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California is the largest agricultural economy in the United States; however, its current and projected climate risks pose significant challenges. Farmers will need to adapt to climate change in their farming practices. The goal of this needs assessment was to understand farmers' perceptions and experiences with climate change exposures; the risk management practices they currently use; and what tools and resources would assist them in making strategic decisions. A statewide survey was conducted through Qualtrics with farmers (n = 341). Results showed that 67% of the farmers agree (agree + strongly agree) that climate change is happening, and 53.1% agreed that actions are required. Moreover, historically underrepresented farmers were very concerned about climate change-related impacts related to water, temperatures, and natural disasters. Farmers are currently implementing adaptation practices related to water management, soil health, and renewable energy and are also seeking insurance and government assistance programs to increase agricultural resilience. They also expressed interest and a high need for information on those adaptation practices to acquire skills and knowledge to manage various challenges of farming in variable climates. Also, the assessment established that farmers (47.5%) use decision-support tools, mostly weather stations (22.4%); and 51.9% indicated their interest in using online tools designed to translate climate information into forms that support production decision-making. Farmers (60.8%) responded that they would or may attend workshops to learn about adaptation practices. The findings of this needs assessment will inform the development of extension education programs on climate-smart agriculture for farmers in California and elsewhere.
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1 Introduction

California is the largest agricultural economy in the United States with a farmgate revenue exceeding $51 billion from farms, ranches, and plant nurseries (California Department of Food Agriculture, 2022). California produces more than 400 commodities including more than 40 specialty crops due to its favorable Mediterranean and unique regional microclimatic zones (Pathak et al., 2018; Rance, 2023). Additionally, more than one-third of vegetables and two–thirds of fruits and nuts in the U.S. are produced in California; 19 of which are not produced anywhere else in the country, including nuts—almonds, walnuts, pistachios; vegetables—artichokes, celery, garlic; dried fruits—prunes, raisins; canned fruits—olives, cling peaches; fresh fruits—nectarines, kiwi, pomegranates, honeydew, figs, plums, table grapes; sweet rice; and lima beans.

However, the current and projected climate change in California (Luedeling et al., 2009; Pathak et al., 2018) poses significant challenges to its agricultural sector due to multiple phenomena that include increased heat waves, temperatures, droughts, wildfires, floods, and variable precipitation. These changes are directly and indirectly impacting agriculture such as declining yield, increases in weed, insect pests, and disease pressures (Matzrafi, 2018; Pathak et al., 2018; Swain et al., 2018; Rijal et al., 2021; Skendžić et al., 2021; Jha et al., 2024), phenology shifts (Pathak and Stoddard, 2018), and declining chill (Luedeling et al., 2009; Zhang et al., 2021). Given the scale of production, such conditions provide a glimpse of a volatile future, which requires multifaceted approaches to address these challenges. Climate-smart agriculture (CSA) is one of the approaches that provides an opportunity to alleviate some of the risks associated with climate change in California (Lewis and Rudnick, 2019). The Food and Agriculture Organization (FAO) describes CSA as an integrated approach that guides actions to transform agrifood systems toward climate-resilient practices, reducing farmer stress from climate impacts [Food and Agriculture Organization of the United Nations (FAO), 2021].

The CSA approach holds particular importance in California, especially for beginning farmers, farmers with limited resources, and socially disadvantaged farmers who may lack access to technical assistance and often have fewer resources for adapting to climate change (Munden-Dixon et al., 2018; Taku-Forchu et al., 2023; Ikendi et al., 2024). These farmers are adversely affected by climate impacts, for instance, the 2012–2016 drought—the worst in 1,200 years (Griffin and Anchukaitis, 2014) greatly impacted the rural communities in the San Joaquin Valley (Howitt et al., 2014; Jasechko and Perrone, 2020). Large-scale farmers also faced challenges, exemplified by abnormally warm winter and spring temperatures in 2015 that resulted in more than $240 million in combined crop indemnity payments to major nut tree and fruit growers (Reyes and Elias, 2019; Parker et al., 2020).

Adaptation to climate change will be crucial in California and farmers will have an increased need for locally relevant and crop-specific information (Jagannathan et al., 2023). Similarly, technical service providers (TSPs) from agencies, extension, private crop consulting, and other boundary-spanning organizations also will be faced with climate change questions from farmers, yet they often lack locally relevant adaptation and mitigation resources to help farmers implement decisions (Grantham et al., 2017; Johnson et al., 2023; Parker et al., 2023). To address the climate and agriculture science knowledge gap in California, a transdisciplinary team of researchers and educators from the University of California designed a multifaceted climate-smart agriculture education project (Figure 1).
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FIGURE 1
 Multifaceted pathways to climate-smart agriculture educational project concept in California.


The objective of this study was to assess farmers' perspectives, experience, and knowledge on climate change exposures, potential impacts, vulnerabilities and needs for tools, resources, and extension programs, including needs for field demonstration studies for implementing climate-smart agriculture practices. There have been several studies on farmers' needs assessment in California published in the literature (for instance, Jackson et al., 2011; California Department of Food Agriculture, 2013; Surls et al., 2015; Jasperse and Pairis, 2020; Kanter et al., 2021) but to the best of our knowledge, there has been no study published in the literature that is focused on farmers with such diverse cropping systems and their scales of operations. Information from this study will benefit the agricultural community in California and also provide valuable insights to agricultural communities worldwide with similar scales of operations.



