
Cost Benefit Analysis Using Monte

Carlo Simulations on Regenerative

Agricultural Practices of Growing

Processing Tomatoes in California’s

Central Valley

Citation
Chen, Natalie Ling Wai.  2022.  Cost Benefit Analysis Using Monte Carlo Simulations on
Regenerative Agricultural Practices of Growing Processing Tomatoes in California’s Central
Valley.  Master's thesis, Harvard University Division of Continuing Education.

Link
https://nrs.harvard.edu/URN-3:HUL.INSTREPOS:37373335

Terms of use
This article was downloaded from Harvard University’s DASH repository, and is made
available under the terms and conditions applicable to Other Posted Material (LAA), as set
forth at
https://harvardwiki.atlassian.net/wiki/external/NGY5NDE4ZjgzNTc5NDQzMGIzZWZhMGFlOWI2M2EwYTg

Accessibility
https://accessibility.huit.harvard.edu/digital-accessibility-policy

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you. Submit a story

https://dash.harvard.edu/submit-story?publicationId=ab2a83ce-2803-42be-a12c-9aa75ad4f93e


 

Natalie Ling Wai Chen 

A Thesis in the Field of Sustainability and Environmental Management 

for the Degree of Master of Liberal Arts in Extension Studies 

Harvard University 

November 2022 

Cost Benefit Analysis Using Monte Carlo Simulations on Regenerative Agricultural Practices of 

Growing Processing Tomatoes in California’s Central Valley 



Copyright 2022 Natalie Ling Wai Chen



  

Abstract 

Conventional agriculture has damaged the world’s soils and rendered future food 

supplies uncertain, while climate change has worsened water scarcity in many regions. 

Regenerative agriculture practices are considered to be a solution to climate change and 

food security. Loosely defined, regenerative agriculture encompasses practices that 

improve soil health, reduce irrigation demand, and reduce harmful inputs or operations 

that degrade soil quality. Farmers can obtain a Regenerative Organic certification to be 

recognized for adopting regenerative practices and to label their products as Regenerative 

Organic and sell at a higher premium.  

The cost and benefits of adopting three common regenerative practices (cover 

crops, compost application, and no-till farming) on an average processing tomato farm in 

the Central Valley of California was used to develop a whole farm budget. Then a Monte 

Carlo approach to conduct a cost benefit analysis (CBA) over 30 years was used to 

simulate different hypothetical climate and economic scenarios in order to understand the 

economic viability of regenerative practices. Sensitivity analyses was also conducted to 

examine various hypothetical changes, such as increased water costs, government 

incentives, changes in crop yield, and price premiums for the crop. 

This study estimated the cumulative net present value (NPV) of several 

hypothetical scenarios. The results from this study showed that under normal water 

conditions, using conventional agricultural practices to farm processing tomatoes is more 

profitable, with an NPV of $9,394 per acre compared to using regenerative practices, 



  

with a NPV of -$7,819 per acre. There are obvious difficulties growing a water 

demanding crop, such as processing tomatoes, in a water scarce region, such as 

California’s Central Valley. When a hypothetical scenario of water scarcity and rising 

water costs was simulated in the CBA, both regenerative and  conventional scenarios 

were unprofitable unless high yields were experienced in regenerative farms. 

Conventional operations quickly lose profitability with rising water costs but better water 

retention capabilities allowed regenerative agriculture to be slightly more resilient than 

conventional. 

Sensitivity analyses showed that changes in yield and price premiums can more 

drastically affect the economic outcome of the regenerative farm. Low yield or low price 

premiums have a high likelihood of an unprofitable operation, but high yields and price 

premiums can greatly increase chance of a regenerative farm becoming profitable. 

However, the adoption of regenerative practices is not economically viable in the long 

run without incentives and deficit irrigation. This study also found that in order for the 

Silver Regenerative Organic Certification to be economically viable, farmers must 

receive at least 70% higher price premium. This study aimed to demonstrate a novel 

simulation approach to conducting CBAs in order to generate insight on the potential 

economic outcomes of adopting regenerative practices. The outcomes suggest that as 

long as drought continues to devastate California, water demanding crops will be 

unprofitable in both conventional and regenerative operations. 
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Chapter I 

Introduction 

Food production is a key driver of climate change, accounting for around 26% of 

global greenhouse gas emissions (Poore & Nemecek, 2018). It is also contributing to the 

degradation of terrestrial and aquatic ecosystems and depletion of water resources. 

Today, agriculture uses nearly 43% of the world’s ice- and desert-free (arable) land 

(Foley et al., 2011; Poore & Nemecek, 2018). Most farmland is now experiencing 

degradation in soil health, which makes it difficult to meet the increasing food demand 

for the growing population (Poore & Nemecek, 2018; Ray et al., 2013). To address this 

issue, the topic of regenerative agriculture is becoming increasingly popular and has been 

recognized as an alternative to conventional agricultural systems and as part of the 

solution to climate change (Newton et al., 2020). The broad definition of regenerative 

agriculture is to improve the quality of soils to enhance the health of the entire ecosystem, 

ultimately improving food production (Newton et al., 2020).  

The Regenerative Organic Alliance, a non-profit, established the Regenerative 

Organic Certification as a framework and certification method for farmers to guide them 

along the process to adopt regenerative farming. Common processes used by practitioners 

are no tillage, compost application and growing cover crops (Newton et al., 2020). 

Academic studies have shown that these practices improve soil health and benefit the 

environment, but the economic outcomes of such practices are unclear, and little detailed 

financial information exists to support the profitability of regenerative agriculture 

(LaCanne & Lundgren, 2018; Milinchuk, 2020;  Creamer et al., 1996). 
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Farmers may be more interested in sustainable practices if their finances can 

clearly benefit from the adoption of a regenerative practice. For example, it is well known 

that the process of getting the USDA Organic certification is a long and expensive 

process, yet farmers undergo this endeavor for the future benefits of selling organic 

produce at a higher price (Fess & Benedito, 2018). Given the overlap in practices, it can 

be assumed that the transition to regenerative agricultural practices poses similar 

challenges. Thus, it is important to get an accurate range of possible financial outcomes 

to assist farmers in considering the adoption of regenerative practices.  

The challenge is that assessing the viability of regenerative practices requires 

long-term studies since soil health benefits, such as carbon sequestration, may be 

experienced many years after the initial implementation (West & Post, 2002). Yet, most 

studies are granted funds to conduct research for 3-5 years. Additionally, changes in yield 

and water costs may change due to climate change and should be considered in the long-

term financial planning of a farm. Policy makers also need to understand the long-term 

financial implications of transitioning towards regenerative agriculture to fund the right 

programs and create the appropriate policies. Therefore, a wide range of possibilities 

needs to be considered. 

A small number of publications have used stochastic whole-farm budgeting or 

Monte Carlo cost-benefit analysis (CBA) to simulate the future profitability or conduct 

risk assessments of different agricultural systems (Asci et al., 2014; Gryze et al., 2010; 

Lien, 2003; Osaki et al., 2017). It is important to understand the underlying risks of a 

business decision when uncertainty arises in several key variables, such as yield. The 

result of the simulations provided a distribution of possible financial outcomes which can 
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be used by farmers to inform decision-making (Asci et al., 2014; Gryze et al., 2010; Lien, 

2003; Mahdiyar et al, 2016; Osaki et al., 2017). A Monte Carlo CBA is not widely used 

in whole-farm budgeting for California agriculture; development of such methods would 

be beneficial in predicting future outcomes without conducting multi-year field studies. 

Research Significance and Objectives 

My research evaluated the economic costs and benefits of adopting regenerative 

agriculture practices under the new Regenerative Organic Certification program under the 

worsening drought conditions in California. The Regenerative Organic Alliance’s new 

certification requires the adoption of several soil and land management practices to 

achieve silver level certification: cover crops, no-tillage, and compost addition are several 

well-established options (Regenerative Organic Alliance, 2019). Additionally, I 

examined water conservation efforts and their associated costs and benefits to address 

management adaptations in response to the long-term drought in California. These 

regenerative agriculture practices were reflected in the cost and benefits analysis. In order 

to mimic the real world, several variables were modeled to occur randomly over the 30-

year analysis (e.g., drought years) or with variable prices each year (e.g., water prices).  A 

simulation of 1,000 events were conducted with the various costs and benefits to simulate 

unique scenarios.  

The area of focus for this research was on the processing tomato farms in the 

Central Valley of California. California produces 95% of the nation’s processing 

tomatoes, which is one-third of the world’s crop, on 234,000 acres of land (Geisseler & 

Horwath, 2016; USDA NASS, 2020). In the past several years, there was a decrease in 

production because of disease, pest pressures, and limited water supply (USDA NASS, 
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2016). High temperatures and drought conditions have affected crop quantity and quality 

(USDA NASS, 2020). Thus, it was important to evaluate the possible financial outcomes 

under different management practices and changing climatic conditions by simulating 

alternative futures of this cropping system in order to assist farmers in decision-making. 

My objectives were: 

• To develop a method using Monte Carlo simulations and run 1,000 CBAs, using 

the distribution of results to evaluate the possible range of economic outcomes. 

• To demonstrate CBA methods that describe whether adopting regenerative 

practices is financially viable for the average farm in California’s Central Valley 

and whether the proposed benefits of regenerative farming practices can be 

translated to monetary terms. 

• To conduct a sensitivity analysis by varying different input variables to determine 

which variables have the greatest financial impact for farmers in Central Valley, 

CA. 

• To determine whether a Silver Regenerative Organic Certification is financially 

viable. 

• To educate various stakeholders and suggest policy changes that would affect 

tomato farms in the Central Valley, including hypothetical policies and subsidies. 

Background 

Regenerative agriculture has been widely recognized as a potential solution to 

climate change, yet adoption is low, perhaps in part due to the lack of a definition and 

standards for implementing the practices. This has driven the creation of a framework for 
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certification known as the Regenerative Organic Certification (Elevitch et al., 2018; 

Newton et al., 2020). Regenerative agriculture, an alternative to conventional, is a term 

used to describe food and fiber production that uses practices such as winter cover 

cropping, compost application, and no-tillage. The Regenerative Organic Certification 

was established in 2018 and builds upon USDA’s Organic Certification to provide 

certification for farmers practicing regenerative agriculture and emphasizes the 

importance of continually applying environmental-friendly practices (Elevitch et al., 

2018). The certification provides a framework for an alternative management approach to 

producing food more sustainably in order to meet future demands from the rising 

population (Newton et al., 2020; Regenerative Organic Alliance, 2019).  

Conventional agriculture practices have been slowly depleting Earth’s limited 

natural resources but regenerative agriculture aims to recover soil health. These practices 

lead to lower or on balance lead to net positive environmental and/or social impacts and 

are suggested as one of a suite of solutions to address climate change. Restoring the 

health of soils will restore its carbon content; an estimated 14.5-22 gigatons of carbon 

dioxide could be sequestered by 2050 (Newton et al., 2020). Additionally, these practices 

can increase biodiversity, improve watersheds, and enhance ecosystem services while 

potentially allowing the farmer to experience improved profits from greater yields, less 

input costs, or a combination of both (LaCanne & Lundgren, 2018; Newton et al., 2020). 

The Regenerative Organic certification has the potential to drive adoption but this new 

certification has been obtained by few farmers, therefore the success of this certification 

in terms of benefits to the environment and farmer profitability is still unknown. 
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Conventional Agriculture and Soil Health 

Continued use of current practices of conventional farming will not meet 

sustainable food production goals for a growing world population (FAO, 2015). Yield 

increases have been partly driven by agricultural intensification, increasing 20% between 

1985 and 2005 (Foley et al, 2011). Currently, conventional agriculture practices are used 

in the majority of farms which negatively impact the environment. Conventional 

practices need to be addressed and drastically reduced to achieve the Sustainable 

Development Goals (SDGs) developed by the United Nations (FAO, 2015). SDGs were 

created to provide guidance for a sustainable future and include reducing pressures placed 

on natural ecosystems and to emphasize conserving life on land. Sustainable food 

production also relies upon responsibly producing and consuming the food produced to 

ensure future food security. Therefore, the adoption of regenerative agriculture practices 

helps to achieve relevant SDGs. 

