 36.65 gal $2.48 $91
Lube $17
Machinery Repair $21
Interest on Operating Capital (5.75%) $54

Total Operating Costs/Acre $5,599

Machinery

Food Safety 
Certification

Soil Amendments & 
Fertilizer

Custom

Herbicide

Insecticide

Labor
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BROCCOLI cont.

Field Sanitation $13
Land Rent $1,200
Liability Insurance $173
Office Expense $155
Property Taxes $7
Property Insurance $7
Investment Repairs $18

Total Cash Overhead Costs/Acre: $1,573

Fuel Tank - 500 gal $1
Pipe Sprinkler - 2,850' $5
Shop Building - 2,400' $39
Shop Tools $5
Trailer - Pipe #1 $4
Trailer - Pipe #2 $4
Trailer - Pipe #3 $4
Equipment $111

Total Cash Overhead Costs/Acre: $174

Total Gross Returns/Acre: $7,752
Total Operating Costs/Acre $5,599

Total Cash Overhead Costs/Acre: $1,573
Total Cash Overhead Costs/Acre: $174

Net Returns Above Total Costs: $406

CASH OVERHEAD 
COSTS

NON-CASH OVERHEAD 
COSTS

Source: University of California Cooperative Extension, "Sample Costs to Produce Fresh Market Broccoli," 2012, accessed online at 
http://coststudyfiles.ucdavis.edu/uploads/cs_public/84/2e/842e78c3-3f2c-4595-ab4b-230b89b24150/broccoli_cc2012.pdf
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Category Item Quantity/Acre Unit Price/Unit $ / Acre
REVENUE Organic Broccoli 594  box $19.47 $11,559

Total Gross Returns: $11,559

OPERATING COSTS
Compost-Manure/Gree Waste (Haul/Spread) 2.6 ton $50.74 $130
Gypsum 0.5 ton $48.84 $25
8-5-1 Meat & Bone (List Beds/Ferilize) 818.9 lb $0.42 $343
13-0-0 Bloodmeal 511.8 lb $0.57 $292

Broccoli Hybrid (organic) 58.9 thou $9.41 $554
Alyssum 0.1 lb $16.32 $1

Water Water-Pumped 20.0 acin $21.75 $435
Insecticide Entrust 2.0 oz $4.31 $9

Assessment CCOF Total Fees 1.0 acre $31.38 $31
Ground Application (insect) 1.0 acre $20.08 $20
Pest Management Consultant 1.0 acre $37.66 $38
Field Labor 593.7 box $3.26 $1,938
Supervision 593.7 box $0.23 $134
Containers 593.7 box $1.41 $835
Harvest (palletize, cool) 593.7 box $2.38 $1,416
Harvest - Sell 8% of $10 593.7 box $1.96 $1,161
Labor (machine) 5.3 hrs $21.70 $115
Labor (non-machine) 29.0 hrs $16.10 $466
Fuel-Gas 6.0 gal $2.64 $16
Fuel-Diesel 40.4 gal $2.48 $100
Lube $13
Machinery Repair $28
Interest on Operating Capital (5.75%) $64

Total Operating Costs/Acre $8,162

ORGANIC BROCCOLI

Soil Amendments & 
Fertilizer

Seed

Contract
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Land Rent $1,200
Office Expense $126
Field Sanitation $1
Liability Insurance $5
Property Taxes $173
Property Insurance $4
Investment Repairs $13

Total Cash Overhead Costs/Acre: $1,521

Building - 2,400' $28
Shop Tools $8
Fuel Tank OH2-300 gal $1
Pipe Sprinkler - 1,456' $8
Trailer - Pipe (2) $5
Equipment $62

Total Cash Overhead Costs/Acre: $110

Total Gross Returns/Acre: $11,559
Total Operating Costs/Acre $8,162

Total Cash Overhead Costs/Acre: $1,521
Total Cash Overhead Costs/Acre: $110

Net Returns Above Total Costs: $1,766

Source: University of California Cooperative Extension, "Sample Costs to Produce Organic Broccoli," 2004, accessed online at 
http://coststudyfiles.ucdavis.edu/uploads/cs_public/de/e5/dee57fcd-b5e3-4beb-bea1-e76c3025a4a0/broccoliorgcc2004.pdf

ORGANIC BROCCOLI cont.

CASH OVERHEAD 
COSTS

NON-CASH OVERHEAD 
COSTS
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LETTUCE
Category Item Quantity Unit Price/Unit $ / Acre
REVENUE Leaf Lettuce 750  cartons $15.31 $11,486

Total Gross Returns: $11,486

OPERATING COSTS

Compost -(compost+delivery) 2  ton $55.00 $110
Potassium Sulfate 150  lb N $0.86 $129
7-7-0-7 30  gal $2.03 $61
14-0-0-5 20  gal $1.27 $25
20-0-0-0-5 50  gal $1.23 $62
Soil Sample 1  acre $8.00 $8
Level 0.12 acre $165.00 $20
Spread Compost 1 acre $20.00 $20
List Beds 1  acre $23.00 $23
Ground Apply 1  acre $15.00 $15
Automated Thinning 1  acre $210.00 $210
Air Application - Pesticides (helicopter) 4 acre $20.00 $80
Pest Management Consultant 1 acre $30.00 $30
Harvest Labor 750  box $6.00 $4,500
Cool lettuce 750  box $0.85 $638
Palletize 750  box $0.15 $113
Sales Charge 750  box $0.75 $563

Seed Coated Seed 189  thou $1.40 $265
Insecticide Insecticide 1  ac $272.00 $272
Herbicide Kerb 50W 1 ac $43.00 $43
Fungicide Manex 1 ac $252.00 $252

Fertilizer/ 
Amendments

Custom
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Water Water-pumped 14 acin $21.75 $305
Labor (machine) 10.4 hrs $21.70 $226
Labor (non-machine) 22.52 hrs $16.10 $363
Fuel-Gas 2 gal $2.64 $5
Fuel-Diesel 87 gal $2.48 $215
Lube $36
Machinery Repair $164
Interest on Operating Capital (5.75%) $78