2 Methodology


2.1 Research design

This study was part of a statewide survey that adopted an electronic mail communication system through Qualtrics. A participatory and culturally responsive framework was adopted in the design of the survey instrument, taking advantage of the diverse expertise of the research team in climate and agricultural sciences, social sciences, and extension program development and evaluation (Koundinya et al., 2023). The survey was designed according to the guidelines of Dillman et al. (2014) Tailored Design Method (TDM) which emphasizes focusing the questions on the study objectives, systematic design of survey instrument blocks, and effective communication during the survey implementation processes to induce desired social exchange with respondents The survey consisted of seven blocks/sections with 27 questions (Table 1) blended in multiple choices, Likert-type scales, and open-ended capturing an array of information from farmers.


TABLE 1 Composition of the farmers' climate adaptation needs assessment instrument.

[image: Table 1]

The researchers of this study ensured content validity by exhausting all possible dimensions of the study objectives blended in 27 questions. Face validity was ensured by looking at the questions multiple times and discussing opinions through weekly meetings. Modifications were made including improving the question formatting and reducing the number of questions. The survey instrument was also pilot tested with 18 stakeholders and feedback was incorporated into the final survey.



2.2 Data collection

Following the TDM, the main survey was distributed on February 28, 2023, through Qualtrics using 12,933 emails (including both farmers and ranchers) bought from Farm MarketID in California. Recipients (798) started their survey, and five reminders were sent. Overall, 610 recipients completed the survey and 310 were confirmed as farmers after sorting and cleaning the data that of possible AI-generated responses and human fraudulent responses using 31 fraud detection strategies generated by investigators (Pinzón et al., 2023). Additionally, we leveraged the networks of Extension associations in California to distribute the survey using QR codes and anonymous links. Additional cleaned responses from QR (22) and anonymous links (09) were added to the 310 email responses, giving a final total of 341 respondents. Figure 2 provides a distribution of farmers who provided zip codes.
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FIGURE 2
 Responses by counties and region for farmers who provided California zip codes. Some farmers provided multiple zip codes depending on the location of their farms.


After establishing reliability through a pilot test, it was further determined using Cronbach's alpha (Drost, 2011) on the Likert-scale responses. The extent of concern about climate-related impacts had 15 Likert items; alpha was 0.923. Interest in adaptation practices had 34 Likert items; alpha was 0.899. Need for information on adaptation practices also had 34 Likert items; alpha was 0.949. Perception of barriers to implementing adaptation practices had 23 Likert items; alpha was 0.915. All alpha coefficients were above 0.70, indicating high consistency (McNeish, 2018).



2.3 Data analysis

Data were analyzed using SPSS and presented as measures of dispersions and variability. Also, a chi-square test was employed to determine the associations between perception variables (concerns, interest, implementation, needs, and barriers to adaptation) and farmer structure and background variables (regions, crops, ethnicity/race, gender, and ethnoracial background). Chi-square tests were also done for crops/regions. The study considered a significance level of ≤ 0.05.




3 Results


3.1 Farmers sociodemographic characteristics

Farmers differed in their demographic characteristics (Figure 3). Of the 294 farmers who responded to the gender question, 82.0% were male, and 16.3% were female. In comparison, California producers as a whole are 62% male and 38% female [United States Department of Agriculture (USDA) – National Agricultural Statistics Service, 2024], in this, our sample underrepresents female farmers. Most of the farmers identified as white (75.5%; n = 277), similarly, 80% of California producers identify as white (USDA 2024). Our study identified 52.3%; (n = 279) were multigenerational farmers, but these were not available in the agriculture census for comparison. The average age was 60 ± 13.340 years (n = 277), with a minimum of 22 years and a maximum of 87 years. Most farmers had farmed for more than 20 years (65.2%; n = 293) since age 18, this reflects California producers where the majority (70%) have been farming for more than 11 years (USDA 2024).
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FIGURE 3
 Demographic profile of farmers. A socially disadvantaged farmer was defined as a farmer who has been subjected to racial or ethnic prejudices because of their identity as a member of a group without regard to their individual qualities (United States Department of Agriculture – Natural Resources Conservation Service, 2018).




3.2 Land tenure types

A total of 330 farmers responded and made use of multiple land tenure types including private land, privately leased, public leased, and/or were hired to manage farms. The majority (71%) used one tenure system; 23.6% used two systems; 5.2% used three and 0.3% used all four systems. Most farmers, 311 (94.2%), farmed on private land, with an average of 341.1 ± 769.745, and a median of 72.0 with a maximum of 6,000 acres. Ninety-two farmers (27.9%) leased land, with an average of 613.2 ± 1,030.633, a median of 200.0 with a maximum of 5,000 acres. Hired farmers 39 (11.8%) managed an average of 6,265.2 ± 31,897.513, and a median of 400.0 with a maximum of 200,000 acres. Only two farmers (0.6%) on publicly leased land for an average of 1,850.0 ± 2,474.874, and a median of 1,850.0 with a maximum of 3,600 acres.



