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Economic implications of heat stress in dairy cattle: A scoping review protocol 
Rachael Vriezen 0658217 
 
1. Introduction 
1.1 Rational 
As climate change progresses in the latter half of the 21st century, periods of high temperatures 
and humidity are likely to become more frequent, more intense, and may persist for longer 
durations, particularly in areas of Europe and North America (Meehl and Tebaldi, 2004). Heat 
waves – a period of two or more days with temperatures above 30°C or a period of two or more 
days with humidex values of 40 or higher (Government of Canada, 2019) – are becoming a more 
common environmental phenomenon. These high-temperature conditions can result in heat stress 
in livestock animals  (Bishop-Williams et al., 2015; Martinsohn and Hansen, 2012), which is 
defined as a physiological response to elevated levels of atmospheric or environmental heat 
(Bishop-Williams et al., 2015; Josseran et al., 2009). Dairy cattle are sensitive to heat stress; for 
example, the ability of highly productive modern dairy cattle to regulate their body heat begins to 
decline at atmospheric temperatures of 25-29°C (Gantner et al., 2017). High ambient 
temperatures and humidity levels contribute to elevated body temperatures in dairy cattle, which 
leads to lower dry matter intake (DMI), reduced milk production, and decreased efficiency of 
milk production (West, 2003). For example, Gantner et al. (2017) found that periods of heat 
stress caused reductions in milk production by 0.158 – 0.335 kg/day for high-producing first 
parity Holsteins, and 0.424 – 0.768 kg/day for second parity Holsteins. The researchers also 
found highly significant increases in somatic cell counts (SCC) in both first and second parity 
Holsteins (Gantner et al., 2017). In their model, St-Pierre, Cobanov, and Schintkey (2003) 
estimated reductions in milk production due to heat stress ranging from 68 – 2,072 kg/cow/year. 
 
Heat stress can also negatively impact the health of dairy cows, particularly as measured by 
mortality and reproductive health indicators. For example, during a typical heat wave in 
Southern Ontario, Bishop-Williams et al. (2015) found that dairy cow mortality rates increased 
1.27 times relative to a control period. Martin, Schwabe, and Franti (1975) identified a 
relationship between high summer temperatures and an increased risk of death among dairy 
calves. Further, calves delivered to mothers experiencing heat stress are likely to be smaller at 
birth, and may have reduced metabolic activity (West, 2003). De Rensis and Scaramuzzi (2003) 
state that heat stress may reduce fertility both directly, through decreased expression of estrus 
and a compromised uterine environment, and indirectly, through changes in energy balance 
caused by altered appetite and DMI. 
 
The impacts of heat stress on the productivity and health of dairy cattle are likely to impact farm 
economics, including profitability and management decision-making, but few studies 
comprehensively examine these economic impacts. In their review, Martinsohn and Hansen 
(2012) identified only nine studies examining the impact of climate change on the economics of 
dairy farming published since the year 2000. None of these studies was conducted in Canada. In 
a recent paper, Bishop-Williams et al. (2015) estimated that an average three-day heat wave in 
Southern Ontario would cost farmers $253 - $337, which increases to $2,000 - $2,500 if a cow 
dies as a result of heat stress. However, the authors of that study provide no information as to 
how those amounts were calculated. In an American study, St-Pierre, Cobanov, and Schintkey 
(2003) calculated per-cow losses due to heat stress ranging from $337 - $383, with total annual 
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economic losses in the US dairy industry estimated to be between $897 million and $1.5 billion. 
Additional long-term economic impacts, such as the effects of regional relocation of milk 
production in response to climate change, have not been studied in depth (Martinsohn and 
Hansen, 2012). 
 
There is currently a lack of economic analyses of the impacts of heat stress in dairy cattle 
(Martinsohn and Hansen, 2012), but those estimates that do exist suggest that the impacts are 
substantial. Therefore there is a need to evaluate the current body of literature on the topic, both 
to identify all existing economic analyses and to determine the range of knowledge available on 
the subject to direct future research. Scoping reviews are a research synthesis method that can be 
used to map the volume, nature, and characteristics of the body of primary research available on 
a specific topic (Pham et al., 2014; Arksey and O'Malley, 2005). A scoping review represents a 
comprehensive and transparent approach that can be used to establish the range and nature of 
existing research, to determine the feasibility of conducting a full systematic review, and/or to 
identify research gaps in a body of literature (Levac, Colquhoun and O'Brien, 2010; Arksey and 
O'Malley, 2005). 
 
