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Grapes: Grapes can survive a wide range of temperatures (from well below freezing to well over 37.8°C (100°F)), which is a major reason that they are cultivated so widely across California. Lobell et al. (2006) applied historical temperature-yield relationships to future California climate scenarios and concluded that table and wine grapes would be relatively unaffected by a 2°C (3.6°F) increase in annual average  temperature. In a follow-up study, they predicted that wine grapes will experience some negative effects from winter warming. This will be partially offset by summer warming, and yield losses by 2050 probably would not exceed 5% (Lobell and Field, 2011). However, temperature changes can affect fruit quality, e.g., phenolic composition (Nicholas et al., 2011), and may necessitate shifts in wine grape varieties that are more tolerant to those conditions. Hannah et al. (2013) predicted that the area currently suitable for producing high-quality wine grapes may decrease by 70% under the 2050 RCP 8.5 scenario. However, this may underestimate the adaptation capacity of wine grape growers, which is a complex issue with economic and cultural aspects(Ashenfelter and Storchmann, 2016).
Almonds: Luedeling et al. (2009) predicted trends in decreasing chill-hours in the Central Valley and concluded that almonds were only slightly vulnerable, as they have more modest chilling requirements than other stone fruit (about 200-400 hours, whereas others generally require 500-1000). Luedeling et al. predicted that many suitable almond growing locations would remain by mid- to late-century. The extent of winter fog loss is an important and unknown variable in this question (Baldocchi and Waller, 2014). Lobell and Field (2011) went beyond a simple analysis of cumulative chill-hours and noted that, based on historical data, almond yields seem to be inversely related to February nighttime temperatures. They proposed that warm February temperatures shorten the blooming window and hamper pollination. However, in their analysis, the benefits of warmer springs and summers partly canceled out the negative yield effects of warmer winters, for an overall yield reduction of about 10% by 2030 in the absence of adaptation. 
Strawberries: Strawberries prefer a cool coastal climate, which is one main reason that California’s strawberry fields are so much more productive than those elsewhere in the country (California Strawberry Commission, 1999). Unusually warm temperatures can not only shorten the growing cycle, they can promote pests and diseases, such as mites, fruit rot, corn earworms, and caterpillars. Lobell et al. (2007) used historical climate and crop data to model the effect of temperature on strawberry yields in California. They concluded that strawberry production was favored by cool, wet Novembers and moderately warm, dry springs, in accordance with what growers had reported qualitatively. The current level of uncertainty in downscaled climate projections for California makes it difficult to say whether these precise conditions will become more or less likely in the future.
In a follow-up study, Lobell and Field (2011) predicted that climate change would decrease yields of California strawberries by about 10% by 2050, with impacts somewhat greater in the southern part of the state. Deschenes and Kolstad (2011) reached a more pessimistic conclusion, predicting that strawberry yields would decline 43% by 2070-2099 (albeit with more caveats than in the Lobell study). Further statistical modeling could help increase the accuracy and specificity of these predictions. Nevertheless, it seems clear that warmer temperatures are unlikely to help, and will very likely harm, overall statewide strawberry production in coming decades.
Lettuce: Lettuce is a cool-season crop with very particular temperature preferences. Ideal growing temperatures are 22.8°C in the daytime and 7.2°C at nighttime (Turini et al., 2011). Warm temperatures can contribute to bolting (rapid elongation and flowering of the stalk), which makes the lettuce head unattractive and bitter. Temperatures in the range of 32-37° can cause bitterness almost immediately even if the lettuce is not physiologically ready to bolt (Smith et al., 2003). In an historical analysis, Lobell et al. (2007) observed no climate-related trends in California lettuce yields over their study period (1980-2003), but they did note that warmer-than-average October and April temperatures (planting time and harvest time, respectively) tended to improve yields. Jackson et al. (2012) predicted that warmer winters in California might result a longer growing season and thus greater productivity for lettuce. Deschenes et al. (2011) concurred, predicting a 7.8% increase in California lettuce yields by 2070-2099. However, these analyses may overlook more subtle effects of warming, such as the fact that warm nights can promote abnormally rapid growth that in turn can cause tipburn in lettuce (a disorder in which calcium cannot be transported quickly enough to the growing leaf edge, causing it to shrivel and blacken) (Smith, 2014). Different lettuce varieties differ markedly in their susceptibility to heat-related damage (Lafta et al., 2017). The most important temperature risk to lettuce may not be from slightly warmer winters, but rather from occasional hot days that exceed its tolerance. 