3.3 Crop production profile

The majority (35.5%, n = 293) indicated that 76%−100% of their income comes from farming, followed by 29.7% reporting up to 25%, 18.8% reporting 26%−50%, and the smallest percentage (16.0%) indicating 51%−75%. Of the 340 farmers who responded to specific crops produced, the majority participated in the production of fruits (51.2%) and nut trees (44.1%; Figure 4). Relatedly, among farmers (n = 329), the majority reported that fruit (37.6%) and nut tree (31.8%) production contributed more than 50% of their annual income.
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FIGURE 4
 Main crops produced and corresponding annual revenue.


Chi-square tests revealed statistically significant associations among geographic regions and crops grown. Nut production was associated (p = < 0.001) with farmers in the Northern (77.3%) and Southern (55.2%) San Joaquin Valley regions. Fruit production was associated in a statistically significant manner (p = < 0.001) with farmers in the North Coast (86.2%), Central Coast (84.2%), San Francisco Bay (83.3%), Southern (73.7%), and the South Urban (66.7%) regions. Production of grains and pulses was associated (p = < 0.001) with farmers in the Superior (32.0%) while vegetable production in the South Urban (33.3%) regions. The study also found that first-generation farmers (64.3%) were associated with fruit production (p = 0.003) whereas multigenerational farmers (50.3%) with nut production (p = 0.005).



3.4 Climate change-related impacts and perceptions

Farmers held varying perceptions regarding climate change and related impacts (Figure 5). Up to 67% agree (agree+strongly) that climate change is happening and requires action (53.1%). Also, farmers, 66.8% agree (agree+strongly) that climate change is due to natural causes, while 55.7% agree (agree+strongly) that climate change is due to human causes. The majority agree (agree+strongly; 69.8%) that they are interested in learning more about the impacts of climate change on the agricultural industry. Relatedly, most farmers (59.0%, n = 339) expressed that they experienced greater climate change on their farms today than 10 years ago. Similarly, about one-third indicated that the impacts have been moderate (31.3%) whereas 27.7% (slight impact) 17.1% (great impact), 17.1 (no impact), and 6.8% experienced a severe impact in the last 10 years.
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FIGURE 5
 Perceptions of farmers about climate change-related impacts on their farms.




3.5 Concerns about climate change-related impacts

The concerns were categorized into three categories: water, temperature, and disaster-related concerns (Table 2). Farmers were very concerned about water-related issues, especially increased uncertainty in water availability for irrigation (58.2%), reduced water availability for irrigation (54.7%), and reduced groundwater availability (51.3%). For temperature, farmers were very concerned about increased drought severity (37.4%) and crop damage due to extreme heat (26.5%) while among disasters, farmers were very concerned about increased crop loss (23.0%) and farm loss (19.8%).


TABLE 2 Extent of concern about climate change-related impacts on the future of farmers' operations.
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In a chi-square tabulation of farmers by ethnoracial background, specifically with water-related concerns, the proportions that were very concerned (36% underrepresented vs. 27.9% others) were significantly different (p = 0.067). So, there was a significant association between ethnoracial background and concern for water, with more underrepresented farmers being more concerned. Similarly, underrepresented farmers were 17.3% more likely to be very concerned with temperature-related issues than 7.4% of other farmers (p = 0.076); likewise, 14.7% of underrepresented farmers expressed significant concerns about disasters than 4.9% of other farmers (p = 0.021).

We also identified statistically significant differences in primary concerns between farming regions. Farmers in South San Joaquin Valley (71.6%), Central Coast (64.1%), and the Inland Empire (60.0%) were very concerned about reduced groundwater availability (p = 0.005). Increased drought severity was a very significant concern (p = 0.035) with farmers in the Inland Empire (80.0%), Central Coast (53.8%), and Southern (52.6%) regions. Farmers in the North Coast (39.3%) and Southern (36.8%) were very concerned with increased crop damage due to wildfires (p = < 0.001).

We also found statistically significant differences in primary concerns among different types of farming operations. Vegetable farmers significantly (p = 0.044) expressed more concerns about uncertainty in water availability for irrigation (74.4% very concerned). Fruit farmers significantly expressed more concerns regarding increased crop/water stress (38.5% very concerned; p = < 0.001), and increased crop damage due to extreme heat (32.8%; p = < 0.001). Grains and pulse farmers stood out significantly (p = 0.022) in terms of concerns with reduced groundwater availability (59.2%).



3.6 Implementation, interest, and need for information on climate adaptation practices

The top adaptation practices (Table 3) farmers were implementing included changes in irrigation practices (54.0%), reducing soil disturbance/no-till (47.9%), building soil organic matter/applying manure/compost (46.9%), using cover crops (39.3%), and mulching (39.3%). Mostly, farmers expressed interest in water harvesting (54.5%), transition to renewable energy (48.7%), drought-tolerant varieties (48.5%), reducing dependence on fossil fuels (48.1%), and applying for government assistance (45.8%). The highest information needs were securing access to insurance (21.6%), applying for government assistance (20.6%), transitioning to renewable energy (20.4%), building soil organic matter (19.7%), and water harvesting (19.4%).