Conventional or industrial farming has successfully increased food production by 

maximizing productivity and efficiency at the expense of the natural ecosystem (Fess & 

Benedito, 2018). Conventional farming largely consists of large-scale farms that practice 

the cultivation of a single crop, or monocultures, and has been made possible due to 

technological innovation and mechanization. However, continuation of these practices in 

perpetuity is unsustainable. Conventional agriculture practices cause soil erosion, 

compaction, and the loss of soil organic matter, water holding capacity and biological 

activity. Ultimately, excessive chemical inputs and tillage of the soil are the major causes 

to the decline in soil health and limits future productivity (Fess and Benedito, 2018). 
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Excessive Chemical Inputs 

 In the past 50 years, conventional agriculture led to a 500% increase in global 

fertilizer use that has driven the increase in crop yields (Foley et al., 2011). Plants cannot 

use the naturally occurring nitrogen in the atmosphere; it is provided by nitrogen-fixing 

bacteria or transformed into ammonia using fossil-fuel intensive processes (Fess & 

Benedito, 2018). In natural ecosystems, nitrogen is available in the soil, but with current 

cultivation methods, farmers often spray excessive amounts of fertilizers to ensure that 

growth is maximized (Brassley & Soffee, 2016). Worldwide use of fertilizers have 

increased drastically, yet crops only absorb a third to a half of the nitrogen applied 

(Horrigan et al., 2002).  

Excessive fertilizer use is a dangerous practice as it runs off into nearby 

waterways and becomes a damaging pollutant. Excessive nutrients in water causes 

eutrophication, where abnormally large amounts of algae grow, die off and become food 

for aerobic bacteria to decompose. The decomposition process consumes oxygen, which 

suffocates and kills the underlying aquatic life (Horrigan et al., 2002; Lehmann et al., 

2020).  

Additionally, chemical herbicides and pesticides are sprayed in excess as a 

preventative measure to maximize crop yields (Giller et al., 2021). These chemicals have 

toxicological effects to the environment and to humans. Honeybee populations, which are 

crucial to the pollination of the world’s crops, have been in decline because of the 

indirect effects of pesticides which disrupts their health. In humans many agrochemicals 

been found to cause serious chronic diseases, such as endocrine and neurological 

disorders and cancer (Horrigan et al., 2002). The adoption of regenerative agricultural 
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practices can reduce the need for chemical inputs since natural processes recycle nutrients 

and manage pests and weeds (Giller et al., 2021). 

Tillage Negatively Impacts Soil Health 

Tillage is the act of disturbing the soil using heavy machinery to dig, mix, and flip 

the soil to prepare for the next seeding. There are several benefits to tilling including the 

breaking down of crop residue, loosening and aerating the soil, incorporating manure and 

fertilizer into the soil and killing unwanted weeds. This preparation step allows water to 

infiltrate the soils and store water in the soils. Tillage operations have contributed greatly 

to the success of agriculture and improved crop yields (Mitchell et al., 2016).  

However, tillage is proven to only be beneficial in the short-term and damages 

soil health by destroying soil structure and killing beneficial organisms in the long term. 

Heavy machinery compacts the deeper layers of soil (Mitchell et al., 2016; Horrigan et 

al., 2002). The number of pores present in the soil is a factor that determines the water 

storing capacity of the soil. Excess compaction reduces pore space, resulting in less total 

pore volume. This can negatively impact water infiltration and drainage. Compacted soil 

also reduces the rate at which gas is exchanged, and without proper exchange of gasses 

and moisture, plant growth is reduced (Hamza & Anderson, 2003; Wolkowski & Lowery, 

2008). Additionally, plant roots need to exert greater force to penetrate the compacted 

soil to access necessary nutrients, which deforms roots and stunts growth (Wolkowski & 

Lowery, 2008). To compensate, additional fertilizer is typically applied, which increases 

costs and further negatively impacts environmental health. Soil compaction reduces crop 

yields as much as 50% (Wolkowski & Lowery, 2008). Alternatively, undisturbed, healthy 
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soil structure resulting from regenerative agriculture practices can reduce the need for and 

eliminate the negative impacts of tillage (Mitchell et al., 2009). 

Monocultures Destroy Biodiversity 

Conventional agriculture relies on monocultures for maximum production 

efficiency and lower harvesting costs but with a loss of biodiversity (Horrigan et al., 

2002). In a healthy ecosystem, diverse birds, insects, mycorrhizal fungi and other 

microbes provide many beneficial services to the crop. However, herbicides and 

pesticides can negatively impact non-target species and promote pesticide resistance in 

pests. Additionally, excess nitrogen from fertilizers reduces soil microbe diversity since 

nitrogen-fixing species become unnecessary for the generation of plant-available 

nitrogen. When monocultures are affected by plant disease or pests, the lack of diversity 

allows the disease or pest to easily propagate on that one species making the entire crop 

susceptible to failure (Horrigan et al., 2002). Therefore, it is important to maintain 

biodiversity to enable many of the ecosystem services different species provide (FAO, 

2019). Biodiversity friendly practices, such as the addition of organic matter (compost) 

and cover cropping, etc. can increase the number of species found on the farm. 

Implementing these biodiversity practices can increase the number of species in the soil, 

creating a richer microbial flora, which results in healthier soils and increased resilience 

without reliance on chemical inputs (FAO, 2019; Horrigan et al., 2002). 

 

Current Policies Support Conventional Agriculture 

Government policies and subsidies for agriculture are currently geared towards 

the overproduction of certain commodities in order to keep prices low (Lichtenberg, 
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2014). Agricultural policies and subsidies guide farmers towards adopting certain 

practices to reduce economic burden and/or reduce barriers to adoption. Current 

agriculture policies favor certain commodities and disincentivize crop diversification 

(Lichtenberg, 2014; Bowles et al, 2020). These policies enacted during the World Wars 

ensure that everyone has access to food during difficult times. Instead of changing these 

policies after the war, current agricultural systems continued to favor the production of 

commodities, promoting monocultures. Ongoing support from the government allowed 

large agribusinesses and food companies to flourish while smaller, more diversified farms 

are often underserved by government support programs. Large agribusinesses established 

their global supply chains and increased production efficiency, which cheapened basic 

food staples (Lichtenberg, 2014).  

Currently farmers are incentivized by government subsidies to overproduce 

certain commodities to be able to generate a profit (Lichtenberg, 2014). For example, the 

subsidized crop insurance program makes it less risky to plant crops such as corn, 

soybeans, rice, wheat, and cotton. The subsidies disproportionately support high-income 

corporations since most of the money goes towards large agribusiness (Lichtenberg, 

2014). In 2019, the top 1% of U.S. farms received 26% of the farm subsidies and the top 

10% of farms received 78% of the subsidies, while 62% of farms did not receive any 

subsidies (Amadeo, 2020). In 2009, 75% of subsidies for California farmers were given 

to cotton growers and the remainder to rice, wheat, livestock and corn growers. In recent 

years, farm subsidies continue to be skewed towards commodities rather than specialty 

crops (Rosa & Johnson, 2019; USDA ERS, 2020), yet a vast majority of growers in 

California are specialty crop growers that grow fruits, vegetables, and nuts but receive 
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almost no direct support. Additionally, the U.S. Federal Crop Insurance program 

disincentivizes crop diversification. Temporary deductibles, increases in insurance cost 

for crop rotations, and lack of coverage ability for some alternative crops deter farmers 

from implementing diversified systems (Bowles et al., 2020).  

 

Regenerative Agriculture Practices and Policies 

Policies could be reoriented to support regenerative, diversified farming rather 

than incentivizing conventional monocultures. Regenerative Organic Certification 

provides a protocol that could be the basis of improved government policies. 

Regenerative Organic Certification 

The non-profits overseeing the is led by the Rodale Institute, Dr. Bronner, and 

Patagonia, all major proponents of a healthy environment and society. The framework 

proposed contains three specific modules: Soil Health and Management, Animal Welfare, 

and Farmer and Worker Fairness (Regenerative Organic Alliance, 2019). For the Soil 

Health and Management module, the baseline is an USDA Organic certification or 

equivalent. Additional practices are built upon this baseline in order to achieve bronze, 

silver, or gold Regenerative Organic Certification. At the bronze level, marketing or web 

content related to the product’s regenerative agriculture status is allowed. At Silver and 

Gold level, product labeling is allowed and the level of certification is based on the 

percentage of the operation that is certified (Regenerative Organic Alliance, 2019). Thus, 

a Silver or Gold level certification is more financially relevant than bronze since it may 

result in a price premium for certified products. 
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In the Regenerative Organic framework, several standards are outlined in the Soil 

Health and Land Management module. On top of the USDA certification, which 

eliminates the use of synthetic chemicals and fertilizers, the Silver Level Regenerative 

Organic Certification requires the additional adoption of at least three regenerative 

practices from a list of 23 different practices. A perennial cropping system and/or one or 

more annual cover crops planted on an annual basis is required for the Silver 

Certification. Additionally, the farm needs to implement a three-crop rotation or 

perennial system for the cover crop requirement. Finally, the silver certification requires 

tillage to be used only when necessary and cannot be deeper than 10 inches. Unlike an 

USDA organic certification, where soil improvement is not required, the Regenerative 

Organic Certification encourages the continual addition of other regenerative agriculture 

practices. Farmers would have to implement more practices to advance to the gold level 

(Regenerative Organic Alliance, 2019). 

 

Organic Agriculture 

In 2018, about 0.6% total farmland in the United States was certified organic. 

Even though demand for organic food crops is increasing, farmers are not readily 

converting to organic agriculture due to barriers in adoption (Fess & Benedito, 2018). 

These production methods enhance the cycling of nutrients, maintain ecological integrity, 

and conserve biodiversity, overall resulting in improved soil quality (Fess & Benedito, 

2018; Pimentel et al., 2005). Organic production practices are more environmentally 

sustainable since synthetic inputs are prohibited and there is more emphasis on natural 

methods for pest control and fertilization. However, critics of organic agriculture have 
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argued that yields are lower and economic profitability is not guaranteed (Pimentel et al., 

2005).  

Certified products can be sold at a higher premium, pushing farmers closer to 

profit from these practices. The organic certification is regulated by the U.S Department 

of Agriculture. In order to be certified, all parts of the product, including production, 

handling, processing, and labeling, needs to comply with organic certification guidelines 

(Fess & Benedito, 2018). Farmers must consider whether obtaining an organic label, 

which requires additional time, financial investment, and human resources, is financially 

viable (Fess & Benedito, 2018). The transition towards organic agriculture can greatly 

decrease yield, introducing obvious economic challenges. Additionally, the application of 

certain acceptable organic chemicals, such as copper, has been criticized for its negative 

effects on human health (Fess & Benedito, 2018). Physical cultural practices for weed 

control, such as manual or mechanical weeding, are allowed but increases labor costs and 

fuel costs, challenging the sustainability of the program for specific crops (Fess & 

Benedito, 2018).  

Despite being more expensive, the organic food sector has grown greatly in the 

past decade; nearly 5% of all food sales are organic, partly due to the perceived positive 

impacts on environmental health (Fess & Benedito, 2019). Consumers are willing to pay 

a premium for an organic product. The need for more expensive organic inputs and 

additional labor, as well as the negative impact on yield means producers require a higher 

price premium for adequate returns. Carlson and Jaenicke (2016) examined prices for 

organic and non-organic products between 2004 and 2010 and found that most products 
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had a 20% higher price premium than their conventional counterparts; for processed 

foods, the premiums ranged from 22-54%. 

 

Cover Cropping 

In conventional agriculture, farm fields are often left barren after a harvest which 

is not ideal for soil protection (Myers, 2017). Cover cropping uses fast growing crops to 

cover the soil such as rye, clovers, vetches, and radishes, which become important 

sources of biologically fixed nitrogen. Cover crops provide a multitude of benefits, 

including the prevention of soil erosion from heavy rain or wind, maintaining the 

structure of the soil, and promoting biodiversity  (Creamer et al., 1996; Myers, 2017). 