Total Operating Costs/Acre $8,828

LETTUCE cont.
Liability Insurance $1
Office Expense $350
Field Sanitation (Toilets) $12
Land Rent $1,200
Food Safety Certification $40
Property Taxes $11
Property Insurance $1
Investment Repairs $20

Total Cash Overhead Costs/Acre: $1,635

Buildings $5
Shop Tools $1
Fuel Tanks $1
Drip Tape $29
Layflat Tubing $15
Sprinkler Pipe $36
Equipment $237

Total Cash Overhead Costs/Acre: $324
Total Gross Returns/Acre: $11,486

Total Operating Costs/Acre $8,828
Total Cash Overhead Costs/Acre: $1,635
Total Cash Overhead Costs/Acre: $324

Net Returns Above Total Costs: $699

Source: University of California Cooperative Extension, "Sample Costs to Produce Lettuce," 2009, accessed online at 
http://coststudyfiles.ucdavis.edu/uploads/cs_public/0a/8a/0a8a550d-c6b8-4b50-9f2f-34e89655277e/lettuceromcc09.pdf

CASH OVERHEAD 
COSTS

NON-CASH 
OVERHEAD COSTS

Labor

Machinery
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Category Item Quantity Unit Price/Unit $ / Acre
REVENUE Organic Leaf Lettuce 716               box $19.64 $14,051

Total Gross Returns: $14,051

OPERATING COSTS

Compost  Green Waste 1/2 cost (tonnage) to lettuce 2.4                ton $45.07 $107
Gypsum 1/2 cost (tonnage) to lettuce 0.5                ton $47.32 $23
Pelleted Chicken Manure 954               lb $0.28 $269
13-0-0 Bloodmeal 429               lb $0.85 $363
6-1-1 Phytamin 801 163               lb $0.57 $94

Leaf Lettuce (organic) 148.2 thou $1.11 $164
Alyssum 0.05 lb $16.58 $1
Water - Pumped 17 acin $21.75 $370
Drip Tape (10mil) 1/2 cost (footage) to lettuce 6541 foot $0.03 $217
Dipel DF 1 lb $15.88 $16
Pyganic 1.4 EC 2 pint $24.71 $49
Ground Application (Insects) 1 acre $27.63 $28
Harvest Labor 716               box $2.38 $1,700
Carton 716               box $2.21 $1,582
Cool and Palletize 716               box $1.22 $870
Selling Costs (8%) 716               box $1.74 $1,242
Pest Management Consultant 1 acre $33.16 $33
Spread Green Wast+Gypsum mixture 3 ton $11.05 $33
List & Fertilize 1 acre $27.63 $28
Labor (machine) 8.01 hrs $21.70 $174
Labor (non-machine) 43.28 hrs $16.10 $697
Fuel-Gas 5.95 gal $2.64 $16
Fuel-Diesel 60 gal $2.48 $149
Lube $46
Machinery Repair $52
Interest on Operating Capital (5.75%) $73

Total Operating Costs/Acre $8,394

Land Rent $1,200
Office Expense $140

ORGANIC LEAF LETTUCE

ORGANIC LEAF LETTUCE cont.

Fertilizer

Labor

Machinery

Seed

Irrigation

Contract/Custom

Insecticide
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Field Sanitation $70
Liability Insurance $2
Annual Organic Certification Fees $99
Property Taxes $173
Property Insurance $7
Investment Repairs $13

Total Cash Overhead Costs/Acre: $1,704

Buildings $27.63
Shop Tools $6.63
Fuel Tanks $1
Pipe - Sprinkler $9
Trailer - Pipe #1 $2
Trailer - Pipe #2 $2
Equipment $82

Total Cash Overhead Costs/Acre: $130

Total Gross Returns/Acre: $14,051
Total Operating Costs/Acre $8,394

Total Cash Overhead Costs/Acre: $1,704
Total Cash Overhead Costs/Acre: $130

Net Returns Above Total Costs: $3,823

Source: University of California Cooperative Extension, "Sample Costs to Produce Organic Leaf Lettuce," 2009, accessed online at 
http://coststudyfiles.ucdavis.edu/uploads/cs_public/7d/96/7d96db67-49ca-442f-9543-4482187c9cd1/lettuceleaforganiccc09.pdf

CASH OVERHEAD 
COSTS

NON-CASH 
OVERHEAD COSTS
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SPINACH
Category Item Quantity/Acre Unit Price/Unit Price/Acre
REVENUE Spinach 7,800.0   lbs $0.95 $7,445

Total Gross Returns: $7,445

OPERATING COSTS
16-20-0 400.0  lb $1.30 $520
AN20 40.0  gal $2.00 $80
Soil Samples 1.1 acre $6.00 $7
Laser Level 1.1   acre $60.00 $66
Spread Fertilizer 1.1   acre $20.00 $22
Air Application 1.1   acre $45.00 $50
Harvest, Pack, Palletize 7,800.00  lb $0.20 $1,560

Pest Mgmt 1.1   acre $275.00 $303
Seed Seed 4.4   million $225.00 $990

PCA Fee 1.0   acre $30.00 $30
Organic Certification 1.0   acre $14.00 $14

Irrigation Water 8.8   ac- in $18.00 $158
Equipment Operator Labor 8.38  hrs $21.70 $182
Non-Machine 16.87  hrs $16.10 $272
Fuel-Gas 4.00  gal $2.64 $11
Fuel-Diesel 37.00  gal $2.48 $92
Lube $34
Machinery Repair $118
Interest on Operating Capital (5.75%) $30

Total Operating Costs/Acre $4,537

Field Sanitation $3
Land Rent $1,200
Liability Insurance $14
Office Expense $50
Property Taxes $8
Programs $60
Property Insurance $7
Investment Repairs $2

Total Cash Overhead Costs/Acre: $1,344

Fuel Tank - 500 gal $0
Pipe Sprinkler - 2,850' $48

Soil Amendments & 
Fertilizer

Custom

Fees

Labor

Machinery

CASH OVERHEAD 
COSTS
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Shop Building - 2,400' $8
Shop Tools $1
Spinach totes $2