TABLE 3 The top 10 climate adaptation practices farmers are currently implementing, interested in, and in need for information.
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3.6.1 Adaptation practices by regions

Seven of the 34 adaptation practices presented in the survey showed statistically significant differences by regions with implementation: agroforestry, diversification, cover crops, new crops, fuel load management, windbreaks, and increasing acreage. The use of cover crops was mostly implemented by farmers in the North Coast (66.7%) and Central Coast (51.4%; p = 0.022). Farmers significantly implemented agroforestry in South Urban (50.0%; p = 0.035) and diversifying production (50.0%; p = 0.009). Switching to new crops was significantly (p = 0.059) implemented by farmers in Southern (26.3%); and fuel load management in San Francisco Bay (33.3%; p = 0.033). Farmers implemented wind breaks significantly in San Francisco Bay (33.3%; p = 0.001) and increase acreage in the Inland Empire (40.0%; p = 0.082).

As it relates to expressing interest, seven adaptation practices showed significant differences by region. Farmers in Superior (40.0%), North San Joaquin Valley (38.2%), Southern (36.8%), and South San Joaquin Valley (36.7%) significantly (p = 0.009) expressed interest in diversifying production. The interest in the use of cover crops was significant (p = 0.022) in Southern (47.4%), South San Joaquin Valley (44.4%), and Inland Empire (40.0%). Farmers in the Inland Empire expressed significant interest (p = 0.001) in adding windbreaks (80.0%) and similarly, agroforestry in the Inland Empire (60.0%), South Urban (50.0%), and North Coast (37.5%; p = 0.035); while switching to new crops was significantly (p = 0.059) expressed by farmers in South Urban (50.0%) and Superior (40.0%) regions.



3.6.2 Adaptation practices by farmer demographics

The study found statistically significant differences in implementation, interest, and need for information on adaptation practices among different ethnoracial backgrounds. First-generation farmers significantly implemented reducing dependence on fossil fuels (14.6%; p = 0.083) and switching to low-chill varieties (11.6%; p = 0.008) compared to other farmers. Similarly, they significantly expressed a high need for information about securing access to insurance (32.3%; p = 0.004), changing irrigation practices (24.0%; p = 0.081), and earning off-farm income (18.3%; p = 0.075). In contrast, multigenerational farmers significantly implemented altering labor schedules (39.6%; p = 0.031), reduced reliance on groundwater (37.9%; p = 0.036), reduced input use (25.7%; p = 0.017), and rotating crops (23.0%; p = 0.009). Similarly, they significantly expressed interest in switching to low-chill varieties (38.8%; p = 0.035) and rotating crops (25.9%; p = 0.009) compared to other farmers.

There was a statistically significant difference in the way limited resource farmers implemented earning off-farm income (22.8%; p = 0.009) and changed their market strategy (19.6%; p = 0.005). Similarly, they significantly expressed a high need for information with applying for government assistance (42.6%; p = < 0.001), transitioning to renewable energy (36.4%; p = 0.013), securing access to insurance (27.8%; p = 0.005), earning off-farm income (27.3%; p = 0.002), and changing market strategy (21.2%; p = 0.046). Socially disadvantaged farmers statistically significantly implemented applying for government assistance (34.5%; p = 0.024). These farmers significantly expressed a high need for information with applying for government assistance (55.2%; p = < 0.001), securing access to insurance (48.3%; p = 0.001), transitioning to renewable energy (44.8%; p = 0.006), and reducing dependency on fossil fuels (37.9%; p = 0.005) compared to other farmers.




3.7 Extension education and outreach

Most farmers preferred emails (67.7% n = 294; Table 4); 41.3% (n = 298) indicated that they would attend workshops on adaptation practices and programs if organized, while 39.3% said no, and 19.5 responded 'maybe'.


TABLE 4 Methods to receive information on adaptation practices by farmers.
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3.8 Barriers to climate adaptation

In this study, 23 obstacles were presented (Figure 6), of which government regulations (53.1%), high input cost (46.9%), labor access/cost (35.2%), access to water (33.5%), and access to investment capital/funds (32.4%) were the most “significant barriers” to adaptation.


[image: Figure 6]
FIGURE 6
 Top 10 barriers to implementation of adaptation practices and programs by farmers. Also see Supplementary Table S2 for complete details of all 23 barriers to adaptation.



3.8.1 Significant barriers by regions

Access to locally adapted decision support tools (DSTs) was a significant barrier (p = < 0.001) to farmers in the Inland Empire (80.0%), and South Urban (50%). Similarly, farmers in the Inland Empire (40.0%), San Francisco Bay (33.3%), North San Joaquin Valley (26.0%), and Southern (23.5%) perceived access to detailed economic information (cost/benefit analysis) as a significant barrier (p = 0.058). The risk of implementing new practices was a significant barrier (p = 0.040) perceived by farmers in San Francisco Bay (50.0%), Superior (31.1%), Southern (29.4%), and Southern San Joaquin Valley (28.6%).



3.8.2 Significant barriers by farmers' profile

First-generation farmers perceived labor access/cost (44.2% significant barrier; p = 0.028), access to water (38.5%; p = 0.092), and access to appropriate insurance (30.1%; p = 0.098). Multigenerational farmers perceived access to locally adapted DSTs (10.8%) as a significant barrier (p = 0.041) whereas socially disadvantaged farmers perceived access to appropriate equipment to implement climate adaptation practices (33.3%; p = 0.067), land ownership (33.3%; p = 0.005), and access to locally adapted monitoring tools (26.7%; p = 0.004). Limited resource farmers perceived access to investment capital (47.4% significant barrier; p = 0.039), labor access/cost (41.1%; p = 0.008), access to appropriate insurance (34.5%; p = 0.030), access to appropriate markets (32.1%; p = 0.013), and access to detailed economic information (22.8%; p = 0.026).