Currently, scoping review methods are not commonly used in the field of agriculture, economics, 
or agricultural economics. In their scoping review of past scoping reviews, the majority of 
reviews identified by Pham et al. (2014) focused on health-related topics (74.1%, n=255/344); 
only 1.2% (n=4) of scoping reviews covered topics related to agriculture or agri-food (Pham et 
al., 2014). The results of a recent preliminary literature search (April 24, 2020) suggested that 
the trend of underutilization of scoping methods in agricultural economics continues: only five 
scoping reviews related to agricultural topics were identified, and two additional health 
economics reviews were identified. Agricultural scoping reviews spanned the topics of 
constraint-based agricultural innovations (Molina-Maturano, Speelman and De Steur, 2020), the 
impact of conservation techniques on smallholder agricultural yields (Brouder and Gomez-
Macpherson, 2014), the impacts of urban agriculture on health (Audate et al., 2019), roof-
harvested rainwater use in urban agriculture (Amos et al., 2018), and occupational health and 
safety in the agricultural field (Tinc et al., 2018). The two scoping reviews identified in the 
broader field of economics concerned the health economics of neurosurgery for acute spinal 
trauma (Chan, Craven and Furlan, 2018), and the economics of chronic kidney disease (Elshahat 
et al., 2020). The scoping methods applied in each of these reviews varied, but none complied 
completely with the best practices guidelines established by Tricco et al. (2018). 
 
1.2 Objectives 
The objective of this scoping review is to comprehensively summarize the existing literature on 
climate-related heat stress in dairy cattle and the impact of that stress on three key outcomes: 
milk production, mortality, and reproduction. Our goal is to establish the availability of data for 
future economic analyses of this topic, and to identify gaps in the existing literature that could be 
the target of future research activities. 
 
2. Methods 
2.1 Protocol and registration 
This protocol was developed based on the guidelines established by the Preferred Reporting 
Items of Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-
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ScR) (Tricco et al., 2018). This protocol will be registered and made publicly available via the 
University of Guelph Atrium. 
 
2.2 Scoping review framework 
This scoping review will be conducted based on the framework described in the PRISMA-ScR 
documentation (Tricco et al., 2018).  
 
2.3 Research question 
The research question for this scoping review is: What is the nature of the current body of 
evidence on the relationship between heat stress or heat stress mitigation measures in dairy 
cattle and three economically important outcomes: milk production, cow and/or calf mortality, 
and reproduction? 
 
2.4 Eligibility criteria 
In order to be eligible for inclusion in the scoping review, articles must meet the following 
criteria: 

1. Articles must be peer-reviewed publications, conference proceedings, or industry reports 
a. Articles must be at least 500 words in length and report on primary data or sec 

2. Articles must be published in English. Due to time and resource constraints, translation 
services for non-English-language articles is not available 

3. Articles must have been published within the past 10 years (i.e. from January 2010 to the 
search date). Given the rapidly changing nature of dairy science and the advancement of 
climate change in recent years, studies published prior to the year 2000 may be less 
relevant to current government officials, agricultural economists, and dairy producers. 
This criterion ensures that only studies containing current and relevant information are 
included in the scoping review. 

 
In addition, articles must meet the following criteria based on the PICO framework (Higgins and 
Green, 2011; EFSA, 2015): 

4. Population: Dairy cattle at the cow or herd level 
5. Intervention/Exposure: Atmospheric heat stress, measured using at least one of 

temperature or humidity; other atmospheric variables in addition to temperature and/or 
humidity may be considered 

a. AND/OR the effects of an intervention designed to mitigate heat stress 
i. Eligible interventions include but are not limited to: genome/genetic 

manipulation, mechanical interventions (e.g. sun shades, misters), 
hormone therapy, changes in feed or feeding patterns 

6. Comparator: At least one other intervention designed to mitigate heat stress, or a non-
treated control group (i.e. a group receiving no intervention to mitigate heat stress) 

a. This criterion may not be relevant to all articles depending on study design 
7. Outcomes: Articles must examine at least one of the following outcomes: milk 

production, mortality, or reproduction 
a. Eligible reproductive variables include but are not limited to: infertility, 

reproductive cull rate, changes in days open, abortion risk, fetal disease, birth 
weight 
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2.5 Information sources 
The following databases will be electronically searched for relevant articles: MEDLINE (via 
PubMed), CAB Direct, EconLit, and Agricola (via ProQuest). In addition, one member of the 
review team will hand search the most relevant journals and conference proceedings within the 
search timeframe to identify additional articles.  
 
2.6 Search 
The literature search will be conducted on June 26, 2020. The proposed search terms used in the 
search are identified in Table 1, and are based on the eligibility criteria for article inclusion in the 
scoping review. The Boolean operators ‘AND’ and ‘OR’ will be used to connect search terms. 
The specific search string will be modified for each database as appropriate, which will be 
determined with the help of a research and scholarship librarian with experience conducting 
comprehensive searches.  
 