Equipment $159
Total Cash Overhead Costs/Acre: $218

Total Costs $6,099

Total Gross Returns/Acre: $7,445
Total Operating Costs/Acre $4,537

Total Cash Overhead Costs/Acre: $1,562

Net Returns Above Total Costs: $1,346

Source: University of California Cooperative Extension, "Sample Costs to Produce Organic Spinach," 2015, accessed online at 
http://coststudyfiles.ucdavis.edu

NON-CASH OVERHEAD 
COSTS
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Category Item Quantity/Acre Unit Price/Unit Price/Acre
REVENUE Organic Spinach 6,367  lbs $2.03 $12,895

Total Gross Returns: $12,895

OPERATING COSTS
Compost 1.5   ton $55.00 $80
4-4-2 1.4   ton $400.00 $548
Soil Samples 1.1 acre $6.00 $7
Haul / Spread Compost 0.36 acre $20.00 $7
Laser Level 1.1   acre $60.00 $66
Spread Fertilizer 1.1   acre $20.00 $22
Air Application 1.1   acre $45.00 $50
Harvest, Pack, Palletize 6,366.67  lb $0.20 $1,273

Pest Mgmt 1.1   acre $275.00 $303
Seed Organic Seed 4.4   million $450.00 $1,980

PCA Fee 1.0   acre $30.00 $30
Organic Certification 1.0   acre $14.00 $14

Irrigation Water 8.8   ac- in $18.00 $158
Equipment Operator Labor 9.22  hrs $21.70 $200
Non-Machine 32.35  hrs $16.10 $521
Fuel-Gas 0.83  gal $2.64 $2
Fuel-Diesel 76.07  gal $2.48 $188
Lube $34
Machinery Repair $118
Interest on Operating Capital (5.75%) $30

Total Operating Costs/Acre $5,631

Field Sanitation $3
Land Rent $1,200
Liability Insurance $14
Office Expense $50
Property Taxes $8
Programs $60
Property Insurance $7
Investment Repairs $2

Total Cash Overhead Costs/Acre: $1,344

Fuel Tank - 500 gal $0

ORGANIC SPINACH

Machinery

CASH OVERHEAD 
COSTS

Soil Amendments & 
Fertilizer

Custom

Fees

Labor
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Pipe Sprinkler - 2,850' $48
Shop Building - 2,400' $8
Shop Tools $1
Spinach totes $2

Equipment $159
Total Cash Overhead Costs/Acre: $218

Total Costs $7,193

Total Gross Returns/Acre: $12,895
Total Operating Costs/Acre $5,631

Total Cash Overhead Costs/Acre: $1,562

Net Returns Above Total Costs: $5,702

Source: University of California Cooperative Extension, "Sample Costs to Produce Organic Spinach," 2015, accessed online at 
http://coststudyfiles.ucdavis.edu

NON-CASH OVERHEAD 
COSTS
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Scenario 2 & 2a spring / summer (2 mo cover / 3 mo fallow) 2009 2016

Quantity/Acre Unit Price/Unit Price/Unit Price/Acre
Material Cover Crop Seed 120 lbs 1.14 1.26 151.52$                 

Labor Plant 0.16 hrs 21.7 3.47$                     
Mow 0.16 hrs 21.7 3.47$                     
Disc 0.28 hrs 21.7 6.08$                     

Equipment Fuel, Lube & Repair 1 acre 10 11.05 11.05$                   
Water 0.67 ac - in 21.75 14.50$                   

Total Cost 190.09$                 
Scenario 3, 3a, 4, 4a Full year - 8 month covered / 12 month fallow - 1 or 2 cover crops installed

Quantity/Acre Unit Price/Unit Price/Unit Price/Acre
Material Cover Crop Seed 120 lbs 1.14 1.26 151.52$                 

Labor Plant 0.16 hrs 21.7 3.47$                     
Mow 0.32 hrs 21.7 6.94$                     
Disc 0.28 hrs 21.7 6.08$                     

Equipment Fuel, Lube & Repair 1 acre 20 22.10 22.10$                   
Water 0.67 ac - in 21.75 14.50$                   

Total Cost 205$                      
2x 409$                      
Modeled 238.72$                 

Source: University of California Cooperative Extension, "Sample Costs to Produce Organic Spinach," 2015, accessed online at 
http://coststudyfiles.ucdavis.edu

COVER CROP

A17



HIGHLAND ECONOMICS, LLC 
B1 

APPENDIX B HISTOGRAM RESULTS BY SCENARIO 



HIGHLAND ECONOMICS, LLC 
B2 



HIGHLAND ECONOMICS, LLC 
B3 

Scenario 3 – Net Returns Foregone 

Scenario 4 – Net Returns Foregone 



HIGHLAND ECONOMICS, LLC A 

SANTA CRUZ COVER CROP ECONOMIC VALUATION 

APPENDIX C ONE PAGE SUMMARIES OF COVER CROP SCENARIOS 

This appendix contains one page summaries of the most likely costs (including a summary of assumptions used to 
estimate foregone crop revenue), most likely water savings, and relative costs per acre foot conserved for each cover 
crop scenario considered in this analysis. 



SCENARIO 2 (THREE MONTHS) – SPINACH OR LETTUCE 

This scenario considers planting a cover crop and maintaining it over 
a two-month period in the spring or summer before terminating it 
and prepping the ground for the next commercial crop.  The total 
lost opportunity of commercial production is represented by 
spinach or lettuce production over a three-month period. 

FOREGONE REVENUE ASSUMPTIONS 
The primary cost to the grower of cover cropping is the foregone 
revenue from spinach or lettuce, as shown in the table below. 

Per-Acre Net Returns of Crops Foregone – Scenario 2 

Based on these cost and return estimates, in planting a cover crop 
instead of spinach or lettuce commercial crops, growers would 
most likely be foregoing $975 per acre with a potential range (80 
percent chance) of foregoing $300 and $1,600 during the three 
month period. The range aims to represent the diversity of net 
returns experienced by growers in the Pajaro Valley, while the most 
likely value is the estimated most common value experienced across 
the valley. 