3.8.3 Significant barriers to crop production

Fruit farmers perceived labor access/cost (38.8% significant barrier; p = 0.036) and access to appropriate equipment (20.4%; p = 0.074) whereas nut tree farmers perceived government regulations (62.1%; p = 0.048) and high input cost (55.6%; p = 0.064) as significant barriers. Similarly, vegetable farmers perceived time (48.5%; p = 0.076), land ownership (42.4%; p = 0.003), and access to appropriate insurance (40.6%; p = 0.021) as significant barriers whereas grain and pulse farmers perceived access to appropriate markets (37.5%; p = 0.091) and land ownership (30.8%; p = < 0.001) as their significant barrier to adaptation efforts. Fiber farmers significantly perceived time (71.4%; p = 0.003), access to water (64.3%; p = 0.097), risk of implementing new practices (64.3%; p = 0.005), access to investment capital/funds (60.0%; p = 0.085), access to appropriate markets (57.1%; p = 0.013), and access to detailed economic information (46.7%; p = 0.006) as significant barriers.




3.9 Decision support tools

On farmers' experiences with DSTs, 47.5% 'use' DSTs to aid farming decision-making. Similarly, 56.5% (n = 294) indicated that DSTs are helpful in their farm decision-making; 49.7% (n = 296) indicated using them within-in-season planning, 15.5% use them in long-term planning; 51.9% (n = 293) expressed their interest in using online DSTs. The study also asked farmers what DSTs they use and weather stations (n = 67), soil moisture sensors (n = 19), California Irrigation Management Information System [CIMIS] (n = 11), ETo (n = 10), and water sensors (n = 8) were most used. Other info and tools utilized included the National Oceanic and Atmospheric Administration (NOAA), eVeg, Jain Logic, IRROMETERS, and Fruition Sciences 360Viti.




4 Discussion

A needs assessment is the initial step toward developing adaptation strategies for farmers by understanding and documenting their perceptions, experiences, and knowledge of exposures, potential impacts, and social vulnerabilities. Also, to know what effective risk management practices they currently use, what tools and resources would assist them in making strategic decisions, what types of extension education activities would help them, and where to find essential resources. These aspects begin with a detailed understanding of stakeholder needs that allows for a focused use and mobilization of resources that are both measurable and trustworthy to decision-makers on the ground (Garst and McCawley, 2015; Donaldson and Franck, 2016). The discussions focus on farmers' climate change perceptions, impacts, concerns, CSA practices, extension education programs, and climate DSTs they currently use to adapt to farming in variable climatic conditions in California.


4.1 Climate change perceptions, impacts, and concerns

Climate change and the associated extreme events, including high temperatures, heatwaves, droughts, wildfires, erratic precipitation, floods, and storms are evident (Swain et al., 2020), increasing the vulnerability of agriculture in California (Pathak et al., 2018; Swain et al., 2018; Parker et al., 2020). Despite the ongoing debate on climate change perceptions across the United States (Sanders et al., 2022), this study established that 67% of respondents agree (agree+strongly agree) that climate change is happening and also agree (agree+strongly agree) that it is happening due to natural (66.8%) and human (55.7%) causes. Moreover, 38.7% of all impacts were rated severe over the past 10 years among historically underrepresented farmers—mostly first-generation, limited resource, socially disadvantaged—who are mainly (42.9%) farming in the San Joaquin Valley.

Underrepresented farmers were overall very concerned about climate-change-related impacts in all three categories—water–related (i.e., the increasing uncertainty of available water, reduced underground water, crop/water stress, and salinization); temperature–related (i.e., crop damage due to heat, drought, frost, pest and disease, and reduced chill); and disaster–related (i.e., crop and farm losses, wildfire, smoke, and floods). This study found a connection between farmers' responses and the 2012–2016 drought in California that led to fallowing of thousands of acres, drying of wells in San Joaquin Valley (Howitt et al., 2014; Jasechko and Perrone, 2020); and indemnity payments to nut tree and fruit growers (Reyes and Elias, 2019; Parker et al., 2020).

The future climatic change in California is projected to impact water supply, storage, and reservoir operations; for instance, snowpacks in the Sierras are projected to decrease by 48% and 65% under low and high-emission scenarios respectively (Reich et al., 2018). In the Sierra region, a notable shift has occurred, with a higher proportion of precipitation falling as rain rather than snow, leading to reductions in stored water and time regulation of snow; affecting the substantially irrigated San Joaquin Valley, Sacramento–San Joaquin Delta, and Imperial regions (Mount et al., 2018). We found connections between those assertions with significant concerns of farmers which were mainly water-related issues (see Table 2). Specifically, farmers in the South San Joaquin Valley (71.6%) and Central Coast (64.1%) were very concerned about reduced groundwater availability. Similarly, vegetable farmers significantly expressed more concerns about uncertainty in water availability for irrigation (74.4% very concerned) during spring months. The reduced availability of stored water introduces complexities for farmers, especially for irrigation insurance (Wright, 2014; Maestro et al., 2016; Ghosh et al., 2021).