Organic matter from the cover crops allow beneficial fungi and bacteria to increase 

populations, in turn providing nutrients to crops and potentially helping to control 

pathogens (Creamer et al., 1996). After a season of winter growth, maintaining cover 

crop residues in the soil helps control weeds and improves water retention and 

availability during drier periods by reducing the amount of light that hits the soil and 

slows increases in soil temperature (Creamer et al., 1996; DeVincentis et al., 2022; 

Myers, 2017). During drought years, farmers who’ve planted cover crops experienced 

more consistent yield than their conventional counterparts (Myers et al., 2019). Adopting 

regenerative practices, such as cover cropping, forms a positive feedback loop, where one 

benefit leads to another. 
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Compost Application 

Compost can come from manure, yard-waste or from cover crops and is used in 

organic production systems as a high-quality soil amendment to enhance nitrogen and 

soil organic matter (Gravuer, 2016). Application of compost to croplands has the 

potential to improve soil health by increasing carbon in soils which leads to increased 

water holding capacity, increased crop yields, and decreased sediment erosion (Gravuer, 

2016). Creating compost sequesters and stabilizes the carbon and nitrogen compounds 

from decomposing plant and animal materials. Once applied to the soil it stimulates 

microbes to grow in abundance. Both creating and applying compost result in reduced 

greenhouse gas emissions (Gravuer, 2016). Compost improves soil structure and the 

health of the microbiome, which in turn builds up the soil’s long-term biological reserves 

(Gravuer, 2016). As one example, soil organic matter has been shown to increase after 

eight years of compost application in an organic vegetable system in Salinas, CA (White 

et al., 2020). 

No Tillage 

No tillage, also known as conservation tillage, can benefit farms by reducing costs 

and preserving soil structure. Either no-till or strip-till is used to prepare fields prior 

planting (Mitchell et al., 2009). Ultimately, production practices need to maintain at least 

30% or more of the soil covered by residue to mitigate soil erosion (Mitchell et al., 2012). 

Improvement in water use efficiency is a major benefit experienced with no tillage 

systems that maintain crop residues with cover crops. Studies in California have seen an 

estimated 0.89 and 0.97 inches of water retained with no tillage systems (Mitchell et al., 

2012). Along with these benefits, conservation tillage tomato production in California’s 
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Central Valley is less costly than a standard tillage system (Mitchell et al., 2009). In soil 

conservation systems, where there is around 50% fewer tillage or soil disturbance 

operations, a savings of $736 per acre (around $910 in 2021) can accrue (Mitchell et al., 

2009). In standard tillage systems, a third of the operational costs are for pre-plant tillage 

operations, therefore cost savings come from reduced equipment usage, labor hours, 

machine hours, and fuel. Net income change due to adoption of no tillage depends on 

whether the farm experiences yield losses due to weed management, which generally 

comes as a challenge late in the season for a conservation tillage tomato system (Mitchell 

et al., 2009). Thus, sustainable weed management methods, such as applying approved 

herbicides, are required to complement a conservation tillage system (Mitchell et al., 

2009). 

 

Environmental Quality Incentive Program  

The Environmental Quality Incentive Program (EQIP) allows agricultural 

producers who are addressing natural resource concerns on their farms to be eligible for 

financial and technical assistance from Natural Resources Conservation Service (NRCS) 

(NRCS, n.d.). Practices that address environmental concerns such as water and air 

quality, ground and surface water availability, soil health, and soil erosion can be funded 

by EQIP. EQIP is a voluntary program managed by the NRCS who co-invest in 

technologies that will address natural resources concerns. NRCS will provide up to 75% 

financial cost-share assistance and technical assistance (NRCS, n.d.). Eligible costs 

include technical and financial assistance that help farmers either through scientific and 

technological tools or payments for implementing practices (USDA, 2021). 
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Between 2009 and 2020, NRCS spent over $17.4 billion in financial and technical 

assistance through EQIP contracts (USDA, 2021). In that time period, more than 459 

thousand contracts have been entered for more than 152 million acres of land (USDA, 

2021). In 2020 alone, over $1.8 billion of EQIP contracts for more than 10.5 million 

acres have been provided to farmers and ranchers (USDA, 2021). However, to put this in 

perspective, the total farmland in the US is 897 million acres (Kassel, 2020), which 

means only 1.5% of all US farmland is in the EQIP program. Increasing participation in 

the EQIP program would provide benefits to both growers and the environments they 

farm in. 

 

Healthy Soils Program 

The Healthy Soils Program (HSP) was created in 2016 by the California Healthy 

Soils Initiative and funds the implementation of regenerative practices such as cover 

cropping, compost application, and no-tillage within California (Shobe et al., 2020). The 

program's focus is on improving soil health to provide a better chance of sustaining 

agricultural productivity and resilience. One goal of this program is to utilize agricultural 

management practices to sequester carbon and store it in the soil, thus removing 

atmospheric greenhouse gasses. From 2017 to 2020, the HSP has reduced an estimated 

110 thousand metric tons of CO2-equivalent per year (Shobe et al., 2020). Since the start 

of the program, it has provided a total of $40.7 million dollars to fund projects that 

provide a wide variety of financial incentives such as loans, grants, and technical 

assistance. It is estimated that 54 thousand acres of farmland has participated in this 
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program, which comprises less than 1% of California’s agricultural land (CDFA, 2021a; 

Shobe et al., 2020).  

Interest from farmers has increased demand for funding; in 2020, 600 farmers 

requested $38 million but only $26 million was available (Shobe et al., 2020). 

Unfortunately, the funding for the HSP program is unreliable due to the source of this 

funding and the different legislative priorities. Every year, HSP is funded by the 

California’s Greenhouse Gas Reduction Fund which obtains revenue by auctioning 

carbon emission allowances. In 2017 and 2020, the cap-and-trade auction performed 

poorly resulting in no funding for HSP (Shobe et al., 2020).  

There is potential to engage more acres of farmland to move towards regenerative 

practices and become effective carbon sinks. High demand shows that farmers are 

incentivized to adopt regenerative agriculture practices and transition away from 

conventional practices. Thus, increased funding would allow more farmers to adopt 

regenerative practices more easily since initial costs of implementation could be a barrier 

to entry. The government should consider these outcomes and implement policies to 

maintain consistent funding for HSP. 

 

Carbon Sequestration Credits 

Carbon removal strategies are crucial to slow global rising temperature and to 

reduce emissions into the atmosphere (Paustian et al., 2019). Soil disturbance and erosion 

caused by conventional agriculture depletes soil carbon reserves and releases carbon into 

the atmosphere. Globally, soils used in agriculture have lost 30-50% of their carbon 

stocks as compared to their native condition (Paustian et al., 2019). Scientists have found 
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that increasing soil organic matter and soil carbon content, benefits that can be 

experienced with regenerative practices, can remove carbon from the atmosphere 

(Paustian et al., 2019). For example, a meta-analysis of cover cropping studies found that 

the practice can sequester 0.13 tons of carbon per acre per year with carbon stock rising 

every year up to 54 years (Poeplau et al., 2015). Compost addition and no-tillage practice 

were also found to sequester carbon into the soil although the amount sequestered varies 

from field to field (Paustian et al., 2019). 

Key government experts developed a policy memo, the Climate 21 Project, to 

develop a plan for the Biden administration (Bonnie et al., 2021). It emphasized the 

importance of considering agriculture in the climate plan. One key recommendation was 

to establish a Carbon Bank to reward farmers and incentivize carbon sequestration. 

USDA would buy credits that represent emission reductions generated from improved 

farming practices and sell these credits as carbon offsets. The Agriculture Secretary 

announced in February 2022 that the USDA will invest in a billion dollars climate-smart 

solutions: however, a carbon bank was not listed in the 2022 USDA budget, as it did not 

receive support from the top Republican on the House Agriculture Committee (USDA, 

2022; Abbot, 2022). They argued that further research by the USDA will be needed to 

accurately evaluate carbon sequestration potential from conservation practices. 

In recent years, private companies, such as Nori and Indigo Ag, have helped 

establish carbon credit markets that allow farmers to be paid for sequestering carbon. 

Nori has created a digital carbon marketplace that hosts sales of carbon credits in their 

own digital token. They estimate and credit soil organic carbon stock change coming 

from newly implemented regenerative practices (Nori, 2021). On the other hand, Indigo 
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Agriculture, is following the Soil Enrichment Protocol, a protocol funded by Indigo Ag 

and developed by the Climate Action Reserve, to support high-quality agricultural credits 

that accurately quantify soil carbon sequestration to generate carbon offsets and enable 

payments to farmers (McGlinchey et al., 2020). Scientists in both the public and private 

realm are still establishing a standardized protocol to generate high-quality credits that 

can ensure that carbon sequestration can be accurately monitored, reported, and verified. 

The carbon markets have existed for decades, but recent attention on climate change have 

garnered a resurgence of interest from many industries. The carbon market has the 

potential to strongly incentivize the adoption of regenerative practices. 

 

 Economic Implications of Regenerative Agriculture 

Recent global events have raised the prices of oil and fertilizers, increasing costs 

of farming and lowering net cash income. For example, in California costs of agriculture 

have risen and fallen between 2013 and 2020 but there was an overall increase in 

expenses: 17% for fertilizers, 48% for pesticides, and 42% for labor. Between 2013 and 

2020 overall net farm income has decreased 21% (USDA ERS, 2022). Input costs are 

expected to further rise due to supply constraints and inflation. In the summer of 2022, 

overall inflation rose 8.6% since May 2021 (USDOL BLS, 2022). A dramatic increase in 

cost of fossil fuels, where the gasoline index increased 48.7% and fuel oil rose 106.7%, 

has driven an increase in fertilizer costs (USDOL BLS, 2022; USDA NASS, 2022a). 

Heavy reliance on chemical inputs similarly raises costs and lowers farm income. 

However, implementing regenerative agriculture practices can lower costs of agriculture 

by avoiding costly chemical inputs and mechanical costs. 
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No tillage practices have the potential to lower labor costs by removing the need 

for equipment maintenance, labor, and fuel expenses, thus greatly reducing cultural costs, 

although it can result in decreased yield in certain scenarios. When the cost of yield loss 

is less than the cost of tillage, then no-tillage would result in cost-savings (Mitchell et al., 

2009). Cover cropping and compost application can reduce pesticides and fertilizer use, 

thereby increasing net cash income if the cost of compost and labor application is less 

than savings. When compost was applied with the same amount of nitrogen as 

conventional fertilizer, it produced the same yield (Chan et al., 2011; Myers & Weber, 

2019). In terms of cost, compost used as an alternative broke even with conventional 

fertilizers when applied on five different vegetable crops (Chan et al., 2011). The longer 

compost is applied to the field and continues promoting soil recovery, the higher the 

potential to raise yields (Chan et al., 2011).  Besides the economic and ecosystem impact 

of using fertilizers, the reduction of fertilizer use is crucial towards curbing climate 

change. The use of nitrogen fertilizers, which releases nitrous oxide, is a major 

contributor to global warming as a potent greenhouse gas (Park et al., 2012). Thus, 

reduced reliance on mechanical tillage and chemical inputs is beneficial for the 

environment and for the farmer’s wallet.  

Adopting regenerative agriculture practices can benefit soil health, but the trade-

off could be yield loss, potentially negatively impacting financial sustainability. Several 

studies have shown that incorporating regenerative agricultural practices resulted in 29% 

lower grain production in the Northern Plains of the United States. However, the overall 

operation experienced 78% higher profits (LaCanne & Lundgren, 2018). Compared to 

conventional systems, regenerative systems realized lower costs related to fewer 
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chemical inputs, such as insecticides and fertilizers. The regenerative systems utilized 

cover crops, never tilled, used no insecticides, and integrated livestock. In the same study, 

the authors found that soil organic matter measurements became an indicator of farm 

profitability (LaCanne & Lundgren, 2018). Regenerative practices have the potential to 

reduce costs by replacing fertilizers or tillage but a reduction in yield could result in 

reduced profit, thus economic analysis is required to forecast long-term investment 

potential. 

 

Cost-Benefit Analysis 

In order to understand the underlying risks of a long-term investment, cost-benefit 

analysis (CBA) is a tool that could provide insight on the overall economic outcome for a 

particular business decision. A cash flow project can be generated from the yearly budget 

to determine the benefit-cost ratio (BCR) of the operation (DeVincentis et al., 2020). 

Several CBA analyses have been conducted on the agricultural operations to determine 

the viability of new management practices (Chan et al., 2011; Kuwornu et al., 2018). 