COVER CROP COSTS 
Another private cost that growers would face in following this 
scenario would be costs to establish, maintain and incorporate in 
the cover crop during the three-month period in the spring or 
summer.  These activities would most likely cost $245 per acre with 
a potential range (80 percent chance) of between $130 and $375 
per acre. 
TOTAL COSTS TO GROWER 
Combining the cover crop cost with the foregone revenue costs, 
total costs to the grower are most likely $1,220 with the range 
between $500 and $1,900 per acre over the three-month period. 
Note that the most likely value is approximately the sum of the 
most likely cover crop cost and the most likely foregone revenue 
cost, but that the range is not the sum of the lowest and highest 
values, as it is unlikely that any individual grower in a given year 
would experience together the lowest (or highest) foregone 
revenue and the lowest (or highest) cover cropping costs. 

POTENTIAL YIELD IMPROVEMENTS – PRIVATE BENEFITS 
Literature suggests that cover cropping can influence the yields of 
subsequent crops by affecting: pest and disease pressure, short-

Spinach Leaf Lettuce
Yield 7,280- 8,320 lbs 600 - 900 cartons
Price $0.66 - $1.10 / lb $12.15 - $17.14 / carton
Gross Returns $6,500 - $8,200 $9,960 - $12,990
Seeding $1,000 $265
Fertility $600 $387
Labor (non-harvest, $16.10 / hr) $450 $588
Harvest $1,500 - $1,600 $5,200 - $6,400
Water (Spin: 8 ac-in, Let: 15 ac-in) $158 $305
Other Operating Costs $780 $1,776
Total Operating Costs $4,480 -$4,600 $8,200 -$9,400
Land Rent by Crop Period $1,000 - $1,700 $1,000 - $1,700
Other Cash Overhead $144 $435
Total Cash Overhead $1,200 - $1,600 $1,400 -$2,100
Non-Cash Overhead $218 $324
Total Costs $5,980 - $6,340 $10,200 - $11,400
Net Returns by Crop $400 - $2,000 $(400) - $1,700
Total Annual Foregone Revenue $300 - $1,600



term nitrogen availability (especially for nitrogen fixing crops), long 
term soil texture and fertility (especially for crops with high carbon-
nitrogen ratios), soil loss, and other factors. Studies suggest that the 
potential short-term adverse yield impact of cover cropping may be 
up to a 19 percent yield reduction, from cover crops with a high 
carbon-nitrogen ratio taking an extended period of time to break 
down in the soil. Literature also suggests the longer term impact of 
cover cropping is a yield increase, potentially up to nearly 90 
percent (Burket, 1997) (Ngouajio, 2003).  However, there is 
uncertainty what the specific yield benefits would be in the Pajaro 
Valley under current management practices. As such, we cap the 
positive impact of cover cropping at the maximum yields that UCCE 
publications suggest are attainable (high-end of their yield 
sensitivity tables).  This is up to a 10 percent increase for spinach 
and 35 percent increase for lettuce.  The financial model suggests 
the net impact of these increased yields would most likely be $58 
per acre that could partially offset the costs to the grower.  

WATER SAVINGS & RELATIVE COSTS PER UNIT 
Water use for the crops, based on UCCE publications (Tourte L. a., 
2015)  (Smith, 2009), as well as discussions with growers (Dennis 
Lebow, 2016) and PVWMA, is estimated at between eight and 15 
inches.  While the cover crop is not expected to use water in the 
most likely situation for this scenario, it is modeled to use up to four 
inches.  In total, this scenario would likely save 10 inches of water, 
or 0.8 acre feet.  Based on the total costs presented above, this 
scenario would be equivalent to a most likely water value savings 
of $1,325 per acre-foot, with a range of $540 to $2,040 per acre-
foot.    The short term duration of this scenario relative to Scenario 
4 and 5 comes with additional risks that growers would have cover 

cropped or fallowed anyway, and thus, the additional benefit of this 
program could possibly be compromised.   

SUMMARY PER ACRE COSTS AND BENEFITS 

Value Type 
Foregone 

Crop 
Revenue  

Cover 
Crop 
Cost 

Total 
Cost 

Water 
Savings 

(AF) 

Value 
per AF 

Range (80% 
Chance) 

$300 - 
$1,600 

$130 - 
$375 

$500 - 
$1,900 

0.7 – 0.8 $540 - 
$2,040 

Most Likely $975 $245 $1,220 0.8 $1,325 
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SCENARIO 2A (3 MONTH) – ORG. SPINACH OR LETTUCE 

This scenario considers planting a cover crop and maintaining it over 
a two-month period in the spring or summer before terminating it 
and prepping the ground for the next commercial crop.  The total 
lost opportunity of commercial production is represented by 
certified organic (COG) spinach or leaf lettuce and would occur over 
a three-month period.  The distinction between this scenario and 
Scenario 3 is the COG certification.   

FOREGONE REVENUE ASSUMPTIONS 
The primary cost to the grower of cover cropping is the foregone 
revenue from spinach or lettuce, as shown in the table below. 

Per-Acre Net Returns of Foregone Crops – Scenario 2a 

Based on these cost and return estimates, in planting a cover crop 
instead of spinach or lettuce commercial crops, growers would 
most likely be foregoing $4,700 per acre with a potential range (80 
percent chance) of foregoing $3,500 and $5,900 during the three 
month period. The range aims to represent the diversity of net 
returns experienced by growers in the Pajaro Valley, while the most 
likely value is the estimated most common value experienced across 
the valley. 

COVER CROP COSTS 
Another private cost that growers would face in following this 
scenario would be costs to establish, maintain and incorporate in 
the cover crop during the three-month period in the spring or 
summer.  These activities would most likely cost $245 per acre with 
a potential range (80 percent chance) of between $130 and $375 
per acre. 

TOTAL COSTS TO GROWER 
Combining the cover crop cost with the foregone revenue costs, 
total costs to the grower are most likely $4,950 with the range 
between $3,800 and $6,200 per acre over the three-month period. 
Note that the most likely value is approximately the sum of the 
most likely cover crop cost and the most likely foregone revenue 
cost, but that the range is not the sum of the lowest and highest 
values, as it is unlikely that any individual grower in a given year 
would experience together the lowest (or highest) foregone 
revenue and the lowest (or highest) cover cropping costs. 