In temperature, warmer winters are projected to reduce winter chill accumulation, an important decision-making factor in orchards, especially in rootstock and cultivar selection (Parker and Abatzoglou, 2019; Zhang et al., 2021). In some nut species (almond), these aspects are further complicated due to the need to have a main variety and one or two pollinator varieties in the same orchard for cross-pollination. Relatedly, problems of insect pest population and incidence are directly linked to increases in greenhouse gas (GHG) emissions, rising temperatures, and relative humidity. Increased carbon dioxide, for instance, supports plant physiology but also influences insect fecundity, consumption rates, and density (Rijal et al., 2021; Skendžić et al., 2021; Jha et al., 2024), and alters pesticide translocation and metabolism, reducing pesticide availability for target pests (Matzrafi, 2018). Also increases in temperature increase the pest generations and their geographical expansion, like, Naval orangeworm spreading in the Coastal Ranges, Southern Sierra, and San Joaquin Valley (Pathak et al., 2021; Martínez-Lüscher et al., 2022). The impacts that are seen by the scientific community and those perceived by farmers are aligned, regardless of whether they believe the climate changes are natural cycles or human driven.



4.2 Need for information on climate adaptation practices

Farmers are currently implementing several climate adaptation practices related to water resource management, soil health, and renewable energy and are also seeking out insurance and government assistance programs to increase agriculture resilience. Farmers expressed interest and a high need for information on those adaptation practices and programs (see Table 3) to acquire skills and knowledge to manage various challenges of farming in variable climates. Specifically, water resources are among the main issues farmers are very concerned about.

It is noted that increasing weather variability will worsen problems for water supply in California (Reich et al., 2018); consequently, water will be limited and more regulated for all users (Mount et al., 2018). According to California Department of Food Agriculture (2022), irrigated cropland in California is 9.4 million acres, of which 6.17 million acres are of annual crops and 3.21 million acres are of perennial crops, mostly fruits, and nut trees led by almonds (Mount et al., 2018) in the San Joaquin Valley which accounts for over 60% of the farmland (Escriva-Bou et al., 2023). Farmers will need cropping systems that use less water and benefit from rainfall and flows captured during the fall and winter months. Additionally, farmers will need high-precision automated irrigation systems to apply water in small amounts at frequent intervals, shifting from surface to Microirrigation, and effectively managing crop stress (Ayars et al., 2024).

Farmers are currently implementing several soil health-related adaptation practices, more especially reducing soil disturbance/no-till, building soil organic matter by applying manure/compost, using cover crops, and mulching. This study noted that some of these practices, such as mulching, were of interest, and farmers similarly expressed a high need for information about these practices for building soil organic matter and using cover crops. Cover cropping is a conservation practice, improving biodiversity, ecosystem services, and yield index, making productionist agrosystems more sustainable and reconnecting human activities to the natural ecological community (Thompson, 2017; Montgomery, 2021; Ikendi, 2023). However, cover crops earlier were not widely adopted in semi-arid western states and are grown on 4.8% of farmland in California (LaRose and Myers, 2019). Nevertheless, an implementation rate of 39.3% was established among farmers who participated in this study. The low adoption of cover crops is mainly due to the lack of accurate water-related information i.e., the amount of water necessary to establish and maintain the cover crops as well as the paucity of information on their costs and benefits (DeVincentis et al., 2022). Moreover, access to water was among the top five barriers that farmers perceived as significantly impeding their adaptation endeavors. One of the core aspects of this project (see Figure 1) is to close the information gap through regional and crop-specific workshops (Ikendi et al., 2023).

This study established that farmers (29.7%) are transitioning to renewable energy and many are expressing interest in transitioning to renewable energy (48.7%) and reducing dependence on fossil fuels (48.1%), which were both among the top adaptation practices identified. Despite their interest, there is a knowledge gap expressed by a high need for information on transitions and the reduction of dependency on fossil fuels. The Senate Bill (SB100 2018) laid out a decarbonization program with a vision for a zero-carbon economy by 2045 (California Air Resources Board, 2020; Heidi et al., 2022). The 2022 GHG inventory report shows that between 2000–2020, the proportions of emissions by sector were transportation (38%), industrial (23%), in-state electricity (11%), agriculture and forestry (9%), residential (8%), commercial (6%) and imported electricity (5%) which all together emitted an estimated amount of 369.2 MMT CO2e (California Air Resources Board, 2022). Also, California is hydrologically engineered with water conveyance systems spanning from the north with large distributions to central to southern California that entail increasing electricity demands.

Most irrigation takes place in the San Joaquin Valley, creating implications for the environmental footprint of nut crops (Marvinney and Kendall, 2021), as well as the energy demand for water conveyance and groundwater pumping (Heidi et al., 2022). Moreover, energy rates for agriculture have been increasing, with an estimated 65% rise over the past decade. In addition, the rate for 2023 was estimated to rise by 16.4%, increasing the operational costs. Investing in automated irrigation systems (Ayars et al., 2024), and renewable energy and creating opportunities for optimal power generation and usage in agriculture can help the electricity system be decarbonized (Governor Gavin Newsom, 2023). California is on a trajectory to zero carbon with statistics showing 59% of electricity already coming from renewable and zero-carbon resources.