Table 1: Proposed search terms based on eligibility criteria for inclusion in the scoping review 
 
#  Search Terms 
1. Cattle “bovine*” OR “bovinae” OR “cattle” OR “cow” OR “cows” OR heifer* 
2. Dairy “dairy” OR “milking” OR aryshire* OR “brown swiss” OR “busa” OR 

“busas” OR canadienne* OR dexter* OR “dutch belted” OR “estonian 
red*” OR “fleckvieh*” OR friesian* OR girolando* OR guernsey* OR 
holstein* OR illawarra* OR “irish moiled*” OR “jersey*” OR “meuse 
rhine issel*” OR montebeliarde* OR normande* OR “norwegian red*” 
OR “red poll” OR “red polls” OR “shorthorn*” OR “short horn*” 

3. Heat Stress “heat stress” OR “heat stress index” OR “heat stress indices” OR “heat 
stress indicator” OR “heat load” OR “heat load index” OR “heat load 
indices” OR “heat load indicator” OR “heat toleran*” OR “temperature” 
OR “humidity” OR “relative humidity” OR “temperature humidity index” 
OR “thi threshold” OR “weather” OR “climate” OR “climate change” 

4. Physiologic 
Reactions 

physiologic* OR “physiologic reaction” OR “physiologic status” OR 
“digestive” OR “digestive system” OR “acid” OR “acid base” OR “acid 
base chemistry” OR “chemistry” OR “rumen” OR “metabolism” OR 
“metabolize” OR “respiration” OR “respiratory” OR “respiration rate” 
OR “panting” OR “blood” OR “blood flow” OR “blood concentration” 
OR “blood ph” OR “alkalosis” OR “acidosis” OR “ketosis” OR “rectal 
temperature” OR “immunoglobulin” OR “plasma immunoglobulin” 

5. Interventions “heat abatement” OR “genome” OR genetic* OR “genetic selection” OR 
“cross breed*” OR “shade” OR “shading” OR “shaded” OR “cooling” 
OR fan* OR “mist” OR “mister” OR “misters” OR “spray” OR 
sprinkler* OR “wetting” OR “evaporation” OR “evaporative” OR 
“ventilation” OR “air movement” OR “air conditioning” OR “hormone” 
OR “hormones” OR “feed intake” OR “dry matter intake” OR “nutrition” 
OR “nutrition* management” OR “nutrient density” OR “nutrient intake” 
OR “energy intake” OR “water intake” OR “protein concentration” OR 
“crude protein” OR “dietary n” OR “dietary nitrogen” OR “dietary 
supplement*” OR “supplement” OR “antioxidant” 
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6. Outcomes “milk yield” OR “daily milk yield” OR “efficiency of milk yield” OR 
“lactation” OR “milk performance” OR “milk quantity” OR “milk 
quality” OR “milk production” OR “milk production loss” OR “milk 
production losses” OR “milk production change*” OR “scc” OR 
“somatic cell count” OR “mortality” OR “mortality rate” OR “death” OR 
“death rate” OR “reproduction” OR “reproductive performance” OR 
“birth weight” OR “fertility” OR “infertility” OR “pregnancy” OR 
“pregnancy rate” OR “conception rate” OR “estrus” OR “days open” OR 
“day* to first service” OR “calving conception” OR “calving conception 
interval” OR “culling” OR “reproductive culling” OR “reproductive cull 
rate” OR “abortion” OR “abortion risk” OR “fetal disease” OR “fetal 
infection” 

7. Economics economic* OR cost* OR “profit” OR “loss” OR “losses” OR “economic 
losses” OR “money” OR “monetary” OR “income” OR “farmer income” 
OR “farm income” OR “price” OR “prices” OR “input pric*” OR “milk 
price” OR “dairy price” OR “economic impact*” OR “return” OR 
“commodity” OR “commodities” 

 
 
2.7 Relevance screening 
Following the search, all identified citations will be imported into EndNote X7.8 (Thomson 
Reuters, Toronto, ON); using this software, all duplicate citations will be removed. 
Subsequently, all remaining citations will be imported into the web-based systematic review 
program Distiller SR (Evidence Partners Incorporated, Ottawa, ON) for relevance screening and 
data extraction. Two reviewers will independently screen the titles and abstracts of each citation 
for relevance to the research question. Any conflicts between the responses of the two reviewers 
will be resolved by consensus. A pilot test will first take place in which all reviewers will 
examine 100 citations, followed by a discussion of any conflicts or uncertainties. Changes will 
be made to the first-round screening questions if necessary following that discussion. The 
reviewers will use an electronic form with the following questions to complete the first-round 
screening: 
 
Q1. Does the title and/or abstract describe research conducted in dairy cattle? 
Q2. Does the title and/or abstract examine the effects of heat stress OR one or more interventions 
designed to manage heat stress? 
Q3. Does the title and/or abstract include at least one relevant outcome (i.e. milk production, 
mortality, and/or reproduction)? 
Q4. Is the title and/or abstract available in English? 
 