POTENTIAL YIELD IMPROVEMENTS – PRIVATE BENEFITS 
Literature suggests that cover cropping can influence the yields of 
subsequent crops by affecting: pest and disease pressure, short-
term nitrogen availability (especially for nitrogen fixing crops), long 

COG Spinach COG Leaf Lettuce
Yield 5,000 - 7,200 lbs 700 - 740 boxes
Price $1.55 - $2.22 / lb $11.50 - $18.70 /  box
Gross Returns $11,400 - $14,300 $12,000 - $16,400
Seeding $1,980 $165
Fertility $630 $855
Labor (non-harvest, $16.10 / hr) $721 $871
Harvest $1,160 - $1,380 $5,150 - $5,640
Water (Spin: 8 ac-in, Let: 17 ac-in) $160 $370
Other Operating Costs $870 $740
Total Operating Costs $5,520 -$5,730 $8,140 -$8,660
Land Rent $1,000 - $1,700 $1,000 - $1,700
Other Cash Overhead $144 $500
Total Cash Overhead $1,200 - $1,600 $1,600 - $1,930
Non-Cash Overhead $218 $130
Total Costs $7,050 - $7,450 $9,970 - $10,600
Net Returns by Crop $4,260 - $6,950 $1,960 - $5,830
Total Annual Foregone Revenue $3,500 - $5,900



term soil texture and fertility (especially for crops with high carbon-
nitrogen ratios), soil loss, and other factors. Studies suggest that the 
potential short-term adverse yield impact of cover cropping may be 
up to a 19 percent yield reduction, from cover crops with a high 
carbon-nitrogen ratio taking an extended period of time to break 
down in the soil. Literature also suggests the longer term impact of 
cover cropping is  a yield increase, potentially up to nearly 90 
percent (Burket, 1997) (Ngouajio, 2003).  However, there is 
uncertainty what the specific yield benefits would be in the Pajaro 
Valley under current management practices. As such, we cap the 
positive impact of cover cropping at the maximum yields that UCCE 
publications suggest are attainable (high-end of their yield 
sensitivity tables).  This is up to a 10 percent increase for spinach 
and 50 percent increase for lettuce.  The financial model suggests 
the net impact of these increased yields would most likely be $1,200 
per acre (25 percent increase) that could partially offset the costs to 
the grower.        

WATER SAVINGS & RELATIVE COSTS PER UNIT 
Water use for the crops, based on UCCE publications (Tourte L. a., 
2015)  (Tourte, Sample Costs to Produce Organic Leaf Lettuce, 
2009), as well as discussions with growers (Dennis Lebow, 2016) and 
PVWMA, is estimated at 8.8 inches for spinach and 17 inches for 
leaf lettuce.  While the cover crop is not expected to use water in 
the most likely situation for this scenario, it is modeled to use up to 
four inches at most.  In total this scenario would likely save 12 
inches of water, or one acre foot.  Based on the total costs 
presented above, this scenario would be equivalent to a most likely 
water value savings of $4,610 per acre-foot, with a range of $3,500 
to $5,700 per acre-foot.  Of the four scenarios found to likely result 
in water savings, this scenario ranks as the most expensive per unit 
of water that would be conserved.  Like Scenario 3, the relative 

short term duration of this scenario would also cause potential 
difficulties in experiencing additional benefits from the program 
being implemented. However, in the event that a cover crop 
program is implemented, organic producers should not be excluded 
as this group of growers has other incentives for cover cropping and 
fallowing, and this concept is likely to fit into a long term 
management plan for certified organic production.   

SUMMARY PER ACRE COSTS AND BENEFITS 

Value Type 
Foregone 

Crop 
Revenue  

Cover 
Crop 
Cost 

Total 
Cost 

Water 
Savings 

(AF) 

Value  
per AF 

Range (80% 
Chance) 

$3,500 - 
$5,900 

$130 - 
$375 

$3,800 - 
$6,200 

0.7 – 1.1 $3,500 - 
$5,700 

Most Likely $4,700 $245 $4,950 1.1 $4,610 
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SCENARIO 3 (FULL YEAR) – BROCCOLI / LEAF LETTUCE 

This scenario considers planting a cover crop and maintaining it over 
an eight-month period before terminating it and prepping the 
ground for the next commercial crop.  The total lost opportunity of 
commercial production is represented by a rotation including 
broccoli and leaf lettuce over a one-year period. 

FOREGONE CROP REVENUE 
The primary cost to the grower of cover cropping is the foregone 
revenue from the broccoli and lettuce, as shown in the table below. 

Per-Acre Net Returns of Foregone Crops – Scenario 3 

Based on these cost and return estimates, in planting a cover crop 
instead of broccoli and lettuce commercial crops, growers would 
most likely be foregoing $1,000 per acre. While the model indicates 

possible loss of income from operations, this is expected to occur 
infrequently; the potential range (80 percent chance) of foregone 
revenue in this scenario is between ($310) and $2,370.  

COVER CROP COSTS 
Growers would also incur costs to establish, maintain and 
incorporate the cover crop during the eight-month period. Growers 
could either establish one cover crop and let it go to seed, or 
incorporate the first cover crop before it goes to seed and establish 
a second cover crop. These activities would most likely cost $300 
per acre with a potential range (80 percent chance) of between 
$166 and $465 per acre.  

TOTAL COSTS TO GROWER 
Combining the cover crop cost with the foregone revenue costs, 
total costs to the grower are most likely $1,300 per acre with the 
range between $(10) and $2,370 per acre per year. Note that the 
most likely value is approximately the sum of the most likely cover 
crop cost and the most likely foregone revenue cost, but that the 
range is not the sum of the lowest and highest values, as it is 
unlikely that any individual grower in a given year would experience 
together the lowest (or highest) foregone revenue and the lowest 
(or highest) cover cropping costs. 