However, most of these studies are not designed to mimic the real-world scenario where 

costs and benefits vary in different climate conditions, management operations, and site 

conditions. Oftentimes, variables change randomly within a range between years, but 

most studies only select a small number of values to test in a sensitivity analysis (Chan et 

al., 2011; DeVincentis et al., 2020; Rahmani et al., 2004).  

One study, however, utilized a Monte Carlo approach to get a probabilistic CBA 

on the weight of future environmental impacts by looking at different discount rates 

(Almansa et al., 2010). Capturing a probability distribution by simulating randomly 
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selected values multiple times (thousands) from a defined range could provide a more 

realistic perspective of the economic impacts of a farm management decision. 

 

Reduced Agricultural Water Supply in California 

Climate change is expected to cause increases in temperatures and changes in 

precipitation patterns in California, both of which have significant implications for 

agricultural production (Tapan et al., 2018). Larger, more extreme storms occurring 

during the wet season but smaller snowpack accumulation due to climate change will 

affect water sources in Northern California. Nearly 80% of California’s water source 

comes from snow accumulation in the Sierra Nevada but earlier heat spells quickly melt 

the state’s water supply (Tapan et al., 2018). Increases in the likelihood of floods in the 

winter will lead to difficulties in plant survival as floods reduce oxygen and nitrogen 

availability and increase the likelihood of disease. Water supplies to surface reservoirs 

during the spring and summer months will become increasingly limited. It is expected 

that by the end of the millennia, there will be a 48% loss in snowpack if the world sticks 

to a lower warming change and a 65% loss if the world ends up in the higher warming 

range (Tapan et al., 2018). Additionally, increased frequency of extreme heat events and 

drought are more likely to slow plant growth and cause vegetation and soil surfaces to 

dry out. Daycent, a process-based crop model, predicts that heat waves in May will cause 

yield losses of 1-10% and overall increase of 4 ◦C may reduce yields by 5% (Tapan et al., 

2018).  

In California, agriculture makes up about 80% of commercial and residential 

water consumption (Stokstad, 2020). The San Joaquin Valley, part of the Central Valley, 
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was historically an extremely productive agricultural region with plenty of fertile soil and 

sunshine, thus agriculture thrived. However, recent water scarcity events make it difficult 

to sustain high agricultural productivity (USDA NASS, 2016; USDA NASS, 2022). In 

drought years, San Joaquin Valley region farmers obtain 81% of their water from 

groundwater sources, an excessive level of withdrawal (USGS, n.d.). Persistent pumping 

without replenishment allows pollutants to become more concentrated and salinity to rise. 

It also causes subsidence, where the ground sinks, which can reduce available space for 

groundwater. Some parts of the Central Valley sank by 60 cm during the 2012-2016 

drought alone (Stokstad, 2020). Stark images of water loss acquired by NASA’s Gravity 

Recovery and Climate Experiment have driven the creation of policies to control 

groundwater withdrawal, such as passage of the Sustainable Groundwater Management 

Act in 2014 (Stokstad, 2020).  

Water Conserving Practices 

Sustainable use of groundwater requires proper management of water usage and 

replenishment of aquifers. Aquifers are recharged by allowing water to percolate down 

into the aquifers to refill the groundwater reservoirs. Demand for water needs to be 

drastically reduced either by reconsidering the crops planted or adopting water 

conserving practices (Stokstad, 2020). Strategies include improving water application 

efficiency and scheduling, applying an appropriate salt management strategy, and 

limiting evaporative losses. Additionally, a sufficient supply of nutrients helps plants 

develop a root system that can effectively obtain moisture from soil (Cahn, 2019). 

Implementing water conserving practices, regulations, and policies is especially 

important when the world is experiencing climate change. In California, more extreme 
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and frequent heat waves are expected which will reduce the amount of precipitation 

(Stokstad, 2020).  

 

Deficit Irrigation 

Studies suggest that deficit irrigation (DI) is a water conservation strategy that 

could be used by farmers experiencing high water prices to minimize irrigation costs. 

Farmers manage their irrigation schedule to coincide with water dependent stages of the 

crop’s life cycle (Geerts & Raes, 2009; Singh et al., 2021). Implementing DI on alfalfa in 

California showed reduced yields of 0.13 to 0.76 tons per acre at a 12.5-33% reduction in 

water (Montazar et al., 2020).  In the case of alfalfa, full irrigation was implemented early 

in the growing season and DI only during the summer. (Montazar et al., 2020). A DI 

study on processing tomatoes in Italy, which has a Mediterranean climate similar to 

California, has found that DI would marginally decrease yield by 11.7% at 80% of 

maximum water restoration. However, the soil and climate conditions of the different 

sites produced variable results (Francaviglia & Di Bene, 2019). Additionally, in a meta-

analysis of 331 publications to estimate yield and effects of DI affected by these 

variables, it was found that an overall yield decline of 6.9% in vegetables and 5.5% in 

tomatoes is experienced at 80% DI (Singh et al, 2021). One study with quinoa and pea 

has shown the potential of compost mediating the negative effects of DI, but more studies 

need to be done to determine the viability of this solution (Choukr-Allah & Jacobsen, 

2014). Even though there is likely around a 5% loss of yield, the water savings could 

potentially outweigh the loss in revenue if water prices are sufficiently high. 
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Case Study: Tomato Farming in the Central Valley of California 

California is one the nation’s largest agricultural producers, producing nearly 14% 

of the nation’s commodities with fruits, nuts, and vegetables as the leading crops (CDFA, 

2021c). The Central Valley is where the majority of agriculture is produced, covering 

about 20,000 square miles bounded by the Cascade Range to the north, Sierra Nevada to 

the east, and Tehachapi Mountains to the south, and Coast Ranges and San Francisco Bay 

to the west. The northern one-third of Central Valley is called the Sacramento Valley and 

the southern two-thirds is called the San Joaquin Valley (Faunt et al., 2009). According to 

the USGS, major crops grown in the Central Valley are cereal grains, hay, cotton, 

tomatoes, vegetables, citrus, tree fruits, nuts, table grapes, and wine grapes (CDFA, 

2021c).  

California produces over 90% of the nation’s tomatoes and nearly 35% of the 

world’s crop, and tomatoes rank tenth in the top commodities grown in California (Hartz 

et al., 2008; CDFA, 2021c). The Mediterranean climate of California is ideal for growing 

tomatoes. In 2020, tomatoes were produced on 235,000 acres, primarily in the Central 

Valley (CDFA, 2021c). However, compared to historical production, recent increases in 

disease and pest pressures, as well as limited water supplies, have reduced the tomatoes 

planted and harvested in California (USDA NASS, 2016; USDA NASS, 2022b). Lower-

than-average rainfall and fewer to no water allocations is forcing California tomato 

producers to reduce the number of acreages planted (USDA NASS, 2022b). With more 

heat waves in the imminent future, water conserving practices and improving soil water 

holding capacity is important for the cultivation of this crop (Tapan et al., 2018; USDA 
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NASS, 2016, USDA NASS, 2022b). Thus, the success of this crop and agriculture in 

California will depend on agricultural solutions to combat climate change. 

California grows more than a third of all organic products in the United States 

with sales of organic products in California growing 14% from 2019, thus demand will 

continue driving growth of organic production (CDFA, 2021c). The large proportion of 

Organic Certified produce grown in California makes it a likely region for participation 

in the Regenerative Organic Certification. Therefore, the economic implications of 

pursuing the Regenerative Organic Certification could be felt by farmers in California. 

CBA of Winter Cover Cropping for Central Valley Tomato Production 

The economic impacts of winter cover cropping were examined in a tomato 

production system in the Central Valley of California (DeVincentis et al., 2020). A CBA 

was built for this study using average values of the costs and benefits, incorporating data 

collected from field experiments, farmer interviews, and literature reviews. For the 

sensitivity analyses, variables of interest were replaced with their high and low range 

values while the rest were kept constant at their mean values. The sensitivity analysis 

included scenarios such as climate change, water infiltration, harvest complications, 

subsidies, and carbon value impacts. The results suggested that winter cover cropping can 

be profitable in the long term if certain conditions are met, with results different in each 

farming situation (DeVincentis et al., 2020).  

This research examined the range of possible BCRs but did not show a probability 

distribution from conducting a high number of CBA simulations that were randomly 

sampled from the variable ranges. Therefore, it highlights the need to develop a method 
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to conduct CBAs that simulates the real world with more randomized values and greater 

repetition to get a distribution of possible outcomes.  

DeVincentis et al. (2020) provides a great baseline to build upon for further CBA 

of regenerative tomato agriculture, but only considers cover cropping. In order to obtain 

the silver Regenerative Organic Certification, organic certification and at least three 

regenerative practices are needed. Therefore, it is important to determine whether the 

Regenerative Organic Certification is financially viable for tomato farmers in the Central 

Valley using a CBA.  

Research Questions, Hypotheses and Specific Aims 

This research aimed to answer the questions:  

1. How do projected water trends in California affect the financial outcome of 

processing tomato farmers?  

2. What is the relative importance of various costs and benefits of regenerative 

farming for a hypothetical farm? 

3. Is the Silver Regenerative Organic Certification financially viable when farmers 

adopt no-tillage, cover cropping, and compost amendments? 

In addressing these questions, the following hypotheses were examined: 

1. Drought trends will increase water costs, which will negatively impact the 

financial outcome of processing tomato farmers. 

2. Costs will initially outweigh the benefits of implementing regenerative agriculture 

practices (e.g., first five years) but eventual environmental and financial benefits, 

as well as an increased premium from obtaining the Regenerative Organic 

Certification, will result in long-term profitability. 
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3. The Silver Regenerative Organic Certification benefits farmers by increasing 

premiums for processing tomato farmers in California’s Central Valley but may 

not be sufficient to generate a profit if costs are too high.  

 

Specific Aims 

In order to test these hypotheses, the following specific aims were addressed: 

1. Use Cost and Return studies for organic and conventional processing tomatoes to 

define a baseline agricultural model, based on an average processing tomato farm 

in the Central Valley of California 

2. Examine the baseline costs with and without an increase in water prices. 

3. Identify and describe the variables for three regenerative agriculture practices (no 

tillage, cover cropping, compost amendment) to construct a CBA for regenerative 

organic agriculture over 30 years.  

4. Assign a monetary value to environmental benefits of regenerative farming. 

5. Indicate the possible range of values for variables related to regenerative farming 

practices, tomato yields, water prices, carbon sequestration benefits, and price 

premiums.  

6. Use a Monte Carlo simulation of 1,000 CBAs to calculate a distribution of net 

present values (NPV) and BCRs. 

7. Conduct a sensitivity analysis to examine the effects of specific variables, such as 

yield, price premiums, and water costs. 

8. Discuss the implications of policies such as regulations or incentives.  
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Chapter II 

Methods 

The goal of this paper was to comprehensively quantify the monetary costs and 

benefits of winter cover cropping, no-till, compost application, and water conservation 

for processing tomato production in Central Valley, California. A Monte Carlo approach 

to conducting a cost and benefit analysis (CBA) elucidated the probable financial effects 

of adopting regenerative agriculture practices. Additionally, a sensitivity analysis to 

examine the various hypothetical changes in processing tomato production provided 

valuable insights into the economic viability of these regenerative practices.  

Data Collection 

This research relied on results collected from scientific journal articles and data 

published by government agencies, which described economic and environmental 

benefits of regenerative practices (Table 1). Studies examining processing tomatoes 

and/or California-based studies were preferred over studies based in other crops or 

regions. Agricultural costs and returns were obtained from a 2018 University of 

California Cooperative Extension’s Cost and Return study for growing processing 

tomatoes in the Southern San Joaquin Valley using conventional (Turini et al., 2018). 

This sample production budget was based on a sub-surface, drip irrigation farm, which 

was representative of a typical irrigation system found in California. Growers, suppliers, 

and industry representatives compiled this Cost and Return study, which represented a 
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typical farm for Southern San Joaquin Valley, an area in the Central Valley in California. 

However, there was still considerable variability in the conditions that the tomatoes grow 

in, therefore the costs may not apply to all farms (Turini et al., 2018). Additionally, the 

1994 Cost and Return study for organic processing tomatoes was used to determine the 

types of inputs utilized in an organic scenario. Data on various policies and subsidies 

were obtained from government websites. 