Walnuts: The fact that walnuts have relatively high chilling requirements (800-1000 hours) warrants concern, especially because no low-chill cultivars are currently available (Pope, 2012). According to projections by Luedeling et al. (2009), by the year 2060, there will no longer be a significant amount of acreage in the Central Valley that reliably receives above 800 chill-hours per year. Predicted reductions in chill-hours may also diminish walnut seed germination rates, which will be important for the walnut nursery industry (15,720 acres in 2013, a 40% increase from 2012) (California Department of Food and Agriculture, 2014). 
Walnuts respond negatively to unusually warm temperatures during their dormancy period from November to February (Lobell et al., 2007). Walnuts are also sensitive to damage incurred during extreme heat events during the fruit-set period (Baldocchi and Wong, 2008). Under increased warming of 2°C, California walnut production could continue in some of its current range, but (in the absence of adaptation efforts), increased warming of 4°C would completely eradicate current walnut production areas (Lobell et al., 2006).
[bookmark: _GoBack]Citrus: As a subtropical crop, citrus trees are not often harmed by heat, but they have varying degrees of frost intolerance. Sustained temperatures below -4°C will kill most citrus outright, and even a light frost of -1°C can damage more sensitive varieties such as limes (Geisel and Unruh, 2003). By 2050, expected increases in winter minimum temperatures may roughly double the area in California climatically viable for naval orange production (Parker and Abatzoglou, 2016). Warmer temperatures may have some negative impacts on citrus growers, but this is probably not the highest-priority concern. Citrus are adapted to semitropical conditions, and warm summers can improve crop flavor (Campbell, 2014). However, if climate change causes a decrease in normal diurnal temperature fluctuations during fruit development in the autumn, fruit color may be negatively affected because breakdown of chlorophyll and subsequent emergence of carotenoids may be impaired (L. Ferguson, pers. comm., 20 January 2015).
Pistachios: Pistachios’ relatively high chilling requirement (800-900 hours) is cause for concern in a warmer climate. Luedeling et al. (2009) predicted that by 2060, areas receiving above 800 chill-hours per year will nearly disappear from the Central Valley. Although this does not bode well for pistachios in the coming century, there may be scope to develop low-chill cultivars (Pope, 2012). The existing diversity of pistachio cultivars in California is quite limited, and development or introduction of new cultivars (e.g., from Iran) could help to address a variety of current production problems (Kallsen et al., 2009). Furthermore, the effect of climate on pistachio yields is not fully understood. A study examining historical data between 1980 and 2003 found no significant relationship between pistachio yields and climate variability (Lobell et al., 2007).
Tomatoes: Tomatoes are relatively heat-tolerant. Optimal daytime temperatures for most tomato varieties are 23.9-35°C (Hartz et al., 2008b) and optimal nighttime temperatures are 12.8-21.1°C (Ozores-Hampton et al., 2012), with cold-induced injury possible when nighttime temperatures drop below 10°C (LeStrange et al., 2000). Tomatoes are least tolerant to departures from their ideal temperature during the critical developmental stages of pollination and fruit set. Overly warm average temperatures are especially harmful to tomatoes if they continue for days or weeks without a break (Sato et al., 2000). And even brief extreme heat events can ruin tomato yields if they come at the wrong time: for example, temperatures above 40°C can cause flower abortion in a matter of hours (Ozores-Hampton et al., 2012).
To date, analyses of how climate change might affect California’s tomato crop have provided mostly good news. Lobell et al. (2007) analyzed historical California climate and yield data and concluded that warmer temperatures favored tomato production up to about 32.2°C. Lee et al. (2011) estimated that climate change would have no effect on tomato yields in the Central Valley by 2050, while Medellín-Azuara et al. (2012) predicted that by 2050 climate change would actually cause tomato yields to increase by 2.4% in the Sacramento Valley and 1.1% in the San Joaquin Valley. Jackson et al. (2012) predicted that tomato acreage would increase by 2050 in response to more favorable climatic conditions.