POTENTIAL YIELD IMPROVEMENTS – PRIVATE BENEFITS 
Literature suggests that cover cropping can influence the yields of 
subsequent crops by affecting: pest cycles and disease pressure, 
short-term nitrogen availability (especially for nitrogen-fixing cover 
crops), long-term soil texture and fertility (especially for crops with 
high carbon-nitrogen ratios), soil loss, and other factors. Studies 
suggest that the potential short-term adverse yield impact of cover 
cropping may be up to a 19 percent yield reduction, from cover 
crops with a high carbon-nitrogen ratio taking an extended period 

Broccoli Leaf Lettuce
Yield 750-820 boxes 600 - 900 cartons
Price $7.60 - $12.00 / box $12.15 - $17.14 / carton
Gross Returns $6,840-$8,670 $9,960 - $12,990
Seeding / Transplant $550 $265
Fertility $230 $387
Labor (non-harvest, $16.10 / hr) $1,400-$1,600 $588
Harvest (labor & mat.) $2,220-$2,320 $5,200 - $6,400
Water (broc:  20 ac-in, let: 15 ac-in) $435 $305
Other Operating Costs $794 $1,776
Total Operating Costs $5,850-$6,020 $8,200 -$9,400
Land Rent by Crop Period $1,000 - $1,700 $1,000 - $1,700
Other Cash Overhead $370 $435
Total Cash Overhead $1,460 - $1,800 $1,400 -$2,100
Non-Cash Overhead $174 $324
Total Costs $7,560-$7,940 $10,200 - $11,400
Net Returns by Crop ($500)-$1,250 ($400) - $1,700
Total Annual Foregone Revenue ($310) - $2,370



of time to break down in the soil. Literature also suggests the longer 
term impact of cover cropping is a yield increase, potentially up to 
nearly 90 percent (Burket, 1997) (Ngouajio, 2003).  However, there 
is uncertainty what the specific yield benefits would be in the Pajaro 
Valley under current management practices. As such, we cap the 
positive impact of cover cropping at the maximum yields that UCCE 
publications suggest are attainable (high-end of their yield 
sensitivity tables). This is up to a 16 percent yield increase for 
broccoli, and up to a 35 percent increase in yield for lettuce. This 
suggests that the long-term impact of cover cropping may be an 
increase of approximately $240 in profit per acre per year that could 
partially offset the costs to the grower. 

WATER SAVINGS & RELATIVE COSTS PER UNIT 
Water use for the crops, based on UCCE publications (Surendra, 
2012) (Smith, 2009) , as well as discussions with growers (Lebow, 
2016)and PVWMA, is estimated at 20 acre inches while leaf lettuce 
is an additional 15 acre inches for a total of 35 acre inches per year.  
While the cover crop is not expected to use water in the most likely 
situation for this scenario, it is modeled to use up to eight inches at 
most.  In total, this scenario would likely save just under 34 acre-
inches of water per acre, or 2.8 acre feet.  Based on the total costs 
presented above, this scenario would be equivalent to a most likely 
water value savings of $465 per acre-foot, with a range of $(7) to 
$957 per acre-foot.   In addition, the duration of this scenario would 
likely ensure that benefits from the program are additional, and 
fallowing would not have been practiced without this program.   

SUMMARY PER ACRE COSTS AND BENEFITS 

Value Type 
Foregone 

Crop 
Revenue  

Cover 
Crop 
Cost 

Total 
Cost 

Water 
Savings 

(AF) 

Value  
per AF 

Range (80% 
Chance) 

$(310) - 
$2,370 

$166 - 
$465 

$(10) - 
$2,670 

2.5 – 3.0 $(7) - 
$957 

Most Likely $1,000 $300 $1,300 2.8 $465 
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SCENARIO 3A (ONE YEAR): ORG. BROCCOLI & LETTUCE 

This scenario considers planting a cover crop and maintaining it over 
an eight-month period before terminating it and prepping the 
ground for the next commercial crop. The total lost opportunity of 
certified organic (COG) commercial production is represented by a 
rotation including broccoli and leaf lettuce over a one-year period. 
The distinction between this scenario and Scenario 4 is the COG 
certification.  

FOREGONE CROP REVENUE 
The primary cost to the grower of cover cropping is the foregone 
revenue from the broccoli and lettuce, as shown in the table below. 

Per-Acre Net Returns Over One-Year Period – Scenario 3a 

Based on these cost and return estimates, in planting a cover crop 
instead of broccoli and lettuce commercial crops, growers would 
most likely be foregoing $5,490 per acre with a potential range (80 
percent chance) of foregoing between $3,430 and $7,800 during the 
one-year period for both crops. The range aims to represent the 
diversity of net returns experienced by growers in the Pajaro Valley, 
while the most likely value is the estimated most common value 
experienced across the valley. 

COVER CROP COSTS 
Growers would also incur costs to establish, maintain and 
incorporate the cover crop during the eight-month period. Growers 
could either establish one cover crop and let it go to seed, or 
incorporate the first cover crop before it goes to seed and establish 
a second cover crop. These activities would most likely cost $300 
per acre with a potential range (80 percent chance) of between 
$166 and $465 per acre.  

TOTAL COSTS TO GROWER 
Combining the cover crop cost with the foregone revenue costs, 
total costs to the grower are most likely $5,800 with the range 
between $3,730 and $8,100 per acre per year. Note that the most 
likely value is approximately the sum of the most likely cover crop 
cost and the most likely foregone revenue cost, but that the range is 
not the sum of the lowest and highest values, as it is unlikely that 
any individual grower in a given year would experience together the 
lowest (or highest) foregone revenue and the lowest (or highest) 
cover cropping costs. 

POTENTIAL YIELD BENEFITS TO GROWER 
Literature suggests that cover cropping can influence the yields of 
subsequent crops by affecting: pest cycles and disease pressure, 

