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Introduction
Climate change has increased the frequency, duration, and severity of wildfires in the western United States (Westerling, 2016).  These events have potential to alter production in regions with the highest-producing dairy operations in the country (USDA, 2024). Despite this risk, little is known about how smoke particulates affect the health and economic value of the cattle in the dairy industry. 
Changes in wildfire activity are well-researched and documented. The western United States has seen an average increase of 78 days in the length of the wildfire period compared to the 1970-1980s (Westerling et al., 2006), an average increase in burn area of 300-400% since 1985 (Burke et al., 2021), and a regionally dependent static to 50% increase in wildfire severity (defined as difficulty to control) since the 1950s (Flannigan et al, 2005). The etiology is multifactorial; fire deficit from misguided historical forest management is often implicated in increasing activity (Marlon et al., 2012), and drought is an important climate-change-related element associated with increased involved land area and with severity (Huang et al., 2020). These trends are predicted to be maintained despite science-led regulatory interference, partially due to the decreasing capacity of forests to act as a natural carbon sink and the positive feedback mechanism with increasing global temperatures in which this situation results (Halofsky et al., 2020; Flannigan et al., 2005).
In humans, wildfire smoke inhalation (and wildfire PM2.5 in particular) has an established association with the development of many medical conditions, including pulmonary disease and death (Liu et al, 2015; Conforti et al., 2018; Amatullah et al., 2012; Morgan et al., 2010). There is little information on how wildfire smoke affects non-humans. Among veterinary species, cattle are known to be particularly susceptible to inhaled agents due to their relatively small gaseous exchange capacity, larger resting ventilation volume, isolated lung lobes and lower than average presence of alveolar macrophages and lysozymes (Veit & Farrell, 1978). Even if a calf recovers from respiratory disease, she has long-term consequences to her performance. These animals are shown to have lower growth rates, lower first-lactational yields, and are more likely to be culled, die, or be otherwise removed from the herd before their first parturition than those that were not afflicted with calfhood BRDC (Buczinski, Achard & Timsit, 2021).
Scientific Report
The respiratory rate and pulmonary ultrasound score of the control group were not found to be correlated to temperature, humidity or below-threshold changes in PM2.5. Variability in genetics may have contributed to changes in the data between the two groups.
Fine particulate matter was found to be associated with an increased incidence and severity respiratory disease in growing heifer calves as illustrated by pulmonary ultrasound (Figure 1). It was not found to have a correlation with respiratory rate, perhaps indicating that the relationship to disease is mild. Atmospheric smoke exposure within the first few months of age was found to have a negative association with heifer growth that may extend up to and potentially beyond the first year of life (Figure 2). This has the potential to impact the ability to bring a healthy calf to term and to produce milk, and should be an important consideration for the dairy industry.

Figure 1: Figure 18: Average pulmonary ultrasound scores using the CalfScan technique. The blue line indicates the smoke event when the calves were an average of 62 days old.

Figure 2: Average weights of each group over time. Both least-squares linear regression lines fit with an R2 >0.98. The control growth rate is 1.01 kg/d and the experimental growth rate is 0.79 kg/d.
Business Report
The stakeholders in this research are dairy producers worldwide but specifically in the western United States—where wildfire events are projected to increase in severity—as well as members of the agriculture, food and beverage, and manufacturing industries with interests in dairy products. Since the recognition of wildfire trends and publications made by the scientific community, members of the dairy industry have started to express interest in how these current and projected changes will impact their livelihoods. 
The lack of research in this area requires that the risk be defined before studies into mitigation options can be properly employed. There are substantial existing resources published by government, university, and unaffiliated agricultural groups for limiting damage to livestock operations, but generally the information pertains to animals that had direct contact with fire or respiratory burns from heavy smoke inhalation (Ranches, 2020; Oregon State University Extension Service, 2025; EPA, 2021; Ledbetter, 2011). Government relief programs for wildlife damage to producers covers only direct losses of livestock, feed, or grazing land, and does not take into account damage from low-level smoke inhalation to the health and production of the animals (USDA, 2020). This is why this research is important to producers that are potentially impacted from long distance smoke drift; if the data show that there is a significant difference in milk production, then dairies can seek out ways to prevent damage or receive governmental support for losses. This information only becomes more important over time as wildfire activity increases.
Summary
Some of the value I provided to the project was from completing my assigned tasks of caring for the subjects, preparing and collecting samples, and running errands that could be done by any worker. I also contributed additional value with my own expertise. I became the primary ultrasound technician for the control group in which my previous experience was useful for the project. I was able to match my subjective scoring fairly well with the experimental group sonographer since I was comfortable reading the screen when we were first trained. Likely the data yielded from the pulmonary ultrasound scoring was somewhat less operator-dependent because of it.
In large part, my value came from the medical oversight I could provide to the animals due to my veterinary training. Some of the medical conditions I detected and treated were corneal ulcers, an abscessed ear tag site, horn bud paste burns and one maggot-infected wound sequela, abscesses of the buccal mucosa, recurrent diarrhea, pneumonia, and dermatophytosis (ringworm). The diseases I identified and carried out treatments for under qualified veterinary direction included septic arthritis, mastitis, lameness, severe suppurative pulmonary disease, septic diarrheal disease, and pyloric outflow obstruction. If someone without my experience had been in my role, these problems would have likely accrued additional expenses due to later recognition of illness and therefore exacerbation of it. Also, the simpler conditions that I was able to treat on my own may have required professional treatment. 
I have gained ample experience and skills from this project that will impact my future veterinary career. The calf-raising experience in itself was vital, and I also learned how to tube-feed, perform transtracheal wash, and thoracic ultrasound scoring for calves. I learned a lot about the dairy industry from Dr. Cruickshank, a subject on which I was a complete neophyte. I only had experience with a small beef operation prior to this experience. I was also very happy to get the small amount of laboratory experience I was able to obtain on this project. This internship was comprehensively favorable to me and my future career.
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Average Weights Over Time
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