Given the current variability of climate and its projected volatility to the end of the century, farmers are consistently looking toward securing access to insurance and/or seeking information about insurance programs. Multigenerational farmers are statistically significantly accessing insurance, whereas underrepresented farmers statistically expressed significant interest and a high need for information on access to insurance and this is expressed as the highest need overall. California had its worst drought ever recorded in 1,200 years between 2012–2016 based on paleoclimate reconstructions (Griffin and Anchukaitis, 2014) which caused severe crop losses and drying of wells especially in the San Joaquin Valley. However, there are Multiple Peril Crop Insurance products available to farmers in the San Joaquin Valley, especially covering losses caused by failure of the irrigation systems (Wright, 2014; Maestro et al., 2016).

Nevertheless, there are complexities involved in insurance that require thorough education of farmers to understand what alternatives benefit best (Wright, 2014; Ghosh et al., 2021). For instance, insurance bases its expected water availability on how much water is available in reservoirs, levels of soil moisture and snow packs, and crop season precipitation; making it difficult given the fact that snow packs are projected to decrease, and more precipitation falls as rain in the Sierras instead of snow reducing the stored water (Reich et al., 2018). Moreover, insurance does not cover crop losses due to non-natural causes like repurposed water allocations, for instance, environmental regulations (Escriva-Bou et al., 2023) limiting water supplies and usage in agriculture.

This study found that most farmers expressed interest in and a high need for information on government assistance programs, especially indicated by underrepresented farmers. Adapting to adverse climate requires government intervention and California has several assistance programs related to water resources, renewable energy, and soil health at the federal, state, and county levels (Lewis and Rudnick, 2019). Since 2006, California has been enacting Acts in response to global warming and subsequently providing funds to move forward the CSA policy framework (p. 4). Federal assistance programs helping farmers include the Environmental Quality Incentives Program (EQIP), which promotes conservation practices to improve soil health, water quality, and irrigation efficiency (United States Department of Agriculture Natural Resource Conservation, 2023). At the state level, the California Department of Food and Agriculture (CDFA) offers several CSA grant programs including, but not limited to, the Healthy Soils Program (HSP), which increases soil organic matter and decreases GHG emissions (California Department of Food and Agriculture, 2023a); State Water Efficiency and Enhancement Program (SWEEP), which increases water use efficiency and decreases GHG emission (California Department of Food and Agriculture, 2023b). The California Energy Commission has the Renewable Energy for Agriculture Program that supports the installation of renewable energy technologies on-site in agricultural operations (California Energy Commission, 2023). At the county level, California has, for instance, San Joaquin Valley Air Board with the Agriculture Burn Alternatives Grant Program (San Joaquin Valley Air Pollution Control District, 2023) and Zero Footprint Grants including Compost Connector Grants and Restore Grants, which together support farmer adaptation and resilience to climate change. Despite the availability of several government assistance programs, the study found an information gap as expressed by farmers in the high need for information related to those programs, indicating a need to educate farmers through regional and crop-specific extension education workshops (Ikendi et al., 2023).



4.3 Use of climate decision support tools

Information on climate change is one of the most valuable resources for adaptation planning. Climate scientists have a strong understanding of climate trends and have developed many trend and impact models (Laloyaux et al., 2018; Swain et al., 2020). Despite progress at both ends of the spectrum, DSTs that combine climate trends and impact analyses for specific contexts are still in their infancy (Haigh et al., 2018; Ranjan et al., 2020; Lu et al., 2021). Our study corroborates this statement, with 50% of respondents reporting using DSTs and mostly used weather stations. However, the greatest hope is the high level of acceptance that DSTs are useful and the high expression of interest in using online DSTs designed to translate climate information into forms that support production decision-making.

The USDA had earlier echoed the need to transform technical climatic information into forms that farmers can use [United States Government Accountability Office (USGAO), 2014]. Farmers need specific information on their unique crops for decision-making (Jagannathan et al., 2023; Taku-Forchu et al., 2023; Ikendi et al., 2024), especially in California with more than 400 commodities (Pathak et al., 2018) including high-value specialty crops that are highly sensitive to climate-related impacts (DeVincentis et al., 2022; Parker et al., 2022; Ikendi et al., 2024; Jha et al., 2024). In response, a team of researchers (Pathak et al., 2023) from CalAgroClimate embarked on designing online DSTs. The team currently has five tools that project: frost and heat using high-resolution PRISM data within 800 m and 4 km grids, pests, crop phenology, and historical data. Tools like this have value only if they are utilized in farming decisions. For that purpose, tools like CalAgroClimate and other web-based portals need to be illustrated and disseminated to farmers in ways to address their specific needs.




5 Conclusions

Farmers in California who participated in this study had varying perceptions and experiences regarding climate change and related impacts. However, we found that 67% agree that climate change is happening due to natural (66.8%) and/or human (55.7%) causes; moreover, 59.0% expressed that they experienced greater climate change on their farms today than 10 years ago. Importantly, 69.8% agree that they are interested in learning more about the impacts of climate change on the agricultural industry, providing a platform for climate and agriculture science researchers and educators to develop extension education programs to meet the needs of the farmers.