COG Broccoli COG Leaf Lettuce
Yield 542 - 692 boxes 700 - 740 boxes
Price $9.90 - $18.80 / box $11.50 - $18.70 / box
Gross Returns $10,300 -$12,800 $12,000 - $16,400
Seeding / Transplant $550 $165
Fertility $800 $855
Labor (non-harvest, $16.10 / hr) $580 $871
Harvest (labor & mat.) $5,000 - $5,860 $5,150 - $5,640
Water (broc:  20 ac-in, let: 17 ac-in) $435 $370
Other Operating Costs $320 $740
Total Operating Costs 7,900- $8,800 $8,140 - $8,660
Land Rent by Crop Period $1,000 - $1,700 $1,000 - $1,700
Other Cash Overhead $320 $500
Total Cash Overhead $1,400 - $1,750 $1,600 - $1,930
Non-Cash Overhead $110 $130
Total Costs $9,600 - $10,600 $9,970 - $10,600
Net Returns by Crop $830 - $2,640 $1,960 - $5,830
Total Annual Foregone Revenue $3,430 - $7,800



short-term nitrogen availability (especially for nitrogen-fixing cover 
crops), long-term soil texture and fertility (especially for crops with 
high carbon-nitrogen ratios), soil loss, and other factors. Studies 
suggest that the potential short-term adverse yield impact of cover 
cropping may be up to a 19 percent yield reduction, from cover 
crops with a high carbon-nitrogen ratio taking an extended period 
of time to break down in the soil. Literature also suggests the longer 
term impact of cover cropping is  a yield increase, potentially up to 
nearly 90 percent (Burket, 1997) (Ngouajio, 2003).  However, there 
is uncertainty what the specific yield benefits would be in the Pajaro 
Valley under current management practices. As such, we cap the 
positive impact of cover cropping  at the maximum yields that UCCE 
publications suggest are attainable (high-end of their yield 
sensitivity tables). This is up to a 30 percent yield increase for COG 
broccoli, and up to a 50 percent increase in yield for lettuce. This 
suggests that the long-term impact of cover cropping may be an 
increase of approximately $3,300 in profit per acre per year that 
could partially offset the costs to the grower.  

WATER SAVINGS & COSTS PER ACRE-FOOT 
Water use for the crops, based on UCCE publications (Tourte, 2004) 
(Tourte, Sample Costs to Produce Organic Leaf Lettuce, 2009), as 
well as discussions with growers (Dennis Lebow, 2016) and PVWMA, 
is estimated at 20 inches for broccoli and 17 inches for leaf lettuce, 
for a total of 37 acre-inches for the year. While the cover crop is not 
expected to use water in the most likely situation for this scenario, 
it is modeled to use up to eight inches maximum. In total, this 
scenario is likely save 35.6 acre-inches of water, or 3.0 acre-feet. 
Based on the total costs presented above, this scenario would be 
equivalent to a most likely water value savings of $1,950 per acre-
foot, with a range of $1,240 to $2,730 per acre-foot.   

SUMMARY PER ACRE COSTS AND BENEFITS 

Value Type 
Foregone 

Crop 
Revenue  

Cover 
Crop 
Cost 

Total 
Cost 

Water 
Savings 

(AF) 

Value  
per AF 

Range (80% 
Chance) 

$3,430 - 
$7,800 

$166 - 
$465 

$3,730 - 
$8,100 

2.7 – 3.1 $1,240 - 
$2,730 

Most Likely $5,490 $300 $5,800 3.0 $1,950 
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SCENARIO 4 (FULL YEAR) – STRAWBERRIES 

This scenario considers planting a cover crop and maintaining it over 
an eight-month period before terminating it and prepping the 
ground for the next commercial crop.  The total lost opportunity of 
commercial production is represented by strawberry production 
over a one-year period. 

FOREGONE REVENUE ASSUMPTIONS 
The primary cost to the grower of cover cropping is the foregone 
revenue from strawberry production, as shown in the table below. 

Per-Acre Net Returns of Foregone Crops – Scenario 4 

Based on these cost and return estimates, in planting a cover crop 
instead of a commercial strawberry crop, growers would most 
likely be foregoing $2,400 per acre with a potential range (80 
percent chance) of foregoing between $(2,500) and $7,550 per acre 
over the year. While the model indicates possible loss of income 
from operations, this is expected to occur infrequently; with 
positive net returns likely over a one-year period.   

COVER CROP COSTS 
Growers would also incur costs to establish, maintain and 
incorporate the cover crop during the eight-month period. Growers 
could either establish one cover crop and let it go to seed, or 
incorporate the first cover crop before it goes to seed and establish 
a second cover crop. These activities would most likely cost $300 
per acre with a potential range (80 percent chance) of between 
$166 and $465 per acre.  

TOTAL COSTS TO GROWER 
Combining the cover crop cost with the foregone revenue costs, 
total costs to the grower are most likely $2,680 with the range 
between $(2,300) and $7,800 per acre per year. Note that the most 
likely value is approximately the sum of the most likely cover crop 
cost and the most likely foregone revenue cost, but that the range is 
not the sum of the lowest and highest values, as it is unlikely that 
any individual grower in a given year would experience together the 
lowest (or highest) foregone revenue and the lowest (or highest) 
cover cropping costs. 

POTENTIAL YIELD IMPROVEMENTS – PRIVATE BENEFITS 
Literature suggests that cover cropping can influence the yields of 
subsequent crops by affecting: pest cycles and disease pressure, 

Strawberry
Yield 7,890 - 8,550 trays
Price $8.50 - $10.88 / tray
Gross Returns $58,800 - $69,400
Seeding / Transplant $2,610
Fertility $700
Labor (non-harvest, $16.10 / hr) $21,100
Harvest (labor & mat.) $21,900 - $23,700
Water (acin: 28) $780
Other Operating Costs $7,500
Total Operating Costs $54,500 - $56,500
Land Rent $1,600 - $4,200
Other Cash Overhead $2,670
Total Cash Overhead $4,970 - $6,290
Non-Cash Overhead $570
Total Costs $60,550 - $62,800
Net Returns by Crop ($2,500) - $7,600
Total Annual Foregone Revenue ($2,500) - $7,600



short-term nitrogen availability (especially for nitrogen-fixing cover 
crops), long-term soil texture and fertility (especially for crops with 
high carbon-nitrogen ratios), soil loss, and other factors. Studies 
suggest that the potential short-term adverse yield impact of cover 
cropping may be up to a 19 percent yield reduction, from cover 
crops with a high carbon-nitrogen ratio taking an extended period 
of time to break down in the soil. Literature also suggests the longer 
term impact of cover cropping is a yield increase, potentially up to 
nearly 90 percent (Burket, 1997) (Ngouajio, 2003) (Seigies, 2006).  
However, there is uncertainty what the specific yield benefits would 
be in the Pajaro Valley under current management practices. As 
such, we cap the positive impact of cover cropping at the maximum 
yields that UCCE publications suggest are attainable (high-end of 
their yield sensitivity tables).  This is up a 12 percent yield increase 
for strawberries, resulting in an increase of approximately $340 per 
acre per year that could partially offset the costs to the grower.       