Three regenerative agriculture practices were included in this analysis: winter 

cover cropping, compost addition, and no-tillage, which were minimum requirements for 

the new Silver Regenerative Organic Certification. Studies on DI (deficit irrigation) and 

effects of drought were also examined to address the ongoing water scarcity issue in 

California, which has significant agricultural implications. EPs (environmental payments) 

from the Healthy Soils Program (HSP)and Environmental Quality Incentive Program 

(EQIP) are grants from the government to incentivize farmers to implement regenerative 

practices. Effects of EPs were examined to evaluate the impact of government grants on 

the economic viability of implementing regenerative practices. 
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Table 1. Costs and benefits related to regenerative practices. 

Practice Type Variables Description Value or 

Range 

Frequency 

(years) 

Sources 

Winter 

Cover 

Crop 

Costs Seed $ per acre 10-50 30 1 

Planting $ per acre 5-18 30 1 

Termination $ per acre 0-10 30 1 

Harvest 

complications 

with cash crops 

% of yield loss 5%-30% Org: 1-3 

Reg :6-10 

2 

Tons per acre Org: 44-54 

with a 33-46% 

yield loss 

3  

Reg: 44-54 

with a 10-46% 

yield loss 

Price premium Org:20-60% 

higher than 

conventional 

3 

Reg:  40-80% 

higher than 

conventional 

Depreciation of 

machinery 

% of annual capital 

recovery 

18% 30 2 

Annual capital recovery 

costs: $ per acre 

79.49 

Benefit Avoided cost 

of weed control 

$ per acre starting yr 1 0-16 1-2 1 

$ per acre starting yr 3 11-27 15-25 

Avoided cost 

of fertilizer 

lbs per acre of fertilizer 

starting year 3: 

15 2 1 

lbs per acre of fertilizer 

starting year 5 

30 15-25 

$ per lbs 0.41 30 

Avoided cost 

of phosphorus 

lbs per acre of 

phosphorus starting year 

3 

20 2 1 

lbs per acre of 

phosphorus starting year 

5 

25 15-25 

$ per lbs 0.45 30 

Avoided cost 

of erosion 

repair 

$ per acre 3.22 30 

Reduced 

surface water 

runoff 

% of ground cover 0.5 30 Assume 

50% 

ground 

cover by 

CC 

Surface water discharge 

permits 

1.08 4 

EQIP $ per acre 80.43 30 5 

Assists 

conversion to 

no-till 

$ per acre 25.71 1-5 1 

Compost Cost Compost 

application 

Tons per acre per year 4 10-15 6 

Per ton of compost 59.01 7 

Compost 

transportation 

Tons per acre per year 4 6 

$ per ton of compost 12.92 8 

EQIP $ per acre 17.31 5 

No-tillage Benefit Avoided cost 

of labor 

Hr 0.52 15-25  9 

$ per hr 20.36 10 

Gal per acre 8.125 9 
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Avoided cost 

of fuel 

$ per gal 4.1 11 

Avoided cost 

of lube & 

repair 

$ per acre 16 9 

Water saved Acre-foot saved 0.33 12 

$ per acre-foot 273-1500 9, 14 

HSP $ per acre 31.72 3 13 

Organic Cost Gypsum Ton per acre 0.5 30 15-20  
$ per ton 220 

Fish powder lbs per acre 8 

$ per lbs 1.17 

Kelp extract lbs per acre 2 

$ per lbs 10 

Sulfur Lbs per acre 6.5 

$ per lbs 1.83 

Copper Lbs per acre 2.00 

$ per acre 5.7 

Weed 

management 

Hrs 23.64 

$ per hrs 20.36 10 

Equipment 

fuel, lube, 

repairs 

Fuel, lube, repairs 7.68 15 

Equipment 

depreciation 

$ per acre 14.38 

Avoided cost 

of fertilizer 

material 

$ per acre 496.39 30 9,15 

Avoided cost 

of conventional 

pest control 

$ per acre 429.99 30 9,15 

Deficit 

Irrigation 

(80%) 

Starting 

year 5 

Benefit  Avoided cost 

of labor 

Hrs 2.30 25 9 

$ per hr 20.36 10 

Avoided cost 

of diesel 

Gallons of diesel 0.2575 
 

9 

$ per gal 4.1 10 

Avoided cost 

of water 

Acre-foot of water 0.5 
 

9 

$ per acre-foot of water 273-1500 10 

Avoided cost 

of lube and 

repairs 

$ per acre 0.89 
 

9 

Tomato Cost Yield loss from 

drought 

% decrease Org: 5%-30% Org: 1-3 21 

Reg: 5%-30% 

Tons per acre Org: 44-54 

with a 33-46% 

yield loss 

3 

Reg: 44-54 

with a 10-46% 

yield loss 

Reg: 10-15 

Price premium Org: 20-60% 

higher than 

conventional  

3 

Reg: 40-80% 

higher than 

conventional 

Yield 

reductions 

Tons per acre Org: 44-54 

with a 33-46% 

yield loss 

Org: 1-5  3 

Reg: 44-54 

with a 10-46% 

yield loss 
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Price premium Org: 20-60% 

higher than 

conventional 

Reg: 6-30 3 

Reg: 40-80% 

higher than 

conventional 

Benefit Avoided fee 

from yield 

reductions 

% of cost from yield 

reductions 

Org: 0.5% Org:1-5 22 

Reg: 0.1% Reg: 6-30 23 

Revenue Tons per acre Org: 44-54 

with a 33-46% 

yield loss 

Org: 1-5  3 

Reg: 44-54 

with a 10-46% 

yield loss 

Price premium Org: 20-60% 

higher than 

conventional 

Reg: 6-30 3 

Reg: 40-80% 

higher than 

conventional 

Cost License fee % of revenue Org: 0.5%  Org: 1-5 22 

Reg: 0.1% Reg: 6-30 23 

Carbon Benefit Carbon 

sequestration 

Benefits start 

yr 8 

Ton C per acre 0.5-2.0 10-15 24 

Price per ton of carbon 10-51 25 

Carbon equivalent 3.67 26 

Opportuni

ty Cost 

Cost Opportunity 

cost 

$ per hr 20.36 1-5 10 

Hrs of learning 1-15 2 

Organic certified farm (org): First 5 years 
Regenerative certified farm (reg):5-30 years 

Sources:  
1. Myers & Weber, 2019 

2. DeVincentis et al. 2020 

3. California Tomato Growers Association, 2021; Dillon 2021; Carlson and Jaenicke, 2016 

4. California Water Boards, 2022 

5. USDA NRCS, 2022 

6. Gravuer 2016 

7. Klonsky et al., 1994 

8. Rahmani, et al., 2004 

9. Turini et al., 2018 

10. USDA NASS, 2021 

11. U.S Department of Energy, 2021 

12. Mitchell et al, 2012 

13. CDFA, 2021b 

14. Schwabe et al., 2020 

15. Klonsky et al., 1994 

16. USA Gypsum, 2021 

17. Peaceful Valley Holdings, Inc, 2021a 

18. Peaceful Valley Holdings, Inc, 2021b 

19. Peaceful Valley Holdings, Inc, 2021c 

20. Keystone Pest Solutions, Inc, 2021 

21. Davis & Lucier, 2021 

22. California Certified Organic Farmers, 2022 

23. Regenerative Organic Alliance, 2021 

24. Hepperly et al., 2007, Tautges et al. 2019 

25. Chemnick, 2021 

26. U.S. Energy Information Administration, 2022 
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Background on Monte Carlo Simulations 

A CBA model was constructed using the Monte Carlo simulation approach. 

Monte Carlo simulations are repeated experiments with randomly sampled input 

parameters in order to simulate the real world (Almansa & Martínez-Paz, 2010). Monte 

Carlo simulations attempt to estimate uncertainties experienced in the real world. In this 

study, parameter values were input from a normal distribution where the probability of 

the input value lied close to the mean of the distribution. A normal distribution was 

chosen to account for the fact that most values occurred near the mean rather than at 

either ends of the extreme. During each run of the simulation a sample randomly picked 

within this distribution was used as the value for the input parameter (Almansa & 

Martínez-Paz, 2010). In this study each experiment consisted of 1,000 simulations; each 

simulation could be thought of as one unique CBA for one operation.  The number of 

simulations was defined by testing 100, 500, 1,000, and 2,000 simulations. With 1,000 

and 2,000 simulations, the plotted results had the same distribution; therefore 1,000 

simulations were determined to be sufficient. 

Development of the Monte Carlo Simulation 

A whole-farm budget referred to all costs or benefits that occur in one year. A 

cash flow model referred to the whole-farm budget over 30 years. A CBA referred to the 

1,000 simulations of the accumulated budgets, equivalent to 30,000 annual budgets.  

The steps to complete a simulation (Figure 1) were automated using Python 3.9.7. 

The input to the simulation consisted of costs or benefits from a whole-farm budget 

obtained primarily from the 2018 Cost and Return Study for Conventional Processing 

Tomatoes. Overhead and non-overhead cash flows were included in this simulation to 
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examine the full costs of the agricultural operation. Most costs were incurred during the 

first five years of the CBA.  

Additional variables were added to the budget for the regenerative practices. 

Economic values were assigned to environmental benefits associated with the 

regenerative practices to facilitate inclusion in the CBA. Cash and non-cash overhead, 

transplanting, machinery, and harvesting costs were kept constant to avoid introducing 

noise to the variables of interest. Variables of interest included costs or benefits 

associated with a regenerative practice, tomato yield, water costs, carbon sequestration 

benefit, and price premiums.  

 

Figure 1. Diagram of automated Monte-Carlo CBA framework. 

 

In order to develop the cash flow over 30 years, the whole-farm budget was 

replicated annually. A random value selected from a range of frequencies was selected 
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for each variable of interest to determine the number of times it should appear in the 30 

years which determined the number of times that variable should be replicated in the cash 

flow. For the variable of interest, the values were selected from a normal distribution out 

of a range identified from literature. Variables related to the application of a regenerative 

agriculture practice only occurred for the years during when the practice were applied 

(e,g., winter cover crop harvest complications were applicable after year 2 and can occur 

6-10 times, decreasing the yield 5%-30%).  

In this research, a drought was simulated to occur 10-15 times in the 30 years and 

the water cost during drought could rise to an upper bound of $1,500 per acre-foot. The 

cost of irrigation was assumed to increase due to climate change and the 

associated increase in extreme weather events, warmer temperatures, and smaller 

snowpack in the winter, which would exacerbate water scarcity. Farmers would ensure 

that crops received the same amount of water despite drought conditions. This assumed 

that farmers would not reduce the amount of irrigation when drought causes water prices 

to rise. For variables that occurred only during a drought, other correlated variables, such 

as water saved with no-till, were added to the cash flow. These variables only occurred at 

the same years the drought occurred. The same water price increase was applied to all the 

variables that were associated with drought water prices. Additionally, tomato yield and 

prices in the whole-farm budget had consistent values for other variables that needed the 

value in its calculation. 

In order to examine the effects of gradually increasing values of certain variables, 

a function was used to create a sliding window so that the value sampled in each year 

would be greater or lesser than the previous year within the specified range. For example, 
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when examining the effects of increasing water prices in the conventional study, this 

function was used to gradually increase water prices over the 30-year cash flow.  

Outputs of the Simulation 

The resulting product of the simulation was a table of accumulated whole-farm 

budgets containing randomized values. A BCR and the NPV were derived from the table 

of costs and benefits. The random variation of the variables of interest allowed 

examination of the spread of possible BCR and NPV values. The BCR was calculated 

with Equation 1:  

Benefit cost ratio = 

Σ𝑡=0 
𝑡=𝑇 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠𝑡

(1+𝑟)𝑡

Σ𝑡=0
𝑡=𝑇 𝑐𝑜𝑠𝑡𝑠𝑡

(1+𝑟)𝑡

where r is the discount rate, t is the time 

period of the cash flow, and T is the time horizon considered (DeVincentis et al., 2020). 