Each question will include the responses ‘YES’, ‘NO’, and ‘UNCLEAR’. A citation will be 
excluded only if two reviewers independently answer ‘NO’ to one or more of the above 
questions, or both agree to answer ‘NO’ following a consensus meeting. 
 
After the first round of screening, the full texts of all remaining citations will be retrieved and 
reviewed. Articles will be excluded if the full text cannot be retrieved. Two reviewers will 
independently screen the full texts of each article to determine relevance, and agreement by both 
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reviewers will be necessary to include or exclude any article. Any conflicts will be resolved by 
consensus. All reviewers will participate in a pilot test of five full-text articles to ensure 
consistent application of screening questions and to resolve any uncertainties about the 
application of those questions. Adjustments to the screening form may be made based on 
discussions following the pilot test. The following questions will appear on the full-text 
screening form to determine relevance: 
 
Q1. Is the full text available? 
Q2. Is the full text available in English? 
Q3. Is the full text >500 words? 
Q4. Does the article describe research conducted in dairy cattle at either the cow or the herd 
level? 
Q5. Does the article examine the physiological responses of dairy cattle to heat stress OR at least 
one intervention designed to reduce or mitigate the effects of heat stress? 
 If ‘YES’: Q5.a) Is heat stress measured using at least one of temperature or humidity?  
Q6. Does the article include at least one relevant outcome (i.e. milk production, mortality, and/or 
reproduction)? 
 
Responses to each of the above questions will be either ‘YES’ or ‘NO’. An article will be 
excluded if both reviewers answer ‘NO’ to any of the screening question. If any article is 
excluded at this stage, the reason for exclusion will be documented. 
 
2.8 Data charting process 
An electronic data charting form will be developed and applied using Distiller SR. Data 
extraction will be conducted in duplicate, with any conflicts resolved by consensus. Reviewers 
participating in the data extraction process will conduct a pilot test of the data extraction form 
with five full-text articles. The pilot test will ensure consistent data extraction practices between 
reviewers and will help to resolve any questions or uncertainties regarding items on the data 
extraction form. Changes may be made to the data extraction form to improve clarity following 
the pilot test discussions. 
 
2.9 Data items 
Data will be extracted for each of the fields identified in Table 2.  
 
Table 2: Data charting fields to be included on the data extraction form 
 Data Items 
General Study 
Characteristics 

Year of publication; Year study was conducted (if applicable); 
Country in which study was conducted (if unavailable, indicate 
country of first author) 

Study Population Farm/herd type (research/university herd, commercial herd); 
Breed 

Heat Stress Indicator Variables considered in heat stress indicator (temperature, 
humidity, both, other*) 

Physiologic Response Did the study examine physiologic responses or resistance of 
cattle to heat stress (YES, NO); Types of physiologic responses 
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investigated (digestive, chemical, metabolic, respiratory, 
hormonal, immune response, other*) 

Intervention/Exposure Type of intervention (if applicable) (genome/genetic, 
mechanical, hormone, feed, other*); Intervention application unit 
(farm, herd, other*); Comparator group (if applicable) 

Outcome Milk production (milk yield, SSC, other*); Mortality (mortality 
rate, other*); Reproduction (infertility, cull rate, changes in days 
open, abortion risk, fetal disease, birth weight, other*) 

*Reviewers will be allowed to add responses to these items if additional relevant responses are 
identified in the retrieved articles 
 
2.10 Synthesis of results 
Data will be collected and exported to Microsoft Excel 16.35 for Mac (Microsoft Corporation, 
Redmond, WA) for analysis. Descriptive tables will report summaries of general study 
characteristics, study populations, and heat stress indicators. Narrative descriptions, as well as 
tables and figures, will be used to summarize findings regarding number and types of 
physiologic responses investigated, number and types of interventions examined, and the range 
of outcomes measured.  
 
2.11 Dissemination of results 
The of results scoping study will be included in a final written report, and the scoping review 
methods and results will be prepared for publication in a peer-reviewed journal to be selected at a 
later date. A public presentation of the results will be conducted during the week of August 17, 
2020. 
 
Funding 
This study will receive no external funding. 
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