WATER SAVINGS & RELATIVE COSTS PER UNIT 
Water use for the organic strawberry crop, based on UCCE  
publication (Bolda, 2010), as well as discussions with growers 
(Lebow, 2016)  and PVWMA, is estimated at 28 inches.  While the 
cover crop is not expected to use water in the most likely situation 
for this scenario, it is modeled to use up to eight inches at most.  In 
total, this scenario would likely save 26.5 acre-inches of water per 
acre, or 2.2 acre feet.  Based on the total costs presented above, 
this scenario would be equivalent to a most likely water value 
savings of $1,220 per acre-foot, with a range of $(1,000) to $3,400 
per acre-foot.   

SUMMARY PER ACRE COSTS AND BENEFITS 

Value Type 
Foregone 

Crop 
Revenue  

Cover 
Crop 
Cost 

Total 
Cost 

Water 
Savings 

(AF) 

Value  
Per AF 

Range (80% 
Chance) 

$(2,500) 
- $7,600 

$166 - 
$465 

$(2,300) 
- $7,800 

2.0 – 2.3 $(1,000) 
- $3,400 

Most Likely $2,400 $300 $2,680 2.2 $1,220 
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SCENARIO 4A (FULL YEAR) – ORG. STRAWBERRIES 

This scenario considers planting a cover crop and maintaining it over 
an eight-month period before terminating it and prepping the 
ground for the next commercial crop.  The total lost opportunity of 
commercial production is represented by certified organic (COG) 
strawberry production over a one-year period. The distinction 
between this scenario and Scenario 5 is the COG certification. 

FOREGONE REVENUE ASSUMPTIONS 
The primary cost to the grower of cover cropping is the foregone 
revenue from strawberry production, as shown in the table below. 

Per-Acre Net Returns of Foregone Crops – Scenario 4a 

Based on these cost and return estimates, in planting a cover crop 
instead of an organic strawberry commercial crop, growers would 
most likely be foregoing $6,635 per acre with a potential range (80 
percent chance) of foregoing between $2,900 and $10,500 per acre 
over the year.  

COVER CROP COSTS 
Growers would also incur costs to establish, maintain and 
incorporate the cover crop during the eight-month period. Growers 
could either establish one cover crop and let it go to seed, or 
incorporate the first cover crop before it goes to seed and establish 
a second cover crop. These activities would most likely cost $300 
per acre with a potential range (80 percent chance) of between 
$166 and $465 per acre.  

TOTAL COSTS TO GROWER 
Combining the cover crop cost with the foregone revenue costs, 
total costs to the grower are most likely $6,935 with the range 
between $3,400 and $10,500 per acre per year. Note that the most 
likely value is approximately the sum of the most likely cover crop 
cost and the most likely foregone revenue cost, but that the range is 
not the sum of the lowest and highest values, as it is unlikely that 
any individual grower in a given year would experience together the 
lowest (or highest) foregone revenue and the lowest (or highest) 
cover cropping costs. 

POTENTIAL YIELD IMPROVEMENTS – PRIVATE BENEFITS 
Literature suggests that cover cropping can influence the yields of 
subsequent crops by affecting: pest cycles and disease pressure, 
short-term nitrogen availability (especially for nitrogen-fixing cover 
crops), long-term soil texture and fertility (especially for crops with 

COG Strawberry
Yield 4,330 - 4,940 trays
Price $12.40 - $15.00 / tray
Gross Returns $59,400 - $67,600
Seeding / Transplant $2,740
Fertility $1,890 - $2,080
Labor (non-harvest, $16.10 / hr) $7,740
Harvest (labor & mat.) $32,200 - $34,100
Water (acin: 28) $580
Other Operating Costs $3,750
Total Operating Costs $49,000 - $50,800
Land Rent $1,600 - $4,200
Other Cash Overhead $2,670
Total Cash Overhead $5,000 - $6,300
Non-Cash Overhead $1,300
Total Costs $55,600 - $58,000
Net Returns by Crop $2,900 - $10,500
Total Annual Foregone Revenue $2,900 - $10,500



high carbon-nitrogen ratios), soil loss, and other factors. Studies 
suggest that the potential short-term adverse yield impact of cover 
cropping may be up to a 19 percent yield reduction, from cover 
crops with a high carbon-nitrogen ratio taking an extended period 
of time to break down in the soil. Literature also suggests the longer 
term impact of cover cropping is a yield increase, potentially up to 
nearly 90 percent (Burket, 1997) (Ngouajio, 2003) (Seigies, 2006).  
However, there is uncertainty what the specific yield benefits would 
be in the Pajaro Valley under current management practices. As 
such, we cap the positive impact of cover cropping at the maximum 
yields that UCCE publications suggest are attainable (high-end of 
their yield sensitivity tables).  This is up a 12 percent yield increase 
for strawberries, resulting in an increase of approximately $750 per 
acre per year that could partially offset the costs to the grower.  

WATER SAVINGS & RELATIVE COSTS PER UNIT 
Water use for the organic strawberry crop, based on UCCE  
publication (Bolda, 2014), as well as discussions with growers 
(Lebow, 2016)  and PVWMA, is estimated at 28 inches.  While the 
cover crop is not expected to use water in the most likely situation 
for this scenario, it is modeled to use up to eight inches at most.  In 
total, this scenario would likely save 26.5 acre-inches of water per 
acre, or 2.3 acre feet.  Based on the total costs presented above, 
this scenario would be equivalent to a most likely water value 
savings of $3,150 per acre-foot, with a range of $1,470 to $4,525 
per acre-foot.   

SUMMARY PER ACRE COSTS AND BENEFITS 

Value Type 
Foregone 

Crop 
Revenue  

Cover 
Crop 
Cost 

Total 
Cost 

Water 
Savings 

(AF) 

Value  
Per AF 

Range (80% 
Chance) 

$2,900 - 
$10,500 

$166 - 
$465 

$3,400 - 
$10,500 

2.0 – 2.3 $1,470 - 
$4,525 

Most Likely $6,635 $300 $6,935 2.2 $3,150 
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