In other words, the BCR was calculated by dividing the discounted sum of benefits with 

the discounted sum of costs in a single CBA. Additionally, the NPV was also calculated 

with Equation 2: 

 NPV =  Σ𝑡=0 
𝑡=𝑇 Σ 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠𝑡

(1+𝑟)𝑡 −
Σ 𝑐𝑜𝑠𝑡𝑠𝑡

(1+𝑟)𝑡  where r is the discount rate, t is the 

time period of the cash flow, and T is the time horizon considered. The BCR and NPV 

values provided a probability in which growing processing tomatoes can be profitable in 

the long-term. 
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Conventional Baseline 

The 2018 Cost and Return study for growing conventional tomatoes in San 

Joaquin was used to set a baseline for this study (Turini et al., 2018). The Cost and 

Return study clearly itemized the inputs for a conventional processing tomato operation. 

Two scenarios were created for this baseline: the Conventional Scenario where water 

price stayed constant, and the Conventional Drought Scenario where drought played an 

impact on water prices (Table 2). In both scenarios, a yield variability of 43-73 tons per 

acre was obtained from the Cost and Return study; thus the same variability in a Monte 

Carlo simulation was used in which a random value within that range was selected. The 

price per ton of tomato was $84.5 per ton, the agreed price amongst all tomato processors 

set by the California Tomato Grower Association in 2021(California Tomato Grower 

Association, 2021). In the second scenario, drought became a significant factor in future 

viability of such operations and water cost was introduced as a variable. A gradual 

increase in water price and variability in yield was simulated to consider the potential 

costs of growing tomatoes in a drought-prone area.  

Regenerative Baseline 

The incorporation of regenerative agriculture practices and obtaining the 

Regenerative Organic certification had a fairly different whole-farm budget compared to 

conventional operations. This was also modeled with a Monte Carlo simulation.  

Realistically, a farmer will adopt one practice a year to slowly transition to and 

obtain the Regenerative Organic Silver certification. The sequence of adoption in this 

study was hypothetical and the order could be changed based on the farmer’s preference. 

Here it was assumed that it was unlikely for a conventional farmer to obtain Organic 
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certification and Regenerative Organic certification consecutively within a short time 

span since transition costs generally result in several unprofitable years. It was assumed 

instead that it was more likely that Organic farmers were interested in obtaining the 

Regenerative Organic certification. Thus, the first year of the simulation began with 

organic practices. In the second year of this hypothetical farm, compost was added to 

replace fertilizer. Winter cover crops were introduced in the third year and no-tillage was 

introduced in the fourth year. Finally, DI (Deficit Irrigation) was incorporated to address 

the water scarcity experienced in California, also a regenerative practice counting for the 

certification but as an optional water saving practice in this study. By year five of the 

study, farmers would be able to qualify as Regenerative Organic and be able to sell 

tomatoes at a higher price premium than the Organic Certified processing tomatoes. This 

specific sequence of adoption was utilized in this study for all the scenarios assessing 

regenerative agriculture.  

In the simulations, yield was modeled as a 33-46 % loss from 44-54 tons per acre 

for the first five years of organic practices and then a 10-46% loss for the later years. This 

assumed that after the farmers adopt more regenerative organic practices, soil health 

improvement provided a recovery of yield (Myers et al., 2019; Mitchell et al., 2012; 

Mitchell et al., 2017; Nevans et al., 2001; Clark et al., 1999). These studies have 

suggested the improvement in soil health would reduce yield losses the longer the 

regenerative practices were applied. However, it was difficult to estimate the synergistic 

effects of multiple regenerative practices since long-term studies are not available.  

Similarly, since the Regenerative Organic certification is relatively new, there are 

few published statistics on the premiums that certified products received. There is a vast 
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range of organic premiums for different products. The organic premium was assumed to 

be 20-60% higher and the regenerative organic premium was modeled at 40-80% higher 

than the conventional price of $84.5 per ton (California Tomato Growers Association, 

2021; Dillon 2021; Carlson nad Jaenicke, 2016; Oberholtzer, 2005). The higher standards 

of the Regenerative Organic certification would provide a higher premium than the 

original Organic certification. These were all possible ranges that growers have 

experienced, which have led to the high variability in which farms become profitable or 

operate at a loss. 

Scenario Development 

 Five scenarios were simulated to examine the responses of an agricultural 

operation undergoing the changes associated with conversion to the Certification, and to 

determine the financial impact of such changes. Within each scenario, environmental 

payments (EP) and DI were added or subtracted from the scenario (Table 2). For each of 

the five scenarios, the Monte Carlo analysis with regenerative practices was used as a 

baseline model. The Monte Carlo simulation resulted in a distribution of possible BCRs 

and NPVs. Instead of providing a range of possible values for a variable of interest, a 

constant value was given for each simulation. The simulation was repeated several times 

with different constant values and the results were plotted together to examine the impact 

it had on BCR. On the other hand, some scenarios involved adding or removing a 

variable from the scenario to simulate the impact.  

In the first scenario, incentives for ecosystem services that boost the economic 

profitability of the operation were incorporated into or subtracted from the cash flow. 

Additional income for the farmer could persuade them to adopt environmentally 
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beneficial practices, but incentives are not guaranteed due to unpredictability of the 

USDA budget and the limited availability of grants to the farmers. The impact of losing 

such an incentive may dissuade farmers from adopting a new practice. In total, compost, 

no-till, and cover crops EPs were assumed to provide $103 dollars per acre per year from 

USDA EQIP and CDFA HSP. USDA EQIP payment frequency varied between each 

practice and CDFA HSP for the first three years no-tillage was applied. It was important 

to examine the effects on BCR when the incentive was added or removed in the various 

models (Table 2) to determine whether the overall impact of the environmental payment 

was strong enough to attract farmers.  

Water scarcity was assumed to increase the cost of water as climate change results 

in warmer temperatures and more extreme weather changes (Tapan et al., 2018). Scenario 

two was the adoption of DI in various models, where 80% of the full-irrigation amount 

was applied to the crop. Labor and fuel costs were also reduced by 20% compared to the 

full-irrigation costs. This scenario modeled the potential water savings and was applied 

after year 4. The ideal scenario would be that regenerative agricultural practices would 

improve soil health and increase soil water availability (Gravuer, 2016). Increased water 

holding capacity of soils allows the farmer to reduce the irrigation requirements 

(Gravuer, 2016; Mitchell et al., 2012; Myers & Weber, 2019). Results from 

implementing DI have been mixed and depended on the environmental conditions of the 

farm. Therefore, it may not be suitable for every farm to adopt DI and will depend on the 

conditions of each individual farm. Lower yields may result from DI but the potential 

savings from avoided water costs may be larger than the extra returns from higher yield. 

In this study, a 20% DI was examined by adding or removing it from the Regenerative 
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Baseline (Table 2) to determine the potential impact it had on California processing 

tomato growers. Mixed results from DI research suggested that it may or may not have 

caused a decrease in yield. Therefore, it may be a practice that farmers are willing to 

implement. 

Loss in crop yield was a major concern when implementing organic and 

regenerative practices, thus it was important to examine the effects of this variable. In the 

third scenario, different values for yield were simulated (Table 2). Organic practices, 

cover cropping, no-tillage, and applying compost could affect the yield, thus the lower 

and upper bounds of the 10%-46% yield loss range were simulated as separate scenarios. 

Additionally, gradually diminishing yield loss and reaching closer to conventional yields 

simulated soil health improvements, which have the potential to increase yields the 

longer it is practiced (USDA NASS, 2022; Myers et al., 2019; Mitchell et al., 2012; 

Mitchell et al., 2017; Nevans et al., 2001; Clark et al., 1999). 

In recent years, carbon credits have been proposed as a method for farmers to 

monetize the carbon sequestered into their soil. Therefore, in the fourth scenario, carbon 

credits were used to incentivize farmers to adopt beneficial practices to sequester more 

soil carbon. Private companies and government officials are building carbon markets to 

buy and sell credits and are advocating an increase of carbon prices. In this scenario, the 

baseline was the absence of participation in the carbon credit market and was compared 

to a simulation where the carbon improvements were monetized and price increases from 

$10-500 per ton. This increase reflected that society and the government valued carbon at 

a higher price and implemented policies that encouraged carbon sequestration. Results 

from this scenario signaled the impact carbon credits have on the overall farm budget. 
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In the fifth scenario, organic premiums at different percentages were modeled to 

examine the price requirement for consistent profit. Regenerative practices on top of 

organic agriculture called for premiums higher than having only organic practices. Thus, 

premiums ranging from 0%-100% were examined in this study to determine the BCR 

breakeven point, where the investment in certification would be economically viable.  

Table 2. Descriptions of the addition or removal of EP, DI or drought for scenarios 1-3. 

Name Conditions 

Scenario EP DI Drought 

Conventional Conventional scenario  ✘ ✘ ✘ 

Conventional Drought Conventional scenario  ✘ ✘ ✔ 

Regenerative Baseline Regenerative scenario ✘ ✘ ✘ 

Regenerative Baseline Drought Regenerative scenario ✘ ✘ ✔ 

Regenerative Enhanced Regenerative scenario ✔ ✔ ✘ 

Regenerative Enhanced Drought Regenerative scenario ✔ ✔ ✔ 

Regenerative EP only Drought Regenerative scenario ✔ ✘ ✔ 

Regenerative DI only Drought Regenerative scenario ✘ ✔ ✔ 

Regenerative Yield Recovery Regenerative scenario with 46% to 

10% yield loss 
✘ ✘ ✘ 

Regenerative Yield Recovery 

Drought 

Regenerative scenario with 46% to 

10% yield loss 
✘ ✘ ✔ 

Regenerative High Yield Regenerative scenario with 

consistent 10% loss 
✘ ✘ ✘ 

Regenerative Low Yield Regenerative scenario with 

consistent 46% loss 
✘ ✘ ✘ 
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Analysis 

A waffle plot was used to analyze the proportion of each variable relative to the 

total costs or benefit to examine the top variables producing the most impact to the CBA. 

The average cost or benefit was calculated for each variable from the entire cash flow 

produced by the simulation. These averages were then divided by the average total cost 

or benefit and plotted and plotted in a waffle plot.  
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Chapter III 

Results 

In this section, results from the Monte Carlo simulations are presented so the 

potential economic advantages and drawbacks of regenerative agriculture can be 

examined. Results indicated that water scarcity causing increases in water price would 

negatively impact economic outcomes in both conventional and regenerative scenarios. 

Additionally, various simulations suggested that minimizing yield loss was important, 

environmental payments (EP) and deficit irrigation (DI) were necessary, and farmers 

must receive at least 70% higher price premiums for regenerative agriculture to be 

economically viable.  The results are summarized in Table 3 and reviewed in detailed 

sections below. 

In order to obtain these results, the cost and benefits for each year of the 1000 

simulations was used to calculate the benefit cost ratio (BCR) and net present value 

(NPV). The BCR is the ratio between costs and benefits of that simulated run where a 

BCR below one indicates higher costs than benefits. The NPV is the present value of cash 

inflows minus the cash outflows over time.  

The box plot figures show BCR or NPV of the 1000 simulations over 30 years, 

with separate box plots for each year with data points representing a simulation. In the 

box plots, the midline represents the median value, the rectangular mid-sections represent 

+/- 50% of the 1000 simulations, and the whiskers extend from the 75th/25th percentile to 

the maximum or minimum observation. 
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Table 3. Average BCRs and cumulative NPVs for different scenarios of impact of 

drought, DI, and EP on the profitability of Regenerative Organic Certification.  

 
Average BCR Cumulative NPV 

Scenario description without 

drought 

with 

drought 

without drought 

($ per acre) 

with drought ($ 

per acre) 

Conventional 1.08 0.93 9,394 -11,718 

Regenerative 

Enhanced 

1.01 0.96 -945 -8,711 

Regenerative 

Baseline 

0.96 0.89 -7,819  -18,716  

Regenerative Yield 

Recovery 

0.93 0.86 -12,256 -23,157 

Regenerative Low 

Yield 

0.78 0.73 -29,556 -40,375  

Regenerative High 

Yield 

1.16 1.07 19,094 8,146 

 

Conventional Baseline 

Profitability of using conventional methods to grow processing tomatoes may be 

challenged by climate change. In this simulation, there were two scenarios (Figure 2). In 

the Conventional scenario water costs were maintained at $273, the water price recorded 

in the cost and return study in 2018 dollars, adjusted for inflation. In the Conventional 

Drought scenario, water price was simulated to increase from $273 per acre-foot to 

$1,500 per acre-foot under worsening drought conditions. 