Broccoli and kin: Broccoli, cauliflower, and cabbage are cool-season crops. They are grown in many locations around the Southwest, including California’s central coast (especially the Salinas Valley), southern coast, inland deserts, and Western Arizona. In the southern parts of this range, they are planted as winter crops, while in the northern parts, they are grown and harvested year-round. Their optimal temperature ranges are fairly narrow: 18.3-20°C (65-68°F) for cauliflower (Koike et al., 2009) and 15.6-18.3°C (60-65°F) for broccoli and cabbage (Daugovish et al., 2008; LeStrange et al., 2010). With prolonged temperatures above 26.7°C (80°F), cabbage may bolt (Daugovish et al., 2008) and cauliflower “curds” may become small and yellow (Koike et al., 2009). To the best of our knowledge, the only study to date that quantifies the possible impact of climate change on broccoli (or other cole crop) production in California was a paper by Deschenes and Kolstad (2011). They estimated that California’s broccoli yields will increase by 39% by 2070-2099, due to the direct effects of warmer winters and, indirectly, the ability to expand growing areas in the northern parts of the state. Jackson et al. (2011) postulated that broccoli production might expand to Yolo County, well north of its current range. However, even if warmer average winter temperatures benefit broccoli and its kin, spring heat waves certainly will not.
Stone fruit: Increasing temperatures are clearly the biggest climatic threat to stone fruit production. In fact, many farmers have already noticed the loss of chill-hours and the negative consequences for production (Baldocchi and Wong, 2008; Licht, 2014). Although all stone fruit are vulnerable, the most vulnerable crop appears to be sweet cherries. A highly-cited study by Lobell and Field (2011) concluded that “among the 20 most valuable perennial crops, cherries are likely to be the most negatively affected by warming over the next decades,” and that “the case of cherries is especially stark” because, unlike other stone fruit, cherries do not appear to benefit from increased temperatures in any season or at any stage of development.
Carrots: Carrots are a cool-season crop, though they will tolerate warm temperatures in their establishment phase. Temperatures of 15.6-21.1°C are optimal for growth rate, flavor, and color; temperatures below 10°C  tend to retard growth, and temperatures above 30°C can cause the root to develop a strong and unpleasant flavor (Nuñez et al., 2008). Little research exists on how rising temperatures may affect carrot production; no California-specific studies could be found at the time of writing.
Melons and cucumbers: These are warm-season annual plants that are sensitive to freezing temperatures at any growth stage. For example, in cantaloupes, low growth occurs below 15.6°C, and optimal growth occurs from 29.4-35°C, yet cantaloupe can tolerate temperatures greater than 40°C. Melons require bee pollination for fruit set, and weather conditions that reduce bee activity (cold, rain, wind, or clouds) may reduce yield (Hartz et al., 2008a). In response to increases in mean temperature, melons and cucumbers are likely to suffer less than cool-season annual crops like lettuce and broccoli. Melons grow well in warmer temperatures, although cucumbers have a slightly lower temperature tolerance than melons. Recent research has suggested that increases in mean mid-summer maximum temperatures by mid-century may necessitate a shift from moderately heat-tolerant crops (such as bell peppers and sweet corn) to very heat-tolerant crops (such as melons) in some parts of Northern California (Jackson et al., 2011).
Onions and garlic: Onions are chiefly cool-season crops that emerge when temperatures reach 12.8°C  and achieve optimal growth between 20-25°C  (Smith et al., 2011). Different onion varieties have a great variety of day length and temperature requirements: Very little research has been done specifically on the vulnerability of onions and garlic to climate change. Most of the available studies at the time of writing were conducted outside the US, largely in tropical countries such as the Philippines and Brazil.
	Avocadoes: Unlike stone fruit and nut crops, which require a certain number of chill-hours to yield well, avocados do poorly in cold weather. Freezing temperatures may kill them outright. However, a study by Lobell et al. (2006) reached a dire conclusion: in the absence of adaptation, avocado yields in California will decrease 45% by the year 2060. This prediction was made with a model that related avocado yield to several different temperature metrics (based on historical observations). In this statistical model, warm temperatures in August were highly detrimental to avocado yield the following year. The biological mechanism is not fully understood (Lobell et al., 2007). To complicate matters, warm nighttime temperatures in May appeared to boost avocado yields, so the net effect would depend on the temporal pattern of the warming (Lobell et al., 2007).
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