Generally, farmers were very concerned about water-related issues, specifically increased uncertainty in water availability for irrigation, reduced water availability for irrigation, and reduced groundwater availability. Closely related were temperature-related issues especially increased drought severity and crop damage due to extreme heat. The study found statistically significant associations between ethnoracial background and concern for water, temperature, and disaster-related issues with more underrepresented farmers expressing greater concerns and these farmers especially first-generation farmers were statistically significantly participating in fruit production. The study also identified statistically significant differences in primary concerns between farming regions with farmers in South San Joaquin Valley and Central Coast expressing greater concerns about reduced groundwater availability. Relatedly, increased drought severity was a significant concern with farmers in the Inland Empire, Central Coast, Southern, and North Coast regions whereas farmers in the North Coast and Southern were very concerned with increased crop damage due to wildfires and/or wildland fire smoke. Additionally, vegetable farmers significantly expressed greater concerns about uncertainty in water availability for irrigation while fruit farmers significantly expressed more concerns regarding increased crop/water stress and increased crop damage due to extreme heat.

This needs assessment also found that farmers were implementing several climate adaptation practices related to water resource management, soil health, and renewable energy and are also seeking out insurance and government assistance programs to increase their agricultural resilience. We found a connection between the farmers' current adaptation practices and expression of interest in those practices, for instance, water harvesting, transition to renewable energy, drought-tolerant varieties, reducing dependence on fossil fuels, and applying for government assistance. We also found that among the top 10 climate change adaptation practices that farmers were implementing and also expressed interest in are the same practices they expressed a high need for information. These practices included securing access to insurance, applying for government assistance, transitioning to renewable energy, building soil organic matter, and water harvesting. However, the greatest obstacles to farmers' adaptation efforts that they perceived as significant barriers included government regulations, high input cost, labor access/cost, access to water, and access to investment capital/funds. These findings will potentially inform the development of extension education programs on climate-smart agriculture for farmers in California.
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Emails 199 67.7
Print publications 163 55.4
Extension education events 138 46.9
Face-to-face 73 24.8
Social media 43 14.6
Group texting 17 58
Webinars 03 1.0
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Climate-smart adaptation
practices

Interest and implementation (%)

Not
interested

Interested

Currently
implementing

Need for information (%)

No need

Some
need

High need

Secure access to insurance 292 457 251 44.3 34 21.6
Apply for government assistance 33 458 212 39 404 206
Transition to renewable energy for farm use 217 48.7 297 37.2 42.5 204
Build soil organic matter 17.8 353 46.9 38 423 19.7
Water harvesting 347 54.5 109 39.1 41.5 194
Change irrigation practices 18.4 27.6 54 42.3 41 16.7
Reduce dependency on fossil fuels 413 48.1 10.6 45.8 385 15.7
Use of cover crops 269 338 393 47.7 37.1 152
Reduce reliance on groundwater 29.1 383 326 414 44.1 145
Use of drought-tolerant varieties 303 48.5 212 49.5 37.1 134
Change market strategy 418 429 153 50.9 362 129
Mulching 244 364 393 47.5 399 12.6
Reduce soil disturbance 244 27.7 47.9 515 362 123
Reduce input use 34.6 455 19.9 46.5 41.8 11.7
Alter labor schedules to cope with heat 34.1 34.1 318 58.6 319 9.5

Transition to perennial plants 57.6 138 28.6 75.3 20.1 47

Most adaptation practices and programs were among the top 10 that are currently being implemented, interested, and in need of information. Supplementary Table S1 provides complete details
of all 34 adaptation practices and programs traced in this study.
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Climate change-related impacts Percentage extent of concern

Notatall Somewhat Concerned

Water-related concerns

Increased uncertainty in water availability for irrigation 340 8.2 12.6 20.9 58.2
Reduced water availability for irrigation 340 8.8 14.4 22.1 54.7
Reduced groundwater availability 339 11.2 13.9 23.6 513
Increased crop/water stress 340 13.5 20.3 300 362
Increased salinization 338 40.2 26.6 237 9.5

Temperature-related concerns

Increased drought severity 340 12.6 24.1 259 374
Increased crop damage due to extreme heat 340 18.2 312 24.1 26.5
Increased frost damage 339 24.8 37.5 23.6 14.2
Increased pest and disease pressure 336 19.6 36.3 318 12.2
Reduced chill accumulations 334 299 37.4 23.1 9.6

Disaster-related concerns

Increased crop loss due to climate-related disaster 339 16.8 304 29.8 23.0
Increased farm loss due to climate-related disaster 337 193 32.0 288 19.8
Increased crop damage due to wildfire/smoke 337 383 309 163 145
Increased wildfires severity 337 303 353 21.1 134

Increased flooding 337 383 36.2 16.0 9.5






OPS/images/cover.jpg
& frontiers | Frontiers in Sustainable Food Systems

Climate smart agriculture:
assessing needs and perceptions
of California’s farmers





OPS/images/fsufs-08-1395547-g001.gif
ODO0O

socsmassaaris

K tens ing

Climate-Smart
Agriculture






OPS/images/fsufs-08-1395547-g002.gif