In the Conventional scenario, processing tomato production broke even at 54 tons 

per acre when water price was be maintained at $273 per acre-foot and processing 

tomatoes sold at $84.5 per ton, the price of tomatoes in California in 2021. The average 
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BCR was 1.08 and ranged from 0.72-1.50 when the yield ranged from 43-73 tons per acre 

and tomato price is at $84.5 per ton (Figure 2, left). The cumulative NPV of this scenario 

was $9,394 per acre over 30 years (Table 3). The simulation suggested that conventional 

processing tomato production, if variables were consistently at the same prices, was 

profitable more than 75% of the time. However, this outcome changed under the water 

scarcity scenario. 

 

Figure 2. BCR of Conventional and Conventional Drought scenarios. 

 

In the Conventional Drought scenario, growing processing tomatoes quickly 

became unprofitable as water prices rose due to increased water scarcity. The average 

BCR was 0.93 and the cumulative NPV as -$11,718 per acre (Table 3). Compared to the 

baseline scenario, median BCR quickly reached a negative value. The median BCR value 

fell below one in year two, and more than half the simulations produced a BCR of less 

than one after year three (Figure 2, right). Higher yield could compensate for high water 
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prices, but higher yield requirements may be difficult to achieve under this type of 

resource scarcity. From this simulation, it could be argued that growing processing 

tomatoes in the Central Valley would be unprofitable after several continuous years of 

exacerbated water scarcity.  

Regenerative Baseline 

Adopting regenerative practices was assumed to be a long-term investment that 

involved many changes to an agricultural operation. The Regenerative Baseline scenario 

adopted the cost and benefits of three regenerative practices without drought conditions, 

EP and DI. The addition and removal of these variables were considered in sensitivity 

analyses (Table 2). The Regenerative Baseline simulation over 30 years and 1,000 runs 

produced an average BCR of 0.96 and a cumulative NPV of -$7,819 per acre (Table 3). 

The BCR was always negative in the first five years of regenerative agriculture adoption 

(Figure 3). Many variables that impacted profitability in the later years included, but were 

not limited to, a yearly 10-46% yield loss and price premiums; both played a factor in the 

variability of the results which gave a wide spread of BCR values, ranging from 0.58-

1.45 (Figure 3, left). The range of possible values displayed the variability of success and 

failure of regenerative farming and the heterogeneity of the real world. 

After the sixth year of the Regenerative Baseline Scenario, nearly half of the 

simulations resulted in a BCR greater than one (Figure 3, left). The cumulative NPV was 

-$546 after year six, after the initial cost of regenerative agriculture implementation and 

when products were able to be sold at a regenerative organic premium (Figure 3, right). 

For simulations at the 75th percentile, the BCR was 1.07. These simulations may have 
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experienced low yield losses, high premiums or low costs. At the 25th percentile 

experience, the BCR was 0.84.  

A number of simulations experienced harvest complications from planting winter 

cover crops and suffered yield losses, as indicated by the negative peak in the distribution 

plot for the Regenerative Scenario (Figure 4). Harvest complications, with cover crops 

potentially delayed tomato harvests, was a variable that negatively impacted profitability. 

Additionally, high yield losses, low premiums, or high costs could negatively impact the 

economic outcomes. The Regenerative Baseline scenario showed that the adoption of 

regenerative practices in accordance with the Certification as not economically viable for 

a majority of farms in the long run. 

 

Figure 3. BCR and NPV of the Regenerative Baseline scenario. 
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Regenerative Scenario Variations 

The average BCR of the Regenerative Baseline Drought scenario was 0.89 and 

cumulative NPV was -$18,716 per acre (Figure 5). Almost 75% of the simulated runs did 

not achieve a BCR above one. With a median NPV experienced yearly at -$555 per acre 

(Figure 4), most simulations were experiencing an annual loss. In this scenario, the 

distribution showed a greater probability of encountering a major yield loss event, either 

harvest complications with cash crops or drought conditions (Figure 4). 

There was a greater difference between drought and no drought conditions for 

Conventional Scenarios than Regenerative Baseline Scenarios. The cumulative NPV 

difference between Conventional and Conventional Drought scenarios was $21,112 while 

the difference between Regenerative Baseline and Regenerative Baseline Drought 

scenarios was $10,897 (Table 3, Figures 4 & 5).  

Regenerative practices could increase resilience in stressful conditions. Water 

savings from practicing no-tillage, and composting and growing winter cover crops could 

build resilience and prevent the major financial losses seen in conventional simulations. 

However, growing processing tomatoes in both regenerative and conventional scenarios 

under drought conditions were not economically viable. 
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Figure 4. Frequency distribution of the Regenerative Baseline and Regenerative 

Enhanced scenarios with or without drought. 
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Figure 5. BCR and NPV of the Regenerative Baseline Drought scenario. 

 

In the next simulations, Regenerative Enhanced (Figure 6) and Regenerative 

Enhanced Drought (Figure 7) scenarios included environmental payments (EP) and 

deficit irrigation (DI). From this analysis, practicing DI and receiving EPs increased the 

benefit-cost ratio. In the Regenerative Enhanced scenario, the BCR was 1.01 and 

cumulative NPV was -$945 per acre (Table 3). The median yearly NPV over 30 years 

and 1,000 simulations as $132 (Table 3). In the distribution plot, the smaller negative 

peak were the losses when simulations encounter harvest complications with cash crops 

(Figure 4). Depending on the conditions, the Regenerative Enhanced scenario provided a 

positive outcome for nearly 75% of the simulations (Figure 4). The difference between 

the Regenerative Enhanced scenario and the Regenerative Baseline was a cumulative 

NPVs of $6,874 per acre over 30 years (Table 3).  

However, when a water scarcity scenario was introduced in the Regenerative 

Enhanced Drought condition, the BCR dropped to 0.96 and had a cumulative NPV of -

$8,711 (Table 3, Figure 7). The median yearly NPV was -$195 per acre, and most 
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simulations showed an economic loss with this operation (Figure 4). Before water 

scarcity scenarios drove water prices up to unsustainable costs, it was possible to grow 

processing tomatoes at a profit.  

Compared to the Conventional Drought Scenario (Figure 2) where water scarcity 

quickly rendered conventional processing tomato production unprofitable after year 3, 

regenerative practices sustained processing tomato production for a longer period of time. 

However, around year 14, half of the simulated runs in the Regenerative Enhanced 

Drought scenario had a BCR lower than one (Figure 7), thus higher water costs in the 

later years made growing processing tomatoes unprofitable, suggesting that water 

scarcity would greatly impact economic viability.  

 

Figure 6. BCR and NPV of the Regenerative Enhanced scenario. 
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Figure 7. BCR and NPV of the Regenerative Enhanced Drought scenario. 

 

The Regenerative Enhanced scenarios included DI and/or EP, which both had a 

positive effect on economic viability of the regenerative scenarios. DI could increase 

cumulative NPV in the Regenerative DI only Drought scenario compared to the 

Regenerative Baseline Drought scenario (Figure 8); the difference between the two 

scenarios was $7,086 per acre. In the Regenerative DI only Drought scenario, DI helps 

the Regenerative Baseline achieve a BCR above one from years six to eight (Figure ?) 

and helped mitigate profit losses in the later years, maintaining BCR above the 

Regenerative Baseline Drought Scenario. A portion of cumulated benefits were from 

EPs, simulations suggested that EPs provided an increase in the BCR. The mean BCR 

was 0.89 for Regenerative Baseline Drought and 0.91 for Regenerative EP only Drought 

scenario, a difference of $2,920 per acre in cumulative NPV (Table 3), suggesting that 

EPs could change the likelihood that a farm is economically profitable. 
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Figure 8. BCR of regenerative scenarios with or without environmental payments (EP) or 

deficit irrigation (DI).  

 

Yield Recovery Under Different Water Scenarios 

Regenerative farming practices have the potential to increase yield to recover 

from the transition from conventional to regenerative agriculture as observed in several 

studies (Myers et al., 2019; Mitchell et al., 2012; Mitchell et al., 2017; Nevans et al., 

2001; Clark et al., 1999). Simulations were therefore conducted to examine the effects of 

improvements in yield. Different scenarios looked at the upper and lower bounds or a 

gradual improvement from 46%-10% yield loss. The worst-case scenario was the 

Regenerative Low Yield Drought scenario with a consistent 46% yield loss from 

regenerative practices where the cumulative average NPV was -$40,375 per acre (Figure 
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9, Table 3). While perhaps less likely, if a farmer only experienced a 10% yield loss from 

conventional yields such as the Regenerative High Yield Drought scenario, the BCR was 

likely above 1.07 with a cumulative average NPV at $8,146 (Table 3). In the 

Regenerative Yield Recovery scenario, BCR was above one after year 20 under normal 

water conditions but overall average BCR was 0.93 (Figure 9). Water scarcity resulted in 

a BCR below one in all years with an average BCR of 0.86 (Table 3).  This analysis 

revealed that yield has a major impact on the revenue potential of regenerative farming 

and water scarcity continued to greatly impact economic viability. 

Overall, the most profitable scenario is the Regenerative High Yield scenario 

(10% yield loss) with a cumulative NPV of $19,094 per acre over 30 years while the least 

profitable was the Regenerative Low Yield scenario (46% yield loss) with a cumulative 

NPV of -$40,375 per acre (Figure 9, Table 3).  

Aside from these conditions, under normal water conditions, the Conventional performed 

the best with a cumulative NPV of $9,394, but the Regenerative Enhanced scenario 

suffered the least losses in drought conditions (Table 3). Projected water trends in 

California suggest water scarcity will continue to worsen. Results of this study show that 

growing processing tomatoes under drought conditions would not be economically viable 

due to high water costs (Table 3). 
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Figure 9. Effect on BCR as yield recovers to its original value from 46% to 10%  loss, 

under different scenarios of drought or deficit irrigation. 

 

 

Carbon Payments  

To determine whether carbon credit income can impact profitability of 

regenerative farming, a carbon price of $10 to $51 per ton or $10 to $500 per ton was 

examined with 0.5 to 2 tons per acre of carbon sequestered by the farmer. The results 

showed that an increase from $10-$51 per ton of carbon sequestered did not impact 

economic viability meaningfully. In order to look at the impact of higher cost of carbon, a 

$10-$500 per ton of carbon was modeled. At lower values, carbon credits did not 

substantially change the economic outcome. However, with increasing demand for 

nature-based carbon offsets and the price of carbon rises past $51, there was a positive 
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economic impact. The difference between obtaining a carbon credit of $10-$51 per ton 

and no carbon sequestration was a cumulative NPV of $1,294 per acre over 30 years. In 

the scenario where the cost of carbon was nearly ten times higher, the difference between 

obtaining a carbon credit of $10-$500 per ton and no carbon sequestration was a 

cumulative NPV of $5,233 per acre. When the EP for carbon is high, this substantial 

impact may help offset costs of regenerative farming. 

Organic Price Premiums 

The effects of different organic price premiums were simulated with the 

Regenerative Baseline Drought Scenario. Famers who adopt regenerative practices for 

the Certification could achieve profitability with at least a 70% increase in price premium 

before year 21 (Figure 10). At year 21 and onwards, if drought conditions worsened then 

the price premium needed to increase to at least 80%. Consumers must be willing to pay 

a higher premium for processing tomatoes for farmers to receive at least a 70% to 80% 

premium. This would ensure the viability of regenerative practices and allowed farmers 

to adopt them with confidence. On the other hand, governments could provide greater 

assistance to regenerative and organic producers to lower the costs of these beneficial 

practices and to maintain price competitiveness with their conventional counterparts. 
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Figure 10. BCR of regenerative practices at different organic premiums 

Categories of Major Costs 

The average costs and benefits incurred with the Regenerative Baseline Drought 

Scenario were grouped into relevant buckets and their proportion to the total cost was 

visualized in a waffle plot (Figure 11). In the drought scenario, water price increases were 

factored in, and made up 31% of the total costs of operation. Other costs such as 

transplanting, land, harvest, cash and non-cash overhead, and machinery & fuel 

contributed 51% of total costs; transplanting tomatoes was 14% of total costs, the second 

highest cost in the whole farm budget. When the cost of harvest complications from 

growing winter cover crops was averaged over 30 years, it made up only 4% of the costs.  

The cost of implementing regenerative organic practices made up a small fraction 

of overall costs and was not the major factor in determining profitability. In the benefits 
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waffle plot (Figure 11, below), revenue made up a major fraction and was determined by 

yield and price premium; both variables were greatly important in earlier results. 

Adopting compost becomes a benefit because it replaces the need for fertilizer, which 

was costlier than compost. Removing tillage operations also reduced costs from having to 

till the land before planting. A breakdown of costs supported earlier results that yield, 

price premium, and water costs were impactful variables. 

 

 

Figure 11. Average costs and benefits of the regenerative processing tomato operation.  

Each box represents each cost or benefit relative to the total costs or benefits.  
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Chapter IV 

Discussion 

A CBA using a Monte Carlo approach was conducted in this research in order to 

assess the profitability of regenerative practices used to grow processing tomatoes. The 

results from this research suggested that the future of the industry in the Central Valley 

would be difficult to sustain, even with the adoption of regenerative practices. 

Conventional farms could maintain profitability only if water prices remained constant, 

which was unlikely given forecasts and the worsening water scarcity situation. The 

higher yield provided higher revenue, making it profitable, despite the associated 

environmental harm. While regenerative agriculture is better for the environment, the 

high cost in the form of yield loss may deter farmers from adopting the practices.  

 

Impact on Farmers 

Adopting regenerative practices is a commitment that requires a long time horizon 

to realize the benefits compared to conventional agriculture. A major factor when 

considering the profitability of regenerative operations was yield loss, commonly 

experienced when farmers transition towards regenerative agriculture. Maximization of 

yield through conventional pesticides and fertilizers are not allowed, replaced by organic 

pesticides and fertilizers and hand weeding. Based on the assumptions in this modeling, 

regenerative methods were not effective in generating high yields, and since yield was an 

important variable in determining economic profitability, farmers tend to choose 
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conventional practices to generate higher yields. However, conventional agriculture 

comes at the cost of degrading soil health, which is not sustainable in the long term. 

However, this study suggests that a regenerative operation at a 10% yield loss in a 

drought scenario was economically viable. Reduction of yield loss was possible through 

regenerating soil health and allowing natural processes to slowly improve nutrient 

cycling and increase soil organic matter over time. In order to speed up this process, 

research on increasing yields regeneratively, such as effective organic fertilizers and 

natural pest control methods would aid farmers in the transition. Additionally, 

complications from cover crops pose a threat to the harvesting operation of the tomato 

crop. Potential solutions include finding cover crops that do not impact tomato harvests 

or planting cover crops separately from the tomato to avoid complications (DeVincentis 

et al., 2020). Site to site variation of environmental conditions would lead to variability, 

thus farmers would have to optimize their practices based on their operation. 

When drought was considered in the simulation, both conventional and 

regenerative operations quickly become unprofitable due to higher water prices. 

Conventional methods had a steep downtrend in BCR compared to the regenerative 

scenario, which had better soil water holding capacity, leading to naturally reduced water 

needs. California is facing unprecedented drought conditions, which increase water prices 

and make both systems unprofitable. In this case, most other crops would face the same 

challenges. This also shows the need to help farmers transition away from crops with 

high water requirements.  
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Policy Considerations 

The regenerative organic certification provides a new label that could attract 

consumers and has the potential to become widespread, similar to the USDA’s organic 

label. The cost to adopt the regenerative organic certification results in a negative return 

during the transition period. Therefore, the additional label has a higher barrier for entry 

but once obtained, farmers should be able to obtain a higher premium. However, the need 

for a high premium for adopting regenerative practices may deter consumers from buying 

the product. The price difference between a conventional and regenerative organic 

product should be at least 70 to 80% more, depending on water prices and yield, for 

regenerative organic farmers to make a profit, but consumer willingness to pay this 

premium is unknown. The government could factor in the externalities of conventional 

farming by implementing a fee on soil degradation, just as they implement fees on soil 

erosion. Putting a price on soil degradation would change the economic equation.  

On the other hand, the government can provide more subsidies for regenerative 

practices, so that farmers can maintain profitability with lower regenerative organic 

certified price premiums. Environmental payments reward farmers for adopting 

beneficial practices but are not guaranteed for every farmer and are only experienced for 

a short term. Many of the payments only assist in the adoption of the regenerative 

practice during the first several years of transition. Increasing the payment and number of 

available subsidies, ensuring that more farmers can obtain the grants at a helpful amount, 

could positively impact the economic outcome of adopting regenerative practices and 

allow more farmers to transition.   
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Additional focus on climate mitigation policies in the next several years is crucial 

in curbing the rise in average global temperatures. Recently, public and private incentives 

aiming to sequester carbon have been a topic of interest. An important component for 

these efforts to be successful is a higher price of carbon. Results from this study showed 

that the current projected social cost of carbon by the Biden administration of $51 per ton 

of carbon was not enough to drive economic viability for the regenerative certification 

program. Simulations at $500 per ton of carbon of course provided a better chance for the 

regenerative operation to be profitable. Considering the full externalities of carbon and a 

higher valuation of carbon is necessary for more farmers to adopt regenerative practices 

that store carbon in soils. 

Water scarcity hugely affects the economic viability of regenerative farming. 

Government programs should be implemented to help farmers adapt to a new agricultural 

scene. The program could promote the sale of drought tolerance species so that California 

farmers could be incentivized to transition to new crops. Governments can also 

incentivize farmers to reduce water use, provide payments if they are well below the 

allotted water allowance, and be fined if they use more than they are allowed.  

Historically, California is an agriculturally productive state but water, a crucial 

resource, has become scarce. The notion that California can continue the same level of 

agricultural production may not hold true in the future. Therefore, the government could 

assist farmers in finding alternative livelihoods. Providing ample grants to learn a new 

skill to find a job in a different sector is necessary for a smooth transition.  
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Limitations and Future Work 

This research provides a novel approach in examining the range of possible 

outcomes of implementing regenerative practices in agricultural operations. It is one of 

few studies that generates a highly computational model of the economic implementation 

of a high-value vegetable crop. However, the study assumed that an organic certification 

has already been achieved due to the assumption that organic farmers are more likely to 

obtain the Regenerative Organic certification than conventional farmers. This simulation 

did not consider the cost of the first three years of organic transition. If organic transition 

costs were considered, then conventional farmers would obtain the Organic certification 

and Silver Regenerative Organic certification consecutively and the simulation would 

begin with conventional farming instead. Future work to incorporate the organic 

transition costs would improve the model. If those costs were considered, the BCR is 

expected to be under one in the initial years for a longer time period. Additionally, 

obtaining two separate certifications when Regenerative Organic Certification is built 

upon the USDA Organic certification is redundant and does not ensure a smooth 

transition towards adopting regenerative agriculture. Undergoing two certification 

processes creates an unnecessary burden and adds administrative processes for the 

farmer. The Regenerative Organic Certification could consider implementing organic 

practices without needing the duplicate certifications. 

The scope of this study was focused on growing processing tomatoes in Central 

Valley, California. Caution should be taken when generalizing this model towards other 

crops or geographic regions. Additionally, regenerative organic certification can be 

achieved with different regenerative practices and is not limited to compost, winter cover 
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crops, and no-tillage. This model could be modified to examine systems with different 

crops and locations, as well as define inputs of other regenerative practices not defined in 

this study. In this study, only one implementation scenario was considered. The order of 

implementation could be determined by the farmer based on their preferences.  

The model could be improved by incorporating the monetary valuation of 

ecosystem services that regenerative practices bring to the agroecosystem. Ecosystem 

services from regenerative practices could provide various cost savings to the operation. 

However, it was difficult to quantify and assess the additional tradeoffs or synergistic 

effects that could occur. For example, winter cover cropping, compost, and no-tillage all 

provide increases in water holding capacity as seen in individual studies, but few studies 

examine the effects of all three practices on growing processing tomatoes in the Central 

Valley. Combined effects may have diminishing returns or provide synergistic, 

exponential growth in benefits, but these are unknown without in-depth field studies. 

Other ecosystem services, such as weed control and mycorrhizal fungi colonization were 

not incorporated as a benefit in the CBA, thus additional literature reviews on the 

monetary valuation of ecosystem benefits should be completed in future studies. 

Alongside these limitations, it was difficult to predict future changes to the regenerative 

farm because of the lack of long-term studies on this topic.  

This study did not examine different discount rates but was an important 

parameter in determining the future dollar value in a CBA when conducted over a long 

period of time (Duquette et al., 2011). The current value of the dollar is discounted 

relative to the value of the dollar in the future, thus attitudes towards future events is 

different for everyone but greatly effects the individual’s decision making. When a grant 
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is paid in the present or in the future, most individuals choose to receive the payment now 

if the discount rate is low. However, if discount rate is high in the future and the money 

received is perceived to be more than the current, most would choose the be paid in the 

future (Duquette et al., 2011). When looking at early and late adopters of  best 

management practices, late adopters had a 15% higher discount rate than early adopters 

(Duquette et al., 2011). Therefore, it’s difficult to predict the discount rate since 

individual’s preferences vary as many factors come into consideration, further 

examination into the appropriate discount rate should be conducted. 

Conclusions 

This study provided an estimation of economic outcomes of adopting regenerative 

practices and examined the viability of adoption under a changing climate. Under drought 

conditions, regenerative practices provide resilience under water scarcity which allowed 

the operation to sustain slightly longer than a conventional practice. However, it did not 

ensure higher profit than conventional operations or long-term profitability under drought 

conditions. This model confirmed the hypothesis that worsening drought scenarios and 

increasing water costs rendered both conventional and regenerative scenarios to be 

unprofitable. The adoption of regenerative practices lower yields, which was a major 

driver that can drastically impact economic outcomes. Therefore, a minimum price 

premium of 70% to 80% for regenerative crops was necessary to ensure profitability for a 

certified farm.  

The government could establish a minimum price premium for processing 

tomatoes, however there has to be consumer demand for regenerative produce and they 

must be willing to pay the higher costs. Policies that provided higher subsidies for 
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regenerative practices should be implemented for the long term so farmers can sell at a 

lower price. Additionally, other government policies focused on finding alternatives in 

water scarce regions are necessary as difficulty arises in sustaining California agriculture. 

The potential long-term outcomes in California’s changing climate signals a transition to 

more resilient methods of agriculture or a complete change in the agricultural landscape. 
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Appendix  

Organic Baseline 

The 1994 Cost and Return study was conducted for growing organic tomatoes in 

Sacramento valley, and simulated the transition to organic and profitability of organic 

practices over time. This study recorded a lower water cost of $44 per acre-foot while the 

conventional study had a water price of $273 per acre-foot, thus the more recent 

conventional price was used in the simulations. Labor costs were also adjusted higher to 

match the conventional study. In the organic scenario, yield varied from 20-38 tons per 

acre, they were much lower than the conventional variability of 43-73 tons per acre. 

Organic premiums vary from 20-60% higher than the conventional. Similar to the 

conventional baseline, two water price scenarios were simulated to examine the effects of 

changing water prices. 

Organic products have risen in demand but only a small fraction of farmland in 

the United States have been certified (Fess & Benedito, 2018). Regulations require 

farmers to implement organic practices for three years before obtaining the certification 

and selling at higher organic premiums. The first three years of transitioning to organic 

agriculture had a BCR less than one, indicating economic losses (Figure 10). Even after 

the organic certification was obtained after year three, only the top 25% of simulations 

resulted in a BCR above one. The Organic Scenario resulted in a BCR of 0.90 and a 

cumulative NPV of -$9,602 per acre, with drought the average BCR is 0.81 and a 

cumulative NPV is -$21,087 per acre. The yield variability of 20-38 tons per acre from 
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the 1994 Cost and Return study was relatively high compared to the percent yield losses 

utilized in the Regenerative Scenario. The higher price premium did not compensate for 

the reduced revenue from revenue loss and was one of the most unprofitable scenarios. 

   

Figure 12. BCRs of Organic or Organic Drought scenarios. 

Results from Organic and Organic Drought scenario suggested that organic 

agriculture of processing tomatoes in Central Valley California was not economically 

viable under normal and drought conditions. However, the Cost & Return study from 

1994 was 30 years old and may not have the most up to date organic inputs and 

management practices. Updated costs and returns should be gathered from organic 

processing tomatoes farmer in the Central Valley, California and used in the Monte Carlo 

simulations.  
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